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SMEHLUEHHA PO3MIPHOCTI NPU NMPOIrHO3YBAHHI YCIMILLHOCTI
B 3ABAAHHAX MEAWYHOI OCBITU: NiAXi4 HA OCHOBI METOA4Y PCA
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YHisepcumem besibcbko-bsiniu, Pecrny6sika MNosbwa
11IBH3 «TepHoninbCcbKuli depxasHUl MeduyHUl yHisepcumem imMeHi I. H. FopbayescbKo20
MO3 YkpaiHu»

Y po60Ti 3anponoHoOBaHO MiAxif Ha OCHOBI BUKOPUCTaHHS meToay PCA 3 METOH BUSIB/IEHHS FONTOBHUX YMHHYKIB (MOTOUYHOI
ab60 nigcyMKOBOI yCNiLLHOCTE), WO BNAMBAKTb Ha pe3ysibTaTy MiLeH3iliHOro iIHTErpoBaHOro icnuTy.

KnrouoBi cnosa: MeandHa OCBITa, METOA roJTIOBHNX KOMMNOHEHT, SMEHLLUEHHSA pO3MipHOCTi, PCA, MallnHHe HaBYaHHSA, R.

REDUCTION OF DIMENSION FOR PREDICTION OF PROGRESS
IN PROBLEMS OF MEDICAL EDUCATION: AN APPROACH BASED
ON METHOD PCA

V. P. Martsenyuk, Yu. V. Dronyak?,
I. V. Tsikorska!

University of Bielsko-Biala, the Republic of Poland
1SHEE I. Horbachevsky Ternopil State Medical University of the Ministry of Health of Ukraine

Background. System research in medical science and education is often based on data with a large number of attributes.
Therefore, the problem of reducing the dimension of the data is actual, while keeping data with as much variation as
possible. At the same time, such problems can be considered as problems of machine learning, which can be solved using
artificial intelligence algorithms (for example, artificial neural networks.) The interpretation of the results of the application
of classification algorithms without prior reduction of the dimension of such tasks is a difficulty for the decision maker. The
results may be simplified by the reduction of the dimension of the task.

Materials and methods. The method proposed and applied in this paper is described in terms of machine learning.
Namely, the mathematical description of the tasks of machine learning in research in the field of medical education is based
on the following data. We have a set consisting of tuples. Depending on the problem under consideration, certain sets
of these tuples will be used for training, testing and prediction. An arbitrary tuple consists of input data (we will call them
according to the established terminology of machine learning as attributes) and output data, which are attributes of the
class. As a result of reducing the dimension, we obtain a certain numerical matrix, where these data can be used in variety
of problems of machine learning. In order to study the possibilities of reducing the dimension of the medical education
assessment tasks, the results of the medical students at TSMU were considered (the volume of the general population
was 248).

Results. In the work an approach which is based on application of the method PCA with the purpose of determining
principle reasons (current and final progresses), which influence on the results of license integrated exam, is offered.

Using the visualization, approach allows us to represent data on a plane in the coordinates of the first two main components.
This allows us to identify the main changes in the attributes that cause the data to belong to certain groups. So, using such
a visualization to the student data, we can get graphic representations of the «main» performance indicators (current and
final) that predict the passing the licensed integrated exam «Step 1».

Conclusions. Reduction of dimension is a very important element in the analysis of statistical data in medical education.
Due to reducing the dimensions, we achieve not only that we simply need to analyze less data. The most important is
that after the reduction, they often show us more information than before reducing the dimension. Many dependencies in
medical education become more readable. It often happens that the amount of data we have is beyond the scope of our
perception and then it is very easy to get lost in their analysis.

Key words: medical education, principle component method, dimension reduction, PCA, machine learning, R.
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MEANYHA IHOOPMATUKA
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YMEHBLLEHVE PA3MEPHOCTM MPY NPOrHO3UPOBAHUM
YCNEBAEMOCTU B 3AJAYAX MEAULMHCKOIO OGPA30BAHMS:
Nnoaxo/ HA OCHOBE METOAA PCA

B. IN. MapueHtok, 0. B. ipoHsak?,
W. B. Uukopckas®

YHusepcumem besnibcko-bsinbi, Pecrybsiuka lMNosbwa
IrBY3 «TepHomnosnbekuli 20cydapcmseHHbill MeOUYUHCKUL yHUsepcumem
umeHu Y. 5. Fropbadescko20 M3 YKpauHbI»

B paborTe ripe/iiioykeH Mozixof, Ha 0CHOBe MCTI0/b30BaHus MeTozia PCA ¢ 11e/1b10 BBISIB/IEHUS TVIaBHBIX TIPUUMH
(MoTouYHOM MO0 UTOTOBOM YCIIeBAEMOCTH ), BIIUSIOIIUX HA Pe3y/IbTaThl JIMIIEH3MPOBAHHOTO MHTETPUPOBAHHOTO

SK3dMeHa.

KnioueBble croBa: MeIUIMHCKOe 00pa3oBaHMe, METO[, IVIaBHBIX KOMIIOHEHT, YMeHblIeHHe Pa3MepHOCTH,

PCA, MammHHOe oOyuenue, R.

Beryn. CucteMHi AociipkeHHST B MeJUUHIN Ha-
yLii Ta OCBITi Jy>Ke UacTO TPYHTYIOTbCS Ha [JaHUX i3
3HAUHOKO KiJIbKiCTIO 03HaK (aTpubyTiB) [1-7]. Tomy
aKTyasbHOIO € MpobsiemMa 3MeHILIeHHST PO3MipHOCTI
JlaHUX, TIPY 1[bOMY 30epirarouu jaHi 3 skoMora 0isb-
1LIOKO BapiaLli€to.

Tak NpUMHATTA pillleHb Y MeJU4Hili 0CBiTi IPyH-
TYEThCSl HA IAHUX 3HAYHMX 00CATIB (HampuKmiaj,
KiNIbKiCTb CTYZA€HTIB), 3Ba)Kalouy Ha 3HAUHY KiJTbKiCTh
MOKa3HUKIB (HarpuKiaj, pe3yabTaTd MOTOUHOI Ta
MiZICYMKOBOI yCIIIIIHOCTI i3 3HAYHOI KiJIbKOCTi Ha-
BUAJIbHUX AUCLUIUIIH) [8]. [Tpu 1iboMy Taki mpobsieMu
MO)KYThb PO3I/IJaTUCS SIK 3aBAaHHS MalllMHHOTO Ha-
BUAHHSI, 1[0 MO>KYTh OyTH BUpIllIeHi 3a OTIOMOTOFO aJi-
TOPUTMIB IITYYHOTO iHTe/IeKTY (HarpyKJ/iaz, ITYYHUX
HelipoHHUX Mepex [9, 10]). TpakTyBaHHS pe3y/bTaTiB
3aCTOCYBaHHS arOPUTMIB Kiacudikariii 6e3 ronepe-
JIHbOTO 3MeHIIIeHHsI PO3MipHOCTI TaKMX 3aB/laHb CTa-
HOBUTb CKJIa[IHICTB /1715 0COOH, 1110 TIPUIMAE PillleHHs].
CripoCTHTH Tpe/iCTaB/IeHHs TAKUX pe3y/bTaTiB MoKe
Troriepe/iHE 3aCTOCYBaHHS 3MeHIIIeHHs] PO3MipHOCTI
3afaui. Takuli TiAXiz IPyHTYETHCS HA TOMY, 1[0 JOCUTD
YacTo JIUIIIe KijibKa TTOKa3HUKIB YCIIIIHOCTI (3 TIeBHUX
KOHKDeTHUX HaBUa/bHUX JWCLUIUIIH) BIUIMBalOTh Ha
HaJIEXXHICTh CTYJEHTIB [0 MEBHOI IPYNU yCIIlIHOCTI
(HarpuK/iaz, 111010 CK/IalaHHs JIil[eH3iMHOTro iHTerpo-
BaHOTO icuTy).

[Tig 3meHIIeHHST pO3MipHOCTI 3a3BUYail po3yMi-
I0Th TIPOLIeC TIepeTBOPeHHsI b6araToBUMipHUX JIaHUX
(i3 3HAueHHI BeJIMKOI Ki/IbKOCTi aTpuOyTiB) y MPOCTIp
3 Habarato MeHIUM PO3MipoM. I3 CyTO MPaKTHUHUX
npuuuH (MOXK/IMBICTh JIeTKOI Bi3yasizallii) maHi 3a-
3BMYali 3MEHIIYIOThCS 10 [BOX ab0 TPbOX BUMIpIB.

Ha nipakTuiii uacTo BUSIBISIETLCS, 1110 Oarato aTpuoyTiB
€ OIVUH i3 OIHUM [JOCUTb CHU/IBHO TIOB’s13aHi (KOpesibo-
BaHi). Tomy, 11106 OTpHUMaTH TIOBHY KapTUHY OITMCAHOTO
sIBUIIIA 200 TIOMITUTH MEBHi 3aKOHOMIPHOCTI B ZIaHUX,
JOCUTh PO3IVISIHYTH TiJTbKK HEBEJTUKY X YacTHHY abo Ha
OCHOBi OpUTiHa/IbHUX aTpUOyTiB 3reHepyBaTy 3MeHIIe-
HUM Ha0ip Ha OCHOBI HOBUX «IIPUXOBAaHUX aTPUOYTiB».
3MeHIIIeHHs] PO3MiPHOCTi 3a3BMUali Tiepe0avac BTpary
reBHOI KinbKOCTi iHpopmaliii. B ifeanbHOMY BUTIaz-
Ky JlaHi ITOBMHHI OyTH 3MeHIIIeHi ZI0 Takoi MipH, 110
BTparta He BifiOyaeTbcst. Togi MU BBaXKaeMo, 1110 iCHye
TaK 3BaHa BHYTPILLIHS PO3MIPHICTb, 1110 € MEHIIa, Hi>K
BUXi/JHA PO3MIPHICTh aHa/Ti30BaHUX JJaHHUX, sTKA rapaH-
TYy€, 1110 JaHi Mic/isi CKOpoueHHs! OyyTb HECTH TaKy K
iHdbopmMariito, 1110 1 HepeayKoBaHi fiaHi. B faHii poboTi
MU He pO3IVIA/JaEMO TUTAHHS OLiHIOBAHHS 3raflaHoi
BHYTPIIIHBOI PO3MipHOCTI.

Cnip, 3a3HaumMTH, 110 rajay3b CKOPDOUEHHSI pPO3Mip-
HOCTI € JIy>Ke IIMPOKOIO i TyT icHye OaraTo pi3HUX
MiX0/iB Ta MeTO/iB. MU 3yITMHUMOCS JTUILIE Ha MEeTO/i
aHamizy rosioBHUX KoMrioHeHT (PCA), K Ha O[HOMY
3 HaUOi/bIT MOIMPEeHNX.

BayxivBUM eTariom, 1110 riepe iy € IpaBUIbHOMY aHa-
JIi3y JaHuX (BK/IHOUAIOUHW 3MeHIlIeHHsI pO3MipHOCTi), €
X TorepejHe 006po6sieHHs. MeTa Takoro 00po0sIeHHs
— BUjjaneHHs1 abo 0OMeXKeHHsI pi3HUX HeJ0CKOHa-
JlocTeld i IeBHUX HECTIPUSTIMBUX BIaCTUBOCTEH, 1110
3yCTpivyaloThCs B JAHMX i 1110 MOXKYTh MaTH Jy)Ke He-
raTMBHU BIJIMB Ha OTPUMaHi pe3y/bTaTH, B KpalHixX
BUITA/IKaX MOBHICTIO iX pasnbcudikyBat. MaeThcs Ha
yBa3i, Mepii 3a BCe, CII0COOM TMOf0/IaHHs BiICyTHOCTI
JAHUX IIJISIXOM Pi3HUX ITePeTBOPeHb i MaciiTabyBaHHs
JaHUX.
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MeTta po6oTu: po3poOUTH Ta 3aMPOITOHYBATH MO/~
¢ikarito anropuTMy rooBHUX KoMroHeHT PCA 3 me-
TOO 3MEeHIIIeHHs PO3MipHOCTI B 3aB/IaHHAX NPUAHATTS
pillieHb Y Me/INYHil OCBITi, TPOJ€MOHCTPYBaBILH MiJ-
XiJ1 Ha IPUK/aZi Mpo0sieMu MPOTrHO3YBaHHS CKIalaHHs
JieH3iiiHOro iHTerpoBaHoro icnuTty «Kpok—1».

ITocranoBka 3aBjgaHHs. OJHUM i3 FOJIOBHUX Harpsi-
MiB TiZiBUIIIeHHS e)eKTUBHOCTI TiZATOTOBKM MaiOyTHiX
CrieLiamicTiB-Me/IVKiB € BIPOBaKeHHs iHOpMaLiiHKX,
KOMYHIKaLIMHUX 1 KOMIT' IOTePHUX TEXHOJOTIH, 1110 Ja€
3MOr'y peaJtizalii iHHOBaL[iiHMX MeTO/iB OpraHisatiii Ha-
BUaJILHOTO TIPOLECY B MeJUUHii OcBiTi [8]. 3acTocyBanHs
HOBITHIX TEeXHO/OTiM BUMara€ HOBOTO TiAXOAY U [0
CHCTeM OL[iHFOBaHHsI MalOyTHiX jikapiB. Ha ganuii uac
aKTHBHO BIIPOBAPKYHOTbCSI B OCBITHIO IPAKTUKY METO-
JIMKK KOMIT FOTEPHOT'O OLiHFOBaHHSI 3HaHb Ta PO3po0sisi-
I0TBCS iHCTPYMEHTa/TbHI 3aC00M KOMIT FOTEPHUX CHCTEM
TeCTyBaHHs1. B OCBiTHIX ycTaHOBax yce Oi/bIll MaCOBOTO
XapakTepy HaOyBa€ BIPOBa/PKEHHsI CUCTEM JIUCTaHLIik-
Horo HaruaHHs [8]. OCHOBHI TeHZIeHIIii HayKOBUX [I0-
CJTiPKeHb HOBHX e(heKTMBHMX METOAMK KOHTPOJTIO 3HaHb
CTIPSIMOBaHI Ha OLIHIOBaHHs1 3 BUKOPUCTAHHSIM 0ararbox
MeTO/iB Ta KOHCTPYKTUBHOI'O 3BOPOTHOIO 3B’SI3KY.

Otxe, iHHOBALiliHiI MigX0AM 110A0 OL[iHIOBAaHHS
CTY/IeHTiB-Me/IVKiB [JO3BO/ISIIOTh 3i0paTy 3HauHi 06-
CATH [@HWX NP0 HABYAJIbHY AiJIbHICTh. 3a3HAUMMO,
11]0, HafnpuK/aJ, B aHa/ai30BaHOMY Jasli NpuKaafi
JIMLIe /laHi MpPo MOTOYHY Ta ITiICYMKOBY YCIIIIHICTb
CTYZ,eHTIB 4-T0 KypCy 3 LLIeCTH HaBYa/IbHUX JUCLUILIIH
MICTATh 58 MOKa3HUKIB.

Takum urHOM, YHiBepcabHUM AOCTYTI /10 eeKTUB-
HUX i BiJHOCHO flellieBUX cucteM 0a3 JaHUX POOHTH
00csT 30eperkeHrX JaHUX BeJTMUe3HNM, 110 TIOCTiHHO
3pocrae. Li gaHi yacTo XapakTepusyrThCs BUCOKOIO
PO3MIpHICTIO, 1110 CTa€ iCTOTHOIO MPOBIEeMO}O Mif|, uac
ix aHasi3y. [oBOpstuM Npo BeJIMKy pO3MipHICTb, MAEMO
Ha yBa3i OKpeMi KopTexi JaHuX (HampuK/aj, 3arucu
B pesSiLliiHUX TaO/MMLISX PO YCIIIHICTE CTYAEHTIB),
III0 MalOTh BEUKY Ki/IbKiCTb aTpUOyTiB (3MiHHUX).
Ha mipakruiii, ofjHaK, 4acTO BUSIB/SIEThCS, 1110 Oarato
31MX aTpyOyTiB TiCHO MOB’st3aHi MiXk co60r0. OTpUMaTH
TOBHY KapTHHY OITUCaHKX SIBUIL] a00 TMOBiZIOMJIEHb ITPO
MeBHi peryasipHOCTi B JaHUX MOXKHA, PO3IVITHYBILIN
JIMLLIE HEBEJIUKY IX YaCTHHY.

Amnani3 ronoBHrx koMrnoHeHT (PCA) € KiacuuHUM
METOJOM 3MEHILIEHHSI PO3MIipPHOCTI. 3a Z0MOMOT00
MeBHUX JIiHIMHUX TIepeTBOPeHb CTBOPHOETHCS HOBA
cuCTeMa KOOpZMHaT, [IPUY0MY Taka, 1110 IIPOeKLiist BXif-
HUX JAaHUX Ha TepIy BiCb Mae HalbibIly MOKIBY
Juvcriepcito (Bapiallito), TpoeKliis Ha JIpyry BiCb Ma€
ZPYTy 3a BEJIMUMHOKO MOK/IMBY AMCIEPCIIO i TaK JAaJi.

To6TO, MOXKEMO «BHPi3aTH» PEILTY BUMIDIB SIK «He-
IITACHI», OCKLJTbKY BOHU MatOTh /Iy>Ke MaJly TUCTIepCito.
B pe3ynbraTi CTBOPIHOETHCSI HOBA MHOKMHA 3MiHHUX,
HaliMeHIlla MOXX/IMBa MiIMHOXKHHa KOl 37jaTHa J10-
CTaTHLO TOYHO Bi/[0Opa3UTH MiHJIUBICTh BXiJHOTO
Habopy zanux. HoBocTBOpeHi 3MiHHI 3a3BHyYaii He Ma-
F0Th PO3YMHOI (hi3UuHOi iHTeprpeTallii OpUriHaTBHUX
3MiHHMX. OZIHaK, BEJIMKOIO TTepeBaror0 LibOro METOAY
€ Te, 1[0 YaCTO HeBeJIMKA MiAMHO)KMHA HOBUX 3MiHHUX
(2 abo 3) rosICHIOE [y>Ke BeJIMKUH BiZICOTOK ITEPBUHHOI
MIiH/IMBOCTi Ta CTa€ MOXX/IMBUM 300pakeHHsT HGarato-
BUMipHUX HabopiB Ha 2D abo 3D mnpeacTaB/ieHHsIX.

Marepianu Ta MeTOAHM AOCJiJ)KeHHH.
3arnporoHOBaHUM i 3aCTOCOBaHUWM y faHili poboTi
MeTO/, OTHCY€THCS B TepMiHaX MallIMHHOTO HaBUYaHHS.
A came, MaTeMaTHYHMUI OMUC 3aBJaHb MaIIWMHHOIO
HaBUaHHA B 0C/IiPKeHHsIX Y raay3i MeZJMuHOI OCBIiTH
IPYHTY€ThCS Ha TaKUX aHuX. Maemo MHOXHHY D, 1110
cK/aziaeThest 3 N KOPTEXKiB. 3aeXkHO Biji pobsiemu,
L0 PO3IVISIZAETHCS, TIEBHI MHOKHMHHU LIUX KOPTEXIiB
BUKOPHCTOBYBAaTUMYThCS /151 HABYaHHS, TeCTYBaHHS
Ta NPOrHO3yBaHHA. JJOBiIbHMIA i-i KopTex (.a.K .a).c')
CKJ/Ia[Ia€ThCS 3 BXIJHUX TaHUX (a5 K .a ) (HasuBaru-
MeMO IX BiIMOBIJHO [0 yCTa/eHOl TePMiHOJIOTIT Ma-
IIIMHHOTO HABYaHHSA aTprOyTaMiu) Ta BUXiJHUX JaHUX
ci, 110 € aTprbyTamu Kiacy.

Hexaili BeKTOp-psAJIOK 4, =(a},a* K ,a)) TipeJCTaBIIsIE
3HaueHHsl -To aTpudyTy Bcix N KopTexiB. ATpuOyTH
a.K ,a, MOXKYTb TPUNAMATH SIK UKCJIOBI, TaK i KaTeropi-
aspHi 3HaueHHs. AtpubyT kimacy C mipuiimae ofae 3 K
[JVICKpPeTHHX 3HaueHb: c<{LK,K} MeTor € CIIpOorHo3y-
BaTH, BUKOPUCTOBYIOUU JIeSKWM TIPeIUKTOP, 3HaYeHHS
arpubyTy Knacy C Ha OCHOBI 3HaueHb aTpubyTiB 4K 97,
[1pu uboMy CJ1iJi MAKCUMi3yBaTH TOYHICTh [IPOTHO3Y-
BaHHS aTpulyTy K/acy, a came WMOBIpHICTb Ple=c"}
[T IOBi/IbHOTO €€ {LK K},

Haiirnepiiioto mpo6ieMoro /1715t BUPIIIIeHHST B CHCTEM-
HUX [IO0C/Ii/I)KeHHSIX MeJUYHOI OCBITH € 3MeHIIIeHHs
PO3MipHOCTi peN. [IponoHyeMo HacTymHy Moudi-
Kallito MeTo/ly aHasi3y ronoBHuX KomroHeHT (PCA)
i3 TAKMMU KPOKaMH.

Bxigni gami: 4= j(a{ s K e f }Z .

Buxigni gaHi: TO0BHI KOMIIOHEHTH pa3oM i3
arpubyramu:

1. TlepeTBOpeHHS BCiX KaTeropiajbHUX arpuoy-
TiB, KO/IYIOUM X SIK Oy/IeBCBbKi BXOJU, KOXKEH i3 TKUX
TIpe/ICTaBIsIE OfIHY Kareropito 3i 3HaueHHsMH 0 abo
1'. Y pesynbraTi OTPUMY€EMO YMCEILHY MATPHLIIO

v
r
i i i i PIHIXN
Xf{(xl,xz,K,xpl,c ) }_:1 eR” .

)i
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2. O6uuncar0EMO cepeiHi 3HAUEHHS IO pAJKAX:

=
N,

3. Obuucmoemo Bapiamii Ver(x), i=Lp,. Hexaid

at
Var(X)=2Var(x) HasyBaeThCs 3arasbHOIO Bapialji€ro

(cymoro Bapiatiiti BUOIpOK).
4. O6UuC/NIOEMO MATPHI[I0 BifiIXUTEHb:

i N
X':{x’.fx.} — ——_ eR™
J Hi=l,py,j=L,N .

5. Obuucnwoemo KoBapiauiHy MaTpHIIO
C= LX'(X')T € RPM

)2 .

6. OOunc/nr0EMO BlacHi 3HaueHHs MaTpUIli
C: hsh=K<=4,,

7. ObuucmoeMo BracHi BekTopu Matpulli C.

PO3I/IsIHEMO B/IaCHI BEKTOPH Yn-Yn-1 €R” | mo Big-

A

nosizarote 4n Ta 4»- BigmosigHo. IToknazaemo

TepIINX /iBa TOJIOBHUX KOMIOHeHTH sk PCl=X"w,
ta PC2=X"w,, OG6uncmoemo Bapiawii Var(PCl)
Ta Var(PC2). 3BifiCM OTPUMYEMO UYaCTKU IOSICHEHOL
Bapiawii, Wo BigMOBifAKOTEL MEPIIUM JBOM KOM-
Var(PC1)

ExplainedVar(PC1) = :
iplainedV ar(PC1) Vo)

noHeHTtaMm. A cawme,
Var(PC2) . .

Var(X) B1ATIOB1JHO.

8. BnopsiKOByeEMO 3HaueHHs BJaCHUX BEKTOPIB
W, Ta Wp-1 y CIaZialouoMy TMOPSIZIKY iX abCoMOTHUX
3HaueHb. 3 LIi€l0 METOH 3aCTOCOBYEMO TepeCcTaHOB-
KU 7(w,) Ta 7(w,.,). [loBepTaeEMO Ha3BM IePIINX
ExplainedVar(PC1)x100% aTpuOyTiB y mepecTaHOBL{i

ExplainedV ar(PC2) =

7(W,) Ta mepimx ExplainedVar(PC2)x100% aTpubyTiB
y nepectanoBLi 7(Wp-1).

B pe3synbTaTi 3MeHUIeHHS pO3MipHOC-
Ti OTPUMYEMO [esKy UYHUCEeJbHY MaTpPHUI[IO

o . Ar vV
Xred = {x{,x;,K ,x;z,c’)r}i=l eRP™ e pa<p. Jani ui

JaHi MOXyTb OyTH BUKOPHUCTaHi B psfi npobsieM
MalLMHHOIO HaBYaHHSI.

Pe3ynbraTH Ta ix 00roBopeHHs. 3 MeTO BUBYEHHS
MOJK/TMBOCTEM 3MeHIIIeHHS1 pO3MipHOCTI 3aB/iaHb OLji-
HIOBaHHS MeIMYHOI OCBITH PO3IVISAIUCS Pe3yJ/bTaT!
YCITIIHOCTI CTYAEHTIB 4-T0 KypCcy MeAUUHOr0 (haKysib-
TeTy TepHOI/ILCHKOIO /lep>KaBHOT0 MeJJMUHOI0 yHi-
Bepcurety (TIMY) (06’eM reHepaibHOI CyKYITHOCT
— 248), BukopucTaHi B poborax [2, 3].

YcyBaroum KOpTexXi 3 BiICYTHIMU 3HaUeHHSIMU T1€B-
HUX aTpuOyTiB 06’ em Oy/10 3MeHieHo 1o N = 242, TIpu
L[bOMY MaeMo aTpuOyTiB, 1[0 BK/IFOUAIOTh 3HAUEeHHSsI
IOTOYHOI Ta MiZICYMKOBOI YCHIIIHOCTI 3 OKpeMHX
HaBUa/IbHUX MOZAY/iB. OUeBUIHO, 1110 TaKa Ki/IbKiCTh
aTpuOyTiB € 3aHaJTO BeJMKa, 100 BCTAHOBUTH Ti

MEANYHA IHOOPMATUKA
TA IH)XKEHEPIA

3 HUX, sIKi HalbinbIe BIVIMHY/M Ha CKJIaJl@HHS Jii-
LeH3iliHoro iHTerpoBaHoro icnuty «Kpok—1». Tomy
JUIsl 3MEHIIIeHHs] PO3MiPHOCTI OCBiTHBOI MpobieMU
BHUKOPUCTOBYBanmu MoavdikoBanuii metog PCA.

B sikocTi peasi3atiii MeToy 6y/10 BUKOPHCTaHO MOBY
nporpamyBaHHsi R Ta cepegoBume RStudio 3.5.1.
3 MeTot0 Bisyasisauii Mmetogy PCA BUKOpUCTaHO NaKkeT
ggbiplot, iHayKLisi AepeBa pillleHb peasi3oBaHa 3a Jjo-
nomMoroto nakety C50.

Y Ha3Bax aTpuOyTiB BUKODMCTAHO TakKi YMOBHi
no3HaueHHs1. [ToBHa Ha3Ba aTpuOyTy CK/IaZa€ThCst
3 TPhOX YaCTHH: Ha3Ba JWCLUIUIIHK + HOMEP MOJY/IS
+ B/ ycmimHOCTI. [Ipy LboMy BUJ, YCHIIIHOCTI M0-
3HAUaE€THCS TAKUM UMHOM: «C» — [TOTOYHA YCHIIIHICTh,
«t» — IMiICYyMKOBa yCIIiIIHICTb.

epeBo pillleHb MPOrHO3yBaHHS YCIIIIHOCTI CKJIa-
JlaHH# JiiteH3iiHoro icnuty «Kpok—1» Ha 0CcHOBI 58
ITOKA3HUKIB [MOTOYHOI Ta IMiZICYMKOBOI yCIIIIIHOCTI
TIpe/iCTaB/IeHo Ha puc. 1.

[ToBHi faHi 111010 OTPUMAaHOTIO JepeBa pillleHb Ha-
BeZieHo B 710f. 1. Po3mip (ToOTO KinbKicTh piBHIB)
nepeBa puc. 1 cknazgae 9. TToxrbKa MPOrHO3yBaHHS
Ha OCHOBI fiepeBa pillieHb ckazae 0.8 % (2 Bunagku
3242). [1pu 1iboMy Lii 2 BUTIaIKU CTOCYIOThCSI HEBIpHO-
'O TIPOTHO3YBaHHS /17151 IBOX CTY[EHTIB, Ki HacripaBAi
He CKJIaJiu JlilleH3iiHul icruT.

BukoprcToBYIOUM MpoLieypy MeTOZy TOJIOBHHUX KOM-
TOHEHT Ha KPOLli 7 MopaxoBaHO 58 ro/IOBHUX KOMITOHEHT
(Big, PC1 go PC58). 3 goa. 2 BUHO, 1110 MEepIIuX JBi
TOJIOBHI KOMITOHEHTH pa3oM HecyTb 52.9 % 3arasbHOL
Bapiariii. 3Baykarour Ha aOCO/TFOTHI 3HAUEeHHSI e/IEMEHTIB
PC1 (mue. moa. 3) Ta PC2 Ha kpotii 8 Oy/o BifiibpaHo
arpuOyTiB, 1110 Oy/I1 BAKOPUCTaHi /17151 TI0OY/10BU /iepeBa
piieHs (puc. 2).

IIpu 1pOMy fiepeBO MICTUTH 7 pIBHIB, a BeJIMUMHA
noxubku cknazae 3.3 % (auB. gof. 4). TToMHIKOBO
Oy knacugikoBaHi 8 crygenTis (i3 242). [Tpuuomy
7 i3 HUX Hacrpap[i He CKJaau fileH3iiHoro icmu-
Ty. 3BepHEMO yBary, 1110 Take «3MeHIIIeHe» [1epeBO
pillleHb IPYHTYETHCA JIMIlle Ha BUKOPUCTaHHI TPhOX
HaliindopMmaTuBHiKx aTpubyTiB: «histologylc»,
«pathology2c» Ta «chemistry5c», a jepeBo pillieHb,
30yZ0BaHO Ha OCHOBI BCiX [JaHWX, BUKOPUCTOBYE
6 aTpubyTiB.

BucnHoku. OTxxe, pob0Ta TOKa3ye MOXKTUBOCTI
BUKOPUCTAHHS 3MeHILeHHsI PO3MIPHOCTI Ta Bi3yaJli-
3ar1ii 6araToBUMipHHMX JJAHUX Ta MOB’s3aHUX i3 HUMH
3aBJlaHb Ha TIPUK/aJi MpobieMy MeAUYHOI OCBIiTH.

Y poboTi 3amporoHOBaHO Ti/IXi/ Ha OCHOBI BHKO-
puctanHs metony PCA 3 MeTOr0 BUSsIB/IEHHSI TOJIOBHUX
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Puc. 2. JlepeBo pillieHb IPOrHO3YBaHHS YCITIIITHOCTI CKIafaHHs JilieH3iliHoro icmuty «Kpok—1» Ha 0CHOBI

MOKa3HUKIB MOTOUHOI Ta MiICYMKOBOI yCITilIHOCTI

YMHHUKIB (TOTOUHOT abo ITi/ICYMKOBOI YCITIIITHOCTeH),
1110 BIUTMBAIOTh Ha pe3y/IbTaTH JIileH3iHoro iHTerpo-
BaHOIO iCITUTY.

BukopucToByrour Bisyasi3aliro mixiJ J03BOJISE
Tpe/ICTaBUTH JlaHi Ha TIJIOIIUHI B KOOPAWHATAX JBOX
TIEPIIIX TOJIOBHUX KOMITOHEHT. L]e 7103B0JIsIE BU3HAUH-
TH TOJIOBHI 3MiHU B aTprOyTax, 1[0 CIIPUYMHSIIOTh Ha-
JIE>KHICTh IaHUX JI0 TIEBHUX I'pyTl. Tak, 3aCTOCOBYHOUN

TakKy Bi3yasi3allito 0 JaHUX MpPO YCIILIHICTb CTY-
JeHTiB, MOXKeMO OTpUMatH rpadiuHi pecTaBieHHs
«TOJIOBHUX» TOKAa3HHUKIB YCHIITHOCTI (TTOTOYHOI Ta
MiZICYMKOBOT), 11J0 MPOTHO3YIOTh CK/aZlaHHs/HeCK/Ia-
[laHH$ JiLeH3iMHOro iHTerpoBaHoro icuTy « Kpok—1».

3BepTaeMO yBary, 110 3MEHIIEHHSI PO3MIipHOCTI
€ Jy)Ke Ba)X/IMBHUM €JIEeMEHTOM aHasi3y CTaTHUC-
TUYHUX [JaHUX, OCKIJIbKU 3aBJSKH 3MeHIIEeHHO
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Puc. 3. Bisyanizarist ;anux Ha rtoruHi PC1-PC2, 1110 BUKOHaHa 3a fioriomMoroto nakety ggbiplot. [TpeacraBneHo
IIBi TPYTIM CTY/IEHTIB: «yes» — sIKi CKJIa/H JIIL[eH31MHUM iCITUT, «N0» — sIKi He CK/IaJTH JIiljeH3iiHuM icrut « Kpok—1».
Crpinky BKa3yoTh Ha 11 «Haibinbim BapiatTuBHIX» arpulyTiB y komrnoHeHTax PC1 ta PC2
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PO3MIpPHOCTI 10CATA€ThCS 3MEHILIeHHs] IaHuX /IJIs aHa-
ni3y. HaliBak/IBIlLIMM, Ha AYMKY aBTOpIB, 3pELLTOIO,
€ Te, 1[0 JlaHi MiC/1s CKOPOUeHHs! 4aCTo IT0Ka3yrTh HaM
GinbIue iHdopMaliil, HiXX 10 CKOPOUEHHS PO3MipHOCTI.
Barato 3ane)xHoCTel cTatoTh OibIT unTabeTbHUMU Ta
3HIKYETHCSI IMOBIpHICTB 1X BTpartu. Jly>ke yacto Tpa-
TIIE€THCA TaK, 10 KUTbKICTh HasBHUX JAHUX BUXOAUTh
3a Me>Ki MOJK/IMBOCTel HalllOro CIPUMHATTS 1 TOAI Ziy>Ke
JIeTKo «3abiykaTu» B iX aHami3i. 3a3HauMMO TaKOX,
1110, 3BUUAHO, He BCi ZIaHi MOXXyThb OyTH aBTOMaTHUHO
YCYHeHi 3Ba)KarouH JIMLLIe Ha IX Majly BapiaTUBHICTb.
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Jopatok 1

BuxigH1 AAHI HA KOHCOMI AN AEPEBA PIWEHb PUC. 1

Read 242 cases (58 attributes) from undefined.data

Decision tree:

histologylc > 70: yes (174/1)

histologylc <= 70:

....histologylc <= 44: no (4)
histologylc > 44:
:...microbiology1c > 58: yes (18)

microbiologylc <= 58:
....microbiologylc <= 48:
....histology2c > 54: yes (22)
. histology2c <= 54:
: ...anatomy4t <= 54: yes (3)
anatomy4t > 54: no (3)
microbiologylc > 48:
....histology1t > 66: yes (4)
histology1t <= 66:
....chemistry2t <= 62: no (10)
chemistry2t > 62: yes (4/1)

Evaluation on training data (242 cases):

Decision Tree

Size Errors
9 2(0.8%) <<

(@) (b) <-classified as

17 2 (a): class no
223 (b): class yes

Attribute usage:

100.00% histology1c
26.45%microbiologylc
11.57%histology2c

7.44% histology1t

5.79% chemistry2t

2.48% anatomy4t

Jopartok 2

Bariauis ronoBHux komnoHEHT PC1 1A PC2

Bapiarii PC1
Standard deviation 5.3523
Proportion of Variance 0.4855
Cumulative Proportion 0.4855

pPC2
1.58444
0.04255
0.52810
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Jopatok 3
ABbcontoTHI 3HAUEHHA ENEMEHTIB PC1 v NnoPAAKY CNAAAHHA

chemistry5c chemistry4c pathology2c chemistry3c histology3c physiology4c
0.16593790 0.16273680 0.16219742 0.16104960 0.15769693 0.15762936
chemistrylc histologylc physiologylc physiology3c anatomy>5c microbiology1c
0.15696489 0.15645012 0.15588798 0.15560038 0.15529825 0.15476182
pharmacology2c | microbiology2c | anatomy4c pharmacologylc | pathologylc anatomy2c
0.15420393 0.15418250 0.15188477 0.14966438 0.14901629 0.14796841
anatomy3c chemistry2c histology2c anatomylc physiology2c microbiology3c
0.14786277 0.14783034 0.14737059 0.14705527 0.14661273 0.14471587
pharmacology3c | Stepl biology3c biologylc chemistry4t biology?2c
0.14164811 0.13751593 0.13221943 0.13135423 0.12583112 0.12087724
pharmacology?2t [ anatomyb5t physiology3t biiology?2t chemistry2t pathology?2t
0.12063783 0.11947922 0.11893328 0.11750413 0.11742117 0.11741452
anatomy1t histology?2t biiology1t microbiologylt | pharmacologylt |chemistry3t
0.11540972 0.11424823 0.11382011 0.11326541 0.11291314 0.11201232
anatomy3t physiology4t pharmacology3t [ biiology3t physiology2t chemistry1t
0.11161992 0.11059491 0.11048702 0.10947247 0.10814984 0.10695451
histology1t microbiology3t | physiology1t chemistry5t histology3t anatomy?2t
0.10591875 0.10163421 0.10148778 0.10148727 0.10077544 0.09875603
pathology1t microbiology2t | anatomy4t
0.09788661 0.09605628 0.08627627

Jopartok 4

BuxigH1 AAHI HA KOHCOMI AN AEPEBA PIWEHb PUC. 2

Read 242 cases (11 attributes)

Decision tree:

histology1c > 70: yes (174/1)
histologylc <= 70:
....histologylc <= 44: no (4)
histologylc > 44:
....pathology2c > 51: yes (36/3)
pathology2c <= 51:
....histologylc > 67: no (3)
histologylc <= 67:

....pathology2c <= 46: yes (13/2)

pathology2c > 46:

....chemistry5c <= 51: no (6/1)

chemistry5c > 51: yes (6/1)

Evaluation on training data (242 cases):

Decision Tree

Size Errors

7 8(3.3%) <<

(@) (b) <-classified as

12 7 (a): class no
1 222 (b): class yes

Attribute usage:

100.00%

histology1c

26.45%pathology2c
4.96% chemistry5c
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