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ITPO OBYUCJIEHHS CKJIIAJJHOCTI 3ABJIAHb

Cmamms npucesyena nouyKy memooie no6yoosu petumunzy 3a80aub 0/ NEpesipKu pPieHs.
3HAHb YUHI6 | CIYyOenmis. 3anponoHO8aHO BUKOPUCIIAMU IMePAYIUHUL MemOoO 2008HUX KOMNOHEHM.
IIpoexyis KodCHOI MOYKU, AKA GIONOBIOAE KOICHOMY 3A80AHHIO HA 20N06HULL HANPAM 00360IAE€ 36eCmU
MOYKY 6a2amo8UMIPHO20 NPOCMOPY 00 MOYKU HA NPAMIU I MUM CAMUM NOCMABUMU Y IONOBIOHICMb
KOJICHIll mouyi Oftiche 4ucno, ake i Oyoe xapakmepusyeamu petimune noCmagieHo20 3a80aHH.

Knrouoei cnoea: 3a60anns, cknaouicmos, memoo 20106HUX KOMNOHEHM.

The article is devoted to the search for methods for constructing a rating of tasks for checking
the level of knowledge of students and students. It is proposed to use the iterative method of the main
components. The projection of each point that corresponds to each task in the main direction allows
us to reduce the point of a multidimensional space to a point in a straight line and thereby put in
correspondence with each point a real number that will characterize the rating of the task.

Keywords: tasks, complexity, method of main components.

ITocTanoBKka MpodeMu

KoHTponp piBHS 3HAaHB € KIIOYOBUM €JIEMEHTOM HaBYAIBHOTO TpoOLecy, i A peamizamii
00’ €EKTHUBHOI OIIHKY Ba)KJIMBO MaTH OUTBII-MEHII pealbHy iHPOPMAIIiF0 CTOCOBHO CKJIAIHOCTI 3aBIaHb
JUIST HAsSIBHOTO KOHTHHTEHTY Yy4HiIB abo 3mo0yBauiB Bumoi ocBiTH. [lix dac BHKOpHCTaHHS
KOMIT IOTEpHHUX MPOrpaM MepeBipKH 3HAHb BUHUKA€E CKIaJHa Mpo0ieMa OLiHKH KO>KHOTO 3aBIaHHS 3
METO0 MOOYTOBH 00’ €KTUBHOI MIKAJM OLIHKKA y4YHIiB. Tak SK CTBOPUTH KOMIUIEKT 3aBJaHb 3 OJHAKO-
BOIO CKJIATHICTIO HEMOXKIIMBO, TO Oa)KaHO, TKUMCh YHHOM, IPOBECTH PEUTHHT CKIQAHOCTI 3aB/IaHb.

AHaJi3 OCTAHHIX JOCTiMKeHb Ta MyOJiKamii

Ha cporonHi € 1Ba OCHOBHUX HaNpsIMKH, IKi JAIOTh BKIIIOYAIOTh y cebe 00UHCIeHHs CKIaaHO-
CTi 3aBIaHb — TEPITNH, KJJAaCHIHA TEOPis TECTIB, IKa OCHOBaHA HAa CTATUCTUYHUX METOJaX 1 TOJOBHUM
YHHOM JIOCII/DKYE BECh TECT B IIiJIoMy. JIpyruii — Iie cydacHa Teopis TeCTiB, sika OCHOBaHa Ha Tpodi-
mix IRT (Item Response Theory). I B iboMy BUMaaKy B SIKOCTi 00’ €KTY, IO PO3TISAAETHCS, € KOXKHE
OKpeMe TecToBe MUTaHHA. B maHiit poOoTi A po3B’si3aHHs AaHOI 3a7adi 3alpOIIOHOBAHO BUKOPHCTA-
TH BEKTOPHY MOJIENIb Y 6araTOBUMipHOMY IIPOCTOPI IS OIIHKH PEHTHHTY 3aBIaHb.

@opMyTIOBAHHS METH A0CTITKEHHS

PosrnsiHyTH BiAMOBIAE M0 KOXXHOMY 3aBJaHHIO, SIK TOYKY B 0araTOBUMIpHOMY IPOCTOPi, pO3-
Mip SIKOTO CITIBIAJa€ 3 KUTBKICTIO CTYACHTIB, SIKi BiAMOBUIM Ha TaHE MUTAHHI. TakuM YHMHOM YCi Bia-
noBigi GopMyrOTh 0araTOBHMIpHY XMapy, SIKa BHUTSATHYTa Y3JOBX JESIKOTO TOJNIOBHOTO HampsiMy. B
SIKOCT1 PEUTHHTY KOKHOTO 3aBIaHHS OpaTu MPOEKLil0 TOUKK 0araToBUMIpHOTO MPOCTOPY Ha Ll ro-
noBHUN HampsaMm. OTpuMaTi MeTo[ (pimbTpallii, SIKUi JO3BOJISIE BITKWHYTH HEKOPEKTHI JaHi, CIIparo-
YKich Ha TOH ()aKT, IO TOYKA, SIKA JIGKHUTH JOCHTH JAJIEKO BiJl OTPUMAaHOI XMapH, HE XapaKTepH3ye
CKJIQJIHICTh 3aBaHb B I[IJIOMY.

Bukaan ocHOBHOro MaTtepiary
Hexaii 77,75,...,1,, — MHOXXHHA 3a/1a4, a Xi,j (i=12,...,m; j=12,..,n) — oOIliHKa, OTpUMa-

Ha i-M YYHEM 3@ BUKOHAHH j-TO 3aBJjaHHs. TakuM YMHOM, KOXKHOMY 3aBiaHHi0 T (j =1.2,...,n) Bia-
MoBi1ae TouKax ;(j=12,..,n) y M-BUMIpPHOMY POCTOPi 3 KOOpJMHATaMu
X j(=12,.,m;j=12,.,n). OueBH/IHO, IO Y pa3i, KOJH BC1 3a/1a4l MalOTh Maike OJTHAKOBY CKJia-

JTHICTP 1 BC1 y4HI, 5IKi HABYAIOThCS MAIOTh PiBEHb 3HAHB, IKUH HE CYTTEBO BIJIPI3HAETHCA, TO BCI TOUKH
(hopMyIOTh XMapy, sika BIUCYEThCS B ACAKHM enincoin. st Toro, mo0 Ha OCHOBI MHOXHHH OI[IHOK
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Xl,]
sKe OyJie BiATOBINATH y3araJbHEHOMY 3HAYCHHIO CKIIATHOCTI (complexity) 3aBmaHHsI, AOIIIHLHO 3HAN-
TH MPOEKIIIi X TOYOK HA TOJIOBHY BiCh JAHOTO €JIIICOIAy, THM YAHOM KOKHOMY 3aBJIaHHIO OyJIe T0-
CTaBJICHO Y BIJIMOBIIHICTH OJIHE YHCJIO, SIKE OTPUMAaHE 3 YpaxyBaHHSAM CKJIQJIHOCTI BCiX 3aBJiaHb yciMa
YYHSMU.

Jyis BupileHHs 1i€i 3a/1a4i BUKOPUCTAEMO METOJ TOJIOBHUX KOMITOHEHT [1—2].

Hexait {el ,...,ek} opToHOpMOBaHuU# Oazuc W. JloBineHuii BekTop 3 W Moxe OyTH 3amucanuil y

KOXHOMY 3aBllaHHIO T (j =1,2,...,n) TIOCTaBUTH y BiJMOBiAHICTH oaHe yucio C jU=12,...n),

BUIIIAAL JIiHIHHOT KOMOiHamii BeKTOpiB 0a3ucy, ToOTO, X| MO’KHA MOCTAaBUTH Yy BIJMOBIIHICTH AESKHH

k
BEKTOP 20‘1 ;e; 13 W. Iloxubka Mi>k HUMH OOUUCIIIOETHCSA HACTYITHUM YHHOM:
b

i=1
2

k k k
€1 =™ Zal,iei =\ X1 zal,ieiaxl Zal,iei
i=1 2 i=1 i=1

11{06 00unCIMTH OBHY TOXUOKY, HEOOXIIHO 3HAHTH CyMy BCIX IIOMHJIOK I10 BCIM X ;, TOOTO,

n n k 2
2
a(el,...,ek,al’l,...,an,k)= Zej = z X Z,aj’l-el- . (1)
j=1

unknowns J=1 =1 2
OueBHIHO, 1110 TTOXUOKY Tpeba MIHIMI3yBaTH, [ YOTO 3HAWIEMO BIJMOBIIHI TOXiAHI 1 Bpa-
XyeMO 0OMEKEHHS Ha OPTOTOHAIbHICTD {el yeees €f }, ajie CIovaTKky crpocTuMo Bupas (1):

n k 2 ) n k n k
8(@1 ,...,ek,(ll,l ,...,anyk): Z )Cj Zaj,iel- ZZ“XJ HZ ZZX;Zaj’iei + Ezaii =
, A j=1 =l

j=li=1

j=1 i=1

n 2 n k n k
ZHXJHZ ZZZajyixjrei +22aii.
j=1 j=1i=1 j=li=l1
Tomi

0

GamJ

g(el seees €5 O | ,...,anyk)= 2x£el t20,,.
HeoOxinHa i mocTaTHs yMOBa eKCTpeMyMy Oye MaTH BHUTJISI:
T T
-2x,e+2a,,=0=>a,, =x,¢,.
Taxum unHOM, IOMMIIKA (1) IpHiiMe BUTIISIA:
n ) n k n k
T T T
8(31,---,€k): ZHx,-Hz 222(xj € )Xj et ZZ(x,- ei)z'
j=1 j=li=1 j=li=1
[licns cporeHs, OTPUMAEMO:
n ) n k
— T
o) = 2, X2kTef. @
j=1 j=li=1
3Bakal04u Ha Te, 1110 <a,b> =a'bu <b,a> = <a,b>, MaeMoO:
2
(aTb) = (aTbXaTb)= (bTaXaTb)= bT(aaT)b,

TaxkuM 4rHOM,
k n

n ) n ) k
)= 2. Dol Thet) o= 2} Dol s
j=1 j=1 i=1

=1 j=1
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n
e §= Z(x jxf) — KoBapialliiiHa MaTpHIIs.

2
Hactynaum xpokom Oyzae MiHimizamis z-:(el,...,ek)= Zux jH2 ZeiT Se; mpu ymoBi el-T e; =1
j i=1
JUIS BCiX . BUKOpUCTOBYIHOYM METOJ] HEBM3HaueHUX MHOXKHUKIB Jlarpamxka (Lagrange), BBemeMo

2
MHOXHHY 4] ,..., 4 1, 3 ypaxyBaHHSIM TOr0, IO zux j”z = Const , OTpUMAEMO (QYHKIIIIO LiJIi:
Jj=1

k k
f(el,...,ek)= zeiTsei _Zﬂ’i (eiTei _1)
i=1 i=1

Tak K, i(XTX)

5% (X X >=2X i sKmo A CUMETpUYHA MATPHIs, TO

X

(X7 AX)= 24X . vacwo:
ax
0
—tlej,er)=2Se, 22,e, =0,
Oe,,
TOOTO,

Se,, = Anem
Takum 4rHOM, HEOOXITHO 3HANTH PO3B’A30K PiBHSIHHS (S - Al )e =0 (me/ — ogunuuHa Ma-

TPHUL), 10 €KBIBAJIEHTHO TOMY, IO 4, 1 e, € BJIacHI 3HaUYCHHS U BJIACHI BEKTOPH KOBapialiiiHOT

MaTpwuii S.
IIpu npoMy oMmIIKa Ma€ BUTIISA;

ety ZH I, 2* el ZH i, Zﬂ ®)

Minimizanist (3) ckimamaeTbest y BUOOpi 6a3ncy W3 k BJIACHUX BeKTopiB Matpui S, sKi BiAIo-
BiJJAIOTh k& HAHOUTBIIMM BIIACHUM 3Ha4eHHsAM. binblle BiacHe 3HaYeHHs S ae OiNbIIy Bapialito y Ha-
MIPSAMY BIITIOBITHOTO BIIACHOTO BEKTOPY, TOOTO, MPOCSKIIis X Ha MiAIPOCTIp po3Mipy k, sika 3abe3nedye
HaiOuIbIy Bapianito. TakMM YHHOM, METOJl TOJIOBHUX KOMITOHEHT MOXeE OyTH iHTepIpEeTOBaHUN Ha-
CTYIIHUM YMHOM — OepeMo OpTOroHaJbHHUK 0a3uc i KpyTHMO HOTrO, MOKH HA OJHOMY 3 HamlpsMiB He
OTPUMAEMO MAaKCHMaJIbHY Bapialiro.

Came 1eii HampsaM 1 TOTpiOeH.

Knacrnynuii MeTo ] roJIOBHUX KOMIIOHEHT JJO3BOJISIE TOUYHO PO3B’SI3aTH NIOCTABIICHY 3a/1a4y, aje
BUKOPHUCTOBYE JOCUTH CKJIAJHI allTOPUTMH TIPH PO3B’sI3aHHI 3a/1a4i Ha BJIACHI YHCIA 1 BIIACHI BEKTOPH,
HE 3Ba)KAIOUW Ha Te, IO MOTPIOCH TiNBKKA OIWH BEKTOP, SKHM BIAMOBiIa€ HAWOITBIIIOMY BIACHOMY
3HAYEHHIO.

Jlyis fOCSATHEHHS 1€l MeTH po3riisiHeMO 3a1ady (1) 3 IHIIOT TOYKH 30py.

Po3riisiHeMoO mouryk OfHi€l KOMIIOHEHTU e, sfKa HalKpalluM YHHOM BIHOBIIOE BCE JaHI

{xl,...,xn}:
2
(el’alls nl ZH 161H2—’min (4)

n
10 BCIM eli{ail}f’ | ipu YMOBiZal-zl =1.
1o ,
i=1
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. , . .
IIpu dikcoBanux {a,-,] };’:1 3agaua (4) po3B’s3y€ETbCS METOAOM HaliMEHIINX KBaapaTiB. B cumy

TOTO, MO (PYHKITIS Tl € KBaApaTHIHUH QyHKIIOHAT, HEOOXiHA 1 IOCTATHS YMOBHU €KCTPEMYMY CITiB-
nanarTh. TakuM YMHOM, pO3B’s3aHHS 3a/1a4i 3BOTUTHCS JI0 MOIITYKY PO3B’SI3KY PiBHSHHS

SRR Y SR EIED WD 5
G FE L O )= 22, X;oojie = 2 ijaj,l zaj,lel
1 j=1 j=1 j=1
3BiIKH MAaEMO:

n
ijaj,l

_J
e = "
2
Zaj,l
j=1

2

n
3Ba)kar0uu Ha YMOBY HOPMYBaHHS OJUHHIICIO, TOOTO Zaizl =1, Maemo:
i=1

n
€1 = ij(xj’l .
j=1

Hacrynnuii kpok OyznemMo poOUTH 3 yMOBH, 110 B 3ajadi (4) BiioMa KOMIIOHEHTa €, 1 Tpeba

3HAWTH EKCTPEMYM I10 {al- 1}7 L
=

%8(31’0‘1,1”"’0‘}1,1): 2(xv av,lel)elz 2(<xw€1> av,1<€1a€1>):0,

v,1
<xv ,e1>

S <el ’ el>

TobTo:

e, <x, y> — CKaJIsIpHUHN T0O0YTOK BEKTOPIB X 1 .
Jlami, BBaXkaroun 3HaWIEHI {ai,l };’: | BiJIOMHUMH, TIOBTOPIOEMO BECh IpoIieC, TIOKH HE OyIe Mo-
csarHyTa crabimizamis moxubku. OTpumani e; OyaeMo BBaXKaTH MEPIIO0 FOJIOBHOK KOMIIOHEHTOI €] .
BingmosigHe 3HAUEHHSA {“i,l }:’:1 Oyzmemo iHTepnpeTyBatu sk cknaaHicts C; 3aBmanHs 7T; .

Anie oTpuMaHi arperoBaHi OIiIHKHM CKIJIATHOCTI 3aBAaHHS CIHPAIOTHCS HA KOPEISIINHI 3aIeK-
HOCTI JIaHHX, 1[0 MOJIMBO TIPH YMOBI BiJICYTHOCTI BHKH[IB, TOOTO IOCUTH Majo BiAPI3HSIIOUOTO SIK
piBHS 3HaHB y4HIB a00 3100yBaviB BHUIIOI OCBITH, TaK i piBHS CKJIQAHOCTI 3aBAaHb. Ha mpaktumi, sk
OJTHa, TaK i Jpyra YMOBH, SK MPABUJIO, HE BUKOHYIOThCS. B TakoMy pasi 3 HasBHOI MHOXHHHU JTaHHX
Tpeba BUAAIUTH Ty iHGOpPMAIIiIO, SKa HE BIAMOBiIaE OCHOBHOMY TPEHIY, TOOTO, MPOBECTH (iIbTpa-
mito ganux. s 1iel MeTM BHKOPHCTAEMO 3HA4YCHHS BiJcTaHi MaxanoHo0ica KOXKHOI TOYKH Bij
HEHTPOINa MHOKUHH IIIITKOM.

Biacranp MaxananoOica po3paxoBY€eThCS SK BiJICTAHBb BiJl TOYKH JO IMEHTPY MAacH MHOXHHHU
BCIX TOYOK y 0araTOBUMiIpHOMY IPOCTOPI, SIKUM BU3HAYAETHCS KOPEITHOBAaHUMH (HEOPTOTOHAILHIMU)
HE3aJICKHUMU 3MIHHUMH. SIKIIO K HE3alie)kHi 3MIHHI HEKOpENIbOBaHi, BijicTaHh MaxanaHnoOica criB-
nanae 3 BigcTanHio EBkiiga. Y naHoMy BHIAAKY ISl Mipa TO3BOJISIE BU3HAYUTH YH € JaHA TOYKA BUKU-
JIOM BITHOCHO IHIIMX 3HAYEHb HE3AIEKHUX 3MIHHUX.

Bincrans Maxanono0ica MK TOYKaMu x; Ta x; BU3HAYAEThCS HACTYITHUM YUHOM:

"xi xi"M:\/(xi x)'E ey x),
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JIe Y, — KOpesiiifHa MaTpHIIs.

n
_ 1
Takum ymHOM, SKIIO X = ;le- — IIEHTPOiZ MHOXKUHH, TO B SKOCTI MipH Oy/e 3HaYEeHHS
i=1
pM; =% x,, .
Toni, 3rigno [3], kpuTHuHe 3HaueHH DM ; Ui NOTPIOHOTO PIBHA @ PO3PaXOBYEThCS HACTY-
THUM YHHOM:

2
DM[a] _ m(n 1) F[a;vl=m;v2=n m 1] \

n(n m 1+ mF[a;vlzm;VZZn m 1])
ne Fgvl=myv2=n m 1] — 3HadeHHs posnoxiny ®imepa (Pimepa-Crenexopa).

Taxum anHOM, sIKIO DM; > DM[,— o5], TO 3 TO4HICTIO P>0.05 TOYKa X; € BUKHIOM, SKILIO
DMjg=0.11 < DM; < DM4-0 051> T0 3 TounicTi0 0.05<P<0.1 151 TOUKa € 1MiI03PIIOK0 HA BUKHL.

Pesynvmamu excnepumenmis
B sxOCTI ekcTIepuMeHTy AOCTIANMO pe3yIbTaTH TECTYBaHHS 3 TUCITUILTIHA « EKOHOMIYHA Teo-
pisi». Beboro tect mictuts 30 muTaHb 1 4 BapiaHTH BiANOBiAl, TUTBKU OJHA 3 SIKUX BipHA.

Tabauysa 1. Pe3ynbraTti TeCTYBaHHS 3a 3aBIaHHAMHA (BCboro 30 MATAHB)

% BUpimeHNX [TpaBunbHi HenpasuibHi Orinka piBHS
3aBIaHb BIITOBIII BIOMOBIII CKJIaJHOCTI
Cp.3HayeHHst 72,1 37,5 14,5 0,27
Cp.KBaIpat.BiIXWICHHS 6,61 3,4 3,4 0,06
Makc.3HaueHHs 90,4 47 22 0,4
MiH.3HaYEHHS 57,7 30 5 0,09

BuKkopuCTaHHS 3aTPONOHOBAHOTO METOJY MOKPOKOBO MPEACTaBiIeHO y Tabmuii 2. SIk BUIHO,
moxuOKka cradimi3yBanach Ha 4 iTepaiii.

Tabnuys 2. Pe3ynpTaTi 3aCTOCYBaHHS METOTY

1 kpok 2 KpoK 3 Kpok 4 xpok

Ne nwuran- {OCA }n e, {OCA }n e, {(IA }n e, {OCA }n e,

Hsl i1 )j=1 i1)j=1 i1 )= i1)i=]
1 0,267 0,370 0,197 -0,128 0,145 -0,177 0,096 0,161
2 0,477 0,147 0,407 -0,060 0,355 0,023 0,308 -0,126
3 0,477 0,099 0,407 0,088 0,355 0,174 0,308 -0,167
4 0,437 0,230 0,367 0,300 0,315 0,134 0,269 -0,285
5 0,497 0,202 0,427 0,400 0,375 0,040 0,327 0,031
6 0,397 0,178 0,327 0,016 0,275 -0,145 0,231 0,230
7 0,497 0,032 0,427 0,324 0,375 -0,214 0,327 0,261
8 0,437 -0,154 0,367 -0,050 0,315 -0,175 0,269 -0,207
9 0,537 -0,229 0,467 0,190 0415 0,044 0,365 0,108
10 0,477 0,094 0,407 -0,025 0,355 0,018 0,308 -0,404
11 0,397 0,089 0,327 0,024 0,275 0,155 0,231 0,150
12 0,437 -0,164 0,367 -0,121 0,315 0,155 0,269 -0,222
13 0,377 0,209 0,307 -0,374 0,255 0,063 0,212 0,032
14 0,517 0,001 0,447 0,133 0,395 -0,021 0,346 -0,136
15 0,587 0,312 0,517 -0,247 0,465 -0,218 0,423 0,100
16 0,497 0,247 0,427 0,140 0,375 0,191 0,327 -0,148
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Ipoodosoicenns mabauyi 2

17 0,477 0,088 0,407 -0,055 0,355 0,011 0,308 0,033
18 0,457 0,155 0,387 0,149 0,335 0,245 0,288 0,081
19 0,587 0,237 0,517 0,210 0,465 0,210 0,423 -0,155
20 0,457 0,136 0,387 -0,127 0,335 0,016 0,288 -0,291
21 0,337 -0,175 0,267 0,395 0,215 -0,101 0,173 -0,099
22 0,477 -0,022 0,407 0,009 0,355 -0,039 0,308 -0,140
23 0,397 -0,010 0,327 0,083 0,275 0,369 0,231 0,053
24 0,397 0,018 0,327 0,016 0,275 0,376 0,231 0,072
25 0,417 -0,007 0,347 -0,008 0,295 0,278 0,250 0,351
26 0,397 0,179 0,327 -0,106 0,275 0,188 0,231 0,143
27 0,397 0,370 0,327 0,136 0,275 0,165 0,231 0,055
28 0,397 -0,266 0,327 -0,043 0,275 0,325 0,231 0,126
29 0,457 0,052 0,387 -0,162 0,335 0,080 0,288 -0,196
30 0,437 -0,045 0,367 -0,135 0315 -0,191 0,269 -0,177

HarBaxxue — 0.423.

3aBmaHHS TECTY BapilOIOTHCS 32 PIBHEM CKIIQIHOCTI: Haiernie 3apaanas Mae omiaky 0.096, a

Ha puc.1 Bumgno, mo 3aBmanus Ne 19, 15, 7, 25, 1, 10 3Ha4HO BimnaneHi, BOHU € MPOOIEeMHU-
mu. Hampukian, nuranas Nel — HalmpocTimie 1 HarleBHEe BHOCUTD JIe31HPOPMAITiI0 Y Pe3yIbTaTH TEC-
tyBaHHs. [Tutanns Nel5 ta Nel9 — naBmaku, HaliCKJIQAHINN 1 TAaKOXK MOTPeOYIOTH meperismy. [Hii
3aBJIaHHS MaOTh HOpPMaJbHI MOKA3HUKH CKJIAJHOCTI, X MOTPIOHO aHAJi3yBaTH JOJIATKOBO.

® 10q

® 19q 15q
® 9q
14 q
16q ® 5q ® /q
Ig22q ® 1/q

29q 18q
25q
CR30q WHlgg ® 6q

® 21q

® 1q

Puc. 1. CknamHOCTI 3aBIaHb TECTY

BucHoBku

3anpornoHOBaHUI METO MMPOBEACHHS PEUTHHTY CKJIAIHOCTI 3aBAaHb JJO3BOJISIE ABTOMATH3YBa-
TH OL[IHKY TECTY JJIS TIOAAJBIIOTO aHajli3y Ta MOKPAIEHHs SIKOCTI 3aBllaHb Ta TecTyBaHHs. [Ipencras-
neHuit Metol QinbTpauii J03BOJISE BIAKMHYTH HEKOPEKTHI AaHi, CIUPalOYHCh HA TOH (aKT, 10 TOYKa,
sSIKa JISKUTH TOCUTH JTAJICKO Bl OTPUMAaHOI XMapH, HE XapaKTepU3ye CKIAIHICTh 3aBIaHb B LIIIOMY.
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ABOUT COMPATIBILITY OF TASKS COMPATIBILITY
Shumeyko O.0., Iskandarova-Mala A.O., Lymar N.M.

Abstract

Student knowledge and skills control is one of the main elements of the learning process. The
effectiveness of managing educational work and the quality of the training of specialists depends on
the correct organization of the control. Through control, a "feedback" is established between the
teacher and the student, which allows assessing the dynamics of learning the learning material, the
actual level of knowledge, skills and abilities, and, accordingly, makes appropriate changes to the or-
ganization of the learning process. Testing is an important part of knowledge control methods. The
testing system is a versatile tool for identifying students' knowledge at all stages of the learning
process. In modern conditions, knowledge of testing techniques and the creation of test-bench bases is
a necessary component of the teacher's work.

The article is devoted to the search for methods for constructing a rating of tasks for checking
the level of knowledge of students and students. The set of answers for each task is a point in a multi-
dimensional space. All answers to all tasks form a cloud, in which you can find the main direction.
The principal component method is used to search the main direction. It is proposed to use the iterative
method of the main components. The projection of each point that corresponds to each task in the
main direction allows us to reduce the point of the multidimensional space to a point in a straight line
and thereby put in correspondence with each point a real positive number, which will characterize the
rating of the task. The higher the number, the higher the rating.

When using computer knowledge testing programs, there is a complex problem of evaluating
each task in order to build an objective assessment scale for students. Since creating a set of tasks with
the same complexity is impossible, it is desirable, in some way, to conduct a rating of complexity of
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tasks. The article proposes to consider the answer to each task as a point in a multidimensional space,
the size of which coincides with the number of students who answered this question.

In this way, all responses form a multidimensional cloud that extends along a certain direction.
In the projection, it is proposed, as a rating of each task, to take the projection of the point of multidi-
mensional space into this main direction. In addition, a filtration method is proposed that allows you to
discard incorrect data, because a point that is far enough away from the received cloud does not cha-
racterize the complexity of tasks in general.

The method of the main components can be interpreted as follows — we take an orthogonal
basis and twist it until one of the directions gets the maximum variation. Just this direction we need.

The classic method of the main components allows you to accurately solve the problem, but
uses rather complicated algorithms when solving the problem with own numbers and own vectors,
even though we only need one vector that corresponds to the largest eigenvalue. In view of the fact
that the objective function is a quadratic function, the necessary and sufficient conditions for the ex-
tremum coincide.

But the aggregated estimates of the complexity of the problem are based on the correlation da-
ta of the data, which is possible in the absence of emissions, that is, quite a bit different than the level
of knowledge of pupils or applicants of higher education, and the level of complexity of tasks. In prac-
tice, both one and two conditions are usually not fulfilled. In this case, from the existing set of data it
is necessary to delete the information that does not correspond to the main trend, that is, to filter the
data. For this purpose, we use the value of the distance Mahalonobis of each point from the centroid of
the set altogether.

The Mahalanobis distance is calculated as the distance from the point to the center of gravity
of the set of all points in the multidimensional space, which is determined by correlated (nonorthogon-
al) independent variables. If the independent variables are uncorrelated, the Mahalanobis distance
coincides with the distance of Euclidean. In this case, this measure determines whether a given emis-
sion point is relative to other values of independent variables.

As an experiment, we will examine the results of testing in the discipline "Economic Theory".
The total test contains 30 questions and 4 answers, only one of which is true. The error stabilized at 4
iterations. The proposed method allows automating the evaluation of the complexity of the test for
further analysis and improving the quality of tasks and testing.
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