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YCTOWYMBOE PA3BUTHE UHIYCTPUH MOJBI U JU3AMHA OJEXKIBI B

B.M./[:xannau3zoBa =~ 7 2% K.C.AcmioBa®, A.A.Kynenopa*
'KaHJl. XMM. HayK, accoll. mpodeccop,>>4MarucTp, cTapiuuii mpenoaaBaTelb
AO «Ynusepcuret umenu JK.A. Tamenesay, r. lllsimkenT, Kazaxcran
* ABTOp-KOppecnonaeHT: Valeri-787@mail.ru

AnHoTranusi. llenp wucciaenoBaHuss — OLEHUTh OSKOHOMMYECKYK JWHAMMKY JIETKON
npombinuieHHOCTH Kazaxcrana B 2019-2025 romax u omnpenenuTh, KaKUE TEXHOJIOTUYECKUE U
MIPOEKTHBIE PELICHUs HEOOXOMUMBI Ul Tepexojila OT pOCTa BBITYCKa K YCTOHUMBOM Mojenu
UHAYCTPUU MOJIbL. DOMIMPUYECKYI0 6a3y COCTaBUIN OpUIIMalIbHbIE MaTepuabl bropo HalmoHaIbHOM
cratuctukn PecnyOnuku Kaszaxcran, IlpaBurensctBa PecnyOmuku Kazaxcran, MunHucTepcTBa
NPOMBINUICHHOCTH H cTpouTenbcTtBa W Qazlndustry. TlpuMeHeHBI pPETPOCIECKTHBHBIA aHAIN3
BPEMEHHOTO psifia, pacyY€T LIETHBIX TEMIIOB U3MEHEHUS M CPEJHETO0BOI0 TEMIIA POCTA, CTPYKTYpPHOE
COTIOCTABJICHHE MOJOTpacie M aHaJUTHuYecKas HHTeprpeTanus pe3yiabTatoB. OO0bEM BBITyCKa
yBesmumiics co 115,8 mupa tenre B 2019 rony no 259,5 mupn tenre B 2025 roay, nnu Ha 124,1%.
CpenHerooBoii HOMUHaNBHBI Temn pocTta coctaBui 14,4%. B 2024 rony 3adukcupoBaHO
camwkenne Ha 10,9%, nocne xotoporo B 2025 roay BeImyck Bblpoc Ha 22,6%. TekcTuibHOE
Mpou3BOJACTBO (popmupyet cBbiie 60% OTpacieBoro BHIMYCKa, MPOU3BOJACTBO OACKIb — 32%,
KoxaHasi nonorpacib — 6,5%. IlomyueHHble 1aHHBIE TOKAa3bIBAIOT PACIIMPEHHE IKOHOMUYECKOU
0a3bl OTpaciM, OJHAKO CTOMMOCTHOW POCT HE JOKAa3bIBa€T COKpAIIEHUE PECYpCHON Harpysku.
Hay4ynas HOBHM3HAa COCTOMT B pasrpaHUYCHUU DKOHOMUYECKOM YCTOMYMBOCTH BBIYCKA H
SKOJIOTUYECKOW YCTOMYMBOCTH MPOJAYKTA, a TAKKe B MPEIJIOKEHHON CHUCTEME HamlpaBiICHUW s
IU3aiiHa  OJEXAbl:  JIOJITOBEYHOCTb, MOJYJIBHOCTb, PEMOHTONPUTOJHOCTh, HCIIOJIB30BAHUE
BTOPHYHOTO CHIPbS U IIPOCIIEKUBAEMOCTh MAaTEPUAIIOB.

KuroueBsble ciioBa: ycrolunBas MOJa, AU3ailH OJI€KIbL, JIETKast IPOMBILIIIEHHOCTD, TEKCTUJIb,
LUPKYJISIpHAs DKOHOMHKA, KazaxcraH, ancailkiIMHT, JOJITOBEYHOCTD U3ETUs

Beenenue

Wunyctpust Monbl OOBEAMHSET TMPOEKTUPOBAHHE OJICKIbI, IPOMU3BOJCTBO TEKCTUIIBHBIX
MaTepHalioB, M3TOTOBJIEHUE TOTOBBIX W3AEIUM, JIOTMCTUKY, TOPIOBIK0 M IOCIENPOAAKHOE
oOpalieHne MNpOAYKIMHA. OKOHOMHYECKash LIEHHOCTh OTpPAciid COYETaeTcsl C  BBICOKOU
MaTepUaOEMKOCTBIO U OBICTPBIM OOHOBJIEHHEM accopTHUMeHTa. [loaToMy ycroitunBoe pa3BuTue B
JAHHOM cepe HeNb3sl CBOJUTH K MCIIOJIb30BAHHUIO OTJENIBHBIX AKOJOTHYHBIX TKaHeH. OHO TpeOyeT
COIJIACOBAHUS JU3aiiHa U3AEIHsl, TEXHOJIOIMYECKOTO MpoLecca, IPoI0JKUTEIbHOCTH SKCILTyaTalluu
1 crioco6a oOpalieHus ¢ MPOAYKTOM ITOCIE UCIIOJIb30BAHUS.

MesxayHapoiHble MCCIEI0BaHUS CBS3bIBAIOT OCHOBHYIO HKOJIOTHUECKYIO HArpy3Ky MOJIHON
UHAYCTPUM C TPOM3BOJCTBOM BOJIOKOH M TKaHEW, OKpalIMBaHHUEM, HHEPronoTpedIeHHEM,
JIOTUCTUKOW M MPEXKAEBPEMEHHBIM BBIBOJOM OJI€XK/bl U3 3Kciutyatauuu [9]. OueHka NOBTOPHOTO
UCIOJIb30BAaHUS U MepepabOTKU MOKA3bIBAET, YTO SKOJIOTHYECKUNA 3((PEKT 3aBUCUT OT 3aMELICHUs
IIPOM3BOJICTBA HOBOW MPOIYKIMH, TPAHCIIOPTHOTI'O IIJIeYa U KauecTBa IpoueccoB nepepadotku [10].
CrnenoBarenbHO, JU3ailHEPCKOE peElICHHE BIMSAET HAa YCTOWYMBOCTH dYepe3 BbIOOp Marepuana,
KOHCTPYKIIMIO, YHCJIO JeTaneld, BO3MOXHOCTb PEMOHTA, COBMECTUMOCTh KOMIIOHEHTOB U
IperoIaraeMblii CpOK CITy>KOBl.

Jna Kazaxcrana mpoGiema MMeeT JONOJHUTENIBHOE MPOMBILUIEHHOE u3MepeHue. OTpacib
3aBUCUT OT UMIIOPTHBIX MaTEpPHAIIOB, 000PYAOBaHUS U (QYPHUTYPHI, @ BHYTPEHHUH CITPOC BO MHOTHX
CEerMeHTaxX yJIOBIETBOPSETCS HMMIOPTHON mnpoaykiueil [2]. OgHOBpEeMEHHO B CTpaHE UMeEETCA
ChIpbeBas 0a3a, MPOM3BOACTBEHHbIE KOMIIETEHIIMH M PACTYLINH 00bEM BbIycKa. B 3TUX ycrnoBusAx
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YCTOMYMBOE Pa3BUTHE JOHKHO OOBEIUHSTH JIOKATM3AIUIO LIETTOYEK CTOMMOCTH, TEXHOJIOTHUECKOE
0OHOBJIEHHE, pecypcocOepekeHre U MOBHIIICHNE KauyecTBa IU3aiiHa.

Ilens wuccnegoBaHUsi — OICHUTH JUHAMUKY TPOU3BOJICTBA JIETKOW TMPOMBIIIIIEHHOCTH
Kazaxcrana 3a 2019-2025 roas!l 1 000CHOBaTH HaMpaBIEHUS UHTETPALIMU TPUHIIMIIOB YCTOHYUBOTO
U3aifHa OJIeKIbl B TMPOMBIIUICHHYIO MPaKTUKY. [l MOCTYDKEHHS 1EIH PEIICHBI CIEAYOIIHe
3amaun: cOPMUPOBAH COIMOCTABHMBIA BPEMEHHOW psJ; PACCUMTAHBI IETIHBIE U CPEIHETOJIOBBIC
TEMITbI; TPOAHATM3UPOBAHA CTPYKTypa OTpaciid;, OINPEACIICHbl TPAaHUIIBI HHTEPIpPETAIIU
CTOMMOCTHBIX MOKa3aTeJei; MpeaioKeHa CUCTeMa TEXHOJIOTHYECKUX U IU3aiHEPCKUX MEp.

HccnenoBatenbekuit BOmpoc cHOpMYITUPOBAH CICAYIOMMUM O0pa30oM: CBHACTEIBCTBYET JIH
yBEJIMYEHHE CTOMMOCTHOTO 00BhEMa BBIMYCKa O ()OPMUPOBAHMM YCTOMUMBON HMHIYCTPHUH MOJIBI U
KaKHe JIONOJHUTENIbHbIE M0Ka3aTeIn He0OX0UMBI JUIsl Takol orleHKu? Paboyas rumotesa cocrosiia
B TOM, YTO POCT POU3BOJCTBA CO3AET SIKOHOMUYECKYIO OCHOBY JJIs1 YCTOMYMBOW TpaHchopmammu,
HO caM 1o ce0e He TOATBEPKIAET CHIDKCHHUE DKOJIOTHYECKON HArpy3KH.

MartepuaJjbl 1 METObI HCCIETOBAHUI

HccnenoBanue BBITIOJHEHO KaK PETPOCTICKTUBHBIA KOJWYECTBEHHBIN aHAIM3 BTOPHUYHBIX
OTKPBITHIX TaHHBIX. EnuHuneit HaOmoaeHus sSBisiics kaneHaapusiii roa. Ilepuox 2019-2025 romos
BBIOpaH TIOTOMY, 4YTO OH OXBAaTHIBACT JOKPH3WUCHBI ypOBEHb, MAHJACMHITHBIE HW3MCHEHHSI,
MoCJenyIolllee pacliupeHue Bollycka, crnaj 2024 rona u BoccranoBienue 2025 roaa.

Hcxonupiii mokazaTenb — 00BEM MPOM3BOICTBA MPOAYKIIUU JIETKOW MPOMBIIIICHHOCTH B
TEKyIIUX IeHaX, MJIPJA TeHre. 3HadeHus coOpaHbl u3 marepuaioB Qazindustry, IIpaButenbcTBa
Pecniy6nuku Kaszaxcran, oTpacieBbIX JOKYMEHTOB U TOCY/IapCTBEHHBIX 0T4€TOB [1-8]. [Ipropurer
OT/IaBaJICS UCTOYHHMKAM, MPSIMO CChUIAIOIIMMCS Ha JaHHble Bropo HanmoHaIbHOW CTaTUCTUKU. JlJis
CIOPHBIX 3HAUEHHUH BBIMOJIHAJIOCH COMOCTABIIEHUE C TEMIIAMH MOCceAyIolero roja. Bee 3nauenus
MIPUBEJICHBI B MJIP]] TEHT'€ C TOYHOCTHIO /10 OJIHOTO JECATUYHOTO 3HAKA.

LlerHOM HOMUHAIBHBIA TEMIT U3MEHEHHUS PACCUYUTHIBAIICS 110 (hopMyJIe:

th(V,/VH - ]) X 10000,

rae Vi — o0BEM BBINTyCKa B TeKylieM roay; Vi1 — 00BbEM BBIITYCKa B MPEABIAYIIEM TOMIY.
CpenHero1oBoil TeMI pocTa ONPEesuICs Kak CI0KHBIA TOJJOBOM TeMI pocTa:
CAGR = (V2025 /V2019)V6 -1

CTpyKTypHOE COMNOCTaBJICHHE BBIIIOJIHEHO IO OMYOJIMKOBAaHHBIM [JOJIIM TEKCTUIBHBIX
W3enui, oAexapl U KoxkaHou mnpoxykuuu 3a 2025 ron [8]. Ilokasarens «cbiie 60%» s
TEKCTUJIBHOTO CETMEHTa COXPAaHEH KaK HIDKHAS TpaHHUIla U HE NMPeoOpa3oBBIBAJICA B TOUYEUHYIO
ouleHKy. CTaTUCTHUYECKUI aHaJIM3 HOCUT OINHUCATENbHBINH XapakTep. HeOomnblnoe 4mcio romoBbIX
HaOJIIOJICHUN W pa3iauyuue MEXIy CTOMMOCTHBIMM M (DU3MUECKUMU HHJIEKCAMH HE IO3BOJISIOT
CTPOUTH MPUIMHHYIO MOJIEJh WU OLIEHUBATH YKOJIOTHUYECKUHN IPDEKT.

Jls mpoBepKH BOCIPOM3BOJMMOCTH CO3/laHA AJIEKTPOHHAS KHUTA, COJEp)Kallash MCXOHbIE
3HaueHUs, (QOopMyNbl MemHbIX TeMmmoB, pacuétr CAGR, Tabmuily HCTOYHHKOB W CBSI3aHHBIC
muarpammel. ['eneparuBubiii U OpenAl ChatGPT Work npumensuicst 11 okrs6pst 2026 roga s
MOATOTOBKM  YEPHOBOM  CTPYKTYpPBI,  SI3BIKOBOI'O  PENAKTUPOBAHMS U IPOrPAMMHOTO
MPOTOTUTIUPOBAHUSL TaOIUI] W pacdéToB. OCHOBHBIE 3ampochkl Kacaimuch cTpykTypel IMRAD,
MPOBEPKU JIOTMKM HUHTEPIPETallid W TOCTPOEHHUs BOCHPOM3BOAMMOro Habopa pacuéroB. Bcee
YHCIIOBbIE 3HAYCHHUS, CCHUIKA M BBIBOJIBI JOJDKHBI OBITh OKOHYATEIHHO MpOBEpeHbl aBTopamu. C
y4€TOM pEJaKIMOHHON TONUTHKU KypHala rpaduku U TaOJIMIBl TEepel Mojaadeil cruemayer
CaMOCTOSITENILHO BOCIIPOU3BECTH aBTopamu B Excel u3 npusoxkenHoro Habopa TaHHBIX.

Pe3yabTarsl ucciie1oBaHui

Tabmuma 1 — Jlunamuka o0bEMa IPOM3BOICTBA JIETKOK TpoMbIliuieHHOCTH Ka3zaxcraHa
O0BéM, MIpa HN3mMenenune, M
. > MIP . » MAPA Temn, %

T'on




2019 115,8 — —

2020 128,7 12,9 11,1
2021 139,9 11,2 8,7

2022 193,2 53,3 38,1
2023 237,4 44,2 22,9
2024 211,6 —25.,8 —-10,9
2025 259,5 47,9 22,6

Hemounux: cocmasneno no oannvim [2—8]. Cmoumocmuule nokazamenu npuseoensl 6

MeKyWuUx YeHdax.

3a paccMaTpuBaeMbIi Iepro 00bEM BeITycKa yBeauamiics Ha 143,7 muipa tenre. COBOKYITHBIH
npupoct coctaBun 124,1%, To ecth mokazatens 2025 roga 0wt B 2,24 pa3a Beimie ypoBHs 2019 roza.
CAGR pasen 14,4%. Cpennee apudmeTnyeckoe HEMHbIX HOMUHAIBHBIX TEMIIOB cocTaBuio 15,4%,
OJIHAKO CTaHJApTHOE OTKJIOHEHHE JOCTUIVIO 16,6 NpOLIEHTHOro IyHKTa. Takoe COOTHOIIECHHE

YKa3bIBa€T Ha BBICOKYIO BOJIATUJIIBHOCTH l"OI[OBOﬁ JUHaMHKU.

MJIpA TEHTe, TEKYLLNE LIEHbI
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Pucynok 1 — JluHamMuka CTOUMOCTHOTO 00BbEMA BBINTYCKA JIETKON NpoMblluIeHHOCTH B 2019—

2025 rogax
Hcmounux: nocmpoeno no oannvim [2-8].

Ha nepBom stane, B 2019-2021 ronax, Habmogancs ymepenssiii poct: 11,1% B 2020 rony u
8,7% 82021 roxy. B 2022 rony abcomatoTHOE YBETUYEHUE TOCTUTIIO 53,3 MIIp/ TEHTE, a LIETTHOM TeMI
— 38,1%. B 2023 roay pocT npoaomkuiics, Ho 3aMmenuics 10 22,9%. B 2024 rony 00bEM cHU3MIICS
Ha 25,8 mupa Tenre, mocie vero B 2025 romy ysemuuwuics Ha 47,9 mupa TeHre M JOCTUT
MaKCUMaJIbHOTO 3HaYEHUs psja.
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Pucynox 2 — IlermHbpie HOMUHAJIBHBIE TEMITBI H3MEHEHHS 00BEMA BBIITyCKa
Hcmounux: pacuémor asmopos no oannvim [2-8].

ComnocTaBieHre CTOMMOCTHOM TUHAMHUKHM C OIYOJMKOBAHHBIMHM MHIEKCAMU (DPU3UYECKOTO
00bEMa MOATBEPKAAET HEOOXOAUMOCTh OCTOPOXKHOM HHTeprperanuu. B 2024 rogy UPO orpacou
coctaBun 86,8%, 4YTO cornacyeTcsi cO CHI)KEHHEM CTOMMOCTHOro Bbllycka. B 2025 roapy
MIPOU3BOJICTBO BBIPOCIO HA 22,6% B CTOMMOCTHOM BBIPAXKEHHH, TOTAA KaK OMyOIMKOBaHHBINA POCT
¢usnueckoro od6wvéMa coctaBisan 13,2% [7, 8]. PasHuma oTpakaeT BIUSHUE LEH, CTPYKTYpbI
MPOAYKIIUH U METOIOJIOTUHU pacuéra.

Tabmuua 2 — CtpykTrypa nérkoii npomsiiuieHHocTH Kazaxcrana B 2025 roxy

CermeHnr Hons, % HNuTepnperanus
TekcTunpHbIE U3AENNs cBbiie 60 JIOMUHUPYIOIHM TEXHOJIOTHYECKUI
CETMEHT
[Ipon3BOACTBO OJIEKBI 32,0 OcHoBHas cpepa mpuMeHEHUS

JIn3aiiHa TOTOBOTO U3ACIIHS

Koxa u uznenus u3 koxu 6,5 MeHbInlA, HO CAMOCTOSATEIbHBIN
MaTepHATbHBIN CErMEHT

Hcemounuk: oannvie [lpasumenvcmea Pecnyonuxu Kazaxcman [8]. /loau onybnuxosanwvl ¢
OKpY2lleHueM, NOIMOMY He UCNOTb308ANUCH O/ BOCCMAHOBIIEHUS MOYHbIX COUMOCHHBIX 00bEMOB.



CTpyKTypa NErkon npomsilsneHHocTn B 2025 roay
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Pucynok 3 — Omny0MKOBaHHBIE 10JIM CETMEHTOB JIETKOM MPOMBINUIEHHOCTH B 2025 roxy
Hcmounux: nocmpoeno no oannvim [8]; 3nauenue mekCmuibHo20 cecmMenma A6JAemcs
HUJCHElU 2paHuyel.

[IpeobnagaHne TEKCTUIBHOTO CETMEHTA MOKA3bIBAET, YTO YCTOMYMBOCTH OTPACIH BO MHOTOM
OTIpeEIAETCS TEXHOJIOTUSMU MOTY4YEHUSI BOJIOKOH, MIPSIICHNUS, TKAYE€CTBA, OTAEJIKHA U OKpAIIUBAHHUS.
OnHaKko MPOU3BOJICTBO OJEKABI (POPMUPYET MOUTH TPETh BBHIITYCKA M HETIOCPEACTBEHHO CBSI3bIBAET
MIPOMBIIIJIEHHYIO TEXHOJIOTHIO C MPOEKTHBIMHU pEIIeHUusMHU nu3aiiHepa. KoHcTpykuus wusaenus
oIpeNieNiieT PAcXoj] MaTepuana, CIOKHOCTh COOPKHM, PEMOHTONPUTOAHOCTb M BO3MOYKHOCTH
pa300pKHU TIOCIIE UCTIOIH30BAHMUS.

OO0cyx1eHnne pe3yJibTATOB HCCJIeI0BAHUM

AHanu3 coOpaHHBIX IMIUPUYECKUX JAaHHBIX JEMOHCTPUPYET IUIAHOMEPHBIN pocT (PUHAHCOBO-
HSKOHOMHMUYECKMX MAacCHITa0OB OTpaciy. YBelIMYeHHe oObemMa NPOM3BOJACTBA  (OPMHUPYET
HeoOxoauMmble (DUHAHCOBBIE YCIIOBUSL JII TEXHUYECKOTO IMepeBoopykeHus ¢(adpuk, pa3BUTHS
MECTHOHM CBIpbEBOM 0a3pl M mepexona Ha LUGPOBBIE METOJbl KOHCTpyHpoBaHUsA. OIHAKO
UCKJIIOYUTENIbHO CTOMMOCTHAsl OLIEHKa HE IO03BOJIIET CYJIUTh OO0 JKOJIOTUYECKOM €MKOCTH
MIPOU3BOJICTBA — OHA HE YUUTHIBACT yJIEIbHOE MOTPEOIEHUE PecypcoB (BOJBI M AIIEKTPOIHEPTUH),
MIPOUCXOXKACHUE BOJIOKOH, 00bEM MEXKIIEKAJIbHBIX OTXOA0B U JOJITOBEYHOCTh TOTOBOM MPOIYKIIMH.
CrenoBartenbHO, MOJOXKUTENbHAS (PUHAHCOBAsK TUHAMUKA SIBJISETCS JIMIIL 0a30BOM MPENOCHUIKOH,
HO HE TrapaHTHel SKOJI0rn4ecKoi TpaHnchopMalny.

Jns KazaxcraHa KiIloueBON BEKTOpP YCTOMYHMBOTO pa3BUTHS CBsI3aH € IITyOOKOH nepepaboTKoi
COOCTBEHHOT'O CHIpbEBOT0 MoTeHIMana. FOkHble pernoHsl CTpaHbl (B 4acTHOCTH, TypkecTaHcKas
obnacth u r. lIIbIMKeHT) 00J1a1at0T MOILITHBIM KJIACTEPHBIM NOTEHIMAJIOM B chepe XIOMKOBOJCTBA U
MEPBUYHON OOpabOTKM TEKCTWIIS, a TAaKXKe 3HAYUTEIBHBIMH pecypcamMu TpyOool W TMOIyrpyOoid
OBeubeil 1 BepOIIOKbe mepcTH. BKiIroueHne MeCTHOro HaTypaJIbHOTO ChIPbS B JIOKAJIbHBIE LIETIOYKU
CO3/1aHHS CTOMMOCTH CHMKAET YIJIEPOJHBIN CJie/l TPAaHCTIOPTUPOBKU (SCOPE 3) U CO3/1aeT CHIPHEBYIO
OCHOBY JJIsl HAIMOHAJIBHOM LIKOJIBI YCTOMYMBOIO IM3aiHA.

Pe3ynbTathl cornacyroTcs ¢ MEXIyHapOIHBIM IOAX0/I0M, COIJIACHO KOTOPOMY 3KOJIOTHYecKast
3¢ (EeKTUBHOCTH JOIDKHA OLCHUBATHCS 110 )KU3HEHHOMY IUKITY npoaykra [9, 10]. 3amena matepuana
Ha nepepabOTaHHbII BapuaHT HE TapaHTHPYeT OOIIEro CHUKEHUS BO3ACUCTBUA, €CIIU U3Jelne
OBICTPO BBIXOJUT U3 HKCIUIyaTallMM WM €ro KOHCTPYKIHS 3aTPyIHSET PEMOHT. AHaJIOrMYHO,
yBEJIMYEHHUE JIOKAJIBHOIO BBIITYCKA MOKET COKpalllaTh OTJEJIbHBIC JIOTMCTUYECKUE OIepaliu, HO
9KOJIOTUYECKUN pe3ybTaT 3aBHCUT OT HHEPreTHUECKOro OajaHca, TEXHOJOTHH OTHCIKU U
(haKTHYECKOTO CpOKa CITYKOBI.

[IpompinenHas nuHamuka 2022—-2025 romoB MOKa3bIBaeT, YTO OTPACIb CHOCOOHA OBICTPO
paciupsThCs, HO OCTa€Tcsl YyBCTBUTEIBHOW K HM3MEHEHHIO CIpOCca, IIEH M CTPYKTYPhl 3aKa30B.
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Camxenne 2024 roma He OBIIO MTPOJOIKUTEIHLHBIM, OJTHAKO OHO BBISIBUJIO OTPAHHYEHHOCTH OIICHKU
YCTOMYMBOCTU TO JWHEHHOMY TpeHay. [[ns mpeampusatuii HeoOXOOUMBI MOKa3aTelu, KOTOPbIE
COCIUHSIOT 00BEM BBITYCKa C 3()PEKTUBHOCTHIO HCITOJIE30BAHUS PECYPCOB U KAYECTBOM MPOTYKTA.

HanpasjieHus1 yCTOMYMBOIO IU3aiiHA 0€KIbI

[lepBoe HampaBiieHHEe — TPOEKTHPOBAHHUE JOJTOBEYHBIX M3JACIIUNA C OMOPOM Ha JIOKAIBHOE
celpn€. [luzalinep MOMKEeH 3a/aBaTh TpeOOBaHMs K MPOYHOCTU MaTepuana, yCTOHYMBOCTH IIBOB,
BO3MOXXHOCTH 3aMEHbl (DYpHHUTYpPBI U COXpaHEHHUIO (OpMBI IOCIE LUKIOB yXxoaa. B KoHTekcrte
Kazaxcrana oco0oe 3Ha4eHHE UMEET UCTIOIb30BAHUE CMECOBBIX U UMCTHIX HATYypPATbHBIX BOJIOKOH Ha
OCHOBE MECTHOM INEPCTH U XJIOMKa, OOJAJalomUX eCTeCTBEHHOW W3HOCOCTOMKOCTHIO U
TEPMOPETYIUPYIOIUMU  CBOMCTBaMHU.  JIONTOBEYHOCTh TaKMX  MAaTepUAIOB  HEOOXOAMMO
MOATBEPKIATh JTAOOPATOPHBIMU M TEXHOJIOTHUYECKUMHU HCIBITAHUSIMH, a HE JCKIapUpPOBATh Kak
CTHUJIMCTUYECKOE CBOMCTBO.

Btopoe HampaBieHne — MOAYIBHOCTh M PEMOHTONPHUTOAHOCTh. CHEMHBIE DIIEMEHTHI,
yHUPUIpOBaHHAS QYpHUTYpa U JIOCTYN K KOHCTPYKTHBHO HArpy>KEHHBIM y4acTKaM YIPOIIAIOT
peMOHT. JJ1s1 KOpIOPaTUBHOM Y CIIEHHAIIBHOM OJIEXKIbI 3TO MOKET CHU3UTh YaCTOTY MOJTHOM 3aMEHBI
KOMILJIEKTA.

Tpetbe HampaBIeHUE — ONTUMU3ANMS PACKIAIKN U UCIIOJIH30BAHNE MEKIICKAIBHBIX BBITIAIOB.
Hudposas packiagka Mo3BOISIET U3MEPATh KOAP(UIMEHT MCIONB30BaHUs Marepuana. OcTaTKu
CTaOMIIBHOTO COCTaBa MOTYT MPUMEHSITHCS B MAJIBIX JIETAJISX, aKCecCyapax UiTU arCalKINHT -JIMHHSIX
MIPU YCIOBUU TEXHOJOTUYECKOW U CAHUTAPHOM NMPUTOTHOCTH.

YeTtBépTrOoe HampaBieHHE — TMPOEKTHpPOBaHUE Il pa30opku. CMelieHne MaTepHalioB U
Hepa3zbEMHBIE COCIMHEHUSI MOTYT 3aTPYIHATH MOCIEIYIONIYIO mepepadoTky. MapKupoBKa cocTaBa,
COKpAIlleHHE YHUCJIa HECOBMECTHUMBIX KOMIIOHEHTOB M TIOHSTHAas cXeMa pa300pKH MOBBILIAIOT
BEpPOSITHOCTH BO3BpaTa MAaTEPHAJIOB B MPOU3BOICTBEHHBIN [IHUKIIL.

[TsaToe HanpaBieHne — nupoBas MPOCIEKUBAEMOCTh 1IETIOUKHU NocTaBok. Kapra Marepuana
JOJKHA (UKCUPOBATh MPOUCXOXKACHUE CHIPbs (Hampumep, KpecThsiHCKUEe xo3siicTBa HOxHOTO
Kazaxcrana, tekctunbhble GaOpuku llIpiMKeHTa), cocTaB, MapTUIO, MPUMEHEHHBIE HKOJIOTUYHBIC
BU/JIBI OTACIIKH, PEKOMEH/IALINY IO YXOIy ¥ BAPHAHT OOpAIICHUS TOCIIE HCIIOIb30BAHMSI (aICAHKIINHT,
KOMIIOCTUPOBAHME YHUCTBIX IIEPCTAHBIX/XJOMKOBBIX BOJOKOH). Takasg MpocCiIeXUBaeMOCTh
rapaHTUPYET JIOKATU3AIUIO TPOU3BOACTBA U IPO3PAYHOCTH )KM3HEHHOTO IIUKJIA U3/IeIHS.

Tabmuua 3 — IIpennaraemple Moka3zaTelu YCTOWYUBOTO MPOSKTUPOBAHMS OJI€XKIbI

Iran IToxa3zaTtean Enunnna
Packpoii Koaddunment ncnonp3zoBanus HacTUIA %
[TpousBoacTBoO Macca 0TX00B Ha €AMHUILY U3Aeus r/mznenue
Kouctpyxkuus Jlomst 3aMEeHSEMBIX 2JIEMEHTOB %
DKcrryatanus Uwrcno UMKIOB HOCKH UM YXOJa JI0 LUKITBI

OTKa3a
PemoHT Cpennee BpeMsi TUIIOBOTO PEMOHTA MHH
Komnerng J1o71s1 KOMIIOHEHTOB, TIPUTOIHBIX IS %
YKU3HEHHOTO ITMKJIa paz0opku
Marepuaibl JloJis1 BTOpUYHOTO WU %
cepTU(UIIUPOBAHHOTO CHIPHS




[IpemtoskeHHast cucTeMa IMOKa3aTesiell NMepeBOIUT OOIIME MPUHIMITEI YCTOWYMBONH MOJBI B
U3MepUMBble TpeOoBaHMs TEXHHUYECKOro 3afaHus. OHa MOXXET HCHOJb30BATHCSA NMPH pa3paboTke
KalCyJbHBIX  KOJUIEKLMH, CHEHUAJIBHOW ONEXKIbl MW  MaJOCepuuHOM mnpoxykumu. s
MyOJIMKALIMOHHOTO TOATBEPKACHUS S(PPEKTUBHOCTH CHUCTEMBI TpeOyeTcsi CleaAyroIuii 3Tamn
WCCIIEIOBaHMsS: U3rOTOBJICHNE KOHTPOJIbHBIX 00Pa3lOB U CPABHEHHUE TPAAUIIMOHHON M yCTONYMBON
KOHCTPYKLIMU II0 pacxojy MaTepuajia, BpeMEHU COOpKH, PEMOHTOIPUIOJHOCTH U pe3yJibTaTaM
HCTIBITAHU .

Orpannyenus uccjie0BaHUs

HccnenoBanne HMeEET 4YeThIpe OrpaHUuYeHus. Bo-mepBbIX, CTOMMOCTHBIE IOKa3aTean
IPUBEJCHbl B TEKYIIMX II€HAX M 3aBUCAT OT uHGuAuuu. Bo-Bropeix, momusii psnx UPO no
OJIMHAKOBOM MeTo/IMKEe He ObUl JOCTYNEH A KaXJ0ro roja B HCIOJIb30BAaHHOM KOpITyce
HUCTOYHUKOB. B-TpeTpux, arperupoBaHHbIEC JIaHHbBIE HE I03BOJAIOT OLIEHUTH Pa3INYUs MEXKAY
MPEeANPHUATHIMU U BUJAMU NPOAYKUUU. B-4eTBEPTHIX, B O(ULIMATBHON CTAaTUCTUKE OTCYTCTBYET
CONOCTaBUMBI T'OJOBOW psAJ MO TEKCTWIBHBIM OTXOJaM, JOJITOBEYHOCTH H3ICIUNA U J0Je
BTOPUYHOTO ChIpbs. [10 3TON NpuUMHE CTaThs HE YyTBEPAKAAET, YTO IKOJOTHUECKasi Harpy3Ka oTpaciu
CHU3UIIACH.

3akino4enue

3a  mepuony 2019-2025 rr. gnerkas mnpomblluieHHOCTs PecnyOnmku — Kaszaxcran
IIPOIEMOHCTPUPOBAJIA CYIIECTBEHHBIN POCT BAJIOBOIO BeIycka — ¢ 115,8 mipa 10 259,5 mupa teHre
(o6mmii mpupoct 124,1% npu cpennerogoBom Temme 14,4%). Bmecte ¢ TemM pa3BuTHE OTpaciu
XapaKTEePU30BaJIOCh HEPABHOMEPHOCTHIO: 3a IMEPUOAOM BBICOKOM akTtuBHOCTH 2022-2023 TT.
nocnenosan cnaa B 2024 roay (-10,9%), cMeHUBIIMIICS MHTEHCUBHBIM BOCCTaHOBJIeHHEM B 2025
roay (+22,6%).

VYBenu4yeHue pPHIHOYHBIX OOBEMOB CO3[aeT JIMIIb MaTepUalbHbIM  (QyHIaMEHT s
NIEPEOCHAICHUS NIPEANPUATHI, HE BBICTYIAs MPSAMBIM IOATBEP)KICHUEM JKOJOTU3ALMHA MOIHOU
unayctpun. KomiuiekcHas oueHka TpeOyeT BHeIpeHus (PU3MYeCKHX KPUTEPHEB, (PUKCUPYIOLIMX
IIPSIMBIE 3aTPATHI CHIPbSI M DHEPIUH, a TAK)KE SKCIUTYaTALIMOHHBIA PECYPC MIBEHHBIX U3ACIUN.

s mpeanpusaTui JIETKOU MPOMBILTIEHHOCTH NIPEUIOKEHO BKIIIOUATh B TEXHUYECKOE 3aJaHUE
nokaszarenan Kod(p@UIMEeHTa HCIOIb30BaHUS MaTepuala, OTXOJOB Ha €AMHUIy MNPOIYyKIIHH,
PEMOHTONPUTOAHOCTH, JOJITOBEYHOCTH U pa3z0opku m3aenus. Ju3zallH onexIbpl B 3TOH cuUCTeMe
BBICTYIIA€T MHCTPYMEHTOM YIIPABJICHUS PECYPCAMU Ha MPOTSHKEHNUN )KM3HEHHOTO LIUKJIA IIPOYKTA.

JanpHeiiiee ucciaenoBaHUEe 1LIE€IECO00Pa3HO MPOBOJUTH Ha YPOBHE KOHKPETHBIX MOJENeH
onexnpl. KOHTPONBHYIO M DKCIEPUMEHTAJIbHYIO KOHCTPYKLMH CIEAYeT H3TOTOBHTH W3
COIIOCTaBUMBIX MaTE€pUAJIOB, IIOCJIE YEr0 U3MEPUTh PACX0]] TKaHH, JUIMTEIbHOCTh TEXHOJIOTMUECKUX
onepanui, Maccy OTXOJIOB, MPOYHOCTb COCAMHEHUN M BpeMsl peMOHTa. Takol AW3ailH MO3BOJUT
MIPOBEPUTH, 00ECIICUNBAIOT JIU MPEATIOKEHHbIE PEIICHUS U3MEPUMOE pecypcocOepexeHue.

DOuHAHCUPOBAHUE

HccnenoBanue BhINOIHEHO O3 BHEIIHET0 (PUHAHCUPOBAHUS.

Kondaukr unrepecon

ABTOpBI 3a5BJISIIOT 00 OTCYTCTBUHM KOH(JIMKTA HHTEPECOB.
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KA3AKCTAHJIAFBI COH UHIYCTPHUACHI MEH KUIM JIU3AMHBIHBIH,
TYPAKTBI JAMYbI

B.M.Ixxannansona', U.C. Kum*>*, K.C.Acuiosa 3, A.A.Kynenosa *
IX.F.K., KayMa. mpogeccop,>3*MarucTp, ara OKbITYIIbI
valeri-787@mail.ru

Anpatna. 3eprreyniH wmakcatel — 2019-2025 sxpuimapparsl  KasakcTaHHBIH — KEHLT
OHEPKICIOIHIH SKOHOMHKAIBIK JUHAMUKACHIH Oaranay >KOHE OHJIPIC KOJIEMIHIH ©CylHEH COH
WHAYCTPUSICBIHBIH TYPAKThl MOJENliHEe KOIIy VIIH KaKEeTTI TEXHOJIOTHSUIBIK >KOHE KOOAJbIK
miemiMaepal aHblkTay. OMnupukaiblk Herizal Kazakcran PecnyOnukacel ¥JITTBIK CTaTUCTUKA
OIOpOCHIHBIH, YKIMETTiH, OHEPKACIIl )KOHE KYPBUIBIC MUHUCTPJIIriHIH skoHe Qazlndustry yilbIMbIHBIH
allIbIK JIepeKTepl KypaJbl. YaKbpITThIK KaTapra PeTPOCIEKTHUBTI Tajjay ’Kacajlblll, TI30€KTI e3repy
KapKbIHBI MEH OpTallla XbUIIBIK 6Cy KapKbIHbI ecentenai. Ouaipic kememi 2019 xwinrer 115,8 mupa
teHreaeHn 2025 sxwuel 259,5 mupa TeHrere neiiin Hemece 124,1%-ra ecti. OpTama >KbUIABIK
HOMUHAIBI 6Cy KapKbIHbI 14,4% 60mapl. 2024 xbibl 10,9%-1b1K ToMeHaey Oaiikamnbii, 2025 KbLTbI
enipic 22,6%-ra apTThl. HoTHXenep canmanblH YKOHOMHUKAJIBIK 0a3aChIHBIH KEHEUTeHIH KOPCETE ],
0ipak KYHJBIK ©CIM PECYPCTBIK )KYKTEMEHIH azalifaHblH gonenneMeiiai. Kuim nuzaifHbel yiniH y3ak
naiganaHy, MOAYJIBIIK KYPBUIBIM, JKOHACYre JKapaMIbUIBIK, KalTajllaMa IIMKI3aT >KOHE
MaTepuanaapAblH KaJaraaaHybl OaFbITTapbl YCHIHBUIBI.

Kiar ce3mep: TypakThl COH, KHMIM JM3aiHbBI, >KEHUT OHEPKOCIN, TOKbIMa, aiHaIMalibl
sKoHOMHUKa, KazakcTaH, ancalkiuHT, OYUBIMHBIH Y3aK Mai1aJaHbUTybl.

SUSTAINABLE DEVELOPMENT OF THE FASHION INDUSTRY AND CLOTHING
DESIGN IN KAZAKHSTAN

V.M. Janpaizova, I.S. Kim, K.S.Asilova, A.A.Kupenova
Zh.A. Tashenov University, Shymkent, Kazakhstan

Abstract. The study evaluates the economic dynamics of Kazakhstan’s light industry in 2019—
2025 and identifies technological and design measures required to move from output growth toward
a sustainable fashion model. The empirical base consists of open data published by the Bureau of
National Statistics of Kazakhstan, the Government of Kazakhstan, the Ministry of Industry and
Construction, and QazlIndustry. The methods include retrospective time-series analysis, chain growth
rates, compound annual growth rate, structural comparison, and analytical interpretation. Industry
output increased from KZT 115.8 billion in 2019 to KZT 259.5 billion in 2025, a cumulative nominal
increase of 124.1%. The compound annual growth rate was 14.4%. Output declined by 10.9% in 2024
and recovered by 22.6% in 2025. Textiles account for more than 60% of industry output, apparel for
32%, and leather products for 6.5%. The results indicate expansion of the industry’s economic base,
but nominal growth does not demonstrate a reduction in environmental pressure. The study
distinguishes economic output resilience from product-level environmental sustainability and
proposes measurable design priorities: durability, modularity, repairability, recycled inputs,
disassembly, and material traceability.

Key words: sustainable fashion, clothing design, light industry, textiles, circular economy,
Kazakhstan, upcycling, product durability.
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Abstract. Formative assessment and digital feedback have become important components of
contemporary English language education due to their potential to enhance students’ learning
progress, motivation, and language performance. This article examines the effectiveness of formative
assessment strategies and digital feedback tools in improving English language learning outcomes.
The study analyzes theoretical perspectives and current research on assessment for learning, feedback
practices, and educational technologies. The findings indicate that formative assessment supports
students’ understanding of learning objectives, encourages active participation, and helps teachers
identify learners’ difficulties at an early stage. Digital feedback contributes to timely correction,
learner autonomy, and continuous improvement of language skills.

Key words: formative assessment, digital feedback, English language learning, assessment for
learning, feedback strategies, educational technology.

Introduction

Assessment has always played a significant role in the process of education, influencing both
teaching practices and students’ learning experiences. Assessment is not limited to measuring
students’ final achievements in foreign language education, it also serves as a mechanism for
supporting learning development. Traditional assessment approaches often emphasize final
examinations and grades while modern educational theories increasingly highlight the importance of
continuous assessment, learner involvement and constructive feedback. Students need regular
guidance to improve their vocabulary in English language teaching, grammar, pronunciation,
speaking, listening, reading and writing skills. Learners may continue repeating the same mistakes
without timely feedback and experience difficulties in monitoring their own progress. Formative
assessment has become an essential approach that allows teachers and students to use assessment
information to improve learning processes.

Formative assessment refers to activities undertaken by teachers and learners to obtain
information about learning progress and use this information to modify teaching and learning
strategies. Summative assessment which evaluates achievement at the end of an instructional period
and formative assessment focuses on continuous improvement. The development of digital
technologies has significantly expanded opportunities for formative assessment. Digital platforms
provide teachers with tools for creating interactive tasks, monitoring student performance and
delivering immediate feedback. Applications such as Google Classroom, Moodle, Microsoft Teams,
Kahoot!, Quizizz and electronic portfolios enable more flexible and personalized assessment
practices. Digital feedback has become particularly relevant in language learning because students
require frequent correction and guidance. Written comments, audio feedback, automated responses
and online discussions allow learners to understand their mistakes and make improvements. Digital
feedback can be provided immediately increasing students’ awareness and engagement. The
effectiveness of formative assessment and digital feedback depends not only on technological
availability but also on pedagogical principles. Poorly designed feedback may confuse learners while
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excessive dependence on automated assessment may reduce meaningful teacher—student interaction

[1].

This article aims to examine the effectiveness of formative assessment and digital feedback in
improving English language learning outcomes. The study focuses on theoretical foundations,
practical applications, benefits, challenges and recommendations for effective implementation.
Formative assessment has become one of the most influential concepts in modern educational theory.
It represents a shift from assessment of learning toward assessment for learning. The main purpose
of formative assessment is not simply to measure achievement but to provide information that helps
students progress.

Literature Review

Formative assessment has become one of the most influential concepts in modern educational
theory. It represents a shift from assessment of learning toward assessment for learning. The main
purpose of formative assessment is not simply to measure achievement but to provide information
that helps students progress.

Black and Wiliam (1998) emphasize that formative assessment improves learning when
evidence about students’ understanding is used to adapt teaching methods. This approach requires
active cooperation between teachers and learners. Key characteristics of formative assessment include
clarification of learning objectives, continuous monitoring of progress, provision of constructive
feedback, student self-assessment, peer assessment or adaptation of teaching strategies [2].

In English language classrooms formative assessment may include vocabulary quizzes,
speaking activities, writing drafts, classroom discussions, reflective journals and online assignments.
During a writing task a teacher may provide feedback on grammar accuracy, organization and
vocabulary use before students submit the final version. This process allows learners to revise their
work and improve language competence.

Feedback is considered one of the most powerful factors influencing student achievement. In
language learning feedback helps students recognize errors, understand linguistic patterns and
develop strategies for improvement.

Instead of simply marking a sentence as incorrect a teacher can explain why a grammatical
structure is inappropriate and provide examples of correct usage.

Digital technologies have transformed feedback practices by making feedback faster and more
accessible. Students can receive comments on written assignments, automated grammar suggestions,
audio responses and online recommendations. The theoretical foundation of formative assessment is
closely connected with the concept of Assessment for Learning (AfL). Traditional assessment
approaches that focus primarily on measuring achievement and AfL views assessment as an integral
part of the learning process [3].

Assessment becomes formative when evidence collected during instruction is used to make
decisions that improve student learning. This means that assessment results should not only indicate
what students know but also guide teachers and learners toward future improvement.

In English language education Assessment for Learning emphasizes the importance of
understanding students’ current abilities and identifying areas requiring further development. If a
teacher notices that students have difficulty using past tense forms during speaking activities
additional practice and targeted feedback can be provided immediately. These principles are
especially relevant in foreign language learning because language development is a gradual process
requiring continuous practice and correction.

Another important theoretical perspective underlying formative assessment is Vygotsky’s
Sociocultural Theory of Learning. Learning occurs through interaction, communication and guidance
from more knowledgeable individuals. The concept of the Zone of Proximal Development (ZPD
explains that learners can achieve higher levels of performance when they receive appropriate
support. Feedback functions as a form of instructional support that helps students move from their
current level of competence toward more advanced performance. When students complete an online
writing assignment digital comments from the teacher can guide them toward improving sentence
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structure, vocabulary choice and coherence. So digital feedback does not replace the teacher’s role
but expands opportunities for meaningful interaction and personalized support [4].

The development of educational technologies has transformed assessment practices by
providing new methods of collecting, analyzing and communicating information about student
learning. Platforms such as Google Classroom, Moodle, Canvas, Quizizz, Kahoot! and Microsoft
Teams allow teachers to organize formative assessment activities efficiently.

Technology itself does not guarantee improved learning outcomes. The effectiveness of digital
assessment depends on how teachers integrate technological tools with sound pedagogical principles.

Methodology

Research Design. This study employs a qualitative analytical research approach based on a
review of theoretical literature and empirical studies related to formative assessment or digital
feedback and English language learning.

The purpose of the analysis is to identify major educational mechanisms through which
formative assessment and digital feedback influence students’ language development.

The study examines three main dimensions:

1. The influence of formative assessment on student engagement and achievement.

2. The role of digital feedback in improving language skills.

3. The pedagogical conditions required for effective implementation.

The research is based on scholarly publications in educational assessment, second language
acquisition and digital learning. The analyzed sources include theoretical works on formative
assessment, empirical studies on feedback effectiveness, research on technology-enhanced language
learning, publications on digital educational platforms. The analysis follows a thematic approach
focusing on motivation, learner autonomy, feedback effectiveness, assessment practices and
improvement of English language skills.

The findings are interpreted from the perspective of modern educational theories, including
Assessment for Learning, Sociocultural Theory and technology-enhanced learning approaches. The
research is based on scholarly publications in educational assessment, second language acquisition,
and digital learning.

Results and Discussion

The analysis of existing research demonstrates that formative assessment has a significant
positive influence on students’ English language learning outcomes.

One of the main advantages of formative assessment is that it allows teachers to identify
students’ difficulties at an early stage. Teachers can continuously monitor progress and adjust
instructional strategies. Regular vocabulary checks can reveal which words students have difficulty
remembering. Speaking activities can show problems with pronunciation, fluency or grammatical
accuracy. This immediate identification of learning gaps allows teachers to provide targeted support

[5].

Formative assessment also increases students’ awareness of their own learning processes. When
learners understand assessment criteria and receive constructive feedback they become more capable
of evaluating their strengths and weaknesses. This contributes to the development of learner
autonomy, which is particularly important in foreign language education. Formative assessment
transforms students from passive recipients of knowledge into active participants in the learning
process.

Digital feedback provides significant opportunities for improving English language learning
outcomes because it allows students to receive information about their performance quickly and
continuously. Traditional feedback methods often involve delays between task completion and
teacher response. During this period students may forget their reasoning or lose opportunities to
correct misunderstandings. Digital feedback reduces this limitation by providing immediate
responses [6].

Immediate feedback supports deeper learning because students can connect errors with
explanations while the learning experience is still active. But digital feedback should not be limited
to automatic correction. Automated systems can identify surface-level errors but may not always
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explain complex language problems. A grammar-checking program may identify an incorrect
sentence but cannot always explain the communicative meaning or contextual appropriateness.
Teacher involvement remains essential. The most effective approach combines automated feedback
with personalized teacher guidance.

Modern digital platforms provide various opportunities for implementing formative
assessment. Google Classroom enables teachers to organize assignments, provide written feedback
and monitor student progress. In English language learning it can be used for essay writing,
vocabulary assignments, reading comprehension tasks or speaking projects. Students can receive
comments, revise their work and submit improved versions.

Kahoot! is widely used for interactive classroom assessment. Teachers can use Kahoot! for
vocabulary revision, grammar practice and comprehension checks. But excessive competition may
create anxiety among some learners, especially students with lower proficiency levels.

Quizizz provides opportunities for self-paced assessment. As traditional classroom quizzes
students can complete activities according to their own learning speed. This feature supports
differentiated instruction and reduces pressure. These systems are particularly useful in blended and
online learning contexts. Several challenges must be considered [7].

1. Digital Competence of Teachers. Effective implementation requires teachers to possess
sufficient digital literacy. Teachers need skills in selecting appropriate digital tools, designing online
assessment tasks, interpreting digital learning data, providing effective online feedback. Technology
may be used superficially.

2. Quality of Feedback. Not all feedback contributes equally to learning improvement.
Feedback should be specific, constructive, understandable, connected with learning objectives.
Simply indicating that an answer is wrong does not help students understand how to improve.

3. Student Motivation and Engagement. Although digital tools can increase engagement
students may become dependent on external feedback. Teachers should encourage self-assessment
and reflection. The ultimate goal of formative assessment is not only correcting mistakes but
developing students’ ability to regulate their own learning.

4. Technological Accessibility. Not all students have equal access to digital devices and reliable
internet connections. Educational institutions should consider technological inequalities when
implementing digital assessment systems.

Conclusion

The present study examined the effectiveness of formative assessment and digital feedback in
improving English language learning outcomes through an analysis of theoretical perspectives,
existing empirical research and contemporary educational practices. The findings of the literature
review suggest that formative assessment and technology-supported feedback can contribute to the
development of students’ language proficiency, learning motivation, self-regulation and active
participation in the educational process.

Formative assessment plays a particularly important role in English language education because
language acquisition is a continuous and multidimensional process. The development of listening,
speaking, reading, writing, vocabulary and grammatical competence requires regular practice,
monitoring and instructional support. As summative assessment which primarily evaluates students’
achievements at the end of an instructional period, formative assessment provides opportunities to
identify learning difficulties during instruction and implement appropriate corrective measures.

One of the principal advantages of formative assessment is its capacity to establish a continuous
connection between teaching, assessment and learning. By collecting evidence of students’
understanding and using this information to adjust instructional strategies teachers can create more
responsive and learner-centered educational environments. The active involvement of students in
self-assessment, peer assessment and reflective learning activities promotes greater responsibility for
individual progress.

The analysis also highlights the significant pedagogical potential of digital feedback.
Contemporary educational technologies provide opportunities for delivering timely, accessible and
individualized responses to students’ performance. Digital platforms such as Google Classroom,
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Moodle, Quizizz and Kahoot! enable teachers to organize interactive assessment activities, monitor
learning progress and provide feedback that supports continuous improvement.

Digital feedback in English language learning can be particularly valuable for developing
writing accuracy, grammatical competence, vocabulary knowledge and reading comprehension.
Automated feedback systems may help learners identify certain linguistic errors while personalized
teacher comments can provide more detailed explanations and guidance regarding language use,
coherence and communicative appropriateness. The effectiveness of digital feedback cannot be
determined solely by its speed or technological sophistication. Feedback becomes educationally
meaningful when learners understand the information provided and use it to improve their subsequent
performance. Teachers should ensure that feedback is specific, constructive, comprehensible and
directly connected with learning objectives.

The study further demonstrates that formative assessment and digital feedback should be
considered complementary components of a comprehensive instructional approach. Their integration
can support differentiated instruction, learner autonomy and the development of self-regulated
learning strategies. Several challenges must be addressed. These include differences in teachers’
digital competence, unequal access to technological resources, the limitations of automated feedback
and the possibility of excessive dependence on external evaluation. Educational institutions should
provide appropriate professional development opportunities and technological support to facilitate
effective implementation [8].

The findings also emphasize the importance of balancing digital assessment with meaningful
teacher—student interaction. But technology can improve the efficiency of assessment procedures, it
cannot fully replace the pedagogical judgment, emotional support and contextual understanding
provided by teachers. English language teachers are encouraged to integrate formative assessment
into everyday instructional activities from a practical perspective, establish transparent assessment
criteria, provide actionable feedback and involve students in monitoring their own progress.

The principal contribution of this article lies in highlighting the relationship between formative
assessment, digital feedback, and the development of English language competence. The reviewed
research provides a theoretical basis for understanding how assessment practices can support
language learning when implemented systematically and purposefully. Because the present study is
based on a literature review rather than an original classroom experiment, its conclusions should not
be interpreted as direct empirical evidence of causal effectiveness in a particular educational setting.

Future research should examine the long-term impact of digital formative assessment on
language proficiency through experimental and longitudinal research designs. Particular attention
should be given to differences between automated and teacher-generated feedback, students’
perceptions of digital assessment and the effectiveness of feedback across different language skills
and proficiency levels. So formative assessment and digital feedback represent valuable pedagogical
approaches that can improve the quality of English language education when integrated with clear
learning objectives, meaningful instructional activities and continuous learner support. Their effective
application can contribute to more interactive, personalized and reflective learning environments in
which assessment serves not merely as a measurement of achievement but as an essential mechanism
for promoting language development.
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Anparna. Kansimracteipyisl 6aranay xkoHe HU(PIIbIK Kepi Oainanbic Ka3ipri aFbUIIIbIH TUTIH
OKBITY YJI€pICiHIH MaHBI3bI Kypamaac Oeiiri 6omibin Tadbimaabl. Onap OUTIM alylIbUIapablH OKY
KETICTIKTEpIH JKAaKCapTyFa, MOTHUBALMACHIH apTThIpyFa J>KOHE TIMIK JaFJbUIapblH JaMBITyFa
MYMKIHAIK Oepenmi. byn wmakamajga aFbUIIBIH - TUTIH  OKBITY HOTHXKENIEPIH IKETUAIPYAETi
KaJBINTACTRIPYIIB Oaranay MeH IUQPIBIK Kepi OaiIaHBICTBIH THIMAUIINT KapacThIPbLIAIBL.
3eprTeyAe OKBITY YIIIH Oarajiay TEOPHSCHI, Kepl OailaHbIC CTpaTerusuiapbl )oHe OuriM Oepy
TEXHOJIOTHSUIAPBIHBIH, ~ MYMKIHIIKTEpl TajjaHaabl. 3epTTey HOTHXKENepl KaJbIITacThIPYIIbI
OaranmaynblH OKY MaKcaTTapblH TYCIHyTe, OUIIM allymblIapablH OeJICeHIl KaThICyblHA >KOHE
KHUBIHABIKTAPAbl YaKbITBIHAA aHBIKTAyFa BIKNAT eTeTiHiH kepceredi. Ludprapik kepi OaiimaHbic
OKYIIBUTAP/IbIH JePOECTITIH apTTHIPHIN, TUT YHPEHY YACPICIH THIMAI YHBIMIACTBIPYFa MYMKIHIIK
Oepeni.

Tyiiin ce3aep: KaIbINTaCTRIPYIIBI Oaranay, TH(PPIbIK Kepl OaiIaHbIC, aFbUIIIBIH T1JIIH OKBITY,
OKBITY YLIiH Oaranay, kepi OaillaHbIC CTpaTerusuiapbl, O11iM 6epy TEXHOJIOTHsIIapHhI.

3®PEKTUBHOCTH ®OPMATUBHOI'O OLIEHUBAHUS Y IIU®POBOM OGPATHOM
CBsA3U B ITIOBBINIEHUU PE3YJIBTATOB
OBYUYEHMS AHTJIMMCKOMY A3BIKY

AHHoTanusi. PopMaTUBHOE OLICHMBAHUE U LU(POBas 0OpaTHasl CBS3b SABISIOTCS Ba)KHBIMU
KOMIIOHEHTaMH COBPEMEHHOI'0 OOYy4YeHMs aHIJIMMCKOMY $3bIKYy, IOCKOJIBKY CIIOCOOCTBYIOT
MOBBIIICHUIO KauecTBa 00yUYeHHS, MOTHBALIUHU CTYJCHTOB U PA3BUTHIO S3BIKOBBIX HABBIKOB. B cTatbe
paccMaTtpuBaeTcst 3()()EKTUBHOCT, NpUMEHEHHs (OPMATHBHOIO OLEHMBAHHUA U IM(POBBIX
WHCTPYMEHTOB OOpaTHOW CBS3M JUIS YIIYUYIICHUS DPE3YJIbTaTOB OOYyUEHUS AHTJIMHCKOMY S3BIKY.
AHaNM3UpPYIOTCS COBPEMEHHBIE TEOPETUYECKHE MTOAXObI K OLIEHUBAHUIO Uil 00yU€HUsl, CTpaTeruu
MIPEOCTABICHUSI OOpAaTHON CBS3M M BO3MOXHOCTH OOpa30BaTENBbHBIX TEXHOJOTHH. Pe3ynbraTh
HCCIIeI0BaHMsI TOKA3bIBAIOT, YTO (POPMATUBHOE OLIEHUBAHUE TOMOTAeT CTYJCHTaM JIyyllle [TOHUMAaTh
nenu oOydeHUs, aKTMBHO y4YacTBOBaTh B YU4E€OHOM MpOIECCE M CBOEBPEMEHHO KOPPEKTHPOBATH
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omnOku. LludppoBas obOpaTHass CBA3L CHOCOOCTBYET PAa3BUTHIO CaMOCTOSITENIBHOCTH YyYallUXCS U
MOBBIMIECHUIO () ()EKTHBHOCTH M3Y4EHHS S3bIKA.

KaroueBble cioBa: QopmatuBHOe oueHuBaHue, nu¢ppoBas oOpaTHas CBsA3b, OOydCHHE
aHTJIMIICKOMY $I3BIKY, OIICHUBAaHHUE JJISI OOYYEHUs, CTPAaTeTUH OOpATHOW CBS3H, 00Opa3oBaTeIbHBIC
TEXHOJIOTHH.
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Abstract. The integration of gamification into English language teaching has attracted
considerable attention due to its potential to enhance students’ motivation, engagement, and
vocabulary acquisition. In contemporary educational environments, traditional vocabulary instruction
may not adequately address learners’ diverse cognitive, emotional, and motivational needs.
Consequently, educators are increasingly exploring gamified learning environments that incorporate
game-design elements such as points, badges, leaderboards, challenges, immediate feedback, and
rewards. The present article examines the impact of gamification on students’ motivation and English
vocabulary acquisition through a critical analysis of theoretical perspectives and existing empirical
research. The study draws upon Self-Determination Theory, the Cognitive Theory of Multimedia
Learning, and principles of vocabulary development to explain the pedagogical mechanisms
underlying gamified language learning. Particular attention is given to the educational applications
of Kahoot!, Quizlet, Wordwall, and Duolingo, which provide opportunities for interactive vocabulary
practice, retrieval, repetition, and formative assessment. The analysis suggests that gamification can
positively influence students’ participation, situational interest, and willingness to engage in
vocabulary-learning activities.

Key words: gamification, English language learning, vocabulary acquisition, student
motivation, EFL, digital learning, game-based learning, educational technology.

Introduction

The rapid development of digital technologies has significantly transformed educational
practices and created new opportunities for enhancing the effectiveness of foreign language
instruction. In particular, English language education has experienced considerable changes as
teachers increasingly incorporate interactive platforms, mobile applications, and digital learning
environments into classroom activities. These innovations reflect the growing recognition that
successful language learning requires not only the acquisition of linguistic knowledge but also
sustained motivation, active participation, and meaningful engagement with learning materials.

Vocabulary acquisition is one of the fundamental components of foreign language
proficiency. Knowledge of vocabulary enables learners to understand spoken and written
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communication, express ideas, participate in discussions, and develop broader communicative
competence. Vocabulary knowledge plays a central role in language learning because it supports the
development of listening, speaking, reading, and writing skills. Nevertheless, vocabulary acquisition
remains a challenging aspect of English as a Foreign Language (EFL) instruction, particularly when
learners have limited opportunities to use English outside the classroom [1].

Traditional vocabulary teaching methods often emphasize memorization, translation,
repetition, and written exercises. Although these methods can contribute to vocabulary development,
their effectiveness may be limited when they are used without meaningful contextualization,
interaction, or opportunities for active retrieval. Students may experience reduced motivation when
vocabulary learning becomes repetitive, predictable, or disconnected from authentic communicative
situations.

In response to these challenges, gamification has emerged as a promising instructional
approach. Gamification is generally defined as the use of game-design elements in non-game
contexts. In education, this approach involves incorporating elements such as points, levels, badges,
leaderboards, challenges, progress indicators, and immediate feedback into learning activities. Unlike
traditional instructional techniques, gamification seeks to create a learning environment in which
students experience progress, receive frequent feedback, and participate actively in goal-oriented
tasks. These characteristics may support motivation and encourage learners to devote greater attention
to vocabulary practice [2].

The growing popularity of educational platforms such as Kahoot!, Quizlet, Wordwall, and
Duolingo demonstrates the increasing relevance of gamified learning activities in English language
education. These platforms allow teachers to design interactive vocabulary exercises, organize
competitions, monitor student performance, and provide immediate feedback. The educational value
of gamification should not be assumed solely from its popularity. Although gamified activities can
increase enjoyment and participation, their impact on long-term vocabulary retention and intrinsic
motivation requires careful examination. Research suggests that gamification can generate positive
learning outcomes, but its effectiveness depends on the design of learning activities, the educational
context, and the characteristics of the students involved (Sailer & Homner, 2020). Excessive reliance
on external rewards may weaken intrinsic motivation in certain circumstances, especially when
students become more interested in collecting points than understanding and applying new
vocabulary. It is important to examine gamification from both motivational and linguistic
perspectives.

The aim of this study is to investigate the potential impact of gamification on students’
motivation and vocabulary acquisition in English language learning through a critical review of
relevant theoretical and empirical literature. The following research objectives guide the
investigation:

1. To examine the theoretical foundations of gamification in English language education.

2. To identify the motivational mechanisms associated with gamified learning activities.

3. To analyze how gamification may facilitate vocabulary acquisition and retention.

4. To evaluate the pedagogical advantages and limitations of digital gamification platforms.

5. To formulate practical recommendations for integrating gamification into EFL vocabulary
instruction.

The study addresses three research questions:

RQ1: How does gamification influence students’ motivation and engagement in English
language learning?

RQ2: What pedagogical mechanisms explain the relationship between gamification and
vocabulary acquisition?

RQ3: Under what instructional conditions can gamification contribute to effective and
sustainable vocabulary learning?

The significance of this research lies in its attempt to connect motivational theories with
vocabulary acquisition principles and classroom teaching practices. By examining these dimensions
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together, the article contributes to a more comprehensive understanding of gamification as an
instructional strategy in contemporary English language education.

Literature Review and Theoretical Framework

Gamification has become an increasingly important concept in educational research because
it offers an alternative approach to organizing learning experiences and encouraging student
participation. Although games have long been used in language classrooms, gamification differs from
conventional game-based learning in its structure and educational purpose. Game-based learning
involves the use of complete games as instructional tools, whereas gamification incorporates selected
game-design elements into activities that are not necessarily games. For example, a vocabulary
exercise becomes gamified when learners receive points for correct answers, unlock increasingly
challenging tasks, or track their progress through achievement levels.

Deterding et al. (2011) established a widely recognized conceptual foundation for
gamification by emphasizing the application of game-design elements beyond conventional gaming
environments. This definition highlights the possibility of transforming ordinary educational
activities into more interactive and motivating experiences without fundamentally changing their
academic objectives [3].

Kapp (2012) further developed the educational interpretation of gamification by explaining
how game mechanics, aesthetics, and game thinking can support engagement, learning, and problem-
solving [4].

From a pedagogical perspective, gamification should not be understood as simply introducing
entertainment into the classroom. Its central purpose is to create structured learning experiences that
encourage students to engage actively with educational content. In English language instruction,
gamification may be integrated into vocabulary exercises, grammar practice, reading comprehension
activities, listening tasks, and communicative assignments. A teacher may divide vocabulary
instruction into progressive learning stages, provide digital badges for successful task completion, or
organize collaborative challenges requiring students to use recently acquired lexical items in
meaningful sentences. These activities can make learning progress more visible and provide students
with additional reasons to participate in classroom tasks. The effectiveness of gamification depends
on the relationship between game elements and learning objectives. Simply adding points or rewards
to existing exercises does not necessarily improve learning outcomes.

Hamari et al. (2014), in their review of empirical studies, concluded that gamification
generally demonstrated positive effects, although outcomes varied according to implementation
context and user characteristics. This finding emphasizes that the pedagogical value of gamification
is conditional rather than universal. Effective gamification requires teachers to consider not only the
attractiveness of game elements but also their instructional relevance, psychological implications, and
contribution to measurable learning outcomes [5].

One of the most influential theoretical frameworks for understanding gamification is Self-
Determination Theory (SDT), developed by Deci and Ryan (1985) and further elaborated by Ryan
and Deci (2000). Human motivation is influenced by three fundamental psychological needs:
autonomy, competence, and relatedness. Autonomy refers to the experience of having meaningful
choices and control over one's actions. Competence involves feeling capable of achieving goals and
mastering challenges. Relatedness concerns the sense of belonging and connection with other
individuals. These psychological needs are particularly relevant to English language learning because
students frequently encounter difficulties associated with unfamiliar vocabulary, pronunciation,
grammatical structures, and communicative uncertainty [6].

Gamification can support autonomy when learners are allowed to select vocabulary
challenges, determine the order of activities, or choose between different difficulty levels.
Competence may be strengthened through immediate feedback, progress indicators, achievable goals,
and recognition of improvement. Relatedness can be supported through collaborative vocabulary
challenges, group competitions, peer feedback, and shared learning achievements. When students
work in teams to complete a vocabulary challenge, they may experience both social interaction and
collective responsibility for task completion. Not all gamification elements necessarily support
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intrinsic motivation. Leaderboards and competitive ranking systems may encourage participation
among highly competitive learners while discouraging students who repeatedly receive low scores.
Excessive external rewards may shift attention away from the inherent value of language learning.
Gamification should provide students with opportunities to experience meaningful progress, personal
achievement, and active participation rather than relying exclusively on competitive incentives.

Vocabulary acquisition is a multidimensional process involving the recognition,
comprehension, retrieval, and appropriate use of lexical items. VVocabulary learning therefore requires
more than memorizing isolated word translations. Students must develop the ability to recognize
vocabulary in different contexts, retrieve lexical items when needed, and apply them accurately in
spoken and written communication. Gamified learning activities may facilitate these repeated
encounters by presenting vocabulary through varied exercises and interactive formats. Students may
first encounter a new word through an image-matching activity, subsequently practice its meaning in
a multiple-choice quiz, and later use it in a sentence-completion task. Such variation may encourage
deeper processing than repeated recognition exercises alone. The distinction between receptive and
productive vocabulary knowledge is particularly important. Receptive vocabulary involves
recognizing and understanding words encountered through listening or reading, whereas productive
vocabulary requires learners to retrieve and use words in speaking or writing. Many digital
gamification platforms emphasize receptive vocabulary practice through matching, recognition, and
multiple-choice activities. Although these exercises are valuable, they may not sufficiently develop
productive vocabulary knowledge unless supplemented with communicative tasks. Gamified
vocabulary instruction should incorporate activities that require students to construct sentences,
explain meanings, negotiate ideas, and use vocabulary in meaningful contexts.

Research Methodology

The present study employs a qualitative, literature-based research design to examine the
relationship between gamification, student motivation, and English vocabulary acquisition. A
narrative-integrative review approach was selected because the research topic involves multiple
interconnected dimensions, including educational psychology, second language acquisition, digital
pedagogy, and instructional design. Rather than measuring the effectiveness of a newly implemented
classroom intervention, the study synthesizes existing theoretical perspectives and empirical findings
to identify patterns, mechanisms, limitations, and pedagogical implications. This approach is
appropriate for investigating a field in which research findings emerge from diverse educational
settings, learner populations, and technological environments. The methodological framework
focuses on three analytical dimensions: motivational outcomes, vocabulary-learning processes, and
instructional conditions.

The analysis draws on foundational theoretical publications, peer-reviewed empirical
research, and relevant scholarly books addressing gamification and language learning. The literature
is organized according to its contribution to the following themes: definitions and characteristics of
gamification; psychological theories of motivation; vocabulary acquisition and retention; digital
learning environments; and the pedagogical effectiveness of game-design elements. Particular
attention is given to research that examines the relationship between gamification and educational
outcomes rather than studies addressing technological innovation without an explicit pedagogical
framework. The analysis follows a thematic synthesis procedure consisting of identifying central
theoretical concepts, comparing reported findings, interpreting relationships between motivation and
vocabulary development, and deriving practical recommendations. The study does not claim to be a
systematic review or meta-analysis. No exhaustive database search, formal study-screening protocol,
or quantitative aggregation of effect sizes was conducted. Consequently, the findings should be
interpreted as a theoretically informed synthesis rather than a comprehensive statistical estimate of
gamification effectiveness.

The analytical framework distinguishes between motivational outcomes and vocabulary-
learning outcomes.

Motivational outcomes include situational interest, perceived competence, engagement,
willingness to participate, and persistence in learning activities.
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Vocabulary-learning outcomes include lexical recognition, meaning recall, contextual
understanding, productive vocabulary use, and delayed retention.

The distinction is important because increased classroom participation does not automatically
demonstrate improved language proficiency.

Results and Discussion

The reviewed literature suggests that gamification can positively influence motivation by
creating learning environments characterized by clear goals, frequent feedback, visible progress, and
opportunities for active participation. One of the most important motivational advantages of
gamification is its ability to transform repetitive learning tasks into structured challenges. In
traditional vocabulary instruction, students may perceive repeated exercises as monotonous,
particularly when the activities involve memorizing extensive word lists or completing similar written
assignments. Gamified activities introduce variation and provide learners with immediate information
about their performance. A digital vocabulary quiz may display the number of correct responses,
indicate progress toward completion, and provide encouraging feedback after each attempt. Such
features can create a sense of achievement and encourage learners to continue practicing.

The findings suggest that gamification can influence multiple dimensions of learning, but
motivation should not be reduced to visible enthusiasm during classroom activities. A student who
participates actively in a vocabulary competition may be motivated by the desire to win rather than
by an interest in developing English proficiency. Competitive motivation can support short-term
participation, it may not necessarily lead to sustained independent learning [7].

An important pedagogical strategy is to combine external rewards with meaningful feedback
that emphasizes improvement, effort, and mastery. This approach can make gamification more
inclusive and support a broader range of motivational needs.

Vocabulary acquisition requires sustained attention, repeated exposure, retrieval practice, and
opportunities for meaningful use. Gamification can support these processes by organizing vocabulary
learning into interactive sequences that encourage repeated engagement with lexical items. One
important advantage is the possibility of increasing the frequency of vocabulary practice. Students
may be more willing to complete several rounds of vocabulary exercises when the tasks include
progression, challenges, and immediate feedback. Increased practice frequency contributes to
learning only when the exercises require appropriate cognitive processing. Repeated multiple-choice
questions may improve recognition of word meanings, but they do not necessarily develop the ability
to retrieve vocabulary independently. A more comprehensive approach combines recognition
activities with productive exercises. Learners may initially match English words with definitions,
subsequently retrieve words from memory, and finally use them in meaningful spoken or written
contexts. The progression from recognition to production reflects the gradual development of
vocabulary knowledge [8].

Another potential advantage of gamification is its compatibility with spaced practice. Digital
platforms can provide recurring vocabulary challenges over several days or weeks, allowing learners
to revisit previously studied lexical items. Such repetition can support long-term retention when it is
organized according to appropriate learning intervals.

Immediate corrective feedback is also important. When students receive information about
incorrect responses, they can identify misunderstandings and revise their lexical knowledge.
Feedback should explain why an answer is incorrect whenever possible. Simply displaying the correct
option may not be sufficient for developing deeper understanding.

Kahoot! is particularly suitable for classroom-based vocabulary review and formative
assessment. Teachers can create quizzes focusing on word meanings, Synonyms, antonyms,
collocations, and contextual usage.

The platform can increase participation by presenting questions in a competitive and
interactive format. Strict time limits may disadvantage learners who require additional processing
time. Consequently, teachers should adjust task difficulty and timing according to students'
proficiency levels.
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Quizlet provides opportunities for vocabulary practice through flashcards and interactive
study modes. It can support repeated exposure and independent revision, particularly when students
use vocabulary sets outside classroom hours. Teachers should ensure that learners progress beyond
simple word-translation associations.

Wordwall offers flexible activity formats that can be adapted to different vocabulary
objectives. For example, teachers may design matching tasks for beginners, categorization exercises
for intermediate learners, and contextual vocabulary activities for more advanced students.

Duolingo illustrates the integration of gamification into independent language learning
through progression systems, rewards, and repeated practice. Its structured learning sequences may
encourage regular engagement, although the educational value of individual exercises depends on
their alignment with learners' communicative needs.

It is important to distinguish between a platform's technological capabilities and demonstrated
learning effectiveness. The presence of game elements does not automatically establish that one
platform produces better vocabulary outcomes than another. Platform selection should therefore be
based on learning objectives, student characteristics, accessibility, and opportunities for meaningful
language use [9].

Conclusion

The present study examined the impact of gamification on students' motivation and
vocabulary acquisition in English language learning through an integrative analysis of theoretical
perspectives and existing research. The reviewed literature indicates that gamification has the
potential to enhance students' engagement, participation, and motivation by incorporating clear goals,
immediate feedback, progressive challenges, and opportunities for achievement into learning
activities. From a psychological perspective, gamification can support motivation when instructional
activities address learners' needs for autonomy, competence, and relatedness. From a cognitive
perspective, gamified vocabulary activities may facilitate learning by encouraging repeated exposure,
retrieval practice, active processing, and corrective feedback. But the effectiveness of gamification
depends on instructional design and the quality of learning experiences.

The inclusion of points, badges, or leaderboards does not automatically lead to improved
vocabulary acquisition. Educational benefits are more likely when game elements are meaningfully
connected to vocabulary-learning objectives and established principles of language acquisition.

The analysis also highlights the importance of distinguishing between motivation, immediate
task performance, and long-term vocabulary retention. Gamified activities may increase participation,
sustained vocabulary development requires repeated practice, contextualized language use, and
appropriate assessment. The study identifies several limitations associated with gamification,
including excessive competition, dependence on external rewards, cognitive overload, and unequal
access to digital resources. Teachers should adopt balanced instructional strategies that combine
gamified activities with collaborative learning, differentiated tasks, formative assessment, and
meaningful communication [10].

The proposed five-stage instructional model provides a practical framework for organizing
gamified vocabulary instruction through introduction, guided practice, consolidation, application, and
assessment. The principal contribution of this article lies in integrating motivational and cognitive
perspectives to explain the conditions under which gamification may support English vocabulary
development. It is concluded that gamification should be regarded not as a replacement for established
language teaching methods but as a complementary pedagogical approach capable of enriching
vocabulary instruction when implemented systematically and purposefully. Further empirical
research, particularly longitudinal and quasi-experimental studies, is required to establish the long-
term effectiveness of gamification and identify the instructional conditions that produce sustainable
improvements in vocabulary knowledge and learner motivation.
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AHaaTna. AFpUINIBIH TUTIH OKBITY YJEpiCiHE TeHMU(UKAlUSHBI €HTI3y CTYIEeHTTEPIiH
MOTHUBAIMSCHIH, OKY YAEPICiHE KAThICy OCJICEHIUTITIH KOHE CO3IK KOPAbl MEHrepy THIMIUIIIIH
apTTBHIPY MYMKIH/IIT1HE OalIaHBICTHI FRUIBIMHU OPTaJIa YJIKEH KbI3bIFYIIBUIBIK TYABIPHIIN OTHIP. Ka3ipri
OuriM Oepy JKarmaalbIHIA JOCTYPJII JIEKCHKAHBI OKBITY OJicTepi OUIIM amymIbuIapablH OpTYpIIi
KOTHHTHBTIK, YMOIMOHAIIBIK JKOHE MOTHBAIMSUIBIK KAKETTIUTIKTEPIH TONBIKTal KaHAaraTTaHIbIpa
oepmeiini. OcblFaH OaiaHBICTBI TIENArorTep yIhaiiaap, Mapamnarrap, KemniOaclibuiap TaKTachl,
JeHreinep, TarcelpManap, Kelaen Kepi OalaHbIC JKOHE BIHTATAHIBIPY KYHeCi CHUSKTHI ONBIH
JM3aiHBI  AJIEMEHTTEPIH KAMTUTBHIH TeHMHU(HKANUsIaHFAaH OKy OpTaJapblH OCJICeHII Typle
Koimanyna. byn makanamga redMUGUKAIUSHBIH CTYJISHTTEPAIH MOTHUBAIMSACHIHA KOHE AFbUIIIBIH
TUTIHZIET] CO3/IIK KOPABI MEHTEPY YAEPICiHE dcepi TEOPHUSIIBIK TY>KbIPhIMIaMalIap MEH KOJIaHBICTAFbI
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SMIHMPHUKAIBIK 3€pTTEYJIEPi ChIHU Tal/ay HETi3iHAe KapacThIPhUIAIbL. 3epTTey ©3iH-031 aHBIKTay
TEOPUSACHIHA, MYJIbTUMEAUSIIBIK OKBITYABIH KOTHUTUBTIK TEOPUSACHIHA JKOHE CO3/1K KOPJbI JAMBITY
KaruanapbelHa CyWeHedi. ATainFaH Teopusuiap HIeTeN TUTIH TeHMH(HKAIHS apKbUIBI OKBITYIIBIH
MeIarOruKaiblK MEXaHM3MJEpIH TyciHaipyre MyMkKiHAiK Oepeni. 3eprreyne Kahoot!, Quizlet,
Wordwall xone Duolingo cusiktbl nudpiblk miargopmanapabiy Ou1iM 6epyneri MyMKIHAIKTEpiHe
epekiie Hazap aynapbuiazbl. byn miargopmanap ces3mik KOpIbl MHTEPAKTHBTI TYpAE MEHIEpPYTE,
KaliTaJlay JKYMBICTapblH YHBIMAACTBIPYFa, €CTE€ CaKTay YAEpICIH O€JICEHIIpyre JKOHE
KaJBINTACTRIPYIIBl  OaranayJbpl JKy3ere acblpyFa MYMKIHIIK Oepeni. Tampmay HoTmxenepi
reiMu@uKanus CTyAeHTTEepI1H cabaKKa KaTbICy OeJICEHUIIrHE, OKY KbI3bIFYIIBUIBIFbIHA JKOHE JKaHa
CO3/Iep/l MEHIepyTe JIETeH BIHTAChIHA OH 9CEp €TETiHIH KOPCEeTe/I.

Tyiiin ce3nep: reiimudukanys, aFrbUILIBIH TUIIH OKBITY, CO3IK KOpPJbl MEHI€pY, CTYJIEHT
MOTHBAIMSICH, aFbUTIIBIH Timi meten Tt petiae (EFL), mudpabik OKbITY, OWBIH apKbUIBI OKBITY,
Ou1iM Oepy TEeXHOJIOTHSIIAPHI.
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AnHoranusi. Wurerpamms reiiMudukanum B mporecc OOy4YeHHS aHTIUHCKOMY SI3BIKY
MIPUBJICKIIA 3HAYUTEIIPHOE BHUMaHUE Oaroaps €€ moTeHINATy MOBHIIIATh MOTUBAIUIO YUAIUXCS,
YpOBEHb HUX BOBJIEYEHHOCTH U 3(P(PEKTHUBHOCTH YCBOECHHS CIOBApHOro 3amaca. B coBpeMeHHBIX
00pa30BaTEeNbHBIX YCIOBUSAX TPAAUIIMOHHBIE METOAbI OOyYeHHs JIEKCUKE HE BCerja CIOCOOHBI
MOJIHOCTBIO YJIOBJIETBOPUTh Pa3HOOOpa3Hble KOTHUTHBHBIE, SMOLMOHAIbHBIE U MOTHBAIMOHHBIC
noTpeOHOCTH oOyJaromuxcs. B ¢Bsi3u ¢ 3TUM mpernogaBaTen BCE Yalie oOpamarTcs K UTPOBBIM
00pa3oBaTeNbHBIM CpeaM, KOTOpPbIE BKIIIOYAIOT 3JIEMEHTBHI UIPOBOTO MU3aiiHa, Takue Kak Oallibl,
3HAYKU JOCTHKEHUI, peHTHUHIOBBIE TAOJIUIIbI, 33/1aHUS, MTHOBEHHYIO OOpPaTHYIO CBSI3b U CHUCTEMY
BO3HArpaxJacHUM.

B nmanHO# cTaThe paccmaTpuBaeTcs BIUSHUE redMUUKAMA HA MOTHUBALMIO CTYAEHTOB U
IIPOLIECC YCBOEHUS AHIVIMHCKOM JIEKCUKM IMOCPEACTBOM KPUTHMYECKOI'O aHajIn3a TEOPETHYECKHX
MOAXOJI0OB U CYIIECTBYIOLIUX SMIMPUYECKUX HccleaoBaHui. McciaemoBaHue OCHOBBIBAETCS Ha
TEOPUU CAMOJICTCPMUHAIINK, KOTHUTUBHONH TEOPHH MYJIbTUMEAHUHHOTO OOYUYEHHUS W TMPUHIIUIIAX
pa3BUTHS CIOBApHOTO 3araca, KOTOPbIE MO3BOJIAIOT OOBSICHUTH IEJAaroruuyeckue MeXaHH3MBI,
JeXalue B OCHOBE reMu(pUIMpOBaHHOTO OOy4YeHHsS WHOCTpPaHHOMY s3bIKy. Oco0oe BHUMaHHE
yaensercss o0pa3oBaTeIbHOMY NMPUMEHEHHIO Takux IUGpoBbIX TuiatdopMm, kak Kahoot!, Quizlet,
Wordwall u Duolingo, xoTOpble TpPEIOCTaBISIOT BO3MOKHOCTH JUISi MHTEPAKTHUBHOW TMPAKTHKU
JICKCUKH, TIOBTOPEHMSI, aKTUBM3AIMHM TIpollecca 3alOMUHAHHUS M TpoBeneHUs (HOpPMATHBHOTO
OLICHMBAaHMA. AHAJIN3 MOKA3bIBACT, YTO reMMU(UKALUS MOXKET MOJOKHUTEIBHO BIUATH HA ydacThe
CTYJCHTOB B y4eOHOM TMpoIlecce, IMOBBIIIATh CUTYaTUBHBIH HHTEpPEC M TOTOBHOCTh AKTHBHO
3aHUMAThCS U3YYEHUEM HOBOU JIEKCUKH.

KualoueBble ciaoBa: reliMudukanus, o0ydyeHHE aHIIHICKOMY $I3bIKY, YCBOGHHUE JIEKCHKH,
MOTHBAIIVSI CTYJICHTOB, aHTJIMMCKHH A3bIK Kak nHoctpanHbi (EFL), mudpoBoe o0yuenue, urpooe
oOyueHue, 00pa3oBaTeIbHbIE TEXHOIOTHUH.
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AnHoTanus. B pe3ynabpTare 3aMepoB BEHIOOPOYHOM TPYIIIBI COCTAaBIIEHA Ta0IHIIa COOTBETCTBHS
MY>KCKMX M JKEHCKHUX pa3MepoB OJACKIbl U pPOCTOBKU. llomyueHHbIe naHHbIE W3MEpEeHUM ObuIN
0o0paboTaHbl TPU TOMOIIM METOJOB CTaTHCTUYECKOM OOpabOTKH [aHHBIX M IOJXYYEHO
pacripenenenue OnHM3K0e K pacrpeneseHuio ['aycca ¢ BHECEHHBIME MOTPAaBKaMH, YUHUTHIBAIOITIMHA
0COOCHHOCTH Pa3MEpPHO-POCTOBBIX 0COOEHHOCTEN BEIOPAHHOW TPYMIIBI COTPYIHUKOB

CocragiieHa Ta0HIIa 3aKa3a Ik KypTKHU JIETHEH MY)KCKOH 1 )KEHCKOH 1T OOIIEeT0 KOJIMYECTBA
COTPYIHUKOB: My>K4uHbI 1350 uenopek; xeHIuHbI — 450 yenoBek

JlanHast METOMKa pEKOMEHI0BaHa K HCIOJb30BaHUIO B y4eOHOM IpoOIEcCce AJisl CTYAEHTOB
CHENNaTbHOCTH JU3aiiH.

KuroueBble cioBa: oz1ex/1a, TUIIOBbIE (PUIYPbl MYKUMH U KEHILUH, pPa3MEpHbIE MPU3HAKH,
KIaccupuKalus TUMOBBIX (UTYp, MOTHOTHBIC TPYIIbI, CHEIHAlbHAs OJEXKa, KOHCTPYUPOBAHHE,
pasmep, CTaHJapTHBIE TAOJIUIIBI Pa3MEPOB, TAOTHUIIHI 3aKa30B.

BBenenue

TOO «lllabutekc» moamucaso KOHTPAKT ¢ kommaHuen «KasmyHaiiras» Ha AOJITOCPOYHOE
obecrieueHre COTPYTHIKOB KOMIIAHUH CTICITHATBHON OJICKI0M KaK MY>KYHH, TaK 1 )KCHIIWH. B cBsi3H
C OTHM BO3HHKJIAa HEOOXOAMMOCTh COCTABIICHUS 3aKa30B Ha JICTHIOKO U 3UMHIOI0 OJICXK1y IO pazMepam
U POCTaM.

KoHcTpynpoBanue cnenuanbHON OOeKIbl — MPEACTaBISIET COOON CIOXKHBIA HWHKEHEPHO-
TEXHUYECKUU TIpoliecc pa3paboTku deprexken u jekan. CrienuanbHas OJeK/Ia T0HKHA 00€CTICUnTh
3aIUTy YeJIOBEKA OT OMACHBIX M BPEIHBIX MPOU3BOICTBEHHBIX (haKTOPOB (MPOU3BOICTBEHHOM MBLIN
Y 3arpsI3HEHUN, MEXaHUYECKUX BO3/ICCTBHI, BO3ICHCTBHS arpeCCUBHBIX CPEJT, BRICOKMX HIIH HU3KHX
TEMIEPaTyp), COXpaHssl MPU 3TOM SPTOHOMUKY M CBOOOY ABMKEHUN. BaxkHBIM (paKTOpOM SIBIISETCS
yI0OCTBO CTICIIMAIBHON OJICK/IBI U €€ MPABHIIbHBIN TI0I00p TI0 pa3Mepy, MOJTHOTE U POCTY YeJIOBEKa.
Crnenoaexay OTHOCIT K CpeICTBaM MHAMBUAYAIbHON 3alUThI, KOTOPBIE B MPOLECCE BHINOJIHEHUS
MIPOM3BOJCTBEHHBIX 3a7a4 MPEIOXPAHSIIOT PAaOOTHUKA OT MOJIYYCHHS Bpena 3A0poBbi0. OCHOBHOM
BHHUMaHHUE MPHU TOMIMBE CIEHOCKAbl YACIIETCS TOMY, YTO TOJILKO MPaBUIBHO MOJ0OpaHHAs IO
pasMepy crienoexaa 3aluTUT TelIo JeHCTBUTENbHO 3QdekTuBHO. K npumepy: eciu noj u3juiiHe
00BEMHBIA KOCTIOM CBaplIUKa MOJOOpPAaHHBI HE MO pa3Mepy MOmaJeT HUCKpa — 3J0POBBIO
COTpyAHHMKA OyJIeT HaHeCEeH yIepO, KOTOPBIM MOXKHO ObUIO N30€XKaTh, €CIIM COTPYAHUKY TI0100paTh
MIPaBUJIBHBIN pa3Mep KOCTIOMA IO POCTY U MOJHOTE.

Hcxons u3 9T0r0, 04€Hb BaXKHO UMETH MPEACTABICHUE, KaK MOOUPATh MPABUIBHBINA pa3Mep U
POCT CHENOAEXK b, YTOOBI ONTUMAIBFHO 00ECTIEYUTh COTPYAHUKOB SKHUITUPOBKOIA.

OOmiee KOTMYECTBO COTPYIHUKOB NpeAnpustus mnpesbimaer 1800 uyenoBek, Tak B
MIPOU3BOJCTBEHHBIX YCIOBUAX HE MPEICTABIIAECTCS BOZMOXKHBIM NHIMBUIyaJIbHBIN 3aMep Pa3MEPHBIX
MapaMeTpoB BCEX COTPYTHUKOB BO3HHKIA HEOOXOAMMOCTh M3YYCHHsI BHIOOPOYHOTO KOJIUYECTBA
COTPYJIHUKOB JJIsi COCTABIIEHUS OOIIETO XapaKTepa pacipeieleHHs] pa3MepPOB U POCTa COTPYTHUKOB

MartepuaJjbl 1 METOBI

OOBEeKTOM HCCNeA0BaHUS CIY>KUITU TOKa3aTeIl pocTa U MOJHOTHI TPYIIILI COTPYAHUKOB (50
yenn. MyxuuH u 30 yen. YKeHiuH)
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B xome paboThl mpuUMEHSJICS METOJ aHaliM3a PACIpeAeseHUs TPyMINbl JIOAEH Mo pocTy U
MoJHOTe (Macce Tena WiIM 00bEMaM) MOCTPOCHHBIM Ha OCHOBE JBYMEPHOIO HOPMAaJIbHOI'O
pacrnpenenenus uinu ananusa Munekca maccsl Tena (UMT).

OO6paboTka pe3yibTaTOB 3aMEpOB IOKa3ana, YTO pacHpelesieHHe UMeEET BHJ JBYMEpPHOI'O
«obnaka» (ammrca), riae 60JIbIIMHCTBO JIIOIEH COCPEIOTOUEHO B LIEHTPE (CPEIHUM POCT U CpeaHsis
MI0JTHOTA), @ KpailHue 3HaueHUs (OUeHb BBICOKHUE U ITOJIHbIE UM OYeHb HU3KHUE U XY]IbI€) BCTPEUAIOTCS
3HAYUTENIHO PEeXKe.

B xoze pabot 6butn ucnionb3oBanbl AaHHble cneayommx 'OCToB.:

I'OCT 31399—2009 Knaccudukauusi TUIIOBBIX (UIYp MYKYUH 10 pOCTaM, pasMepaM U
MOJHOTHBIM Tpymnnam st npoektupoBanus oaexapl. [OCT 31396— 2009 Knaccuduxauums
THUMOBBIX (DUTYp >KEHIIMH IO POCTaM, pa3MepaM W IMOJHOTHBIM TPYIIaM JUIsl POCKTHPOBAHUS
OJIEXKIbI.

Jlns peanuzanuu nenu HeoOX0UMO PEIIUTh CIEAYIOIINE 3aJauu:

— VYCTaHOBUTH ONTUMAIbHOE YMCIO BEAYIIMX pa3MEPHBIX NPU3HAKOB, IO KOTOPHIM
MIPOUCXOJUT PacHpeIeIeHHe BCEro MHOKECTBA Ha ONPE/IEIICHHbIE 3Tallbl;

— BpIOpaTh palrioHalbHyI0 HOMEHKJIATYpy BEIYIUX Pa3MEPHBIX IPU3HAKOB;

— OmnpenenuTh Auana3oH M3MEHYMBOCTH Pa3MEPOB BEAYIIMX pPa3MEPHBIX NPU3HAKOB, T. €.
MUHHMAJIbHbIE U MAKCUMAJIbHBIC UX 3HAUCHHUS;

— YcTaHOBUTH HHTEPBAJ (IPOMEKYTOK) MEXKTY COCETHIMHA HOMEPaMHU THITOBBIX (pUTYD;

— Onpenenuts ONTUMAIBHOE YUCIIO TUHOBBIX (QUTYD;

— Paccunrath 3HaueHHs BceX Apyrux (MOAUYMHEHHBIX) pa3MEPHBIX MPU3HAKOB;

— YCTaHOBUTH YUCIIEHHOCTh BHIOPAHHBIX THIIOB (UTYP.

AHanum3 pacnpeaesieHus TPYIIIbI JIF0ICH 10 POCTY U MOJHOTE (00bEMaM) Yyalle BCETO CTPOUTCS
Ha OCHOBE JIBYMEPHOT'O HOPMAJILHOTO PACIIPEICICHHS.

Pe3yabTaTsl 1 00cyKIeHHE

B pesynbraTe 3aMepoB BEIOOPOYHOM TPYMITBI COCTaBIEHA TaOIHIIa COOTBETCTBUS MYKCKHX U
AKEHCKHUX pa3MepOB OJICKIbI U POCTOBKH.

Bce mpoMexxyTouHbIe pe3yabTaThl, @ TAKKE JaHHBIC, KOTOPhIE HAXOAATCS B TPAHUIAX MEXKIY
pa3MepamH, 3aCUMTaHbl B IOJIb3y OOJBIIErO pa3Mepa CIeHoJASKIbl. To ke camoe BEpHO U B
OTHOIIEHHH POCTOBKH CIELIOICHKIbI.

Ta6muma 1- Knaccudukarust THIOBBIX GUTYp MYKIUH
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Tabnuua 2 - Knaccudukarus THIOBBIX (DUTYp KEHIIUH
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[Tomyuennble naHHBIE U3MEPEHUH ObUTH 00pabOTaHBI MPH TIOMOIIM METOJIOB CTATUCTHYECKON
00pabOTKU JAHHBIX U MOJIYYEHO paclpesieieHne 6Ju3Koe K pacupezeneHuio ['aycca ¢ BHECEHHBIMU
MOTIPABKaMH, YYHUTHIBAIOIIUMH OCOOEHHOCTH pPa3MEpPHO-POCTOBBIX OCOOEHHOCTEH BBIOpaHHON

IpYyIIbl COTPYIHUKOB
[omyuennast KprBast pacrpeeIeHus BBITIISAUT CICAYIONIM 00pa3oM:
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Pacnpenenexune no poctam B rpynne My>xX4uH

gy

/ - \\
by
/
/ 4 : \\
- : : .
.»»”/ : : S~
PocT 150 164 178 192
PacmpeleHHe IO pOCTaM B IPYIIe KeHITHH
e I
\\
j.ré ’;\
/ : 3 AN
- ° ° ~~ ~
PocT 140 154 168 182

Ha ocHOBe MoTy4eHHBIX 3aKOHOMEPHOCTEH COCTaBJICHA CIIEIYOIas Ta0InIIa 3aKasa:

Koctrom netnnii (Kyprka, Oproku) My)CKOU

No Pa3mep Poct KonnuectBo
1 158-164 42

2 88-92 170-176 50

3 182-188 16

4 158-164 120
5 94-100 170-176 292
6 182-188 128
7 158-164 120
8 104-108 170-176 196
9 182-188 116
10 158-164 42
11 112-116 170-176 134
12 182-188 26
13 158-164 12
14 120-124 170-176 42
15 182-188 14

Hroro 1350

Koctiom netnuit (Kyptka, Oproku) meHCKu
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Ne Pasmep Pocr KonuuectBo
1 152-154 10
2 88-92 156-164 25
3 170-176 12
4 152-154 32
5 94-100 156-164 94
6 170-176 34
7 152-154 30
8 104-108 156-164 82
9 170-176 32
10 152-154 15
11 112-116 156-164 36
12 170-176 17
13 152-154 6
14 120-124 156-164 17
15 170-176 8
Hroro 450

BriBoabI

1. Ilytem u3MepeHus mapameTpoB BBIOOPOYHOM TPYMIBI JHOAEH pacCUMTAaHbl MONPABKU K
HOPMaJbHOMY pacupeieneHuro ['aycca 1 pacCuMTaHO KOJMYECTBO 3aKa3a pa3MEpHBIX TPYIII.

2. CocraBneHa Tabnuiia 3aka3a s KypTKH JIETHEH MYKCKOM W JKEHCKOW JUIsi OOIIero
KOJIMYECTBA COTPYAHUKOB: MyKuuHbI 1350 yenoBek; xeHIuHbl — 450 yenoBek

3. anHast METOAMKA PEKOMEH/IOBaHA K UCIIOJIb30BAaHUIO B YUE€OHOM MpoIlecce JIIsl CTYJCHTOB
CHEIMAIBHOCTH JU3aMH.

Jluteparypa:
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KamonoBa. — TekcT : HenocpeacTBeHHbIH / Monoaoi ydensiif. — 2017. — Ne 14 (148). — C. 139-
142. — URL.: https://moluch.ru/archive/148/40693.

2. AwmmpoBa 3.K. KoHcTpynpoBaHue OJeXIbl.. Y4eOHUK Ui CTYZ.YUPSKICHUN
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6. SnueBckas E.A. KouctpyupoBanue oxmexnapl / SlnueBckas E.A.- M3natenbckuil LeHTp
«Axanemusy», 2005.

7. Adanacbesa E.J|. Pazpa®oTka eTuHBIX METOI0B KOHCTPYUPOBAHHS OAEKAbI 1151 cTpaH COB/
E.JI. Adanacwena.-M.: [THUUIIII, 1986
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8. F'OCT 31399—2009 Kuaccudukanus THIIOBBIX (HUTYp MYKUUH IO POCTaM, pazMepaM H
MOJTHOTHBIM TPYIIIIAM JUIsl TPOSKTUPOBAHUS OJICKIBI.

9. T'OCT 31396— 2009 Knaccu¢ukamus TUMOBBIX (DUTYp KEHIHH MO0 POCTaM, pasMepaM U
MIOJTHOTHBIM TPYTIIIAM JUIsl TPOSKTUPOBAHUS OJICKIBI.

«KABMYHAWT'A3» KOMITAHUSICBI KbI3BMETKEPJEPIHIH TUMTUKAJIBIK
KOJIEM/I TOIITAPBIH AHBIKTAY

1B.C. Typakyaios, >* O.A. KoBanenko, ° 5.®.Paxumos, “K.M.TeMupmuKoB
T.F.K. JIOLIEHT}, Marucrp, ara OKbITynIsl, >4

K. A. TomenoB ateingarsl YHuBepcuteT AK, IlIsiMkent, Kazakcran

AHHOTAUMs. YITi TOOBIHBIH ©JIIEMIEpiHEe CYHEHE OTBHIPHII, epliep MEeH olenaep KHiMiHiH
eJeMiepi MeH OOIIapbIHBIH KECTEeCT KYPaCTBhIPBUIABI. AJIBIHFAH OJIIIeY AepeKTepi CTATUCTUKAIIBIK
omicTepai KOJJaHy apKbUIbI OHIEN, TaHJIaJIFaH KbI3METKepiep TOOBIHBIH eimeMi MeH 0ol
cUmaTTaMajapblH €CKepe OTBIPBIN TY3eTyJep €Hri3ureH laycc yrecTipiMiHe »aKblH YJIECTipiM
QJIBTH/TBL.

Epnep wmen olienmepain Jka3Fbl KypTelIelepiHe TamChIppic Oepy Kecreci Keleci
KBI3METKEPIIEP/iH KaJIbl CaHbl YIIiH KypacTeipsuiabl: 1350 ep agam; 450 oitern.

byn omicteme au3aifH MaMaHIBIFBl OOMBIHIIA OKUTBIH CTYIACHTTEp YIIIH OKY MPOILECIHIE
naiiianany yIIiH YChIHBUIAIbI.

Tyiinai ce3aep: kuiM, THUOTIK epiiep MEH oWenjaep ¢urypainapbl, ejlieM cumaTTaMmaliapsl,
TUNTIK QUTypasapblH *KIKTeIyl, TOJIBIKTBHIK TONTaphbl, apHaiibl KUIM, IU3aiiH, ©JIIIeM, CTaHIapTThI
OIIIIIeM KecTeNepi, TalChIPBIC Oepy KecTenepi.

DETERMINATION OF SIZE-CATEGORY GROUPS FOR EMPLOYEES OF THE
COMPANY "KAZMUNAYGAZ"

B.S.Turakulov, 20.A.Kovalenko, B.F.Rakhimov K.M.Temirshikov
Tashenov University, Shymkent, Kazakhstan

Abstract. Based on measurements taken from a sample group, a correspondence table for
men’s and women’s clothing sizes and height categories has been compiled. The collected data were
processed using statistical methods, resulting in a distribution approximating a Gaussian (normal)
distribution, with adjustments made to account for the specific size and height characteristics of the
selected group of employees.

An ordering table for summer jackets—designed for both men and women—nhas been prepared
for the total number of employees: 1,350 men and 450 women.

This methodology is recommended for use in the educational process for students specializing
in design.

Key words: clothing, standard male and female body types, body measurements, classification
of standard body types, fullness groups, specialized clothing, pattern drafting, size, standard size
charts, order charts..
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WUU-TPAMOTHOCTD IIPENNIOJABATEJISA BHICIIEN IIKOJbI: KOHIENTYAJBHASA
MO/JIEJIb 1 MIPAKTUYECKHUM OIIBIT ®OPMUPOBAHMUS

Xaamerona LI.A.
mazucmp UHGOPMAYUOHHBIX CUCTEM,
kagheopa UT u yughposvie mexnonoeuu, Tawernes ynusepcumem, 2. Lllvinkenm, Kazaxcman
e-mail: shokhnoza.kh@gmail.com

AHHoTauusi. B cratee wuccnenyercs mpobiema ¢opmupoBanus WM -rpamoTHOCTH
npenojaBaTesiel BBICIIEH IIKOJBI B YCJIOBUAX CTPEMUTENbHON 1M(poBoil TpaHchopmanuu
oOpa3zoBaHMs. ABTOPOM INpeIiokKeHa OpUruHalbHas TpEXypoBHeBas Mojaeiab MM -komMmneTeHTHOCTH
nenarora: «llomp3oBatens - HMuterparop - Apxutekrop». [IpencraBineH NpakTUYECKHI OIBIT
peanu3ali aBTOPCKOTO Kypca IOBBIIICHUS KBaJU(UKAMK 10 NPUMEHEHUI0 HWHCTPYMEHTOB
HMCKYCCTBEHHOTO HHTEIJIEKTa B IEIarormyecKkor aestenpbHoCcTH: 3a mepuon 2025-2026 romoB
oO0yuyenue npouutn 6oiee 200 mpenonaBateneil By3oB Kazaxcrana B pamkax 8 yueOHBIX MOTOKOB.
[IpuBeneHs! akTyaabHbIEe JaHHBIE O HU(GPOBOM pa3phIBE MEXKIY CTYIEHTAMU U ME€JJaroraMu, a TaKxKe
0 Oapbepax, MPensTCTBYIOUMX 0cBOCHUIO MM -UHCTPYMEHTOB Mperno1aBaTeIbCKUM COOOIIECTBOM.
O6ocHOBaHa HEOOXOIMMOCTb CUCTEMHOTO BKItoueHUs1 M -rpaMOTHOCTH B MPOTpaMMBbl MOBBIIIEHUS
KBaJTU(HUKAIMK Nlefarornyeckux kaapos Pecnyonuku Kazaxcran.

KiloueBble  ciaoBa:  McKyccTBeHHBIM — uHTemekt, HWHW-rpamotHOoCcTh,  nHppoBas
KOMIIETEHTHOCTh I€[larora, TMOBbIIIEHHWE KBalu(uKauy, Bbicmiee obOpa3oanue, EdTech,
reHeparuBHbI MU, mudpoas tpanchopmanus oopasoanusi, Kazaxcras.

Beenenue

ITo cocrostnuto Ha MapT 2026 roga MCKYCCTBEHHBIM HMHTEIUIEKT W3 3KCIEPUMEHTAJIBbHOMN
TEXHOJIOTUM OKOHYATEJIbHO MPEBPATHIICS B NMOBCEIHEBHBIM MHCTPYMEHT aKaJIeMHUYECKON KHU3HH.
Cornacno ortuéry Coursera Al in Higher Education Report (peBpanb 2026), yetbipe U3 HATH
CTYAECHTOB YyKa3bIBalOT, YTO M -NHCTPYMEHTHI MOJOKUTEIBHO MOBIUSUIM HA UX aKaJEMUYECKYIO
ycnieBaeMocTh. [lo mannbiM Engageli (2026), k Texymemy MoMeHTY 44% CTYIEHTOB pEryNspHO
UCHONb3YIOT reHepatuBHble IM-uHCTpyMEHTHI - Oosiee yeM B OATOpa pa3a Oosblle, 4eM JBa roja
Hazal.

Mexay TeM MHCTUTYyLMOHalbHas TOTOBHOCTh CHCTEMBI OOpa30BaHMs K 3TUM H3MEHEHUSAM
CyliecTBeHHO OTcTaéT. Jlumb 42% CTy/IeHTOB CUMTAIOT CBOMX MPENoaBaTeseii MoAroTOBICHHBIMU
K padote ¢ UM-uHCTpyMEHTaMH - ¥ 3TO NP TOM, YTO JaHHBIN MOKa3aTeNb 3a roJl BBIpoc Oosee 4yeM
BaBoe: ¢ 18% mo 42% [Engageli, 2026]. Pa3zpsiB Mexay temnamu ocBoenus MU crynenramu u
MIPEINoIaBaTeNsIMU CTAHOBUTCS] OZJHUM U3 KJIFOUEBBIX BBI30BOB COBPEMEHHOM BBICIIEH ILIKOJIBI.

B Kazaxcrane sra mnpoOiema mpuoOpeTaeT 0coOyl OCTPOTY: IpPH BBICOKOM YpPOBHE
IU(GPOBU3AIMHM  CTYIEHYECKOH  Cpelapl  CHUCTEeMHBIX  MEXaHHW3MOB  (opmupoBanus MU-
KOMIIETEHTHOCTH NE€JJarorH4ecKuX KaJipoB B HACTOALIEe BpeMs He co3aHo. Llenb HacTosmel paboThl
- NPEeMIOKUTh KOHLENTYyalbHYI0 Mojenb MM-rpamoTHOCTH mpenojaBaTelis BBICHIEH IIKOJIBI U
IPEJCTaBUTh MPAKTHUECKUIl OmbIT €€ (OpMHUPOBAaHUS B pPaMKax aBTOPCKOM oOpa3oBaTeNbHON
IIPOrpPaMMBl.

1. Hudposoii pa3pbiB: npenogaBaTeib U CTyAeHT B 3moxy U

CoBpeMeHHbIN CTYJEHT U NMPENoJaBaTeNlb OKa3aJIMCh B MPUHIMIIMAIBHO PA3HBIX MO3ULUAX 110
otHomeHnt0o K MU-unctpymentam. CTyIeHT OCBauMBaeT TEXHOJOTMM OPraHUYHO, B pEXHUME
IIOBCEIHEBHOI'O MCIONb30BaHUsl. [IpenonaBarens yaiie BCEro CTAJIKMBAETCSI C HUMU KaK C yrpo30i
aKaJIeMUYECKON YECTHOCTH - U pearupyer OJHUM U3 TPEX CIIOCOOOB: 3alpeTOM, UTHOPHUPOBAHUEM
wim TpeBoroi. Hu oHa U3 9THX cTpaTeruii He siBisiercs 3 HEeKTHBHOM.

[To nanubiM Inside Higher Ed (uronn 2025), 65% cTyaeHTOB aMepUKaHCKUX YHUBEPCHTETOB
WCIIOJIL3YIOT TeHEPATUBHBIC 4aT-00THl HE PeXe OJHOTO pasza B Hemenmo, a 86% npumenstor M-
MHCTPYMEHTBHI JUIsl yUeOHBIX 331a4. B Ka3axcTaHCKOM KOHTEKCTE, 110 HAaOJI0JCHUIM aBTOpa B X011 8
noToKoB  00yueHust 2025-2026 rojoB, HOJABISIONIEE OOJBIIMHCTBO CTYACHTOB aKTHBHO
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ucnonb3ytoT ChatGPT, Gemini 1 aHaOrMuHbIE CUCTEMBI IIPU BBITIOJIHEHUU CAMOCTOSTENbHBIX paboT
- BHE 3aBUCUMOCTH OT HAJIMYMS WIIK OTCYTCTBUS O(UIIMATIBLHOIO pa3peIleHHs..

[Tpu sToMm muib 28% yHuUBEpcUTETOB B Mupe K 2025 roxy npuHsuid (opMaabHYIO IOJIUTUKY B
otnomenun MU [Engageli, 2026]. B Kazaxctane eannbix deaepaibHbIX CTAaHIAPTOB UCTIOIH30BAHHS
NN B 0Opa3zoBaHuM HE CYILECTBYET, YTO OCTABISET MpernoiaBaresneil 0e3 4ETKOro MeToanYecKoro
opuentupa. CrnenctBueM sBISETCS HE CHWKEHHE, a pOCT TPEBOKHOCTH I€JAarOrMuecKoro
coo011IecTBa: MHOTHE IpenoaBaTesid OIIYIalT ce0s HEKOMIETEHTHBIMH UMEHHO B TOT MOMEHT,
KOI'Jla UX pOJIb KaK HACTABHUKOB CTAaHOBUTCS HauboJee 3Ha4nMOH.

2. bapbepsl Ha myTn ocBoennst U npenogaBarensimu

Ha ocHoBanum ombitTa pabotel ¢ Oonee yem 200 mpernopaBaTessiMU BY30B M KOJUIEIKEH
Kazaxcrana B 2025-2026 rosmax aBTOpPOM BbIJEJIEHBI TPU OCHOBHBIX Oapbhepa, MPENsTCTBYIOLINX
ocBoeHHt0 MM-MHCTPYMEHTOB MEAaroruueckuM cOOOIIECTBOM.

Bapbep 1. TexnodoOusi u cuHAPOM camMo3BaHLA. 3HAUYUTENbHAS YacTh MpernojaBaTesei -
0COOEHHO € MHOTOJETHUM CTaX€M - MCIBITBIBAET ICUXOJIOTUYECKUHA JTUCKOM(pOPT mpHU
B3aUMOJICHCTBUM C HOBBIMU TeXHOJOTUsAMU. CTpax «BBIMVISIIETh HEKOMIETEHTHBIM» IEpes
CTYACHTaMH WJIM KOJUIeraMu OJIOKMpYET Ja)ke IMONBITKM OCBOCHUS MHCTPYMEHTOB. DTOT Oapbep
HOCUT HE TEXHUYECKHH, a MIEHTU(PUKALMOHHBIA XapakTep: IpernoaaBaTelb, MPUBBIKIINA OBITH
HOCHTEJIEM 3HaHMs, OKa3bIBACTCS B POJIM YUEHHUKA.

Bapbep 2. OtcyrcTBHEe MeIaroru4eckKoro KOHTEKCTAa. bBoOJBIIMHCTBO JOCTYIMHBIX
oOyyaromux pecypcoB no MM-uHCcTpyMeHTaM OpUEHTHPOBAHbI HA MapKETOJOIOB, Pa3pabOTUYNKOB
WM WUPOKYyH ayauToputo. lIpenopaBarenb, xenarolmmil Hayduthecss npuMmeHsaTs MW B cBoeit
JUCLUIUIMHAPHOW MpPaKTUKE - OylIb TO UCTOpPUS, SKOHOMHUKA WIM MEJaroruka, - CTaJIKUBAETCS C
nedunmuToM mpodecCHOHAIBHO PEIEBAHTHOTO KOHTEHTA.

Bbapbep 3. HexBaTka BpeMeHHU NPH BBICOKOH Harpy3ke. CpenHsAs ayAMTOpHas Harpyska
npernoJiaBaTens Ka3axcTanckoro By3a coctabiseT 700-1200 yacoB B rof. IlogroroBka k 3aHATHAM,
MeTojquyeckass pabora, aJIMUHUCTPAaTUBHAs OTYETHOCTh HE OCTaBISAIOT MPOCTPAHCTBA IS
camooOpa3zoBanus. MMenHo mostomy ocBoeHune WHW-MHCTpYMEHTOB IOKHO JAEMOHCTPUPOBATH
HEMEJIEHHBIA MTPaKTUUYECKHUM pe3ysIbTaT - SKOHOMHIO TOTO )K€ BPEMEHHU - YK€ Ha 3Tare oOy4eHusl.

3. TpéxypoBHeBast moges» UA-rpamoTHOCTH Negarora

Ha ocHOBaHMM TEOPETHYECKOTO aHaau3a M IPAKTUYECKOTO OIbITa aBTOPOM IPEIOKEHA
Mozens MM-rpaMoTHOCTH mpenojaBaTess BBICHIEH IIKOJIbI, BKJIIOYAOLIAs TPHU MOCIIEI0BATEIbHBIX
YpPOBHSI.

Yposens 1. Iloab3oBatenn. IIpenonaBatens 3HaeT 0azoBble MM-HHCTpYMEHTBHI M yMeeT
MPUMEHSTh HX JJIs pElleHUs CTaHJapTHBIX 3aJay: MOJATOTOBKU JIEKIUH, CO3/1aHUsl TECTOB,
pa3paboOTKH METOAMYECKHX MaTepuajoB, pedakTHpoBaHus TekcToB. Ha stom yposHe WU
HCIIOJIB3YETCSl KaK IEPCOHAJIBHBIN ACCHUCTEHT, CHIKAIOIIMK PYTHHHYI Harpysky. llo nanHbIM
aBTOpa, MpenojaBaTesyd, OCBOUBIINE ITOT YPOBEHb, cOO0IIAT 00 3koHOMHHU OT 5 10 10 yacoB B
HEJCIIIO.

Yposens 2. Uurerparop. Ilpenonasarens BctpanBaer MM-HHCTpYyMEHTBI B I€JarOrMYECKUN
nporiecc: pa3pabdarbIiBaeT 3a1aHUsI C YYETOM BO3MOKHOCTEH M OTPAHHMYCHUN T€HEPATUBHBIX CHCTEM,
ucnonb3yet MU 1 nepconanusanuu oOpaTHON CBA3U, IPOSKTHPYET yueOHbIE CUTYaAIlUH, B KOTOPBIX
CTYJIEHT OCO3HAaHHO B3aummojernctyer ¢ MM-nactpymentamu. Ha 3tom ypoBre M cTtaHOBUTCS HE
yIrpo30i aKkaJeMUYECKONH YECTHOCTH, a MIEAArOTHYECKUM PECYPCOM.

YpoBens 3. Apxurexktop. IlpenomaBarens mnpoekTupyer HOBBIE (opmaTbl 00ydeHus,
onupasick Ha Bo3MoxkHocTH MU co3maét aBTOpCckue Kypcebl, pa3pabaThiBaeT CUCTEMBI OLCHUBAHUS,
aJlanTUpPOBaHHble K peanusiM reHeparuBHoro WU, dopmupyer obpasoBarenbHble MPOIYKTHI,
BOCTpeOOBaHHbIE INUPOKOM ayautopueil. Ha sToM ypoBHEe menaror CTaHOBHUTCS areHTOM
TpaHc(opMalK CUCTEMBI 00pa30BaHUS B LIEJIOM.

[TpuHMnuanbHas 0COOEHHOCTh MOJAETH COCTOUT B TOM, YTO MEPEXO]] C YPOBHS Ha YPOBEHb
TpeOyeT He CTOJbKO TEXHHUYECKMX 3HAHHM, CKOJBKO METOAOJOTHYECKON INepeopUeHTALMU: OT
Bocnpustusa MU kak yrpossl - k Bocpusituio MM kak nmpodeccuoHanbHOro HHCTPYMEHTA.
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4. lIpakTHYecKuii ONBIT: ABTOPCKAaS MPOrpaMMa NnoBbllIeHUs KBAJTU(PUKAINH

B nepuon 2025-2026 rogoB aBTOpOM peain3oBaHa MporpaMMma MOBBIIICHHS KBaTH(PUKAIIUU
«M nns npenogaBaTens», HanpaBieHHas HAa (OPMUPOBAHUE KOMIIETEHTHOCTH IIEPBOTO U BTOPOTO
YPOBHEH NpeanokeHHON Mozenu. 3a 3To BpeMms oOydenue npouutu Oonee 200 mpenopaBarteneit
By30B Kazaxcrana B paMkax 8 yueOHBIX TOTOKOB.

IleneBast ayauropuss NporpamMmbl - IPENOAABATENN T'yMaHUTAPHBIX, SKOHOMHUYECKHX U
MeJarornyecKux AUCIUIUITMH B Bo3pacte 30-55 ner, uMeromme onbIT padoTel oT 10 jeT u, Kak
NIPaBUJIO, MUHHUMAJbHBIM IepBOHAYaNbHbIM onbIT paboTel ¢ MU-unctpymentamu. ViMeHHO 3Ta
KaTeropus neaaroroB Haubosee ys3BUMa B YCIOBUIX HU(POBOM TpaHCchHOpMALIUK U OTHOBPEMEHHO
Han0oJiee MHOTOYUCIIEHHA B CUCTEME Ka3aXCTaHCKOIO BBICHIETO 00pa30BaHUsL.

KinroueBble pe3ynbTarbl IMpOrpaMMbl BKJIIOYAKOT: OCBOEHHE Yy4YacTHHKaMH He MeHee 10
npakTHieckux MIM-MHCTpYMEHTOB Ui IENaroru4ecKoi IesATENbHOCTH; COKpAllleHUE BPEMEHU Ha
MOATOTOBKY Y4YeOHBIX MarepuagoB Ha 5—10 yacoB B HENENTI0 1O CaMOOIICHKE YYaCTHUKOB;
(bopMHpOBaHKE HABBIKOB Pa3pabOTKH 3aJaHUil, YCTONUMBBIX K MEXaHHUYECKOMY JAEJIETUPOBAHHIO
IFeHEpaTUBHBIM CHCTEMaM; CO3/IaHH€ YYaCTHMKaMH aBTOPCKUX Y4E€OHBIX MaTepHalioB C
npuMeHeHreM MM HenocpeacTBEHHO B X0Jie 00yueHHs..

OcoOyto 3HaYMMOCTh IPEACTABISIET TOT (PAKT, YTO 0OyUYEeHHE MPOBOAUTCA IMpPENnoaBaTesieM-
[IPAaKTUKOM, pPa0OTAIOIIUM BHYTPU CHUCTEMbI BbICIIEro oOpa3oBaHus. OTO oOecrneyuBaeT
MaKCUMaJbHYIO pEJIEBAHTHOCTh YYEOHOTO KOHTEHTAa peajbHbIM YCJIOBUSAM I€Jaroruueckoin
NeSTeIbHOCTH M CHMXKAeT OIUCAHHBIA BbllIe Oapbep TeXHO(POOMM: YYACTHUKM BUAAT B
npenogasatene He [T-cnenuanucTa, a KOJIery, MPOLEAIero TOT ke IMyTh TpaHC(hOopMaluu.

3akioueHue

®opmupoBanre MM-rpamMoTHOCTH mpenoaaBaTenaeid BbICIIEH HIKOJbI SIBISETCS HEOTIOXKHON
3ajaueil cucrembl oOpasoBaHus PecnyOnmku Kaszaxcran. Jannwele wmapra 2026 rona
CBHJICTEIBCTBYIOT O TOM, YTO CTYJEHTBI YK€ )XKUBYT B PEAJIbHOCTH MaccoBOro npumenenus NU-
MHCTPYMEHTOB, TOTJa Kak OOJBIIMHCTBO NENAaroroB IMO-TPeXHEMY HE HMEIOT CHCTEMHON
MOJATOTOBKH K paboTe B 3TUX YCIOBHUSX.

[Ipennoxxennas TpéxypoBHeBas Mojenb «Ilonp3oBarens - IHTErparop - ApXuTeKTOp» 3a0aéT
BEKTOp NpOo(EeCCHOHATBLHOTO Pa3BUTHs Ilelarora B HaIpPaBICHUU OT OCBOEHHUSI MHCTPYMEHTOB K
MIPOEKTHUPOBAHUIO HOBBIX 00pa3oBaTeNbHBIX (GopmaroB. [IpakTHUECKUil ONBIT peaau3anuu
aBTOPCKOM INpOorpaMmbl MOATBEPXKAAECT PEATUCTHUHOCTH ATOrO MYTH: MPENoAaBaTeiad ¢ JII0ObIM
NepPBOHAYAIBHBIM YPOBHEM LU(POBOIl KOMIIETEHTHOCTH CHOCOOHBI 32 KOPOTKUH MEPHOJ, OCBOUTH
MHCTPYMEHTHI IEPBOTO YPOBHS U CPOPMHUPOBATH YCTOMUMBYIO IPAKTUKY UX MPUMEHEHUSI.

[lepcrieKTUBHBIMU ~ HampaBiICHUAMHU  JajbHEHIIEH  paboThl  SBIAIOTCSA:  pa3paboTkKa
roCyJapCTBEHHBIX  CTaHAapToB  MM-rpaMOTHOCTM  NEJaroru4ecKkMx  KaJpoB;  BKIIIOUYECHHE
COOTBETCTBYIOIIMX MOJYJe B MPOrpaMMbl MHCTUTYTOB IOBBIIICHUS KBANIU(UKALUHU; CO3JaHHE
ceTel B3aMMHOW MOJAEPKKU IpenoaaBartesieid, ocBauBarommnx MM-unctpymentel. Bonpoc o Tom,
KTO Oy/leT y4uTh CTYACHTOB OCO3HAaHHOMY HcCHojib30BaHuio MU, ecnu He memaroru, - Tpedyer
CUCTEMHOTO0, a HE UH/IMBUAYaJIbHOTO OTBETA.
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AnHotanus. [lpeacraBieH MeETOJN MPOTHO3HPOBAHUS  BBIPAOOTKH  DIIEKTPOIHEPTUHU
BETPOIHEPreTUUECKON YCTAaHOBKM HA OCHOBE BPEMEHHBIX pSAJOB METEOPOJIOTHUECKUX U
9KCIUTyaTallMOHHBIX MapameTpoB. Habop manubix Bitoyaet 14 610 BpemeHHBIX HHTEpBasoB. [locie
OUYHCTKHU JAHHBIX U (pOopMHUpPOBaHUS MPU3HAKOB MTOCTPOCHBI MOJIETH JIMHEWHOH perpeccur, Random
Forest u XGBoost. i uCKITi0YeHMs YTeUKU HHPOpMAIIHK BIOOPKA pa3zesieHa o0 BpEMEHHON OCH.
Random Forest mokasan namnyummee kadectBo: R? = 0,9997, MAE = 1,09 kBt-u u RMSE = 10,72
kBt-u. lng XGBoost monmydenst R? = 0,9996, MAE = 1,40 kBr'y u RMSE = 11,95 kBt-u.
Wnurerpanbuas ommbka no sHeprun Random Forest cocraBuna 0,088%, wmm 276 xBtu mpu
(bakTryeckoit cymmapHoi BbipaboTke 315 358 kB1-u. AHaiM3 0CTaTKOB HE BBISBHI BHIPAKCHHOTO
CUCTEMAaTUYECKOTO CMelleHUsl. Pe3ynbTarel MOKa3bIBalOT MPUMEHUMOCTh aHCAMOJIEBBIX MoOjenei
JUISL TIPOTHO3UPOBAHUS BETPOBOM TeHEpallMd W IUIAHUPOBAHUS PEXKHUMOB IHEPrOCHCTEM.
JlomonHUTENbHAS. BHELITHSS BaJMAIM HE0OX0AMMa JIJIsl TOATBEPKACHUS IEPEHOCUMOCTH MOJIENN
Ha JIpyryue BPEMEHHBIC MIEPUOJIBI U OOBEKTHI.

KiioueBble cjioBa: BETpOIHEPreTHKA; MPOTHO3UPOBAHUE BRIPAOOTKH; MAIIMHHOE O0y4YEeHHE;
Random Forest; XGBoost; BpeMeHHBIE psiibl; BO30OHOBISIEMbIE HCTOYHUKN YHEPTUH.

BBenenue

Huterpamusi BETPOIHEPTETUUECKUX YCTAHOBOK B DJIEKTPUUYECKUE CETH OO0YCIOBIMBAET
HE00XOUMOCTh Pa3pabOTKH TOYHBIX METOJIOB MPOTHO3WPOBAHUS TEHEPAIMH DJIEKTPOIHEPTHH.
JlocToBepHBIE MPOTHO3bI HEOOXOMUMBI I TOJAJEp)KaHUs OajaHCa MOIIHOCTH, OIpPEIeNeHUs
TpeOyemMoro o0b€Ma pe3epBOB U ONTHUMU3AINH PEKUMOB paOOTHI YHEPTETUUECKOTO 000PYAOBAHHS.
OcHoBHass mpoOsemMa MPOTHO3MPOBAHUS CBSI3aHA CO CTOXACTUYECKHM XapaKTepOM BETPOBOTO
IIOTOKA, a TAKXKE€ C HEJIMHEWHOW 3aBUCHMOCTBIO BBIXOJHOW MOIIHOCTH BETPOIHEPIETUUECKOU
YCTaHOBKI/I oT CKOpOCTI/I BeTpa. B COBpeMeHHLIX HNUCCICOIOBAHUSIX BeTpOBaSI reHepam/m
paccmaTtpuBaeTcsi Kak CIydalHbIi Tporecc, ModToMy 3(PQPEeKTUBHOCTh MPOTHO3HBIX MOJIENeH
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PEKOMEHYETCSI OLIEHUBATh C YYETOM UX MOCIEAYIONIEro NIPUMEHEHUS TP IPUHATHH ONEPATUBHBIX
Y TUIAHOBBIX peleHui [ 1, 2].

@u3nyecKkue M CTATUCTUYECKHE METOJbl COXPAaHAIOT 3HAYMMOCTh IPU PEIIEHUH 3aaay
MPOTHO3MPOBAHMUS, OJHAKO WX MPUMEHEHHE TpeamnojaraeT (Gopmaln30BaHHOE OMHCAHUE
uccienyeMbix nporeccoB. Kpome Toro, TOUHOCTh TaKUX MOJIETIEH MOYKET CHIXKAThCA MPU U3MEHEHUN
MIOTOJTHBIX YCIIOBUI U SKCIUTYaTAllMOHHBIX PEKUMOB 000py0BaHMsL. MeTO/1bl MAILIMHHOTO O0YYEeHHUs
MO3BOJISIIOT  BBISABIISATH  CJIOXKHBIE HEJIMHEHHBIE 3aBUCHUMOCTH HEMOCPEJICTBEHHO Ha OCHOBE
HaKOIJICHHBIX MaHHbIX. [Ipu 00paboTke TaOIMYHBIX AAHHBIX U BBIOOPOK OTPaHUYEHHOr0 00BEMA
MEPCIIEKTUBHBIM SIBJISIETCSI IPUMEHEHNE aHCAMOJIEBBIX aJTOPUTMOB Ha OCHOBE JIEPEBLEB PELICHUI.
Metoa Random Forest obecrieunBaeT CHIKEHUE AUCIIEPCUU TPOTHO30B ITOCPEACTBOM 00BbETMHEHUS
pe3yJIbTaTOB MHOKECTBA OTHOCUTEIBHO He3aBUCHUMBIX JepeBbeB [3]. Anroputm XGBoost
¢dopmupyeT aHcaMOib IOCIENIOBATEIbHO, MPHU 3TOM Kaxaas HOBas MOJENb HalpaBleHa Ha
YMEHbILIEHUE OIIMOOK MPEIbIIYIIUX MOJEJe, a BCTpPOEHHas peryjspu3anus CIOCOOCTBYET
CHIDKEHHUIO pUCKa niepeodyuenus [4].

[Tpu oneHke 3p(peKTUBHOCTH MPOTHO3UPOBAHNUS BETPOBOI I'eHEpaly UCII0JIb30BAHNE TOJIBKO
OJIHOTO IIOKa3aTelsl KadecTBa HE II03BOJSIET B IIOJIHOM Mepe OINpEeAeIuTb NPAKTUYECKYIO
MPUTOJHOCTh Mojenu. [l pelieHus 3aJad SHEPreTHYEecKoro IJIaHUPOBAaHUS HEOOXOAMMO
YUUTHIBATh BETUYMHY OIMIMOOK Ha OTAEIbHBIX BPEMEHHBIX HHTEpBajaX, HATMYHE CUCTEMATHUECKOTO
OTKJIOHEHHsI TIPOTHO30B M TOYHOCTb OIPENEICHUs CyMMapHONl BBIPAOOTKH AIJIEKTPOIHEPTHUU.
ITockonbKy uccienayeMble TaHHbIE HMEIOT BPEMEHHYIO CTPYKTYpPY, OOY4Yarollyl0 M TECTOBYIO
BBIOOpPKH crienyeT (opMUpOBaThb C COOJIOJEHHUEM XPOHOJIOTMYECKOM I0CIIE0BATEIbHOCTH.
CayuvaiiHoe mnepeMenIMBaHue HAOMIOACHUH MOXKET NPUBECTH K MONAJAHUI0 HH(POpMAMU U3
Oynymux TMEepUoJOoB B OOyYarollyr0 BBIOOPKY M, KaK CIICJICTBHE, K 3aBBIIICHUIO ITOKa3aTesiel
KauecTBa MOJEIIH.

[lenpto  HacTOSILIErO  MCCIENOBaHUS  SIBIsSIETCS  pa3paboTka M IMPOBEpKa  MeToja
MIPOTHO3UPOBAHMS BEIPAOOTKH 3JIEKTPOIHEPTHH BETPOIHEPIETHUECKONW YCTAHOBKOM C MPUMEHEHHEM
anroputMoB Random Forest u XGBoost. st 1oCTH)KEHHS TOCTABICHHOW II€IM BBITOJTHEHBI
npeaBapuTenbHas 00pa0OTKa HMCXOJHBIX JaHHBIX, (opMHpoBaHHE (HU3UYECKH OOOCHOBAHHBIX
MPU3HAKOB, OOy4YeHHe [MPOTHO3HBIX MOJENeH, HX Baluganuss ¢ y4€TOM BpEeMEHHOU
M0CTIeI0BATEIbHOCTH HAOJIIOICHUH, a TaK)Ke CPaBHUTENIbHASL OLIEHKA PE3yJIbTaTOB 110 TOUYCUYHBIM U
MHTETPalbHBIM MOKa3aTeNsIM KauyecTBa.

Marepuajbl M1 MeTOABI

HccnenoBaHre OCHOBAHO Ha apXUBHBIX METEOPOJIOTMYECKUX M IKCIUTYaTallMOHHBIX JAaHHBIX
BOYV, Bxmouaromux 14 610 BpemMeHHBIX HHTEpBaJOB. BXoaHblE mapaMeTpbl NPEACTaBICHBI
CKOPOCTbIO M HaNpaBJIEHUEM BETpa, TEMIEpPaTypoil BO3ayxa, aTMOC(HEpHBIM [aBJICHHUEM U
BPEMEHHBIMHU XapaKTEPUCTHKAMU. BBIXOHBIMU IEPEMEHHBIMU SBIISIOTCS SJIEKTPHUECKAst MOLITHOCTh
1 BbIpa0OTKA SHEPTUU 33 COOTBETCTBYIOLIUN HHTEPBAI.

CKkopocThb BeTpa, MOIIHOCTb M BhIpaOOTKa MpeacTaBieHsl 0e3 npomnyckoB. Hampasnenue Betpa,
TeMIlepaTypa U IaBjieHHe coaepkat S 602 oTcyTcTBYrOIMX HaOmoaeHus. [ ycToiunBoit 6a30Boii
KOH(Urypay OCHOBHBIM NPEIUKTOPOM BBIOpaHa CKOPOCTh BeTpa. JOMONHUTENbHBIE TTapaMeTphl
WCTIONB3YIOTCS TIOCJIE KOHTPOJS TIOJHOTHI M BbIOOpAa OOOCHOBAHHOW CTpaTeruu 00pabOTKH
IIPOITYCKOB.

W3 BpeMEeHHBIX pSIOB HCKIIOYAINCh (U3MUYECKH HEBO3MOXKHBIE 3HAYEHMS, a MPOIYCKU
JIOTIOTHUTENBHBIX METEONapaMeTpPOB BOCCTAHABIMBAINCH CTATUCTHUECKUMU METOJaMU JHOO
COOTBETCTBYIOIIME CTPOKH UCKIHOYAIUCH B 3aBUCUMOCTH OT JI0JIM MPOoMycKoB. CTaHaapTu3anus He
MIPUMEHSIIACh, TIOCKOJIBKY JIEPEeBbsl PELICHUI MHBAapUAaHTHBI K MOHOTOHHOMY MAacIITaOUpPOBAHUIO
MIPU3HAKOB.

Pacnipenenenust CKOpOCTHM BeTpa U BBIPAOOTKHM  XapaKTepU3YIOTCS TMPaBOCTOPOHHEH
acMMMETpHUEH U BBICOKOW JI0JIEM MasbIX WJIM HYJIEBBIX 3HaueHHMM. boiblias dacte HaOIOIEHUIMA
CKOPOCTH BeTpa cocperoroueHa B nuanazoHe 0—4 m/c. Bricokue 3HaueHUs paccMaTpUBAIUCH Kak
MOTEHINATIBHO (PU3NYECKH 3HAUYUMBIE COOBITUS M HE YAAJSUIMCh aBTOMaTHuYecKu. Takoe perieHne
COTJIaCcyeTCsl ¢ 3aBUCUMOCTBIO JOCTYITHON MOIITHOCTH BETPOBOTO TIOTOKA
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P =% PAV’C, (4, 8),

r7ie p — IJIOTHOCTh BO3/yXa; A — oMeTraemas IJIOUIa b POTOpa; V — CKOpocTh BeTpa; Cp, —
KO2(DPUIIMEHT MCTOIB30BaHUSA SHEPIHH BEeTpa; A — OBICTPOXOMHOCTH; 3 — YroJI Iiara JIONacTH.
KyOudeckasi 3aBHCHUMOCTh OOBSICHSET CYIIECTBEHHBIM BKJIAJ PEIKUX BBICOKUX CKOpPOCTEH B
CYMMapHYIO FeHEepaIuro.

dopmupoBaHUE MPU3HAKOB

[Ipu3HaKOBOE TPOCTPAHCTBO BKIIOYAET MCXOIHBIE METEOPOJIOTHUECKUE TIePEMEHHBIE,
BpEMEHHbIE MPU3HAKU U HEJTMHEHHbIE Tpeo0pa3oBaHus CKOPOCTH BeTpa. L{ukinnueckue nepeMeHHbIe
KOJUPYIOTCS TlapaMu cuHyca W KocuHyca. [lms waca cyrok h wucmone3yrorcs sin(2mh/24) u
cos(2mh/24); nanpasienue BeTpa O mpencrtaBisercs kak sin(0) m cos(0). Takoe kogupoBaHme
YCTpaHsSI€T UCKYCCTBEHHBIH pa3pbiB MexAy Onu3kumu yrinamu 359° u 0°. JIOmOJHUTENTbHO MOTYT
WCIONIb30BaThCA V2, V2 U B3aUMOJEHUCTBUS MapaMeTPOB, €CIM UX Pacy€T HE MCMOJIb3YeT OyayIIyIo
UHPOPMALIHIO.

Bxop: CKOPOCTb 1 HanpasBneHne BeTpa, TeMmnepaTtypa, AaBlieHne, BpemMsa

Ouucrka n ®opmMmupoBaHmne Mouacoson u
MereopatHbie => BpeMeHHoe pasfieneHve = NpU3HaKoB = RELASE0aa > arperupoBaHHbIV NPOrHo3

Bbixoa: nporHo3 3Hepruv 1 oueHka kadectsa no MAE, RMSE, R? v uHTerpanbHow olumbke

Pucynok 1 — CtpyKTypHas cxema MEeTO/1a IPOTHO3UPOBAHUS

[Tocne popmupoBaHUs MPU3HAKOBOTO MPOCTPAHCTBA IaHHBIE OBUIM OPraHU30BAHbI B €UHYIO
TaOJIUITy, B KOTOPOU KaXKI0H BpEMEHHOW OTMETKE COOTBETCTBOBAIM 3HAYCHHS BXOIHBIX ITAPAMETPOB
u ¢aktuyeckas BbIpabOTKa >3IEKTPOdHEpruu. YToObI MPEeAOTBPATUTH YTEUKY HHMOpMAILINU,
MPU3HAKK PACCUUTHIBAIUCH HMCKIIOYUTEIHPHO HA OCHOBAHHMHM JIAHHBIX, JOCTYIMHBIX K MOMEHTY
nporHo3upoBanus. O0mias cTpykTypa pa3paboTaHHOTO METO/1a IPE/ICTaBIeHa Ha pUCYHKE 1.

Mopenu MalliMHHOTO 00y4YeHUs

B mccnenoBanuyu ucmonbp30BaHbl MOJIETH JuHEHHON perpeccun, Random Forest u XGBoost.
JluneiiHasg perpeccus NOpPUMEHSAJIACh B KauecTBe 0a30BOM MOJAENH, MO3BOJISIIOIICH OLIEHUTh
MIPEUMYIIECTBO HETMHEHUHBIX aNropuTMOB. [Iporno3noe 3naueHue JIMHEMHOM MOJIEIIH ONIPEACIIACTCS
BBIPAKCHUEM:

m
Bi=Fo+ 2By,
-1

I'ne §,— nporHosupyemas BIPabOTKa JMEKTPOIHEPIUH; X;; — 3HAUYEHHE j-TO IPHU3HAKA JUIA i -

ro HaOmrozneHus; [, — CBOOOAHBINA KO3 uLMeHT; [ ;— TapameTpbl MOJIEHU; M — KOJUYECTBO

MIPHU3HAKOB.

Anroputm Random Forest popmupyer aHcamOnb IepeBhEB pEHICHUN, KaXI0€ U3 KOTOPBIX
oOy4aercss Ha CIIy4allHOW MOJBBIOOPKE MCXOJHBIX NTAHHBIX M TMPH3HAKOB. VITOTOBBII TPOTHO3
paccuMThIBaeTCS KaK CpeHee 3HAaUeHHE TIPOTHO30B OT/ENIBHBIX JIEPEBhEB!

13 S
yi_ﬁkzzlly’
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rne N — xonmyecTBO nepeBbeB, a YK — mporHo3 k-ro nepema. YcpeaHeHHE pe3yIbTaToOB
CHOCOOCTBYET CHI)KEHHUIO TUCIIEPCUM U MOBBILICHUIO YCTOWYMBOCTH MOJENHU K IIYMY B UCXOJHBIX
JTAHHBIX.

XGBoost mpencraBnser coO00i METOA T'PaJUEHTHOrO OYCTHHTra, NMPH KOTOPOM JI€PEBbs
pemeHnii 100aBisiIoTCA nocieaoBaTenbHo. Kaknoe HOBoe aepeBo 00ydaercst AJIi yMEHbLICHUs
omMOKH, OCTaBIIEHCS mocie npeApaymux urepauuil. LleneBas (yHkus BriIrouyaer (QyHKIHIO
MOTEPh U PEryIsIpU3allMOHHBIA KOMIIOHEHT:

K

L=§|(yiayi)+zg( f)

k=1
rae | — dynknmsa noteps; Y,— dakTuueckoe 3HaYCHHUE; Y, — MPOTHO3 MO,I[eJ'II/I;Q( fk)—

perynsipu3anus CI0KHOCTH K-ro epeBa; K — Konn4ecTBO 1epeBbeB.

['unepnapameTpbl Mojenelt BeIOMpanuch Ha oOyuatomeit yactu aanubiX. [Ins Random Forest
YUUTBIBAIHACH KOJIMYECTBO JIEPEBbEB, MAaKCUMaJIbHAasI TITyOWHA, MUHUMAJIbHOE YHCIIO HAOII0ACHU B
KOHEUHBIX y3JlaX M KOJMYECTBO NPU3HAKOB, MCIOJIB3yeMbIX INpHu pazouenuu. Jns XGBoost
HACTPauBAJIUCh YHUCIO JEPEBbEB, I'TyOMHA AEpeBa, CKOPOCTh OOydeHHs, IO HAOMIONEHHH U
IIPU3HAKOB, UCIIOJIb3YEMbIX Ha KaXJI0M UTEpalliH, a TAKXKE MapaMeTphl perysapu3aliy.

Banupamnusa u Mmetpuku

JlaHHBIE pa3NEeNSIINCh MOCIEIOBATEIBHO: PAaHHUNA MHTEPBAJ HCIIOIB30BAJICS ISl OOydeHMUs,
MoCHeNyIomuil — JuId TecTUpOoBaHMs. Takol NOPSIOK COOTBETCTBYET PpEAJbHOMY CLIEHApUIO
MIPOTHO3UPOBAHMS M YMEHBIIACT PUCK yTeukHn mHMopMaruu. KauyecTBo OIEHUBAIOCH 10 CpeaHEn
abcomotHoi omubOke MAE, cpeanekBanpatuueckoit ommbke RMSE u  kxosdduuuenty
nerepMuHanuu R*:

Cpennsisi abCoMOTHASE OIIMOKA ONpPeAETseTCs CIEAYIOIMM 00pa3oM:

18 .
MAE == >ly, - §
| By
Kopenb U3 cpenHeit KBaipaTUIHOM OIIMOKU pacCUUTBIBAETCS 1O (hopMmyJie:
18 ~ \2
RMSE = Hzl( yi— Y, ) .
KO3(I)(I)I/ILII/ICHT I[eTepMI/IHaL[I/II/I OHpe,Z[CJIHCTCH BBIpa)KeHI/IeM:
n A N2
; le( Yi—Yi )
R = 1_ n N2 !
Z( Yi—Vi )

i=1

rJie N1 — KOJIMYECTBO HAOIIOICHHI TeCTOBOM BBIOOPKH; Y, — (akTuueckas BoIpaboTKa; ¥, —
IIPOTHO3UpYyeMas BhIpaboTKa; Y — cpenHee pakTUYecKoe 3HaueHHeE.

I[J'ISI OLICHKU TOYHOCTU IIPOTrHO3a CYMMapHOI\/'I OHEPIrUr AOOMNOJHHUTCIBHO HCII0JIb30BaAJIACh
HUHTCErpajbHas OTHOCUTCIIbHAA omuoOKa:

5. = ‘Zinzl Y _z::l yi‘
E — n
Zi:l Yi

Hcnonbp30BaHNE HECKOJIBKMX IIOKA3aTeIe MO3BOJSET OLEHUTh TOYHOCTH KaK OTIEIbHBIX
IIPOTHO3HBIX 3HAYEHUH, TaK U CYMMapHOW BBIPAOOTKU 3JIEKTPOIHEPIHU 3a paccMaTpUBAEMBIi
HIEPUOA.

JIOTIOTHUTENBHO PACCUMTHIBATIACH HMHTETpajibHas OMmMKMOKAa 10 JHEPTUU KaK Pa3HOCTh
CYMMapHBIX (paKTHYECKUX U MPOTHO3HBIX 3HAUEHHH, BbIpaskeHHas B KBT 4 1 npoueHTax.

{100%.
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Pe3yabTarsl U 00Cy:KIeHHE

CpaBHeHHE NOKa3aJI0, YTO JMHEWHAs PErpeccus HE ONMUCHIBAECT HEIMHEWHYIO 3aBHCHUMOCTh
MEX]ly BETPOBBIMH YCIIOBHSIMH M reHeparmeid. O0e ancamOieBble MOJEN 00ECTIeUMIId BBICOKYIO
TOYHOCTb, TpuuéM Random Forest nonyunn munumansasie MAE u RMSE.

Tabnuna 1 — CpaBHeHHE TOUHOCTH MOJIeTIE Ha TECTOBOM BHIOOpKE

MAE, xBt-u

RMSE, kBt'u

MaxkcumansHas a0comroTHas
omnoOka, kKBt u

MenuanHas a0COITFOTHAS
omuoOKa, kKBt 4

Cymmapnas dakTudeckas
BBIpaboTKa, KBT 4

Cymmapnas MPOTHO3HAs
BeIpaboTKa, KBT 4

WuterpanbHas omubka, KBt 4

WuterpanbHas ommodka, %

Random Forest goctur R? = 0,9997 npu MAE = 1,09 kBt-u u RMSE = 10,72 kBt 4. XGBoost
oKa3aj OJIM3KUH KA (HUIIMEHT AeTepPMUHAIINH, HO HECKOJIBKO OoJbIinue ommoku. Huskoe kagecTBo
JIMHEWHOH PETPpECCHUH IOATBCPIKAACT HCO6XOI[I/IMOCTL HEJINHENHOTO MOICIINPOBAHUA.

Tovye4yHble owmnbKK KoathcmumeHT geTepMmmHaummn

523.68
MAE 0.9997 0.9996

| 1.0
500 RMSE

400 A 0.8 1
357.63

0.6 -

w

[=3

o
1

OwubKka, KBT-Y
RZ

0.4 A

N

[=]

o
L

0.2248
100 A 0.2

1.09 10.72 1.40 11.95

T f r 0.0 T T T
Linear Random XGBoost Linear Random XGBoost
Regression Forest Regression Forest

Pucynok 2 — CpaBHeHUE OCHOBHBIX METPUK MOJEIEN

Humeepanvhas mounocms u ocmamxu

dakTrueckas cymMMapHasi BbIpaOOTKa Ha TECTOBOM HMHTepBasie coctaBmwia 315 358 kBr-u.
IIporuno3 Random Forest paBen 315 634 xBt-u, mosromy aOcoiroTHas MHTErpaibHas OMIMOKa
coctaBmia 276 kBt 4, unu 0,088%. st XGBoost otHocuTenpHas ommbka paBaa 0,718%. JInunetinas
perpeccus 3aBbICHIa CyMMapHYo SHepruto Ha 138,98%.
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Ocratkn Random Forest pacnpenensrorcs mpeMMyIIECTBEHHO OKOJIO HYIS, a OTICIIbHBIC
KpYIHbBIE OTKIOHEHUS COOTBETCTBYIOT AMIM30/1aM BBICOKOM TeHepaiu. ITO MOAAEeP>KUBAET BHIBOJ 00
OTCYTCTBHM BBIPAKEHHOT'O CHUCTEMAaTHYECKOIro cMelieHus. JlJis CTpororo noATBEPKIEHUS CIEAyeT
MIPUBOJIUTH aBTOKOPPENSIUOHHYIO (DYHKIHIO OCTaTKOB M pe3ynbTaThl TecTa JIptoHra—bokca wmm
SKBHUBAJIEHTHOM MTPOBEPKH.

Humepnpemayus u oepanuyenus

[ToryuenHnass ToyHOCTh MoOKa3biBaeT, yTto Random Forest sddexTuBHO BOCIpPOU3BOIUT
3aBHCUMOCTH B HCClielyeMoM Habope naHHbIX. Bmecte ¢ Tem R? Omuskuil k equnuue, tpedyer
JIOTIOJIHUTENbHON mpoBepku. HeoOxomumo yOenuThesi, 4TO Cpeau MNPEIUKTOPOB OTCYTCTBYIOT
TEKyIllass MOLIHOCTb WJIU APYTHE€ NPU3HAKH, HENOCPEACTBEHHO OIIPEIEIISIOIINE SHEPIHIO TOTO XKe
uHTepBana. Takas xkoHpUrypauus npesBparuia Obl MPOrHO3 Oyaylied BbIpaOOTKM B OLIEHHWBAaHUE
OJIHOBPEMEHHO! BEJINYMHBI.

B nmanpHeiimeM 1nenecooOpasHbl CKOJb3fALIas BpeMEHHas Bajlyjallus, IpoBepKa Ha
HE3aBHCHMOM C€30HE WK Apyroii BOY u ornenbHas olieHKa TOPU30HTOB OT OJHOTO 1O HECKOJIBKUX
maroB Brepén. Cremayer Takke OMHMcaTh TOYHYIO CTpaTeruto oopadoTku 5 602 mpomycKoB, COCTaB
UTOTOBOM BBIOOPKM U MpOLEAYypYy HACTPOMKM THIEPIApaMeTpoOB. DTU JOMOJHEHHS IOBBICAT
BOCIPOU3BOAMMOCTH U MO3BOJISAT OLEHUTH IEPEHOCUMOCTb MOJIEIIH.

3akiaoueHue

Pa3pabotan MeToa NpPOrHO3UPOBaHMS BbIPAOOTKH 3JekTpo’Heprun BDOY Ha ocHoBe
METEOPOJIOTUYECKUX U BPEMEHHBIX IIPU3HAKOB. BpeMeHHOe pa3ieneHue JaHHbIX UCIO0Ib30BaHO IS
oOyueHusi u TectupoBaHus mojeneit Linear Regression, Random Forest 1 XGBoost. Hamnyuiue
pe3ynbratel ony4dens! 11 Random Forest: R? = 0,9997, MAE = 1,09 kBt-4, RMSE = 10,72 kBT,
uHTerpanbHas omuodka no sHeprun — 0,088%. XGBoost Taxke 1mokaszajn BbICOKYIO TOUHOCTb, HO
yerynui Random Forest mo cOBOKymHOCTH METpHK.

[TpakTHueckasi 3HaYUMOCTh MOJIXOa COCTOUT B BO3MOKHOCTH MCIIOJIb30BAaTh IMPOTHO3BI IS
ONIEPATUBHOTO IUIAHUPOBAHMS TEHEpaIM, OLIEHKH HHEPreTHUECKOro OanaHca M IMOAJICPKKHU
pelIeHni PU WHTErpalui BO30OHOBIISIEMBIX HCTOUYHUKOB Hepruu. [lepen BHenpenuem tpedyercs
BHCIIHSAS BpEMEHHAs BalIHJAlUs, KOHTPOJb YTEUKH IIeieBOM WHGOpMalMd U MPOBEpKa
YCTOMYMBOCTH MPU U3MEHEHUH MOTOJIHBIX U 3KCIUTyaTallUOHHBIX YCIOBUH.

[IpeumymectBo Random Forest o0ycrnoBieHO ero CrmocOOHOCTHIO MOAEITUPOBATH CIIOKHBIE
HEJIMHEWHbIE 3aBUCUMOCTU 0€3 MpeABapUTENIbHOIO 3aaHusl QYHKIUOHAIBLHOU (OpPMBL. AJITOpUTM
YCTOHYMB K BBIOpOCAM, B3aMMOJCHCTBUSM NPHU3HAKOB M Pa3IUYMsIM B MacIiTabaX BXOJHBIX
nepemeHHbIX. XGBoost mokasan 6im3kue pe3ynbTaThl, 0IHAKO €ro 3(PPEKTUBHOCTD CUIIbHEE 3aBUCUT
OT BbIOOpa rUIeprapaMeTpoB U KauecTBa HACTPOUKH PeryJIsipu3aliu.

[Tony4yennsie 3HaueHust \(R"2\), 6iu3kue K eauHUIEe, TPEOYIOT OCTOPOKHONW MHTEPITPETAIIHH.
Bricokasi TOYHOCTh MOKET OBITh OOYCIOBIIEHA CHUIBLHOW 3aBUCHMOCTBIO BBIPAOOTKH OT CKOPOCTH
BETpa, OCOOCHHOCTSIMU HCCIEAYEMOro IMepHoja W HaJuYHMeM B IPU3HAKOBOM IPOCTPAHCTBE
9KCITyaTallMOHHBIX IIEPEMEHHBIX, TECHO CBSI3aHHBIX C LIEJIEBBIM IOKazaTeseM. [losTomy mnepen
MPAKTUYECKUM BHEIPEHHUEM HEOOXOAUMO JAOIMOJHUTENIBHO NPOBEPUTH OTCYTCTBUE NPSIMOM WM
KOCBEHHOH yTeUKH I1eNIeBO HHPOpPMALIUH.

OrpanuueHueM UCCJIEJIOBAHUS SBIISETCS UCIIOJIb30BaHUE TAHHBIX OJTHOM
BETPOIHEPIreTUUECKON YCTAHOBKU U OJTHOTO BPEMEHHOIO nepuoaa. MeTeoposorndeckue yciaoBHs,
TEXHUYECKUE XapaKTEPUCTUKU TYpOUHBI, PEXKUMBl OTPAaHUYEHHUS] MOIIHOCTH M COCTOSHUE
000py/I0BaHUsI MOTYT CYIIECTBEHHO PAa3IU4yaThCcsl MEXay oO0bekTaMu. I OlIeHKH MEepeHOCUMOCTH
pa3paboTaHHOTO MOAXO0Ja HEOOXOAMMa BHEINHSS BaJWAALMsS HAa JAHHBIX JAPYTHX BPEMEHHBIX
MIEPUOJIOB U BETPOIHEPTETHUECKUX YCTaHOBOK.

[lepcieKTUBHBIM  HANpaBICHUEM JAJbHEMIIUX MCCIEAOBAHUN  SBISETCS BKIIIOUEHUE
MIPOTHO3HBIX METEOPOJIOTHUECKUX JAaHHBIX, JaroBbIX 3HAYEHUH CKOPOCTH BETpa U BHIPAOOTKH, a
TaKKe XapaKTePHCTUK TEXHHUYECKOTO COCTOSHUS obOopynoBanusa. Kpome Toro, memnecoodpasHo
CPaBHHUTb aHCaMOIIeBble METOJIbI C PEKYPPEHTHBIMU U TpaHC(HOPMEPHBIMU HEHMPOHHBIMH CETSMH,
npeaHa3sHauYeHHBIME I 00pabOTKH MOCIEeI0BATEIHHOCTEH.
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AnaaTna. Makanana METCOpOJIOTHUSIIBIK JKOHE NaijaliaHy IapaMeTpiepiHiH YaKbITTHIK
KaTapyiapbl HETi31HJE JKell YHEPreTUKAIBIK KOHABIPFBICHIHBIH 3JIEKTP SHEPTUSCHIH OHAIPY KOIEeMiH
Ooipkay omici ychiHBUIFaH. Jlepexrep KUBIHTBHIFBI 14 610 yakpIT apanblFblH KaMTHABL. [lepexrepi
Ta3apTy JKoHe Oenriiepai KalablTacThIpy Ke3eHIEePiHEeH KeliH ChI3BIKTHIK perpeccusi, Random Forest
xoHe XGBoost Mogenbaepi KYpeULABL. AKITAPATTHIH TapPAIIBIT KETYiHE KO OepMey YIIiH JepeKTep
YKUBIHTBIFBI XPOHOJIOTUSIIBIK PETTLIIK cakTana oThIpbin Oeminai. Random Forest moaeni eH sxorapbl
oomxay monmirin kepcerti: R? = 0,9997, MAE = 1,09 kBt-car xone RMSE = 10,72 kBrt-car.
XGBoost mogem ymin R?* = 0,9996, MAE = 1,40 xBt-car xone RMSE = 11,95 Br-car
KepceTkimTepl anblHAbl. HaKTbl JKMBIHTBIK 3JEKTp SHEPTUsChIHBIH oHAipinyl 315 358 kBr-car
6onran ke3ne Random Forest MoaeniniH sHeprus OoiibiHIIIA HHTETpAIABIK Oomkay Kateci 0,088%-
nel HeMece 276 kBt-car-Thl Kypaabl. Kanabikrapael Tanaay allKbIH JKylelnl aybITKyAbl aHbIKTaraH
KOK. AJIBIHFaH HOTHIKEJEp aHCaMOJIbIIK MOJIENbACP/Il KeJl SHEPTeTUKACHIHAAFbI AJIEKTP YHEPTUSACHIH
OHJIIPY/l OOJKAY MKOHE AIIEKTP SHEPreTHUKAIBIK JKYHeIepAiH )KYMBIC PeXUMAEPIH kKocmapiiay YIIiH
KOJI/IaHyFa OOJIAThIH/IBIFBIH KOpceTeai. ¥ ChIHBIUIFAH MOJIENb/IIH KaNMbuiay KaOuleTiH Oaranay yiIiH
0acka yakpIT KE3€HIepl MEH SHEPIeTHKAJBIK HbICAHIAP/IbIH JACPEKTEPl HET131HE KOCHIMIIA CHIPTKBI
BaNUIALNS KYPTi3y KaKeT.

TyiiiH ce3mep: >Xel SHEPreTHKAChl; DJIEKTP IHEPrHsChIH OHAIpYAl OoJrKay; MaIIMHAJIBIK
okbITy; Random Forest; XGBoost; yakbITTBIK KaTapiap; »KaHapThUIATBIH SHEPTHsI Ke3epi.
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Abstract. This study presents a machine-learning method for forecasting wind-turbine
electricity generation from meteorological and operational time series. The dataset contains 14,610
time intervals. Linear regression, Random Forest and XGBoost were trained using a chronological
train-test split. Random Forest achieved the best performance with R? = 0.9997, MAE = 1.09 kWh
and RMSE = 10.72 kWh. Its aggregate energy error was 0.088%, corresponding to 276 kWh for an
observed total of 315,358 kWh. Residual analysis indicated no pronounced systematic bias. The
results support the use of tree ensembles for operational wind-generation forecasting, while
independent temporal validation is required to assess transferability.

Keywords: wind energy; electricity generation forecasting; machine learning; Random Forest;
XGBoost; time series; renewable energy.
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AnaaTna. by ’KyMbICTa YIII KJIACCHKAIIBIK KIKTEYIIITIH, SFHU mIemriM arambiHbiH (Decision
Tree), kesnmeiicok opmannHblH (Random Forest) sxone k-en »xakpiH kepmn omiciHiy (K-Nearest
Neighbors, KNN) xikTey canacel 0ip AepeKTep KHUbIHBIH/IA CATBICTBIPBUIABI. DKCIIEPUMEHT YIIIIH CYT
0e3i iciriHig auarHocTukachkiHa apHayiFaH Breast Cancer Wisconsin (Diagnostic) >kubiabl (569
Oaxpinay, 30 G6enri) anbiaabl. ['unepnapamerpiep imki 3 66IKTI Kpocc-BaauaanusaIa TaHIaJabl, all
cama CBIPTKBI KOHTYpAArbl 5X5 crpartudukanusianraH Kpocc-Balujalnus OobIHIIA Accuracy,
Precision sxoHe Recall kepcerkimTepiMeH OaranaHbl; aWBIPMAIIBUIBIKTAPIBIH MaHbBI3IbLUIBIFBI
boudepponn Tyzeryi 6ap Bukokcon kpurepuitimen tekcepuiai. Accuracy 6orbrama KNN (0,967)
MeH Random Forest (0,955) Tyseryzmen keifin Oip-OipiHEH CTATHCTHUKAIBIK aXKbIPaTbUIMAJbI, all
Decision Tree (0,927) exeyinen ne temen 6osabl. KNN-HiH eH xorapsl Recall moni (0,991) 6ackim
KJIacKa, SFHU KaTepci3 iCIKKe KaTBICTHI; KaTepJi iCIKTI aHbIKTay TOJBIKTHIFEI OoiibiHIa KNN mMen
Random Forest-tin apaceiaaa aiisipma 0Oatikaamazsr (0,926 sxone 0,929). Hotmkenep Gip mepekrep
KUBIHBIMEH IIEKTENTeH, COHABIKTAH KAl epeke PeTiHIe KaOblUIIaHOayhl THIC.

Tyiiin ce31ep: MalIMHAIBIK OKBITY, KIKTEY, IICIIIM aFallbl, Ke3JeHCOK OopMaH, K-eH >KaKbIH
KepIIiiep, Kpocc-panuaanus, Accuracy, Precision, Recall.

Kipicne

XKikrey ecebi MalmIMHAIBIK OKBITYABIH €H KOIl KOJIJAHBUIATBIH OaFbITTapBIHBIH  Oipi:
MEIUIIMHAJIBIK JHArHOCTUKAIaH HECHUETIIK CKOPUHTKE, MOTIHIEP Il CaHaTTayFa JeHIHT1 MIHICTTEPIiH
O6aceiM Oetiri OOBEKTIHI anAblH ana Oenrim KiacTapblH OipiHe KaTKbpI3yFa Keiminm Tipeneni. Ic
KY31HIE 3epTTEeyIIire €H ajJbIMeH alropuTM TaHAay Kepek Oolajibl, ad TaHIay TEeK JQJIIKIICH
IICKTEJIMEUII: OFaH eCeNTey IIbIFbIHBI, TUIEpIIapaMeTpiepre Ce3IMTAIABIK KOHE HOTIKEHI
TYCIHAIPY MYMKIHJIIT1 JIe 9CEp eTe/Il.
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byn cypakka Oip rana xayam xok. Fernandez-Delgado xone opintecrepi 121 nepekrep
XKUBIHBIHA 179 KIKTEYIIITI CalbICTHIPHIN, OpTa €CENMeH Ke3IeHCOK OpMaH TyKbIMaackl MeH ["aycc
SAIPOCHl Oap TIpeK BEKTOpJap OAICIiHIH JKOFaphl HOTWXKE OeperiHiH kepcerti [1]. Bipak opramra
KOPCETKIII HAaKThI Oip TarmchipMajia col aAITOPUTMHIH JKeHEeTiHIHe Kemnin Oona anmaiinbl. COHIBIKTaH
Oenrul Oip JepeKkTep YIIIH KIKTEYIIITI TaHAay XKEPruTiKTi IKCIEPUMEHTKE, OHbIH 1LIIHAE CEHIMI1
Oaranay npolielypacbiHa CyieHyi THic.

bi3 npunHIuni xarbiHaH 01p-0ipiHEH eayip e3relie Y alropuTMal Tauaaasik. [lenrim aramibt
(CART Ttypinze) Oenrinep KEHICTITH HEPapXUSUIBIK TypJe TIKOYpBIIITHI aiMakTapra 0esesi jKoHe
epeskeriep KUBIHBI PETIHAC OHAl OKBLIAABI [2]. AJaiiia »aaFbl3 arall OKy TaHIaMacChIH/IaFbl AFbIH
e3repicrepre ces3iMTai, SFHU OHBIH JUCIepcHAChl xorapbl. Ke3zneiicok opmaH Oyl KEMIILTIKTI
OyTCTpen-yaruiep/ie OKbIThUIFaH KOIITEreH arallThlH O00JKaMbIH OpTalllajiay jKoHe op 0esIiHy Ke31He
OenrijepAiH Ke3eiCoK 11K )KUBIHBIH Kapay apKbUibl a3aiTaasl [3]. K-eH xakblH Kepli ofici Myiae
Oackalia )XKyYMBbIC ICTEII1: HAKThl OKBITY KE€3€HI JKOK, )KaHa 00BEKT OKY TaHJaMaChIHIaFbl €H >KaKbIH
k kepuIiHIH KOMUIUIIK AaychIMEH XikTeneai [4]. JleMek HOTH)Ke KAlBIKTHIK eJIIIeMiHe, aj Ol o3
Ke3erinje Oenruiep i MaciTadblHa TIKeIe Toyenl.

Byn oxictepain cunmaTTamMachl OKYJBIKTapAa KETKUTIKTI, al MPAKTHKAIBIK CABICTHIPY KOOiHEe
0lp FaHa KepCEeTKIIIIeH, SFHU Accuracy-MeH IIeKTesenl. Accuracy KiacTap/JblH apakaTblHAChIHA
ce3iMTal, COHJIBIKTAH KaTeJIep/IiH CUIIaThIH JKachIpbll Kallybl MyMKiH; Precision men Recall op kiacc
OolibIHIIA KaTenepal 6emnek kepcereAi [S]. Tarpl Oip kHi KE3AECETIH AJICI3 TYC: TUIIEpIapaMeTpiaepal
TaHJlayFa Ja, camaHbl Oaranayra jaa Olp KpocC-BaJMIALMsAHBI NaiiianaHy HOTHMXKEHI ONTHUMUCTIK
KAaKKa BIFBICTBIpaAb! [6], am OalikanraH albIPMAIIBUIBIKTAPABIH CTATUCTHKAIBIK MAaHBI3IbUIBIFBI
Kelzie MyJiie TeKCepiaMen .

KymbicteiH Mmakcatel — Decision Tree, Random Forest »xone K-Nearest Neighbors
QITOPUTMICPIHIH KIKTEy camacklH Oip JAepekTep XublHbIHAA Accuracy, Precision sxone Recall
OOlipIHIIIA, TUTIEpIIApAMETPIIEP 1IIKI KOHTYp/ia TaHAJIaThIH 1IIKi-CBIPTKHI (nested) Kpocc-Bamanus
KarJaiblHIA CaNBICTHIPY JKoHE OalKanFaH aWbIpPMAIIBUIBIKTAPABIH CTATUCTHUKAIBIK CEHIMIUTITIH
Oaranmay. Ym cypak KOWBUIABI: aHCaMOJBIIK TOCUT JKaJFbI3 arallka KaparaHjga He Oepei;
Mmacmrabraynas keifin kapanaiieim KNN kypaenipex Random Forest-nien 6ocexernece ana mMa; Kasl
Accuracy-neri aiibipMa €Ki Kj1acc OOUBIHIIA KaTeJepAiH KYPhUIBIMBIH KAHIIAJIBIKTHI )T KOPCETEI].
Hotwxe Oip FaHa AepeKkTep >KUBbIHBIHA HETi3AeNTeHiH OipJeH aiiTkaH keH: 613 amOeOan pedTHHT
YCHIHOAMMBI3, TEK KalTajgayra 00JIaThIH CAJIBICTHIPY YITICIH KOPCETEMI3.

ojicrep

epexmep scuvinbl. DxcriepumeHT Breast Cancer Wisconsin (Diagnostic) >KUBIHBIHIA
xkyprizinai [7]. JKublH OKiHIIIKE WHENl acmupainus OWONCHSCHl Ke3iHJe allbIHFaH JKacylla
SIPOJIAPBIHBIH U pIIaHFaH KECKIHIEPIHEH €CENTENTeH CUllaTTaMajap/iad Typabl. Op sIpo YIIiH OH
cunarrama (paanyc, TeKCTypa, epUMeTp, ayAaH, TETIiCTIK, BIKIIAMIBIK, OMBICTHIK, OHBIC HYKTEJIEp
CaHbl, CHMMETpPHs, (paKTaAbIK OJIIIEM) aHBIKTAIFaH, aJI OJIAPJbIH OpTaIlla MoH1, CTAHIAPTTHI KaTeci
KOHE «eH Halap» MaHi (YII €H YJIKeH MOHHIH opTamiacel) 6enri petinae 6epinrex, 6apisiEst 30 6enri.
Kubaga 569 6axpuiay 6ap: 212-ci karepai (malignant), 357-ci katepci3 (benign) icik, SFHH KaTepi
ICIKTIH yneci maMamMeH 37%. Monepi KoK 6akpiIay O0JIMaFraHABIKTaH, TOITHIPY HEMECE KO0 KaKeT
OonraH koK. [lepexrep scikit-learn kiTarnmxaHachIHBIH KYpaMbIHIA TYpassl [8], OYJ SKCIIEpUMEHTTI
Kaiitanaynsl skeHiereni. Kiranmxanana katepceis kinace 1, katepni kinacc 0 nen koxranran. Herisri
ecente Precision men Recall on kmacc peringe 1-kimacc (karepci3) VIIIH ecenTeni: Oy
KiTalXxaHaHBIH 9JICTIKI TAHJAYBIMEH Colikec Kemedl. KIMHUKaNBIK TYPFBIIaH KaTepili ICIKTI aHBIKTAy
MaHBI3IBIPAK EKEHIH €CKepill, OHBIH KOPCETKIMTEepiH 06JIeK KeATipemis.

Anzopummoep scane cunepnapamempiep. Y111 KiKTSYilITiH icKe achIpbLIysI scikit-learn 1.8.0
HYCKAChIHAH aJbIH/IbI, KE3AEUCOKTHIK k631 random_state = 42 moHiMeH Oekitinai. Decision Tree —
Jlxuau emremi 6oiibiama 6emineTiH CART tunTi aranr; Top O0MBIHIIIA MAKCUMAJIIBI TEPEHIK (3, 5,
7 KOHE IIEKTeYCi3) MeH KabIpaKTarsl eH a3 0akpuiay cansl (1, 3, 5) kapacteipbuiasl. Random Forest
yurin aram canbl (100 sxone 300), MakcUMaIbl TEPEHIIK (5 JKOHE IMIEKTEYCi3) KOHE JKAIbIPaKTaFbI
eH a3 Oakpinay canbl (1 sxoHe 3) TaHmanabl; op OeIiHy Ke3iHJe KapallaThlH OeNriiep caHbl OJICTKi
MOHJIe, SFHH OenTijep CaHbIHBIH KBajmpaT TyOipiHe kyblk (30 Oenri Oonranma Oec Oenri)
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Kanaepelabl. K-Nearest Neighbors ymin kepmr cansr (3, 5, 7, 11, 15) koHe canMakray Tocui
(Gipmeit Hemece KaIIBIKTBIKKA Kepi MPOMOPIMOHAN) ©3TrepTilfi, KalIbIKTBIK peTiHae EBking
MeTpukachl anelHbl. KNN yiin Oenriiep crangaprraiibl, Oipak cTaHIapTTayAblH OpTallachl MEH
aybITKYbl TE€K OKy OeJIriHeH ecemnTeneTiHaed eTinm pipeline immiHe eHTi3iNi, COHIBIKTAH TECT
OeJIrHEeH akKmapaT arblll KeTHeWal. AramTapra HETI3/I€IreH 9icTep Oenriepai MOHOTOHJIbI
TYPJIEHAIPYTe ce31MTall eMeC, COHJIBIKTAH OJIapFa MaclTadTay KOJAaHbUIMA/IbI.

Banuoayua. Cananbl Oaranay YyIIiH I1IIKI-CBIPTKbI KpOcC-BaJduaauus KOAAAHbUIbI. CBhIPTKBI
KOHTYp 5 0eJIiKTi cTpaTU(HUKAIMsIIaHFaH KpOCC-BaJIMAALMSAHBIH OecC peT KalTananybIHaH Typajbsl (op
KaliTaiayga 0eiy Ke3IeHCOK KoHE OpTYpIl), SFHU Op aJIrOpuTM YuIiH 25 Tect Oesiri OOMBIHIIA
OJIlIeM JIbIHABL. ©Op CBIPTKBl OKy OejiriHiH imiHAe runepnapamerpiaep 3 0GemikTi
cTpaTH(UKaANUsIIaHFaH KpOCC-BaTHIAIMSIMEH Accuracy OOMBIHIIIA TAHAAIIbI, COIaH KeWiH €H KaKChI
KoH(UTypalys coi oKy OelniriHiH O0opiHAe KaiTa OKBITBUIBIN, CHIPTKBI TECT OoiriHae OaranaH/bl.
MyHnail KypbUIbIM = THIIEpHapaMeTpiiepll TaHAay MEH COHFbl Oaranmayra Oipaeil JepexTi
naiganaHynaH TyaThlH ONTUMHUCTIK BIFBICYJBIH aNJbIH ajaabl [6]. Yo anroputM ae 25 ChIPTKbI
OemiHICTIH gon Oipaed OeJiKTepiHAE ChIHANJbI, COHABIKTAaH HOTHXKENEPAl >KYINTacCThIPHII
CaJIbICTBIpYFa 00Ja bl

Teopuanwvik Hecizoep. CanbICTBIPbUIATBIH SIICTEPAIH >KYMBIC IPUHLUIIH KbICKAIlla €CKe
Tycipeiiik, ce0ebi runepnapameTpiepaiH MarblHachkl ocblaaH mbiFaael. CART aramibl op TyHiHze
OeJri MeH MIeKTI MOHII ObLIail TaHIaWabl: O6JIIHIeH €Ki OOJIKTer1 Kocha eJeMi OaphIHIIa a3arobl
kepek. [bxunu kocnacel G = 1 — X p k® Typinae ecenreneni, myHnaarsl p_k — tyifingeri k-kimace
OakpuTayIapbIHBIH YJIecl; TYHIH Ta3a Oosica, G Helre TEeH. AFamThl MIEKTEYCi3 OCIPCEK, OJ1 OKY
TaH/IaMaChIH TOJBIK KaTTall anaibl (KamblpaKkTapIblH OapIbIFbI Ta3a), COHIBIKTAH TEPEHIKTI )KOHE
JKaIbIpaKTaFrbl €H a3 0akplIay CaHbIH MIEKTeY — TIKIpuOeaeri Heri3ri perrey Tocini [2]. Ke3meiicok
opMaHAa aramrTap OyTcTpem-TaHAamala OKBIThUIAAbI, op OeiiHyae OenrinepiH Ke3Aercok imKi
YKUBIHBI FaHA KapaJiaJibl, ajl COHFbI OOJKaM araliTap JaybIChIHBIH KONIIUIITIMEH IbIFabl. Aramrap
apachIHAaFbl KOPPENALUs HEFYpIbIM a3 0oJica, opTamanayjaH TYCETiH AUCIEPCUSHBIH TOMEHICY1
COFYpJBIM YJIKEH OoJiaZibl, OpMaHHBIH KaTecl jKeKe arallThlH KYIIl MEH arallTap apacblHIarbl
KOppessiusFa Toyenai ekeHin Breiman kepcerker [3]. KNN ymrin 6omxkam X HykKTeciHeH EBKIna
KameikTeiFs! d(x, X_i) = V(Z_j (x_j — x_ij)?) GoiibIHmIa eH %aKbiH Kk 00beKTIHiH KOMIIiTiK JayChIMeH
AHBIKTANA/Ibl; KAIIBIKTBIKKA Kepi MPOMOPIMOHAT CalMaKTayaa JKaKblH KOPIIiHIH Jaychl KeOipek
ecenreneni. k a3 6oJica, mekapa JKiHIIIKe KOHE IIyFa ce3imMTal; K yikeH OoJica, mekapa Terictesneni,
Oipak IIarbIH KYpbUIBIMAP XKOoFanaasl [4].

Kepcetkimrep katenep matpunacsinan ecenreneni: TP, FP, FN sxone TN — THiciHme mbsH
OH, JKaJIFaH OH, JKaJIFaH Tepic )KoHe IIbIH Tepic 6omkamaap cansl. Connga Accuracy = (TP + TN)/(TP
+ FP + FN + TN), Precision = TP/(TP + FP), Recall = TP/(TP + FN). Accuracy eki KaTeikTi Oipei
caHalpl, COHABIKTAH Kiactap Oipieill ychlHbUIMaca, OachlM KJIacThl JAypbic OOJDKay >KajIlbl
KOPCETKIIITI )KOFaphl yCTal Typa anazisl. Precision oH femn OenriieHreH 00beKTiiepre CeHIMIUTIKTI,
Recall oH oObekTinepai KaHIIATBIKTHI TOJIBIK TalKAHBIMBI3ABI KOpceTeli; ekeyi Oip-OipiHe kepi
TOyeIJII KO3Faaybl MYMKIH, OMTKEHI MIEHIM IIeTiH O1p *aKKa BIFBICTBIPCAK, Oipeyl ecel, eKiHIIic
kemuai [5]. ©Onperrerigen, Oy Makantaga OH KiacC TaHAAybl HOTH)KEHI ©3TepTETiHIH ecKepim, eKi
KJIacC YIIiH JIe KopceTKimTep OepiireH.

Jluzaitnovt manoay cebenmepi. IKi-CBIPTKBI CXEMaHBI TaHIAY MTPAKTUKAIBIK OHIAH IIBIKTHI:
rurnepnapaMeTpiepal KapamnabiM Kpocc-BalMAAlMsIMEH TaHJaI, COJl OOJIKTepAe COHFbI CalaHbI
xKapusaiay ONeTTe ThIM KAaKChl HOTHXKE Oepeii, OyJl BIFBICYIbl KPOCC-BAIUIAIUSMEH MOJIENb/1
TaHJayFa KaTBICTBI Varma MeH Simon cumattarad [6]. bi3gin topmap kimkenrtaii (Decision Tree
yuria 12, Random Forest yurin 8, KNN ymiin 10 HYKTe), COHIBIKTaH BIFBICY YJIKEH 00JIMaybl MYMKiH,
Oipak OHBI aJJbIH ana OOJDKaI, XKYMBIC KYPBUIBIMBIHAH TOJIBIK aJbII TacTaydbl )KeH Kephik. bemy
cTpatuduKanusuIanabl, cededi 569 6akpuiay aykpIMbIHAA TecT Oeirinae 114 mamMacbiHaarbl OOBEKT
KaJaJibl, aJl KaTepJi icik caHbl OHBIH imiHae 42—43; cTpaTudUKanusiCcki3 KIaCTapAbIH yJieci 0eikTep
apachIH/a eJeyli aybITKbII, KOPCETKIITEP/IiH IalblpayblH apTThipap efi. [mKi KoHTypaa TaHaay
KpUTEpHiii peTiHie Accuracy aibIHIBI: OJ OapiblK YII aJrOpUTM VIIH Oipfei *oHE CBHIPTKBI
KOPCETKIIMTEPMEH TiKeJel calbICThIpbuTanbl. by Tanmay karepni icik Recall-biH eckepmeiTini
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OenTiji, COHIBIKTaH OHBI HIEKTEYIep/Ie )KeKe aTtan oTTiK. CHIPTKbI KOHTYPAAFBl 5X5 cXeMachl ecenTey
LIBIFBIHBI MEH Oarajiay TYPaKThUIBIFbIHBIH apachlHAAFbl bIMbIpA PETIHIE aJbIHABI: OH OOJIIKTI cXxeMa
TecT OOJIIKTEPiH KimmipeiTep eai, ai 0ip-ax pet 0oy HOTHKEHI Oip FaHa OeJiHyre TOyelN i Kbuiap ei.

Kopcemkiwmep. Accuracy — aypbIcC KiKTeIreH Oakbuiaynapabiy yieci; Precision — oH kiacc
nen OoJKaHFaHAAp/bIH 1IIIHJEr1 WIbIH OH 00BbeKTUIepAlH yieci; Recall — mibiH OH 00beKTLIEpAIH
imiHeH TaObuTFaHAapAbIH yieci [5]. bunapnel ecente oH kiacThl TaHaay Precision meH Recall
MOH/IEPIH ©3repTeTIHAIKTEH, KOPCETKIIITEp €Kl KJIacC YIIiH /1€ €CENTeN 11, COHABIKTaH MaKpO- HEMece
©JIILIEHTeH opTallaiay Kaxet 6onmazsl. KepceTkimrep op TecT 6esmirinae Oenek ecentenin, 25 6eiik
OOMBIHILIA OpTaIIachl MEH TaHAAMAJIBIK CTAaHAAPTTHI aybITKYbI KenTipuiai. COHbIMEH KaTap OapiiblK
TecT OesikTepi OOMbIHIIA KaTelep MaTPULIAChl )KUHAKTaNbI: 9p Oakpuiay Oec KalTanayna O6ec per
TecT OeJiriHe TYCETIHIIKTEH, Karepil icik OoibiHIma 1060, Karepci3 icik OoibiHIIa 1785 Gomkam
QJIBIH]IBL.

Cmamucmuxkanovik mexcepy. Anropurmuepain yu xyosr (DT-RF, DT-KNN, RF-KNN) 25
KyNTackaH enmieM  OoifbiHIIA  BHJIKOKCOHHBIH — TaHOalaHFAH  paHTuUiep  KpuUTepuiliMeH
CayIbICTBIpbULABL. byn kputepmiini Jemmap exi KikTeylliTi OipHelle JAepeKTep >KUbIHBIHIA
CJIBICTBIPY YIIIH YChIHFaH [9]; 613 OHBI Oip JKUBIHHBIH KpOCC-BaluAanus OONIKTEpiHEe KOJJaHBII
OTBIPMBI3, SFHU OMICTIH TYIHYCKAa MAaKCAaTbIHAH aybITKbIABIK, OYJl TOMEHJEe IIEKTey pETIHJIe
TaJIKbUIaHaAbl. Heri3ri Tom peTinae yu XKyl HeH yll kepceTkimreH (Accuracy, Precision, Recall;
Karepci3 Kiacc) TYpaThlH TOFBI3 CANBICTHIPY ANbIHIBL, COHABIKTaH boH(eppoHH Ty3eTyiMeH
MaHBBRABUIBIK neHreii a = 0,05/9 = 0,0056 Gonapl. Karepmi kimacc kepceTkimTepi OOMbIHINIA
calbICTRIpyap Oapiiay CHUIAThIHAA KapaJiabl, OJapiabl JAa Koccak, Tabamasipeik mamamen 0,0033
Oomap eni. DxcepuMeHTTIH ToNbIK Koabl (Python 3, scikit-learn 1.8.0, SciPy) koceiMiia MaTepuan
petinae O6epinei; Ke3AeHCOKTHIK Ko31 OEKITUITeHIIKTEH, COJI HYCKaAa HOTIKENep KalTalaHaIbl.

HoTuxkesiep MeH TaJKbLIay

Herisri notmwxkenep 1-kectene 6epinren. Decision Tree ym kepceTkiin OOWBIHINA 1a €H TOMEH
MoH kepceTTi (Accuracy 0,927). Random Forest onbl mamamen 3 maitbi3abIK Tapmakka o3si (0,955),
an KNN 0,967-re xerin, eH xorapsl optama Accuracy-re ue 6ospl. Jlereamen KNN men Random
Forest apacbinarsl 1,1 maifbI3abIK TapMaKkThIK aiiblpma Bunkokcon kpurepuiiinae p = 0,035 6epui,
oyt bordepponu Ty3eryinen keiinri Tadanasipbikran (0,0056) sxorapbl. COHIBIKTAH OYJT ailbIpMaHBI
CEeHIM/I Jlen caHaMaiMBbI3.
1-xecte — ChIPTKBI 5X5 Kpocc-Bamuaamnus OOUBIHIIA KIKTEY KopceTKilmTepi (opTamia + CTaHAapTThI
aybITKY, N = 25); OH KJacc — KaTepci3 iCiK

AJropuT™ Accuracy Precision Recall
Decision Tree 0,9269 £ 0,0270 0,9361 +0,0332 0,9496 + 0,0279
Random Forest 0,9554 +£0,0215 0,9596 + 0,0287 0,9709 = 0,0270
KNN 0,9666 + 00,0145 0,9578 +0,0228 0,9910 + 0,0089

Eckeprrie: aBTopiapasiH ecenreysnepi OOMbIHIIA.

XKanrp1z aram nen ancam6sb Hemece KNN apachiHIars! aifbipMa KepiciHIe TYpaKThl OOJIIbI
(2-xecre). Decision Tree mern Random Forest apaceiama Accuracy (p = 0,0001) skone Precision (p =
0,0004) OoiipiHIIa aiibipMa TY3eTYICH KeiliH ae caktainisl, an Recall Goiibiama p = 0,0058 moHi
0,0056 TabanapIpeIFPIHAH COJ FAHA aCHIN TYCTI, COHIBIKTAH OYJT JKep/ie HAKThl TYXXBbIPIMHAH Trepi
IIeKapabIK JKaFmaaidl Typaisl aiTkaH aypeic. Decision Tree men KNN apackiHma ym KepceTkimn
OolbIHIIA Na aiibipMa MaHbI3ABl OonAbl. bynm HoTwke aramrTap aHcaMmONiHIH >KalFbI3 arallThiH
JUCTIEPCUSICBIH a3alTaThIHBI Typajibl TEOPUSUIBIK TyciHaipmere [3] colikec kenexi, Oipak 0i3 OHBI
Tikene Tekcepmenik: Random Forest-tin Oemikrep OodibiHma aybITKybl (0,0215) xanrbi3
aramTikineH (0,0270) Tek mamansl FaHa a3, an eH TypakTsl HoTmke KNN-me (0,0145).
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2-xecte — JKynThIK canbICThIpY: BHIIKOKCOH KpUTEpHifiHiH p-MoHAepi (n = 25 xyr)

Kyn Accuracy Precision Recall
DT -RF 0,0001* 0,0004* 0,0058
DT - KNN <0,0001* 0,0015* <0,0001*
RF — KNN 0,035 0,961 0,0004*

Eckeprne: * — boudepponu Ty3eryinen keiin o = 0,0056 nenreitinne manpi3abl. Karepcis icik oH
KJIaCcC PETIH/E aJIbIHFaH.

Ex xpi3pikTHI HOTIKE — KNN-HIH Recall kepcerkimi. On 0,991 6onast xone Random Forest-
teH (0,971) cratucTukanblk Typrblaa MaHbI3abl korapbl (p = 0,0004), an Precision OolibIHIIa
emkanaai aisipma koK (0,958 xone 0,960; p = 0,96). bip xaparanma KNN >xanmbl jkakcbIpak
KIKTEUTIH CUSIKTHI KopiHnel. bipak Recall mynna 6ackiM kiiace yIiiH ecenTenreHiH eCKepy Kepek: ol
KaTepci3 iCiKTep/IiH KaHIIAChl KATepCi3 e TaHBUIFaHBIH KOPCETE 1, SFHU KaTepci3 iCIKT1 KaTepi e
Kate OenrineymiH («kKaiaraH Ma0buT») cUpek OonysrH Ourmipeni. Karepri iCIKTIH OTKI3LIIN KETyi
Typasbl OYJ1 KOPCETKII eTeHe alTHaiIbl.

Karepni kmacc Goitpiama (3-kecte) kepiHic 6ackama. Karepmi icikTiH TONBIKTBIFbIHAA KNN
(0,926) mern Random Forest (0,929) ic xy3iame Oipmeét (p = 0,61), XKuHaKTanFaH KaTtenep
MaTpHUIAChIH/IA J1a OTKI3UIreH KaTepJi ICIKTep/IiH caHbl yKcac: 79 xone 75 xarnair. KNN-HIH HaKTbI
apTHIKIIBIIBIFBl — JKaJiFaH Na0bUIIbIH a3/abIFbl: 1785 Karepci3 kargaileiH Tex 16-cbl (0,9%) karte
oenrinenai, Random Forest-re 6yn 52 (2,9%). CoHBIH HOTHIKECIHAE KaTepyi Kiacc OOWBIHIIA
Precision 0,984-ke xerti (Random Forest-te 0,952; p = 0,0003, Gapyiay cunaThIHIAFbI CATIBICTBIPY).
backama afitkanma, KNN Random Forest-Ti kaTepsi icikTi koOipek TamKaHbl YIIIiH eMec, KaTepJi IeT
aTaraHJla CUPEK KaTeJIeCKeHl YIIiH OachII 03abl.
3-kecte — Katepii icik kiackl OOMBIHINIA KOPCETKIMITED JKOHE KUHAKTAIIFaH Kareep (0apJibIk
CBIPTKBI TECT OOITIKTEPI)

Aaroputm Precision Recall OTki3iiren Kanran 1a0b11

Karep.i icik (1060- (1785-Ten)
TaH)

Decision 0,9148 £ 0,0435 0,8889 £ 0,0611 118 (11,1%) 90 (5,0%)

Tree

Random 0,9522 +0,0408 0,9294 + 0,0523 75 (7,1%) 52 (2,9%)

Forest

KNN 0,9844 £ 0,0152 0,9256 £ 0,0415 79 (7,5%) 16 (0,9%)

Eckeprrie: oprama + craHaapTThl aybITKY, N = 25; KaTtenep caHbl 5 KalTangay OOMBIHINA KOCHUIFaH.

Hlemim merine Toyenci3 kepcetkim perinae ROC-kuceirbHbIH acTeinaarsl aynad (AUC) ne
ecentenai. Decision Tree ymin o 0,9379 + 0,0302, Random Forest ymia 0,9903 + 0,0081, KNN
yuria 0,9858 £+ 0,0090 6onmer. Decision Tree ancambnbaen e, KNN-HeH ne aliKplH ToMeH (€Ki
x)armaiina ga p < 0,0001), am Random Forest men KNN apaceiaaars! aiibipma (p = 0,008) Herisri
tonThIH TabanapipeireiHaH (0,0056) na, keHewrinren Ton Tadanasipeirbiaan (0,0033) na com »Korapsl.
Kanmer anranna AUC OGoitpiaira Random Forest con skakcbIpak kepiHeni, an Accuracy OOWBIHINA
KNN. Eki kepceTKimTiH Kapama-Kapchl OarbITTa >KBUDKYBI OYJI €Ki 9MICTI aKpIpaTyFa AECpEeKTep
KETKUTIKCI3 eKeHiH, He OoMaca oNapAbIH SPTYPIl )KYMBIC HYKTEIEpiHIe OHTAMIBI €KeHIH OLIIipyi
MYMKiH. bi3/1e 0CBI €Ki HYCKaHBI a)KbIPATaThIH JIAJIET KOK.

Ecenrtey mIbIFBIHBIHBIH abIpMAachl alTapIbIKTal 0051161, Oipak OHBI a0aiiian oKy KepekK: YaKbIT
Oip KoMIblOTEpaE, Oip PETTIK ©JIIEeMMEH aJlbIHFAH, COHJBIKTAH TEK PETTIK LIaMachl MaFbIHAJIBI.
Tannanran KoH(pUTypalUsHbI OKY O6JiriH/Ie KaiiTa OKbITYAbIH MeauaHalbIK yakeIThl Decision Tree
yuriH mamameHn 5 mc, KNN ymin mamamen 1 mMc (071 %aHa OKBITYCBI3, TEK JIEPEKTEP/Ii CaKTaIbI),
Random Forest ymin mamamen 190 mc 6omaapl. [llamamen 114 o0bexTinik TecT Oesirine Ooskam
6epy yakpiThl Decision Tree yurin 0,3 mc, KNN ymin 1,1 mc, Random Forest ymin 7,6 mc Gonfsl.
JlepexTep MyH1aii marbiH O0JIFaH/1a albIpMa MpaKkTHKAIBIK MoHTe ne eMec. bipak KNN-HiH 6omxkay
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KYHBI OKy TaHJaMAaChIHBIH KOJIEMIMEH ©Cei, ajl aralTap/a O HETi3iHEeH TepeHIIKKE KOHE aFalll
caHblHA OalIaHBICTHI, COHJIBIKTAaH MUJUTHOHAFaH jka30a1a Oy apa KaTblHAC ©3Tepe/ii.

Tycinaipiny MyMKiHAIr e TaHaayra acep eteqi. TepeHairi yITeH acnaiThiH aFalThl OYKiT
KUBIHJA OKBITCAK, 01 OipiHmI OemiHyai worst radius Oenrici OoitbiHima 16,80 mmerinae >xacaisl,
oJlaH opi worst concave points, worst texture, mean texture >koHe mean concave points oenruiepi
OolibIHIIIA O6Jel; MYHIall epexxeHl MaMaH TiKeleH OKbIT, MEAUIIMHAIBIK OWFa COMKECTITIH TeKcepe
anangel. Random Forest e31HIH KOpPBITBIHABICBIH Oip epexe TypiHae Oepmeiinl, Oipak Oenriiepiiy
CaJIBICTBIPMAalIbl MaHBI3ABUIBIFBIH Oeperi: 300 aramTel opMaH OYKIN JKUBIHAA OKBITBUIFAHAA €H
KoFapel yiecti worst perimeter (0,148), worst area (0,137), worst concave points (0,121), mean
concave points (0,096) sxone worst radius (0,072) kocTel. Bynm MoHIEp KOCHAaHBIH a3ar0blHA
HETI3/IeNITeH, COHJBIKTan KeyieMre OailJIaHBICTBI, ©3apa KOppeslUsIaHFaH Oenriiep apachiHaa
MaHBI3ABUTBIK O6ITiHeI1 1€, )keKe OeNTiHIH MOHIH 1971 KepceeTneiai. Ockl ceOenTi >KoFapbiarhl Ti3iMI1
«EH MaHBI3JIbI YIII OENTi» AT eMec, KoJeM MEH OMBICTBIK CHUITaTTaMaliapbl OAChIM TOT I OKbIFaH
xeH. KNN-ne MmyHzaii iki TyCiHaipMe JKOK: O0JKaM/Ibl TeK KaKbIH KOPLIUIEpi KOpCeTy apKblbl
Herizzneyre 0oJabl.

AWBIPMAaIIBUIBIKTBIH [IAMAChIH OHBIH CTATUCTHKAIBIK MAaHbBI3IBUIBIFEIHAH OOJIeK OKBIFaH
naganel. Yo airopuTMHIH Accuracy opraima MoHaepi Oip-OipineH 1—4 malbpI3IbIK TapMak
KAIIBIKTBHIKTA TYP, aJ1 9p AITOPUTMHIH 03 ilIiHAer1 OeikTep OOMBIHIIA CTAHAAPTTHI aybITKYHI 1,5-2,7
nane3AbIK TapMmak. SArHu sxeke Oip Oeminyne Decision Tree keiine KNN-ai o3binm ketyl 96aeH
MYMKiH, 9HE MaHBI3JBUIBIK TECTI TEK KONTereH OOJIKTI JKYMTall KaparaHla FaHa TYpPaKThl
alipipmanbl aHbIKTan Typ. COHIBIKTaH Oip FaHa Oexdy OOWBIHINA )AacaJlFaH CaJbICTHIPYAaH («yLI
ANTOPUTMHIH imIiHAe X €H aKChD») cakK OONFaH keH: O3AiH AepeKTepAe MYHJIal CalbICTHIPY
OeJiiHyre OalIaHBICTBI Ke3 KENTeH aJfOpUTMIII KeHiMmma3 ete amap eai. CoOHbIMEH Karap Kpocc-
Banmuaanus OarachlHBIH ©31 Je Oip JepeKTep >KUBIHBIHBIH IMIiHAEe FaHA OPBIHAAIAJbI, OJ YKaHA
nonyJsnusiFa (MbIcaybl, 6acKka KIMHUKAaFbl, 0acKa >KaObIKIIEH TYCIpUITeH YATUIepre) KOIKEeH Ie
HOTH)KEHIH KAHIIAIBIKTHI CAKTAIAThIHBIH KOPCETTICH/II.

Karenepain exi TypiHiH Oaracbl TamnchlpMara OaitaHbIcThl Oipaeir emec. CKpPUHUHITE
OTKI3UINeH KaTepii ICIK »KaiFaH MaObUIgaH oijeKaiiaa KeIMOAT Typanbl, COHIBIKTaH Accuracy
OoiipiHma sxkeHiMnasz Oosran KNN kepiHrenjeil ailkbiH TaHAay OoOJIMail MIBIFAIbI: KaTepJi 1CIKTI
tabyzaa o1 Random Forest-ke TeH, all 0JjaH apTHIKIIBLIBIFBI )KaJIFaH 1a0bLI CAHBIMEH FaHA IIEKTETIE/II.
MyHnia 1a )xacanaTblH CbIH 06ap: 7% I1aMachIHAaFbl ©TKI3Y JUArHOCTHKANBIK KYpall YIIiH KaObU1iayFa
OONMaNTBIH JIeHTeH, an O1341H MiHAET KIMHUKAIBIK JXYie Kypy eMec, alropuTMIEepl 9iCTeMeiK
TYPFBIIAH CaJIBICTBIPY O0Jbl. HaKThl KOJIaHBICTA IICIIIM IIETiH BIFBICTBIPY HEMece KaTelepaiH
OaracbIH €CKEPETiH OKBITY KapacThIpbUIap e/i, 0yi1 0eeK 3epTTey/IiH TaKbIPHIOHI.

Henikren kapanaiitbivm KNN ocbkiHmail HoTHKE KopceTTi? MyHa Tek 60mkaM aiTyra 0oJassl,
OUTKEH1 HKCIIEPUMEHT ceOer-calljapiblK CypakKka apHaaMaraH. bipiHiiiieH, cTangapTTayaaH Keiin
eki kmacc 30 emmemi KEHICTIKTE CalIbICTBIPMaNbl TYpPJE KaKChl O6JiHYyl MYMKIH, ajl MYHJIai
KaFJaiia KEepriTiKTi KOMIITiK JaybIc KeTKUTIKTI ceHiMal. Exinminen, 6enriaepaiy 6ipassl e3apa
KYIITI KOppesuusIanFaH (paanyc, IEpUMETp KoHE ayJlaH TEOMETPHUSIIBIK TYPFbIIaH O0alIaHbICTHI).
Ararnrap yiriH OyJ1 apThIK aknapar neH OelniHyaiH 0anama Hyckanapsl 6onca, KNN-me con «xemem»
CUTHAJTBI KAIIIBIKTBIKKA OipHEIIe ece KaThIcaabl; OYIT )KaKChl Ma, )kaMaH 0a — OCHI IKCIIEpUMEHTTCH
KepinOeiiai. YminmineH, Random Forest-te Oenri ipiktey mnapamerpin (Oec Oenri) 6i3 Topra
€HT130€/IiK, OJ1 OCBI KUBIH/Ia OHTAMIIBI 00JIMaybl MYMKiH. ByJ1 TyciHAIpMeNnepaiH emKaichIChl 0i3/1e
TekcepuireH oK. COHbIMEH Karap HOTIKE [l] >KYMBICBIHIAFBI KAJIIMbl KOPBITHIHIbBIFA KaWIIIbI
kenmeiini: Random Forest opra ecenmnen MBIKTBI OOJTBIN Kana Oepesi, ajl HaKThI )KUbIHIIA OfaH 0acKa
OIiC KaTap TYPYbl KUBIHFA TOYCIIITIKTIH KaJIbIIITH KOPIHICI.

l'unepriapameTprepi TaHaay CHIPTKBI OeMiKTep apacbiHaa Typakchi3 0omasl. KNN ymrin k = 7
MoHi 25 OemikTiH 11-iHAe, k = 3 MoHi 7-cinme Tagganasl. Random Forest-Te eH »kui Ke3eCKeH eKi
KoHpurypamwms (TepeHairi 5 sxkone 100 aramr; TepeHaik mekTeyci3 skone 300 araimr) THiciHIIe 7 XKoHE
6 OemikTe mBIKTBL. Decision Tree-nme 5 sxoHe 3 TepeHIik 6 koHEe 5 OenikTe TaHmanAbl. by imki 3
OeJIIKTI Bamuaanusia KONTereH KoHpUrypanus Accuracy OOWBIHIIA iC JKY3iHIE TEH €KEeHiH, all
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TaH/Iay [TyBUTFa JKaKbIH allblpMara CyWeHeTiHiH kepceTeai. COHIBIKTaH «CH KaKChl K = 7» CHSAKTHI
TYKBIPBIM jKacaMalMBbI3: OJ1 OCBI IEPEKTIH OChI OOIIHICTEPIHET1 HOTHXKE FaHa.

Illexmeynep. Bipinminen, 3eprrey Oip OMHApPIBI IEepeKTEp >KUBIHBIMEH MIEKTeNTeH. MyHIa
KJacTap mamainsl TeHrepimcis (37% sxone 63%), 6apibik Oenri caHIbIK, MOHAEP TONBIK. Ko KiIacThIk
ecenTe, KaTeropusulblK Oenrinep MeH »kiOepilml ajblHFAaH MoHJAep OoJsiFaHAa aaroOpUTMICPIIH
KaTbIHACHI OacKara 601ysl 90/1eH MYMKiH, %koHe Precision men Recall-np1 opramanay tocinin (Makpo
HEMece OJIIIEHTeH) TaHJay Macejieci Jie wblFap eal. ExiHmIaeH, p-MoHAep ONTHUMUCTIK OO0Jybl
pIKTUMa. Kpocc-Banunanus 6emikrepi oKy epekTepi 6ip-OipiMeH Oeiticesl, COHABIKTaH 25 eJieM
TOyeJCi3 eMec, aj Oyl KaiTa ipiKkTeyre Heri3JeireH Kpurepuiiiepae | TMITI KaTemaikTi apTThIpaibl
[10]; BunkokcoH kputepuili ae Oip >KUbIHHBIH OejikTepiHe emec, OipHelle KUbIHFa apHaiFaH [9].
Con cebenti mekapanslk MoHAepai (mbicansl, DT-RF Recall 6oitpiama 0,0058) HakThl kayamn
peTiHae okbIMay Kepek. bynan Oenek, runepnapamerpiep Accuracy OOHBIHINA TaHJAI/bI; TaHAAY
Kputepuiil pertinae Karepiai icik Recall-b1 anmpiHCa, anropuTMmaepiH KaTtapel e3repyl MyMKiH.
blxtumanabikTapapiH KanuOpieHyi KapacTeipbuiMasl, am AUC MEH yaKbIT KOPCETKIIITEPi KOChIMIIIA
petinae rana Oepunl (yakpIT Oip KOMIbIOTEpAE, Oip esmeMMeH). AKBIphIHAA, SX5 cxemachl Oip
Ke3JIeHCOK TYKBIMMEH OpbIHJAJI/IbI, 0aCKa TYKbIM Ke31HJe IIamalibl e3repictep 0071ybl MyMKIiH.

KopbITbIHABI

Cyt 6e3i iciriHiH auarHocTHkachl >kublHbIHAA Decision Tree, Random Forest sxone KNN
AITOPUTMEPIH 1MIKI-CBIPTKbI KpOcC-BalWJalusaga CaIbICTBIPDY MbIHaAal kepiHic Oepni. JKanrbi3
IIeTiM araribl Accuracy OolibiHIna 0acka exi 9icTeH ailkbH ToMeH 6obl (0,927 kapcest 0,955 sxoHe
0,967). KNN men Random Forest apaceingarbl Accuracy ailblpMachl TY3€TYAE€H KEHIH CEHIM/II
neHreiire xetneni. Karepciz knacc 6oitpinima KNN-HiH sxorapsl Recall-p1 (0,991) karepini icikTi
aHBIKTAy/1a apTHIKIIBUIBIK Oepmei: Oy kepceTkim OoiibiHma oj1 Random Forest-ke ten (0,926 xone
0,929), an OHBIH HAKTBI €pEKIIENIr xanraH naobuiabiH a3asiFeiaaa (0,9% xapcebr 2,9%). Llemnrim
meride Toyenciz AUC 6oitbiama Random Forest (0,990) KNN-nen (0,986) coin sxorapbl Typibl, OipaK
allpipMa TY3€TUITeH TaOaldbIphIKTAaH OTHeAl. YII OMICTIH IIIIHAE TEeK MICMIIM aFallbl >KEHIT
TyCiHAipiiesni, 6ipak Aouik Oarackl OFaH €H KbIMOAT TYCTI.

[IpakTUKanIBbIK TYKBIPBIM KapamaibIM: anropuTMiaepli Tek Accuracy OOHBIHINA CAJIBICTBIPY
JKETKUTIKCI3, eki kimacc ymiH Precision meH Recall Oenex Kapamybl »XKoHE KaTelepiiH Typi
TariCbIpMaHbIH UIBIFBIHBIHA Kapail OaranaHybl THiC. OJICTEMENIK JKaFblHAH 1IMIKi-CHIPTKBI KpOCC-
BAJIMJAIIASA MEH JKYITHIK CTaTUCTUKAIBIK TEKCEpy OH HOTHXe Oepe ayanbl, Oipak Oip KUBIHIA
QJIBIHFaH pP-MOHJIEpi abaiiyan TyCIHAIpY KaKeT. Opi KapaiFbl )KyMbICTa OipHeIe AepeKTep KUBIHBIH
KOCy, 5X2 Kpocc-BaIMIalus HEMEecCe TY3eTUITeH t-KPUTEpHill CEeKUIIl TOYEIUINKTI eCKEpeTiH
TeCTTEpi KOJAaHy, THIeprapaMerpiepi Karepii icik Recall-b1 GoiiblHIIA TaHIay KOHE LIEIIIM
IIET1H ©3TePTY/IIH dCEPIH KapacThIPy KocTapaaHaIbl.
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AHHOTanusi. B pabore comocTaBieHO KadecTBO KiacCH(UKAIMH TPEX KIACCHUECKUX
aropuT™MOoB — perratoiero gaepena (Decision Tree), ciydaiinoro neca (Random Forest) nu merona k
ommkaiimmx cocenerr (K-Nearest Neighbors, KNN) — na ognom Habope maHHbIX. Mcnosb3oBaH
Habop Breast Cancer Wisconsin (Diagnostic), comepkamuii 569 nabmogenuit 1 30 mpHu3HAKOB.
['unepriapaMeTpbl MOIOMPAIMCH BO BHYTPEHHEM 3-KpaTHOM KOHTYpE, KadeCTBO OIICHHBAJIOCh BO
BHEIIIHEM KOHTYype 5X5 cTpatuuuupoBaHHOM Kpocc-BaluJallMy 10 MeTpukaM Accuracy, Precision
u Recall; 3HauuMocCTh paznuduii mpoBepsuIach KpUTEpHEeM Y UIIKOKCOHA ¢ TonpaBkoit bondepponu.
ITo Accuracy KNN (0,967) u Random Forest (0,955) mocne mompaBKu CTaTHCTUYECKU HE
pasnuyanuch, pemaromee aepeBo (0,927) ycrynano o6oum. Hamewicmmii Recall y KNN (0,991)
OTHOCHUTCSI K IpeobianaroneMy Kiaccy J00pOKaueCTBEHHBIX OIyXOJICH; MO MOJHOTE BBISBICHUS
3nokauecTBeHHBIX omyxojeir KNN m Random Forest comamu (0,926 u 0,929). PesynbTaTh
OrpaHUYEHBI OJTHUM HAOOPOM JIaHHBIX U HE MPETEHAYIOT Ha OOIIHOCTb.

KiioueBble ciioBa: ManmmHHOEe 00ydeHHe, Kiaccu(ukaiuys, pemariee 1epeBo, CIrydailHbIi
jec, Meton k Onmkalimx coceneit, kpocc-Banmaanus, Accuracy, Precision, Recall.
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Abstract. This study compares the classification performance of three classical algorithms —
Decision Tree, Random Forest and K-Nearest Neighbors (KNN) — on a single data set. The Breast
Cancer Wisconsin (Diagnostic) data (569 observations, 30 features) were used. Hyperparameters
were tuned in an inner 3-fold loop, and performance was estimated in an outer loop of 5x5 repeated
stratified cross-validation using Accuracy, Precision and Recall; differences were tested with the
Wilcoxon signed-rank test with Bonferroni correction. In terms of Accuracy, KNN (0.967) and
Random Forest (0.955) could not be distinguished after correction, while Decision Tree (0.927) was
lower than both. The highest Recall of KNN (0.991) refers to the majority class of benign tumours;
for the detection of malignant tumours KNN and Random Forest were practically identical (0.926
and 0.929). The results are limited to one data set and should not be generalised.

Keywords: machine learning, classification, decision tree, random forest, k-nearest neighbors,
cross-validation, accuracy, precision, recall.
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a
Abstract. The article examines motivation and learning theories underlying gamification. It
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Introduction a

The teacher plays a crucial role in the successful implementation of gamified digital assessment.
Teachers must carefully select appropriate tools, align gamification elements with learning objectives,
and ensure that assessment remains fair and trafdparent. Gamification should support educational
goals rather than distract learners from them. B

It is important to distinguish between gamification and game-based learning, as these concepts
are often confused. Game-based learning refers to the use of fully developed educational games that
are specifically designed to achieve learning outcomes. In contrast, gamification involves the
integration of selected game elements into existing educational activities and systems.

Gamification is more flexible and easier to implement in formal educational settings, as it does
not require the development of complex educational games. Teachers can gamify existing tasks,
assessments, and learning activities by incorporating elements such as evaluation systems, progress
tracking, and rewards. This makes gamification particularly suitable for integration into digital
assessment systems.

In foreign language classrooms, gamification can be applied to traditional exercises such as
vocabulary drills, grammar tests, and reading comprehension tasks, transforming them into engaging
activities. This approach allows teachers to maintain curriculum requirements while increasing
student motivation and engagement.
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Professional development and methodological support are essential for teachers to effectively
use gamified digital assessment systems. When these systems are implemented thoughtfully, they can
significantly improve the quality of foreign language education.

Research Methods

In the research of the study, methods of theoretical analysis, review of scientific literature,
comparative analysis and compilation of scientific sources were used. During the review of the
scientific literature, theories of learning and motivation related to gamification were considered,
including the theory of self-Determination (Self-Determination Theory), behaviorism, constructivism
and the theory of social Learning (Social Learning Theory). Comparative analysis was used to
identify the similarities and differences between the mentioned theoretical approaches, as well as their
significance in the educational environment in which game elements were introduced. The method of
summarizing scientific conclusions made it possible to consolidate the results of the study and explain
the influence of gamification on the motivation of students to study, their active participation in the
educational process and learning outcomes.

The effectiveness of gamification is strongly supported by several psychological and
pedagogical theories. One of the most relevant is Self-Determination Theory, which emphasizes the
importance of autonomy, competence, and relatedness in motivating learners. Gamification supports
autonomy by allowing learners to make choices, competence through clear goals and feedback, and
r
e Another important theoretical foundation is behaviorism, which focuses on reinforcement and
tewards. Points, badges, and rewards function as positive reinforcement by encouraging learners to
sepeat desired behaviors. Although excessive reliance on external rewards may reduce intrinsic
totivation, a balanced approach can lead to positive learning outcomes.

e Constructivist learning theory also supports gamification, as learners actively construct
Hnowledge through interaction, experimentation, and reflection. Gamified activities often involve
problem-solving and collaboration, which align with constructivist principles. In foreign language
teaching, this approach promotes communicative competence and meaningful language use.

S The integration of gamification into digital assessment systems combines motivational
strategies with technological efficiency. Gamified digital assessment transforms traditional testing
into an engaging and interactive learning experience. Students are encouraged to participate actively,
perceive assessment as a challenge, and take responsibility for their own learning.

h In foreign language education, gamified assessment can support all language skills. Listening
tasks may be presented as missions, reading assignments as quests, writing tasks as creative
ohallenges, and speaking tasks as role-playing scenarios. Such integration reduces assessment anxiety
and encourages learners to use language skills more frequently.

g Gamified digital assessment also supports continuous evaluation and lifelong learning. Learners
ban track their progress, set goals, and receive feedback, which enhances self-regulation and
motivation.

c The benefits of gamified digital assessment include increased motivation, higher engagement,
veduced anxiety, and improved learning outcomes. Students are more willing to participate in
essessment when they perceive it as enjoyable and meaningful. Gamification also supports
p

e However, several issues still need to be addressed. Technical limitations, lack of access to digital
devices, and insufficient teacher preparation may hinder its implementation. In addition, excessive
gompetition can have a negative impact on some students. Therefore, gamified assessment should be
tesigned in an inclusive manner and aligned with pedagogical objectives.

n Self-Determination Theory emphasizes the role of intrinsic motivation and identifies autonomy,
eompetence, and relatedness as key psychological needs. Gamification supports autonomy by
hllowing learners to make choices and progress at their own pace, competence through feedback and
visible progress, and relatedness through social interaction. When these needs are satisfied, learners
become more deeply engaged in the learning process and demonstrate greater persistence.
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From a behaviorist perspective, gamification relies on reinforcement mechanisms to shape
behavior. Rewards, points, and other incentives function as positive reinforcements that encourage
desired actions. Immediate feedback strengthens learning by reinforcing correct responses. Although
behaviorist principles can increase engagement, excessive dependence on external rewards may limit
deeper learning if not balanced with intrinsic motivational factors.

The Expectancy—Value Theory states that learners’ motivation depends on their expectations of
success and the value they assign to a task. Gamification can increase expectancy by structuring tasks
into manageable challenges and providing frequent feedback. The perceived value of learning
200].

Goal Orientation Theory distinguishes between mastery-oriented and performance-oriented
goals. Gamification can promote mastery orientation by emphasizing progress, skill development,
and improvement. However, when competition and comparison dominate, gamification may
encourage performance goals focused on outperforming others rather than on learning itself.

Constructivism views learning as an active process in which learners construct knowledge
through experience and reflection. Gamification aligns with this perspective by encouraging
exploration, problem-solving, and interaction. Game-based structures often require learners to apply
knowledge in context, which supports deeper understanding rather than rote memorization.

Experiential Learning Theory emphasizes learning through cycles of action, reflection, and
adaptation. Gamified environments allow learners to experiment, receive feedback, and adjust their
strategies. This iterative process reflects experiential learning cycles and supports continuous
improvement.

Sociocultural Theory highlights the role of social interaction and cultural tools in learning.
Gamification incorporates social dynamics such as collaboration, shared goals, and peer interaction,
which contribute to language development and meaning-making through social mediation.

Cognitive Load Theory addresses the limitations of working memory during learning.

Gamification can support learning by structuring tasks into smaller, manageable segments and
providing clear feedback. However, excessive game elements may increase extraneous cognitive
1
0 Types of Gamification
Structural Gamification: Structural gamification involves adding game elements to an existing
dctivity without changing its core content. The learning material remains unchanged, but the
gnvironment includes progression systems or motivational features. This type of gamification is
primarily focused on increasing engagement and persistence rather than modifying the learning tasks
themselves.
Kontent Gamification: Content gamification integrates game-like features directly into the learning
or assessment content. The structure and presentation of the material are transformed to resemble a
game experience, often incorporating narrative elements or challenge-based formats. This approach
bmphasizes immersion in the learning process and the construction of meaning.

3.Digital Gamification: Digital gamification relies on technological platforms to introduce
game elements. It often includes automated feedback, data tracking, and interactive interfaces. Digital
gamification enables scalability and personalization, making it especially suitable for online and
hlended learning environments.

4.Non-Digital Gamification: Non-digital gamification is implemented in physical or face-to-
face settings without relying on technology. It uses analog tools and social interaction to introduce
game dynamics. This type highlights the social and collaborative aspects of gamification.

n 5.Individual Gamification: Individual gamification focuses on personal progress, mastery,
dnd self-regulation. Learners interact with a gamified system independently, emphasizing autonomy
end intrinsic motivation rather than comparison with others.

r 6.Social Gamification: Social gamification emphasizes interaction, collaboration, or
competition among participants. It uses social dynamics to increase motivation and engagement, often
Involving shared goals or group progress [5, pp. 40-52].
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Gamification elements are generally classified into three interconnected levels: dynamics,
mechanics, and components.

Game dynamics represent the core aspects that shape the learner’s experience over time. They
reflect the psychological and emotional dimensions of gamification, including motivation,
progression, narrative, emotional engagement, and social interaction.

Game mechanics are the rules and processes that govern user interaction within a gamified
system. They translate abstract dynamics into actionable structures, including challenges, feedback
systems, rewards, competition and cooperation, progression rules, and game components.

Game components are the concrete, visible features of gamification. They are the most explicit
elements and are often the easiest to implement: points, badges, levels, leaderboards, avatars, and
progress indicators.

The relationship between types and elements. The types of gamification define how and
where gamification is applied, while the elements define what is used to create a game-like
experience. Effective gamification requires alignment between the selected type and the appropriate
e
1 Understanding the types and elements of gamification is essential for its effective use in
educational contexts. While the types describe the scope and mode of implementation, the elements
form the building blocks that shape the learner’s experience. When thoughtfully combined,
gamification can enhance motivation, engagement, and meaningful participation without
nompromising educational goals.

t Conclusion

S The effectiveness of gamification lies in its ability to integrate motivational and learning
theories in a coherent and complementary way. Motivation theories explain why learners engage,
while learning theories explain how learning occurs. Successful gamification aligns external
motivators with intrinsic goals, supports cognitive processing, and promotes meaningful social
interaction.

0 Gamification is underpinned by a combination of different motivational and learning theories
that collectively explain its impact on learner engagement and achievement. Drawing on Self-
Determination Theory, behaviorism, Expectancy—Value Theory, constructivism, and sociocultural
perspectives, gamification can create learning environments that are motivating, interactive, and
pedagogically sound. Its effectiveness ultimately depends on the thoughtful alignment between
theoretical principles, learning objectives, and instructional design.
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Abstract. The study examined the effectiveness of a Human-Centered Adaptive GenAl—
Gamification Model (HCAGM) in developing language competence among pre-service foreign
language teachers. A six-week quasi-experimental study involved 123 third-year students at
Zhumabek Tashenev University, Kazakhstan. The experimental group (n = 61) received
supplementary instruction integrating ChatGPT-supported individualized practice, Wayground
gamification, and instructor feedback, while the control group (n = 62) received conventional
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supplementary instruction. Language competence was assessed before and after the intervention
across five dimensions. Data were analyzed using mixed-design ANOVA, Holm correction, and
supplementary Welch tests. The experimental group showed greater improvement in overall language
competence than the control group (4.98 vs. 2.45 points), with a significant Time x Group interaction,
F(1, 121) = 36.07, p < .001, np? = .230. Significant differential improvements were observed in
Expression of Thoughts, Phonetics, and Vocabulary, but not in Orthography or Grammar. The
findings suggest that HCAGM may support selected dimensions of language competence. However,
the nonrandomized design, unaccounted-for clustering, and assessment limitations warrant cautious
interpretation.

Key words: generative artificial intelligence; gamification; adaptive learning; language
competence; pre-service foreign language teachers; human-centered learning.

Introduction

The rapid development of artificial intelligence has introduced new possibilities for
transforming foreign language education, particularly in the preparation of future language teachers.
Generative artificial intelligence (GenAl) enables the creation of contextualized learning materials,
individualized exercises, and immediate linguistic feedback, potentially supporting differentiated
instruction and independent language practice. These changes are significant for future English
language teachers. It is advisable to develop one’s own language skills. Furthermore, it is necessary
to prepare for the integration of new technologies into one’s future professional practice.

Recent research points to a growing interest in the use of generative artificial intelligence
(GenAl) within the field of education. Altay et al. (2026) analyzed academic assignments completed
with the assistance of GenAl, noting positive shifts in how pre-service teachers perceived their own
academic language proficiency and pedagogical competence. Cabrera-Solano and colleagues (2026)
identified favorable outcomes from using Al within a "flipped classroom” model. Chon and Shin
(2026) examined the potential of Al for text editing, suggesting that such engagement helps improve
specific aspects of writing in a second language.

However, an important distinction is clearly evident here. Using technology to perform specific
tasks more effectively does not guarantee an improvement in overall language proficiency. For this
reason, it is recommended that language proficiency be assessed as a separate, independent criterion.
Researchers also highlight potential risks associated with the use of artificial intelligence: Al-
generated content may contain inaccuracies, and students might develop an over-reliance on
automated support. Furthermore, depending on Al could hinder the development of independent
linguistic creativity. This is precisely why the role of the educator remains highly significant (Mehdiu,
2026; Webb et al., 2026).

Adaptive learning takes into account individual differences among learners. It allows for the
adjustment of learning tasks based on the specific needs and proficiency level of each student.
Generative artificial intelligence opens up possibilities for personalized language practice; it can
generate context-appropriate exercises and provide explanations tailored to the individual
requirements of each learner. Kazimova and Adykenova (2025) explore the potential for creating
personalized educational pathways using Al. Kurmasheva et al. (2025) emphasize the need to prepare
future foreign language teachers to utilize digital adaptive teaching methods. Nevertheless,
individualized materials do not always guarantee successful learning. The pedagogical value of
adaptive learning depends on the quality of the modifications made to the educational process. These
modifications must align with identified educational needs and yield concrete, measurable outcomes
in language learning.

Gamification serves as an additional technological approach to language learning. It
incorporates interactive tasks, progress indicators, and instant feedback. Such elements allow learners
to engage with lexical and grammatical material multiple times. Furthermore, they help improve
pronunciation skills and facilitate the completion of communicative tasks. Artykbaeva et al. (2026)
analyzed the level of awareness among future educators regarding artificial intelligence and
gamification. Nyshanova et al. (2026) developed a comprehensive educational environment based on
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the principles of gamification, which led to improvements in several language competencies. These
findings provide a better understanding of the role of technology in the training of language
professionals and outline a direction for future research in the field of integrated learning.

The synthesis of these technologies underscores the importance of a human-centered pedagogy.
This approach engages both students and instructors in the co-management of the learning process.
The integration of Al into language education does not replace the teacher; rather, it shifts roles. The
instructor remains the primary pedagogical mentor, while students develop autonomy—Ilearning to
generate their own answers and critically filter materials provided by Al. Lazzeretti (2026) notes that
when Al is incorporated into the development of learning materials, the leading role and pedagogical
responsibility remain unequivocally with the human. Castillo-Cuesta et al. (2025) highlights those
prospective educators express concerns regarding an over-reliance on IT tools and harbor doubts
about the reliability of information generated by Al.

The depth of analysis and research dedicated to artificial intelligence, adaptive learning, and
gamification continues to grow. However, existing studies often examine only individual
technologies, with some focusing primarily on learners' perceptions or on specific tasks related to
language learning. Comparatively limited empirical evidence addresses the implementation of
integrated GenAl-supported, gamified, and teacher-mediated instruction in pre-service foreign
language teacher education. Moreover, an improvement in overall language proficiency does not
necessarily reflect comparable progress in specific language aspects. And this points to the need for
a more nuanced assessment of learning outcomes. Such a distinction is particularly important when
evaluating educational interventions designed to simultaneously support multiple facets of language
competence.

To address these issues, the present study developed and evaluated the Human-Centered
Adaptive GenAl-Gamification Model (HCAGM), an instructional framework integrating
individualized ChatGPT-supported language practice, standardized Wayground activities, and
instructor-mediated feedback. The model was designed to supplement conventional foreign language
instruction through differentiated practice and structured reinforcement of linguistic knowledge.

The aim of the study was to evaluate differences in language competence development between
pre-service foreign language teachers participating in HCAGM-based supplementary instruction and
those receiving conventional supplementary instruction. Particular attention was given to five
assessed dimensions: Expression of Thoughts, Phonetics, Orthography, Vocabulary, and Grammar.

The study addressed three research questions:

RQL1. To what extent does improvement in overall language competence differ between pre-
service foreign language teachers receiving HCAGM-based supplementary instruction and those
receiving conventional supplementary instruction?

RQ2. Which dimensions of language competence demonstrate differences in improvement
between the experimental and control groups?

RQ3. To what extent do the principal statistical findings remain robust following variance-
sensitive supplementary analyses and adjustment for multiple comparisons?

The scientific contribution of this study lies in its comparative evaluation of overall and
dimension-specific language competence outcomes within a quasi-experimental design. By analyzing
differences in learning outcomes across various methodological approaches, this study provides
preliminary empirical evidence regarding the potential benefits and limitations of an approach that
combines the use of generative artificial intelligence (GenAl) with elements of gamification in the
training of future foreign language teachers.

2. Methods

2.1. Research Design and Participants

The study employed a quantitative quasi-experimental pretest—posttest control group design to
examine differences in language competence development between pre-service foreign language
teachers receiving instruction through the Human-Centered Adaptive GenAl-Gamification Model
(HCAGM) and those receiving conventional supplementary instruction.
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The research was conducted at Zhumabek Tashenev University in Shymkent, Kazakhstan,
during September—October 2026. A total of 123 third-year undergraduate students enrolled in the
Foreign Language: Two Foreign Languages educational program participated in the six-week study.
Participants belonged to four intact academic groups, two assigned to the experimental condition
(EG; n = 61) and two to the control condition (CG; n = 62). Group allocation was established before
the pretest without individual randomization. The same instructor taught all four groups.

Both conditions addressed comparable curricular objectives and involved equivalent
supplementary instructional time. The experimental group completed activities integrating
individualized ChatGPT-supported practice, standardized Wayground exercises, and instructor-
mediated feedback. The control group completed conventional supplementary activities, including
teacher-prepared exercises, guided speaking practice, pronunciation tasks, and vocabulary and
grammar assignments.

The independent variable was the instructional condition. The primary outcome was the overall
language competence assessment score, calculated from five dimensions: Expression of Thoughts
(LC1), Phonetics (LC2), Orthography (LC3), Vocabulary (LC4), and Grammar (LC5).

2.2. Instructional Model and Intervention

The HCAGM framework integrated five components: diagnostic assessment, Al-supported
adaptation, gamified language practice, human-centered pedagogical support, and instructional
monitoring.

Diagnostic assessment provided baseline information on students’ performance across the five
language dimensions. Students used ChatGPT with a standardized instructional prompt to generate
differentiated exercises, explanations, and contextualized examples, requesting additional practice or
clarification according to their learning needs. The Wayground program combined individual work
formats with game-based quests, while providing instant feedback on every task. As before, the
instructor set goals for the students, explained new topics, monitored the learning process, and
corrected errors in a timely manner. Students were taught to formulate their own answers and to
critically evaluate materials generated by Al.

All learning activities, challenges encountered, and support provided were recorded in a
dedicated program log. The program was designed to span six weeks, with three additional sessions
scheduled each week. Each lesson lasted just 50 minutes. The total course volume amounted to 15
academic hours, distributed across 18 sessions. The instructional sequence is summarized in Table 1.

Table 1. Six-Week Instructional Sequence

Week Experimental Group (HCAGM) Control Group

1 Diagnostic  assessment; introduction to Diagnostic assessment and introductory
ChatGPT and Wayground activities

2 Differentiated expression-of-thoughts and Speaking and pronunciation exercises
phonetics exercises; gamified activities

3 Al-supported orthographic and vocabulary Spelling, writing, and vocabulary
practice; gamified tasks exercises

4 Differentiated grammar practice and Al- Grammar exercises and teacher-led
supported explanations correction

5 Integrated language tasks and professionally Integrated language practice and
oriented communication scenarios classroom communication exercises

6 Consolidation, corrective practice, feedback, Revision, consolidation, and post-test

and post-test
Note. Activities addressed all five language competence dimensions throughout the
intervention, although particular weeks emphasized selected components.

2.3. Language Competence Assessment
Assessed language competence was measured using a study-specific instrument adapted from
Antontseva et al. (2025). The instrument contained 23 tasks distributed across five dimensions. Each
dimension was scored from 0 to 7, yielding a maximum overall score of 35 points.
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Table 2. Language Competence Assessment Framework

Dimension Assessment Tasks Maximum
Score

LC1 — Expression of One extended written response evaluating clarity, 7

Thoughts argumentation, relevance of examples, and organization

LC2 — Phonetics Oral reading and three phonetic knowledge items 7

LC3 — Orthography  Four tasks containing seven scored responses 7

LC4 — Vocabulary  Seven multiple-choice items assessing lexical recognition 7
and contextual selection

LC5 — Grammar Seven tasks assessing grammatical knowledge and 7
sentence construction
Overall competence = Sum of the five dimension scores 35

For LC1, students produced a 120-150-word response concerning the role of artificial
intelligence in foreign language learning. Responses were evaluated for clarity of position (0-2
points), argumentation (0-2), relevance of an example (0-1), and organization (0-2).

LC2 included an audio-recorded oral reading task worth up to four points and three phonetic
knowledge items worth one point each. LC3-LC5 were scored using predetermined answer keys,
with one point awarded for each correct response.

Two assessors independently evaluated LC1 and LC2, and their scores were averaged to obtain
the final dimension scores. Overall language competence was calculated as the sum of the five
dimension scores.

Identical assessment tasks and scoring criteria were used at pretest and post-test. Although this
ensured consistency in assessment procedures, repeated exposure to the same tasks may have
introduced practice effects.

2.4. Instrument Quality and Data Collection

Content relevance was evaluated by five subject-matter specialists using the content validity
index (CVI). Item-level (I-CVI) and scale-level average (S-CVI/Ave) indices were calculated to
assess expert agreement regarding the relevance of the assessment tasks.

Inter-rater reliability for LC1 and LC2 was assessed using average-measure intraclass
correlation coefficients (ICC) based on a two-way mixed-effects model with absolute agreement.

All 123 participants completed the pretest and post-test. Each assessment lasted approximately
45-55 minutes. Students worked independently under supervision without access to ChatGPT,
Wayground, dictionaries, or translation tools. Oral reading responses were audio-recorded. Written
responses and recordings were coded and presented to the assessors in mixed order without
identifying the instructional condition or assessment occasion.

The dataset included group membership, pretest and post-test dimension scores, individual
assessor scores for LC1 and LC2, and overall language competence scores. No questionnaires or
interviews were administered.

2.5. Statistical Analysis

Descriptive statistics were calculated for overall language competence scores and the five
assessed dimensions at pretest and post-test, with individual change scores computed as post-test
scores minus pretest scores.

A 2 x 2 mixed-design analysis of variance (ANOVA) was conducted for overall language
competence, with Time (pretest and post-test) as the within-subject factor and Group (experimental
and control) as the between-subject factor. The primary effect of interest was the Time x Group
interaction, indicating whether changes differed between instructional conditions.

Separate mixed-design ANOVAs were performed for LC1-LC5. The Holm procedure was
applied to the five dimension-specific interaction tests to control the family-wise error rate.

A supplementary Welch’s independent-samples t-test was used to compare overall language
competence change scores between groups. The mean difference and its 95% confidence interval
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were reported. ANOVA effect sizes were expressed as partial eta squared (np?), with statistical
significance evaluated at p < .05.

Statistical analyses treated students as independent observations, although instructional
conditions were assigned to four intact academic groups. Potential within-group dependence was not
accounted for in the statistical models. Consequently, standard errors, confidence intervals, and p-
values may not adequately reflect the clustered study design, and the findings should be interpreted
as preliminary evidence of associations rather than definitive causal effects.

2.6. Ethical Considerations

Participation was voluntary, and students who did not provide consent were excluded from the
research dataset. The study followed applicable institutional ethical requirements.

According to the institutional requirements applicable to this study, separate ethics committee
approval was not required.

3. Results and discussion

3.1. Assessment Quality and Baseline Characteristics

All 23 assessment tasks obtained an item-level content validity index (I-CVI) of 1.00, with a
scale-level average content validity index (S-CVI/Ave) of 1.00, indicating unanimous expert
agreement regarding task relevance. However, these findings alone do not establish comprehensive
construct validity.

Average-measure ICC values for Expression of Thoughts (LC1) were .911 at pretest and .922
at post-test. For Phonetics (LC2), the corresponding values were .895 and .877, respectively,
indicating high inter-rater agreement.

The analysis included 123 participants, comprising 61 students in the experimental group (EG)
and 62 in the control group (CG). Complete pretest and post-test scores were available for all
participants.

At pretest, the experimental group obtained a mean overall language competence score of 20.01
(SD = 2.82), compared with 20.23 (SD = 3.28) in the control group. Although the descriptive
difference was small (0.22 points), this did not establish statistical equivalence between the groups.

3.2. Changes in Overall Language Competence

Table 3. Changes in Overall Language Competence

Group n Pretest M Post-test M Mean
(SD) (SD) Improvement
Experimental 61 20.01 24.99 (1.07) +4.98
group (2.82)
Control group 62 20.23 22.68 (1.79) +2.45
(3.28)

Note. The maximum possible overall score was 35 points. M = mean; SD = standard deviation.

A 2 x 2 mixed-design analysis of variance (ANOVA) revealed a statistically significant main
effect of Time, F(1, 121) = 311.004, p <.001, np? = .720, indicating an overall increase in assessed
language competence scores from pretest to post-test.

The primary Time x Group interaction was statistically significant, F(1, 121) = 36.066, p <
.001, np? = .230, indicating different magnitudes of improvement between the experimental and
control groups under the individual-level ANOVA model.

The between-group difference in mean improvement was 2.53 points in favor of the
experimental group.

A significant between-subjects main effect of Group was also observed, F(1, 121) = 7.685, p =
.006, np? = .060. Nevertheless, interpretation focused on the Time x Group interaction because the
primary research question concerned differences in improvement.

Levene’s test did not indicate a statistically significant difference in variances at pretest, F(1,
121) = 2.216, p = .139, whereas a significant difference was observed at post-test, F(1, 121) = 29.027,
p <.001.

A supplementary Welch’s independent-samples t-test was conducted to compare individual
change scores while allowing for unequal variances between groups. The difference was statistically
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significant, t(120.99) = 6.007, p < .001, with a mean difference of 2.53 points and a 95% confidence
interval of [1.70, 3.37]. However, this analysis did not account for potential dependence among
students within the same academic groups.

These results addressed the first research question (RQ1) and indicated that HCAGM-based
supplementary instruction was associated with greater short-term improvement in assessed overall
language competence than conventional supplementary instruction.

The observed advantage is consistent with previous studies reporting favorable outcomes from
Al-supported language-learning activities. Cabrera-Solano et al. (2026) identified benefits associated
with Al-supported flipped classrooms, while Chon and Shin (2026) reported improvements in aspects
of second-language writing revision.

However, because the intervention integrated multiple instructional components, the observed
differences cannot be attributed to GenAl, gamification, or instructor-mediated support individually.

3.3. Changes in Individual Language Competence Dimensions

To address the second research question (RQZ2), separate mixed-design ANOVAs were
conducted for the five language competence dimensions. The Holm procedure was applied to the
interaction tests to control for multiple comparisons.

Table 4. Dimension-Specific Changes in Language Competence

Dimension EG EG CG CG Time x Group p np?
Pretest  Post-test Pretest  Post-test F(1, 121)

LC1 — Expression of 3.93 5.57 3.95 4.27 171.502 < .586

Thoughts .001

LC2 — Phonetics 3.76 5.43 3.98 4.62 37.111 < 235
.001

LC3 — Orthography — — — — 0.975 325 .008

LC4 — Vocabulary  4.04 4.70 4.17 4.47 10.676 .001 .081

LC5 — Grammar — — — — 0.121 728 .001

Note. EG = experimental group; CG = control group. Each dimension was scored from 0 to 7
points. Descriptive means for LC3 and LC5 are omitted from this condensed table; their inferential
statistics are retained. The interaction tests for LC1, LC2, and LC4 remained significant after Holm
correction. For LC4, Holm-adjusted p = .004.

Statistically significant Time x Group interactions were identified for Expression of Thoughts,
Phonetics, and Vocabulary. In contrast, no significant differential improvements were established for
Orthography or Grammar.

Expression of Thoughts

Expression of Thoughts (LC1) demonstrated the strongest differential improvement, F(1, 121)
=171.502, p <.001, np? = .586.

The experimental group increased from 3.93 to 5.57 points, while the control group increased
from 3.95 to 4.27 points. The interaction remained statistically significant after Holm correction.

The greater improvement in the experimental group may be associated with opportunities to
formulate responses, examine contextualized examples, and receive explanations during
individualized language practice.

This interpretation is compatible with the writing-related findings reported by Chon and Shin
(2026). Nevertheless, the LC1 assessment measured the clarity, argumentation, relevance, and
organization of a written response rather than comprehensive writing proficiency.

An additional consideration is the relationship between the assessment topic and the
instructional intervention. Students were asked to discuss artificial intelligence in foreign language
learning, a subject directly related to their experimental learning experience. Familiarity with this
topic may have contributed to their performance. Consequently, the magnitude of the LC1 advantage
should be interpreted cautiously.

Phonetics

Phonetics (LC2) also demonstrated a statistically significant interaction, F(1, 121) = 37.111, p
<.001, np* = .235.
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The experimental group improved from 3.76 to 5.43 points, compared with an increase from
3.98 to 4.62 points in the control group.

Supplementary Welch analysis confirmed a significant difference in improvement between
groups, t(120.248) = 6.089, p <.001. The mean difference was 1.019 points, with a 95% confidence
interval of [0.687, 1.350].

These findings suggest that the integrated instructional framework may have supported the
assessed aspects of phonetic competence.

However, the instrument combined oral reading with phonetic knowledge tasks. Therefore, the
findings do not establish corresponding improvements in spontaneous speaking, conversational
fluency, or pronunciation in unfamiliar communicative situations.

Vocabulary

Vocabulary (LC4) demonstrated a statistically significant differential improvement favoring
the experimental group, although the effect was smaller than those observed for LC1 and LC2. The
interaction remained significant after Holm correction (adjusted p = .004; Table 4).

The experimental group increased from 4.04 to 4.70 points, whereas the control group increased
from 4.17 to 4.47 points.

A supplementary Welch’s t-test also indicated a statistically significant difference in individual
change scores, t1(95.569) = 3.254, p = .002, with a mean difference of 0.357 points and a 95%
confidence interval of [0.139, 0.575].

Repeated exposure to vocabulary through contextualized exercises and gamified activities may
have contributed to improved lexical recognition and selection. However, because the assessment
primarily measured receptive vocabulary knowledge and contextual appropriateness, the findings do
not establish comparable improvements in productive vocabulary competence.

Orthography and Grammar

Neither Orthography (LC3) nor Grammar (LC5) demonstrated a statistically significant Time
x Group interaction (Table 4). Although both groups showed descriptive improvements, the
differences in their changes were not statistically significant.

The absence of significant differential improvements may reflect the opportunities for grammar
and spelling practice available in both instructional conditions, the relatively short intervention
period, or limitations of the assessment tasks. These explanations remain hypothetical because the
underlying mechanisms were not examined. Importantly, nonsignificant interactions do not
demonstrate equivalence between instructional approaches or indicate that Al-supported learning is
ineffective for developing orthographic and grammatical competence.

3.4. Human-Centered Learning and Pedagogical Implications

The differences in results across various aspects of language proficiency are generally
consistent with the findings of Nyshanova et al. (2026), who observed improvements in certain
language indicators within a game-based learning environment, yet found no significant advantage
regarding another assessed competency. Together, these findings suggest that technology-enhanced
instruction may yield different results across learning domains.

Instructor involvement remained a central feature of HCAGM, with pedagogical guidance and
oversight accompanying students’ use of Al-supported learning activities.

This approach aligns with Lazzeretti’s (2026) emphasis on pedagogical responsibility in Al-
assisted teacher education and addresses concerns about inaccurate Al-generated content and
excessive reliance on automated assistance identified by Castillo-Cuesta et al. (2025).

However, the present study did not directly measure learner agency, engagement, critical
evaluation, or self-regulated learning. Therefore, these characteristics should be understood as
principles of the instructional design rather than empirically demonstrated outcomes.

Furthermore, teacher support was available in both instructional conditions. The study
consequently cannot isolate the independent contribution of human-centered guidance or establish
whether GenAl and gamification produced synergistic effects.

The results obtained underscore the importance of assessing individual aspects of language
proficiency—alongside overall test scores—when examining the effectiveness of technology-
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enhanced supplementary instruction. Improvements in aggregate performance should not be
interpreted as evidence of uniform progress across all assessed areas.

3.5. Robustness, Limitations, and Future Research

Regarding RQ3, supplementary Welch tests indicated statistically significant between-group
differences in overall language competence change scores and in the Phonetics and Vocabulary
dimensions. The Time x Group interactions for Expression of Thoughts, Phonetics, and Vocabulary
also remained significant after Holm correction. However, these procedures addressed unequal
variances and multiple comparisons rather than potential dependence among students within
academic groups.

First, the study involved four intact academic groups rather than individually randomized
participants. Pre-existing differences between groups may therefore have influenced the outcomes.
Moreover, the statistical analyses did not account for potential within-group dependence, which may
have affected standard errors, confidence intervals, and statistical significance.

Second, identical assessment tasks were used at pretest and post-test, potentially introducing
practice effects. The LC1 writing task also addressed a topic closely related to the experimental
intervention, which may have increased participants’ familiarity with the assessment content.

Third, the single-university setting, six-week intervention period, and absence of a delayed
post-test limit the generalizability of the findings and prevent conclusions about long-term retention
or transfer to unfamiliar language-learning situations.

Finally, because the components of HCAGM were implemented together, the study could not
determine their independent contributions or establish whether they produced synergistic effects.

Future studies should include more academic groups, apply statistical methods appropriate to
clustered allocation, and use parallel assessment forms. Delayed post-tests and unfamiliar language-
production tasks are needed to examine retention and transfer. Further research should also
investigate how adaptive feedback is implemented and assess the separate and combined
contributions of GenAl, gamification, and instructor-mediated support.

4. Conclusion

This study examined the Human-Centered Adaptive GenAl-Gamification Model (HCAGM) as
a supplementary approach to developing language competence among pre-service foreign language
teachers through a six-week quasi-experimental intervention.

The experimental group demonstrated greater improvement in overall assessed language
competence than the control group, with significant differential gains in Expression of Thoughts,
Phonetics, and Vocabulary, but not in Orthography or Grammar. These findings suggest that the
integrated instructional approach may support selected language competence dimensions rather than
producing uniform improvements across all assessed areas.

The study contributes preliminary empirical evidence on the application of an integrated
GenAl- and gamification-supported instructional framework in foreign language teacher education.
However, the findings do not establish the independent effects of its instructional components or
demonstrate improvements in learner agency, engagement, or professional teaching competence.

Non-random assignment to pre-existing study groups, unaccounted-for interdependence among
participants within those groups, the reuse of identical assessment tasks, and the absence of delayed
post-testing limit the validity of the conclusions drawn. Future research should employ study designs
and analytical methods appropriate for clustered data, utilize parallel assessment instruments, and
incorporate longitudinal observations to evaluate the stability of the observed improvements and the
extent to which they can be transferred to other settings.
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PA3BUTHE A3BIKOBOM KOMIIETEHIIUU BYIYIIIUX YUATEJIEA
NHOCTPAHHBIX A3BIKOB IIOCPEJACTBOM I'EHEPATUBHOI'O
HUCKYCCTBEHHOI'O MHTEJUIEKTA U TEUMU®UKALIAN

'Apreik6aesa @.1., ’AnTonnena JI.A.
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2

Annotauus. llens uccnenoBanusi — OIEHUTH 3(PPEKTUBHOCTh UETOBEKOLIEHTPHUPOBAHHOU
aJanTUBHOMN MOJIEH, 00bETUHSIONICH TeHePATUBHBIN UCKYCCTBEHHBIN MHTEJUICKT U TeHMU(DUKAITNIO
(Human-Centered Adaptive GenAl-Gamification Model, HCAGM), B pa3BUTUH S3bIKOBOM
KOMIIETCHIIMK  OyIymUX  y4dTeled  HMHOCTPAHHBIX  s3BIKOB. B IIeCTHHEICIHHOM
KBa3MAKCIEPUMEHTAIBHOM HCCIEAOBAaHUM TMPUHAIM Yy4yacTue 123 cTyaeHTa TpeThero Kypca
VYuuBepcurera umenu Xymabeka TameneBa (Kazaxcran). DxcniepumenTtaipHas rpynmna (n = 61)
MIPOXOJIUIIA AOMOIHUTEIBHOE 00y4YeHHE ¢ UCTIOIh30BAaHUEM WHIWBUYaTU3MPOBAHHBIX 33aJJaHUI Ha
ocHoBe ChatGPT, reiimudunupoBanHbix ynpaxkaenunii Wayground U menarorudyeckoi moaIep KK
npernonasatens. KontponbHas rpynna (n = 62) obyuyanack TpaiulMOHHBIMH METOJaMHU. SI3bIKOBast
KOMITETEHIIHSI OIIEHUBAJIACh JI0 U MOCJIE SKCIIEPUMEHTA I10 MATH KOMIOHeHTaM. JIJid aHaii3a JaHHbBIX
NPUMEHSUINCh JTUCHEPCUOHHBIM aHanu3 cmemanHoro tuna (ANOVA), nomnpaBka Xoama u
JIOTIONIHUTENbHBIE t-TecThl Yanua. llpupoct oOmiero mnokaszaTens $3bIKOBOM KOMIIETEHLMU B
SKCHEpUMEHTANbHOM rpynne coctaBun 4,98 Gamna mpotus 2,45 Gamia B KOHTPOJIBHOM TpymIie.
B3anmopeiicTBre hakTOpOB BpeMEHH U TPYIIIBI ObLTO cTaTHcTUYecKH 3HaUuMbIM: F(1, 121)=36,07;
p < 0,001; np* = 0,230. CtaTCTHUYECKU 3HAUYUMBbIC PA3IUYMUs B JIMHAMHKE MOKA3aTeJeH B IMOJIb3Y
9KCIIEPUMEHTAJIbHOW TPYNIbl BBISIBICHBI 10 KOMIIOHEHTAM BBIPAKEHUS MbICIEH, (DOHETHKU H
JeKCUKU, HO He opdorpaduu u rpamMmaTHKu. Pe3ynbTaThl CBUIETENBCTBYIOT O MOTCHIUATHHON
apdextuBHOCTH HCAGM 11711 pa3BUTHS OTIACIBHBIX KOMIIOHEHTOB SI3BIKOBOM KOMIICTCHIIHH.
OnHako OTCYTCTBHE CIIy4allHOTO pacopelefieHus YYaCTHUKOB, HEYUYTEHHash 3aBUCHUMOCTH
HaOJII0/ICHUN BHYTPHU aKaJIeMUYECKUX TPy U OTPaHUYEHUS] OLEHUBAHUS TPEOYIOT OCTOPOKHOMN
WHTEPIIPETAIMH MTOTyUYECHHBIX JaHHBIX.

KiioueBble €j10Ba: TeHEPATUBHBINA UCKYCCTBEHHBIN MHTEIUICKT; TeHMU(UKAINS; aTallTUBHOE
oOydeHue;  S3bIKOBas ~ KOMICTCHIHUS,  OyIyllMe  y4YUTEeNsS  WHOCTPAHHBIX  S3BIKOB;
YeJIOBEKOIICHTPUPOBAHHOE O0yUYEHHE.

TEHEPATUBTI )KACAH/IbI UHTEJUIEKT )KOHE TEUMU®UKALIAA APKBLIbI
BOJIAINAK HHETEJ TUII M¥FAJIMJAEPIHIH TUIAIK KY3BIPETTIJIII'TH JAMBITY
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LPhD, 3aseoyowas kapedpor «Muposble a3viku»
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e-mail: Fazila.ilmarovna@gmail.com
2 «Onem mindepi» xageopacvinviy aza OKbIMYUbICHL,
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Anpaarna. 3epTTeyAiH MaKcaThl — T€HEPATHBTI JKACaHbl MHTEIIICKT MEeH TeHMHU(UKAIUSIHBI
OipikTipeTin amamra OarmapianraH agantuBTi MomenbaiH (Human-Centered Adaptive GenAl-
Gamification Model, HCAGM) Oonamak ImeTena Tl MyFaTiMACPiHIH TUIIIK Ky3bIPETTUIINH
JIaMbITyIarbl THIMIITITIH O0aranay. Kasakcranaarel JKymaOek TomieHeB aThIHIAFbl YHUBEPCUTETTIH
YIIIiHII KypCBhIHAA OKUTHIH 123 CTYyIEHT aiThl anTalbIK KBa3UIKCIEPUMEHTTIK 3epTTEYTe KaThICTHI.
OkcnepumeHTTIK Tom (n = 61) ChatGPT Herizinaeri »xeke OeiliMaenTeH TancelpMantapibl,
Wayground miardopmaceiHaarel TreHMU(DHUKANMsIAHFAH KATTBIFYJIapAbl JKOHE OKBITYIIBIHBIH
Ie/1arOrMKaJIbIK KOJIJayblH KAMTUTBIH KOCBIMILIA OKBITYJIaH ©TTi. bakputay ToObI (n = 62) gacTypii
oxictep OoMbIHIIA KOchIMINA OLTiM anjbl. TUIAIK KY3BIPETTUIIK 3KCIEPUMEHTKE JIeHiH XKoHE OJaH
KelliH Oec KOMIOHEHT OoiibiHIIa OaranmaHnel. JlepekTepil Tanjay YIIH apajac Ju3aiiHAarbl
mucnepcusuiblk Tanaay (ANOVA), XonM Ty3eTyl )koHe YaIuTiH KOChIMIIIA t-TeCTTepl KOJAAHbUIJIBI.
JKanmel TUIAIK KY3bIPETTUTIK KOPCETKIMIIHIH 6CiM1 9KCIIepUMEHTTIK TonTa 4,98 Oamnabl, an 6akeliay
TOOBIHA 2,45 OBl Kypaabl. Y akbIT MEH TOI (DaKTOPIIaPBIHBIH ©3apa OPEKETTECY]1 CTATUCTUKAIIBIK
TypFbliaH MoHAl Oonasl: F(1, 121) = 36,07; p < 0,001; np* = 0,230. DKCHEpUMEHTTIK TONTHIH
naiiiacblHa CTATHCTUKAIBIK MOHI albIpMAIIBUIBIKTAp OWABI XKETKi3y, (OHETHKA KOHE JIEKCHKa
KOMIIOHEHTTepl OOMbIHIIA aHBIKTAIJbI, al opdorpadus MeH rpammarvka OoOWbIHIIA MyHAAN
aliplpMaIbUIbIKTap aHbIKTanFaH koK. Hotwxenep HCAGM mopeniHiH TUIAIK KY3bIPETTUTIKTIH
KEKeJlereH KOMIIOHEHTTEpIH JaMbITyFa BIKINAI €Tyl MYMKIH eKeHIH Kepcereni. Aunaiina
KaTBICYIIBLIAPIbIH KE37CHCOK OoiHOeyl, akaJeMUsIIBIK TONTap IMmIHAer OakbuiaylapIblH e3apa
TOYEeNJUNITIHIH CTaTUCTUKAIBIK Tajjayla ecKepuiMeyl koHe Oaraynay pociMIEpiHIH MIEKTeyiepi
HOTHIKENEP/Il CAKTHIKIICH TYCIHIIPY/Il Tajlal eTe/l.

Kiar ce3nep: reHepaTuBTI KacaHIbl HMHTEJUICKT, TeHMUUKALNSA, aJanTHUBTI OKBITY; TUIIIK
KY3BIPETTLTIK; OoJamak meTes TUTl MyFatimMepi; aflaMra OariapIianFaH OKbITY.
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Abstract. The article examines motivation and learning theories underlying gamification. It
explores the role of game elements in enhancing students’ learning motivation, interest, and
engagement in the educational process.

Keywords: gamification, motivation, learning theories, education, learning process, student
engagement.

Introduction

Digital gamified assessment tools are technology-based platforms that combine assessment
functions with game elements to evaluate and support foreign language learning. These tools are
designed to increase student motivation, engagement, and interaction, while allowing teachers to track
progress and assess language competence in the digital environment.

These tools combine evaluation with real-time interaction and competitive or collaborative
game mechanics. They usually support objective assessment formats and emphasize urgency and
interaction. In teaching a foreign language, such systems are often used to assess vocabulary,
grammar and understanding, while maintaining a playful atmosphere of assessment.

Research Methods

In the article of the study, methods of reviewing scientific literature, theoretical analysis,
comparative analysis, classification and compilation of scientific sources were used. The review of
the scientific literature was aimed at considering current research on digital tools used in teaching
foreign languages and assessment methods based on gamification. Theoretical analysis was used to
study the pedagogical principles of gamification and digital assessment. Comparative analysis
Kahoot!, Made it possible to identify the advantages and limitations of digital platforms such as
Quizizz, Wordwall and Blooket. The classification method was used to group digital instruments
according to their evaluation services. These include formative assessment, feedback, stimulation of
students ' active participation in the educational process and monitoring the dynamics of educational
achievements. Finally, the method of summarizing scientific conclusions was used to draw
conclusions about the possibilities of digital tools to contribute to increasing students ' learning
motivation, active participation in the educational process and improving the results of mastering a
foreign language.

The practical implementation of gamification in foreign language education is closely
connected with the use of digital tools and platforms. Advances in educational technology have made
it possible for teachers to design interactive, engaging, and data-driven assessment systems. Digital
tools allow the integration of gamification elements such as points, levels, badges, and instant
feedback into everyday teaching practice.

Among the most widely used tools for gamified assessment are platforms such as Kahoot,
Quizizz, Google Forms, Moodle, Duolingo, and Classcraft. These tools enable teachers to create
quizzes, tests, and tasks that assess learners’ vocabulary, grammar, reading, listening, and speaking
skills in an interactive format [1, pp.87 — 92].

Kahoot and Quizizz, for example, are game-based quiz platforms that use competition, time
limits, and leaderboards to increase learner motivation. Research shows that such platforms increase
student engagement and participation, particularly in vocabulary and grammar revision activities.
Moodle, as a learning management system, supports more complex forms of gamified assessment,
including progress tracking, badges, and adaptive quizzes.

Duolingo represents a mobile-based gamified assessment system that integrates continuous
assessment into the learning process. Learners earn points, unlock levels, and receive immediate
feedback, which supports autonomous language learning. These tools demonstrate how digital
assessment systems can effectively support gamification in foreign language education. Commonly
used tools include:

- Kahoot;

- Quizizz,

- Google Forms;

- Moodle;
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- Duolingo;

- Classcraft [2, pp. 28 — 30].

These platforms allow teachers to design interactive assessments tailored to language skills
such as listening, reading, writing, and speaking.

Gamification can be applied to the assessment of all four language skills: listening, speaking,
reading, and writing. Each skill requires specific assessment strategies, and digital tools allow these
strategies to be implemented in a gamified format.

Listening skills can be assessed through interactive listening tasks presented as missions or
challenges. Learners may listen to audio recordings and answer comprehension questions to earn
points or unlock new levels. Immediate feedback helps learners identify errors and improve listening
strategies.

Reading assessment can be gamified through quests that require learners to analyze texts,
identify key information, or complete comprehension tasks. Progress bars and levels help learners
track their improvement and encourage sustained engagement.

Gamification of written assessments is often considered difficult; however, digital tools allow
the use of badges and rubrics to motivate students. Writing tasks can be formulated as creative tasks,
such as writing emails, stories, or opinion essays. Mutual evaluation and automated feedback tools
further enhance the gamified experience.

Speaking skills can be assessed through role-playing games, videos, and interactive dialogues.
Gamification elements such as achievements and levels reduce anxiety and encourage students to
practice their speech more often. Gamification can be combined in the following ways: scoring
assessment systems, badges for language achievement, leaderboards for vocabulary acquisition,
levels indicating the stages of language acquisition [3, pp.11 — 19].

Such integration promotes continuous participation and encourages the improvement of student
performance.

Research shows that gamified digital assessments increase students ' intrinsic motivation and
reduce the fear of making mistakes. This is very important when learning a foreign language, as
students often feel anxious when speaking or writing a new language.

Assessment is an important and integral aspect of the learning process, regardless of the
educational pedagogy used. Despite the widespread use of traditional assessment methods by many
teachers, technological progress has significantly changed the learning experience, allowing access
to a wide range of digital educational resources, such as digital games. Increasingly, these games are
spreading not only as pedagogical tools, but also to the context of their implementation assessment.

This study aims to examine the contribution of digital games to the process of formative
assessment of young students. The study used a mixed method design. The study was carried out in
a private educational institution in Izmir, in the center of which a sample was taken consisting of 62
fifth graders and 4 English Foreign Language (EFL) instructors.

Participants were purposefully assigned to experimental and control groups from two different
qualification levels, which made it possible to conduct a comparative analysis of digital and
traditional approaches to assessment. The formative assessment, which was carried out after two
sections of training, did not reveal statistically significant differences in achievements between the
experimental and control groups.

However, the qualitative results obtained from teacher interviews and student responses showed
a significant increase in the motivation, engagement, and involvement of students participating in
digitally gamified assessments compared to traditional paper assessments. These results demonstrated
the potential of digitally gamified assessment tools to increase student motivation and active
participation in educational institutions.

Game-based quiz and Answer systems with real-time interaction and competitive or
collaborative game mechanics. They usually support objective assessment formats and emphasize
urgency and interaction. In teaching a foreign language, such systems are often used to assess
vocabulary, grammar and understanding, while maintaining a playful atmosphere of assessment.
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Main characteristics: timely responses, prompt assessment and feedback, visual game elements
(scores, ratings, performance indicators) [4, pp.4 —10].

Some digital language learning platforms integrate gamified assessment as a core component
of their instructional design. Assessment is embedded within learning sequences and supported by
progression systems, performance indicators, and adaptive feedback. These tools often assess
receptive and productive skills incrementally. Key characteristics: continuous assessment embedded
in learning, progress tracking and achievement systems, adaptive difficulty and feedback
mechanisms.

Learning management systems (LMS) increasingly incorporate gamified assessment
functionalities through plugins or built-in tools. These systems allow teachers to design structured
assessments while incorporating motivational elements such as badges, levels, or completion
tracking. Key characteristics: alignment with curricular objectives, centralized data management,
integration of assessment and instruction.

These tools are specifically designed to assess language skills through interactive, game-like
tasks. They often focus on communicative competence and integrated skills, allowing assessment to
occur through simulated or scenario-based digital environments. Key characteristics: interactive and
immersive interfaces, assessment of multiple language skills, emphasis on task completion and
performance.

Authoring tools enable teachers to create customized gamified assessment tasks without
extensive technical expertise. These tools support flexibility in assessment design and allow educators
to align game elements with specific learning outcomes in foreign language teaching. Key
characteristics: customizable content and assessment criteria, multimedia integration, teacher-
controlled gamification elements.

Mobile-based tools support gamified assessment through portability and frequent learner
interaction. They are particularly effective in promoting continuous engagement and micro-
assessment in foreign language learning contexts. Key characteristics: short, frequent assessment
activities, accessibility across learning contexts, emphasis on learner autonomy and persistence[5, pp.
258 263].

When choosing digital tools for gamified assessment in teaching a foreign language, educators
should take into account compliance with learning goals, validity of assessments, student
characteristics and technological accessibility. While digital tools can increase motivation and
engagement, their effectiveness in education depends on how well they support meaningful use of
language and reliable assessment.

Digital gamified assessment tools play an important role in modern Foreign Language Teaching
by combining assessment, technology, and motivational design. These tools range from quiz-based
platforms and language learning apps to comprehensive learning management systems and authoring
environments. When carefully selected and pedagogically aligned, gamified digital assessment tools
can support both the development and evaluation of learning in Foreign Language Teaching.

Gamified evaluation means integrating elements of the game—such as progression systems,
feedback mechanisms, and motivational structures—into the evaluation experience. In teaching a
foreign language, gamified assessment focused on the potential to increase student activity, support
motivation, and maintain communicative competence while maintaining pedagogical and evaluative
functions.

Formative assessment plays a key role in learning a foreign language, as it provides constant
feedback and supports the gradual development of the language. Gamified digital formative
assessment makes the assessment not a one-time assessment, but a continuous and stimulating
process.

Formative gamified assessments in foreign language classrooms help students identify
strengths and weaknesses and take responsibility for their learning. Teachers, in turn, can use the
assessment data to adjust and target learning support.

Formative gamified assessment is carried out in the learning process and is primarily concerned
with supporting language development. Its main function is diagnostic and Developmental, not
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evaluation. In a gamified framework, formative assessment emphasizes continuous feedback, student
willpower, and adaptive progress [6, pp.30 — 39].

Online quizzes, interactive exercises, and self-test tasks are formative assessment tools. In
gamification, these tools encourage students to perform tasks on a regular basis and monitor their
progress. Research shows that gamified formative assessment improves the motivation and self-
regulation of students.

The gamified formative assessment also favors personalized learning. Students can progress at
their own pace, repeat tasks, and receive feedback based on their progress. This approach follows
student-centered learning methodologies and meets different learning needs.

Formative gamified assessment in Foreign Language Teaching closely coincides with
constructivist and socio-cultural theories of learning that view language acquisition as a gradual and
socially mediated process. Gamification improves formative assessment by creating a low-anxiety
environment where learners can experiment with the language, receive immediate feedback, and
monitor their progress. The use of progression indicators and feedback loops contributes to self-
regulation and constant interaction, which is very important for the formation of language
competence.

In addition, formative gamified assessment supports differentiated learning by allowing
students to progress at an individual pace. Instead of focusing on performance comparison, it focuses
on mastery, improvement, and constant participation, which can have a positive impact on the
student's motivation and confidence in using a foreign language.

A cumulative gamified assessment is carried out based on the results of a training unit or course
to assess students ' achievement of predetermined learning outcomes. Its main purpose is to measure
common language proficiency or competence, often contributing to final grades or certification.

As part of foreign language learning, aggregate gamification assessment attempts to combine
the motivational availability of gamification with the reliability and validity necessary for a formal
assessment. Despite being based on game-like structures, the aggregate gamified assessment must
meet learning objectives and standardized criteria. He usually values integrated language skills and
communicative competence rather than isolated knowledge.

The gamified dimension of aggregate assessment can influence students ' affective responses
by reducing test anxiety and increasing perceived relevance. However, the evaluative nature of
aggregate assessment requires transparency of assessment and clear compliance with teaching
standards to ensure fairness and academic rigor.

A summary assessment assesses students ' progress at the end of a unit or course. Traditionally,
summative assessments have been associated with higher levels of anxiety, especially when learning
a foreign language. Gamification provides an alternative approach that makes aggregate assessments
more attractive and less stressful [7, pp.24 — 30].

Quantitative summary assessments can include online tests, projects, and presentations
developed as challenges or final missions. For example, the final vocabulary test can be presented in
the form of a competition, and the speech exam can be in the form of a role-playing scenario. Such
formats help reduce anxiety and encourage students to demonstrate their skills more confidently.
Gamified aggregate assessments do not reduce academic rigor, but rather increase student
engagement and performance in line with learning objectives. However, it is very important to ensure
fairness, transparency, and reliability in a gamified aggregate assessment.

Conclusion

Formative and cumulative gamified assessment play complementary roles in teaching a foreign
language. While formative gamified assessments guide learning and inform instructional decisions,
cumulative gamified assessments are evidence of learning outcomes. When integrated into a single,
formative processes can prepare students for aggregate assessment by strengthening linguistic skills
and developing metacognitive consciousness.

Both forms benefit from gamification, since the elements of the game are used to support
pedagogical goals, without overshadowing the correctness of the assessment. Effective
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implementation depends on maintaining a balance between motivational activity and the integrity of
Education.

In Foreign Language Teaching, formative and aggregate gamified assessment represent unique
but interrelated approaches to assessing language learning. Formative gamified assessments focus on
learning support, feedback, and student development, while aggregate gamified assessments focus on
measuring and reporting outcomes. When applied carefully, gamification can improve both types of
assessment by increasing motivation, reducing affective barriers, and supporting communicative
language learning without compromising the quality of assessment.
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