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KPI/ITEPI?I PAHI'OBOI KOPEJISILII CHIPMEHA I
OCOBJIMBOCTI MO0 3BACTOCYBAHHS Y NEJATOTTYHHAX
NOCJLIKEHHSIX

Anomauyia. Y cmammi po32nsinymo 3acmocy8antsl HenapamempuiHo20 Kpumepiio
Cnipmena y neoazociynux oocnioxcenusix. Hasedoeno popmynu onsa eusHauenws
MicHOMU 38 3Ky MidC O3HAKAMU, KOIU XApaxmep PO3nooiny O0CHiOH#CYBAHOL
cykynnocmi negioomuii. Ilokazarno, wjo micnomy 36 3Ky 8 YbOMY 8UNAOKY MOINCHA
obuuciumu 3a O00NOMO20I0 HenapamempuyHux Kpumepiie. Busnaueno, ujo
ocobnugicmio yux Kpumepiie € me, WO MICHOMA 36 3KV MIdC O3HAKAMU
BUHAYAEMBCA He 30 KITbKICHUMU 3HAYEHHAMU 6apianmis, a 3a 00NOMO2010 NOPIGHAHHS
ix paneis. Poskpumo, wjo koeghiyicum xopenayii panzie — ye 00uH 3 HAUNpOCMiuiux
NOKA3HUKIG MICHOMU 36 SA3KY, 1020 HA3UBAIONL PAH20BUM KOeiyieHMOoM Koperayii
Cnipmena. ObtpyHmoBaHo, wo 1020 Cymp NOIA2AE 8 MOMY, WO NAPHI COCIEPEHCEHHS
060X 83AEMON08 AZAHUX OZHAK (DPE3VIbMAMUGHOI | hAKMOPHOL) PaAHICUPYIOMbCA
a micHoma 36 513Ky 8UIHAYAEMbCS HA OCHOBI OIU3bKOCMI PAH2I8.

Kniouosi cnoea. kpumepiti Cnipmena, cmamucmuyHi 3aKOHOMIPHOCHII,
cmamucmuyna uOipKa, aHani3 eMRIPUYHUX OaHUX 8 Ne0a2o2iyi I NCUXON02iL.

Dzhun Yosyp Volodymyrovych, Doctor of Physical and Mathematical
Sciences, Professor, Head of the Department, josif-june@rambler.ru Lotiuk
Yurii Heorhiiovych, Ph.D in Pedagogic Sciences, Associate Professor,
Associate Professor of the Department of Mathematical Modeling (Academican
Stepan Demianchuk International University of Economics and Humanities,
Rivne), lotyuk@ukr.net

CRITERIA OF SPEARMAN'S RANK CORRELATION AND
PECULIARITIES OF ITS USE IN PEDAGOGICAL RESEARCH

Abstract.

Introduction. Introduction. Application of nonparametric Spearman criterion in
pedagogical studies is considered in the article. Formulas for determining the
closeness of the relationship between the traits, when the nature of the
distribution of the studied population is unknown, the connection tightness can
be calculated using nonparametric criteria. The peculiarity of these criteria is
that the close relationship between the traits is determined not by the
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quantitative values of the variants, but by the comparison of their ranks. The
smaller the differences between the ranks, the closer the relationship between
the traits. The rank correlation coefficient is one of the simplest indicators of
communication closeness, called the Spearman’s rank correlation coefficient.
Its essence is that paired observations of two interrelated features (productive
and factorial) are ranked. Tightness is determined by the closeness of the ranks.

Purpose. To introduce the teachers and psychologists with the modern method
of discovering statistical laws and the results of pedagogical and psychological
surveys and research.

Methods. Non-parametric Spearman's criterion is used to establish statistical
laws, which, based on empirical data, reflects the close relationship between the traits.

Results. The authors have developed a method of establishing a close
relationship between the productive and factor traits based on empirical data
used in pedagogy and psychology.

Most of these laws are expressed in the form of statistical distributions.
However, finding a statistical distribution that reflects the studied pattern is not
known by many teachers, because the methodology developed by Spearman is
intended for mathematics professionals, and few teachers are familiar with it.
Therefore, the statistical law algorithm is set out in detail, which allows to apply
this method in pedagogical practice mathematically and at a modern level.

The authors have developed recommendations that provide prompt,
mathematically sound, computer-based solutions to the problem of establishing
a close relationship between traits, subject to the studied pedagogical
phenomenon based on empirical data.

Originality. The use of non-parametric Spearman's criterion in pedagogical
and psychological research at the appropriate mathematical level is first
highlighted, and a computer method to determine the relationship between
empirical evidence is proposed. It allows to search at a modern, mathematical
level with the utmost automation of establishing the closeness of connection
between the features using the recommended computer programs in MathCad
mathematical package.

Conclusion. The described method of determining the closeness of the
relationship between features when the nature of the distribution of the studied
population is unknown, is a new and useful theoretical and practical tool that
greatly simplifies and facilitates statistical research of teachers and psychologists.
This significantly facilitates and accelerates the study of statistical samples
necessary for pedagogy and psychology, based on the application of the latest
mathematical approaches and their software.

Key words: Spearman's criterion, establishment of statistical regularities,
statistical sampling, analysis of empirical data in pedagogy and psychology.

HenapamerpuyHnuii kpurepiii CriipMeHa Mae IHMPOKe 3aCTOCYBaHHS B IeJia-
TOTIYHMX JIOCIII/DKEHHSAX BHACHIJIOK CBOET MPOCTOTH 1 3pYYHOCTI B KOPHCTYBaHHI.
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[Ipote mmpoke 3acTocyBaHHs Gopmyna st oddrciaeHHs koedimieaty Cripmena
Ma€ JMIIe y BHNAIKy HasBHOCTI HEOJHAKOBUX paHriB. MeToja 3acTOCyBaHHS
kputepito CripMeHa y BHIIAJIKy iCHYBaHHS OJHaKOBUX DPaHTiB y BHOIpKax,
MaJoBiIOMHH, alie HACTIIBKY K eekTuBHUA [1].

MeTo10 HAIIOTO AOCJIIZKEHHSI € PO3TIIIHYTH YCl HasiBHI Bepcil 3aCTOCyBaHHS
HerapameTpu4Horo kputepito CriipmeHa.

KoedinienT panrosoi kopensauii Cnipmena
(nepuwia eepcis kpumepiro).

VY BUMagKy MOCHIKCHHS 3aIeKHOCTI MK BHOIpKaMH, SIKi MarOTh iCTOTHO HE
layciB posmoain, o0uucmioOTs KoedimieHT panroBoi kopemsmii CmipMeHa,
po3pobaenuit HuM y 1904 pori [2] 3a Takoro (popMyInoro:

6-> d?
pr1-SEL @

ae d =R, —R, — paHru enementis 1-i i 2-i Bu6ipox; n—uncno nap R, R, .

Koeoiuientn xopesuii paHriB, SK 1 JTiHIHHMNA Koe(illieHT Kopemsiuii Ha0yBae
3HAYEHb B MEXKaX:
-1<p<1

Slkmo 2 psnku pawrie R i R, 306iratorscs, To Zdz =0, Toni p=1. Ipu
3BOPOTHHOMY 3B’SI3Ky PaHTH JABOX PSJIKIB PO3TAIIOBAHI y 3BOPOTHOMY ITOPSAKY
p=-1.

Mpuxnan 1: Y Tabn. 1 HaBeneHi pesynsrat 1Q TectyBanus 10 marictpiB
crienianbHOCTi 014 Cepennst ocBita (iHpopMaTHKa) Ta IXHi OLIHKK Ha BUITYyCKHOMY
JepxaBHOMY icnuti. 3actocyBaBind koedinieHT CriipMeHa, BH3HAUUMO Y SIKid
Mipi KopenboBaHi 1 pe3ynbTaTy. it boro B KOJIOHIII 4 BUCTABUMOMO PEHTHHIU
R, ans 1Q TecTyBaHb, a B KOJIOHKY 5 3aIMCY€MO PEHTHHIM BiANOBiIEH.

B xonoHI 6 3ammImeMo pi3HUIN PEHTHHTIB, a B KOJOHII 7 iX KBaJIpaTH.
[MixcTaBnseMo 3HaICHY Zd2 B ¢dopmyny (1) i obuncimoemMo koedimieHT p

panrooi kopesrsiiii Cripmena (puc. 1):

6-10

2 -0,939, @)
1000—10

p=1

. . NI N . .
OrpuMaHuil pe3yabTar CBIAYUTH PO CHIBbHUIL 3B’S30K peHTHHIIB R i R .

[NepeBipuMo icTOTHICTH 3B 513KY. Lle poOHTHCS HAa OCHOBI HEPIBHOCTI:

|p| > pkp,a,n (3)
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Tabmuus 1
JlonoMi>KHI po3paxyHKH 1yt 00uHcieHHs KoedinieHTa panroBoi kopesinii CriipMeHa

Kon Pesynprar | PesynbraTn
CTyJeHTa nlQ JIEPHKABHOTO R, R, d; d’
TECTy ICTIUTY
1 2 3 4 5 6 7
A 91 80 7 5 2 4
b 125 88 3 3 0 0
B 111 82 4 4 0 0
r 139 92 1 2 -1 1
i 80 70 8 9 -1 1
E 130 100 2 1 1 1
XK 100 75 6 7 1 1
3 60 63 10 10 0 0
I 107 78 5 6 -1 1
K 75 73 9 8 1 1
Z d?=10
ORIGIN:=1 n = 1C i:=1.n
734182610509
TabllR := Tablld. := TabllR1 .= TabllRZ .
53429171068 ! 3 )
! 2
6-{Z(Tablldi) }
p=1--L' 1 p=00939
n® —n

Tablld =

OO |N|o|u| D W[N]

mlhlolklr| A a|o]lol~

fury
o

Puc. 1. Po6ounii apkymr MathCad BusnaueHHs 38’s13Ky peHTHHTIB R i R,
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VY BigmoBigHOCTI 3 TA0I. 2 25 % ABOCTOPOHHS KPUTHIHA 00JIaCTh €
|'0| > pkp,a,n = pkp,2,5%,n = O, 648 (4)

Sk 6aunmo 3 popmyu (4), otpumane 3a Gopmysaoro (2) 3HaUeHHs KoedilieHTa
ChipMmena € 3Ha4MMUM Ha 5 % piBHI. OTXKE, MU BIIXWISEMO HYJIBOBY TillOTE3Y
H, : p =0 i pobumo BucHOBOK, o H,:p=0.

Tabmuwus 2
Bepxui 100 ¢ %-Hi ToukH po3noainy koedilieHTa paHroBOi KOpessii
Cripmena. Kputnana o0macTs BKiItoYae TabiImdHe 3HaYCHHS KpHUTepito [3, ¢. 212]

TaOpuang 3HOVENEG KOUTEDUG

Ofcaz Sedtpre
n a= 0,08 0,025 0,01
5 4,900 1,000 1,000
6 0,828 0,885 0,542
7 0,714 0,785 0892
8 0,647 0,738 0,833
9 0,600 0,683 0,783
10 0,563 0,648 0,745
11 0,527 0,609 0,700
12 0,497 0,580 0,671
13 0AT8 0,555 0,643
14 0,459 0,534 0,622
15 0,443 0,518 0,600
16 0427 0,560 0,582
17 0412 0,485 0,564
18 0,399 0412 0,548
1% 03920 0458 0,533
20 0379 0445 0,520
2i 0,36% 0,435 0,508
22 0,360 0,424 0,496
23 0,352 0,415 0,485
24 0344 0,406 0,475
25 0,33¢ 1,398 0,465
26 0,330 0,389 0,456
27 0,324 0,382 0448
28 0,318 0,375 0,440
29 0311 0,309 0432
30 0,306 0,362 0,325
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3acrocyBanHsi koedinienTy CipmeHa y BUNagKy HASIBHOCTi O/THAKOBUX
paHriB (dpyea eepcis kpumepiio)
Jnst OLIHKY CHIM 3B’SI3KY MDK X 1 Y y BUNAQJAKY, KOJIM MDK X Ta Y ICHYe

HeJIHIHHUH 3B’5130K, 200 BUOIpKM HE PO3IOJIICH] 32 HOPMAJILHUM 3aKOHOM 1 IpH
HAsSBHOCTI OJTHAKOBUX PAHTIB, KOSPIIiEHT paHroBoi koperrsiii CriipMeHa po3paxoByIOTh
3a opmyioro [4, ¢.73-75]:

pl-—E ©)

Ie N — KiIbKiCTh map BuOipkoBuX gannx; d, =R, — Ry y T, ,Ty — TIOTIPaBKH, IO

OB sI3aHi 3 OJTHAKOBUMH PAHTaMH:

LX

Ly
ZGX.B -T) Z(Ty? -T,)
T — i=1 , T — i=1 , 6
g 12 Y 12 ©)
pe L,tal, — KifbKiCTh TPyN OJHAKOBHX PaHTiB; TXi *TY. — posmipu | -THX

3B’S30K (KUTbKICTh €JICMEHTIB B HHX).
[puknan 2: BUB4rMO 3aNeXHICT MiXK CEpeIHIM 0ajloM YCIITHOCTI YUHS 3a
PIK IO aTecTaTy i Oro eMOIIHUM BiJIHOIICHHSM JI0 HABYaHHS B IIKOJI (Tabu. 3).
[MoTpiOHO oUiHMTH cuily 3B’S3Ky MDK JOCHTIPKyBaHUMHU (akTopamu 3a
koeoiuienToM Kopesuii CriipMeHa 1 nepeBipuTH HOro CTaTUCTUYHY 3HAYYIIICTb.
3HaX0AMMO IONPABKH, IIO TOB’s3aHi 3 OJJHAKOBUMHU PAaHTaMU B CTOBITYUKY
paHriB R € ABi Ipymnu OJHAKOBHMX PAHTiB — B MEPIIiif 2 eeMEHTH, B APYTii Tex

2 enemenTu. OTxe:

L=2,T =2,T =2, @

B crosmi R, € Takox 2 rpyny 0JHAKOBUX PaHTiB, B 1-if 3 HUX 2 €IEMEHTH, B

2-1 — tpu enementu. OTxe:

L=2,T =2,T, =3, (8)

Y1 Y,

IMTincraBuBimm (7) i (8) y popmyiry (6) i, 00UHMCIUBIIN TOTIPABKH, OTPUMAEMO:
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Tabmumus 3

Po3paxyHku o obuucienHs koediieHTa paHrooi kopesiuii CriipMeHa 3
BpaxyBaHHSM IOIIPABOK, MIOB’I3aHUX 3 OJIHAKOBUMH PaHTaMH

Kon yunst | Cepenniit Emouiiine
0axmo  [BiJHOIICHHS 110 R, R, d 02
aTecTary HaBYaHHS,
Oanu
1 2 3 4 5 6 7
A 9,0 16 12 12 0 0
b 79 12 10 9 -1 1
B 6,5 5 4,5 2,5 -2 4
r 6,0 4 1 1 0 0
i 9,5 17 13 13 0 0
E 6,3 6 3 4 1 1
K 7,3 15 8,5 11 2,5 6,25
3 6,5 7 4,5 5 0,5 0,25
I 10,1 13 14 10 -4 16
K 115 20 15 15 0 0
JI 8,4 10 11 7 -4 16
M 7,1 10 7 7 0 0
H 6,9 10 6 7 1 1
0] 6,2 5 2 2,5 0,5 0,25
I 7,3 19 8,5 14 55 30,25
> d2=76
5
(Tx? _Txl ) 3 3
T, =2 :(2 -2)+(2 _2):1 9)
12 12
Ly
Za-y? _Tv. ) 3 3
Ty: i=1 :(2 _2)+(3 _3):1 (10)
12 12
3naxoanmo koediieHT panrosoi kopemsinii Cripmena 3a gpopmyioro (5):
B'Zn:d.2 +T +T,
e 6-76+1+2,5
=1-—1= =1- — =0,863 11
P n®-n 15° -15 ()
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3a 3HaYCHHSAM OTPHMAHOTO O MOYKHA 3pOOUTH BHCHOBOK, III0 MK X 1 Y iCHYe

CIWJIbHUH NPSIMUH 3B’ A30K.
[lepeBipeMo cTaTHCTUYHY 3HAUMMICTB 3HalIeHOTO p© . I IBOTO PO3paxyeMo

T -CTaTUCTHUKY 3a hopmyIoro (puc. 2):

__pdn-2 _0863-V15-2

S Ji-pf \i-0,863

- 6,159 (12)

n:=1¢t i:=1.n

12 10 451 133 854514151176 2 85
TabIZR::( j

12 9 251134 11 5 1015 7 7 7 25 14

Tabl2di = TabIZRZ,i - Tablle,i

1

1 0
2| 1
3] -2

4 0 TX =1 Ty =1
5 0
6 1
Tabl2d =| 7| 2
8 0.5
9| -4
1] o
11 -4
12 0
13 1
14 0.5
15 5.5

2
6-{2(Tabl2di)} F T+ Ty
[ .
—1_ p,.:=0.86
R 3
n —-n
=PV Z2 1 _6.159
2

1-p

Puc. 2. Pob6ounit apkym MathCad nepeBipkd CTaTHYTHYHOI 3HAYMMOCTI
panroBoi kopessinii Cripmena
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Obupaemo piBeHb 3HATYIOCTI & = 5% OCKUTBKH 11e KPUTEPii JBOCTOPOHHIH,
TO 110 Ta01. 4 [5, ¢. 240] w11 q =2,5 1 umcna crynenis ceodom N=1-2=15-2=13

OTPHUMAEMO, 1110 |tkp,2,5%,13| =2,160 <t =6,159, T06TO, 3 IMOBipHICcTIO 95 % 00uMC-

JIeHnH Koe(illieHT o CBIAYUTH PO 3HAYMMUH 3B’SI30K MK (pakTopamMu X Ta Y .

Tabnuus 4
[IponentHi Touku posnoainy CThrOICHTA

/%

40% 25% 10% 5% 2,5% 1% 0,5% | 0,25% | 0,1% 0,059

1§ 90,3249 1,0000 3,0777 L, 3138 12,7062 1,8205 63,6567 127,321 18,3088 636, 6192
2 2827 0,8165 71,8856  2,9200 4,307 36.9646 S 9248 14, 0893 322. 327 ;1- 5931
3 2767 7649 6177 353 3,1824 45407 58409 7,4533 10,2145 12,9290
4 2707 7497 5332 131 2, 7764 3,7469 4, 06041 5.5976 7,1732 8, 61c
5 2672 7267 4759 oi50 5706 3649 o321 47733 5:8934 6, B6SI
6§ 0,2648 07176  1,4398  1,9432  2,4469 3,427 3,7974 4,3168 52076 5,9588
7| V23 7ie 419 8946 3646 2.3989 3 4995 0293 1785 4079
8 2619 7064 3968 8595 3060 965 355 3.8§25 500 o413
9 2610 7027 3830 3%3_5 2622 8214 249 6897 2968 4, 7809
10 2602 6998 3722 25 2281 7638 1693 5814 1437 5869
1162596 06974  1,3634 1,7959 2, 2010 2,7181 , 1058 , 4966 4,02 14370
12 2590 ’69;; 3562 7323 1788 6810 3 0545 3 4284 3,323% * ;?;E
13 2586 6938 3502 7709 160: 6503 0123 3725 20 2208
14 2582 6924 3450 7613 144 6245 2,9768 3257 7874 1405
15 2579 6912 3406 7530 1314 6oz 9467 2860 7328 0728
16 | 0,2576  ©o,6901  1,3368  1,7450  2,1199 2,5835 32,9208 3,2520 3,6862  4,0150
i7 2573 6832 3334 7396 1098 5669 8982 2224 6458 3,965
18 2571 6884 3304 7341 1009 5524 8784 1966 6105 9216
19 2569 6876 . 3277 7291 30 5395 8609 1737 5794 8834
20 2567 6870 3253 7247 oo 5280 8453 1534 5518 8495
21 | 0,2566 ©,686¢ 1,32312  1,7207  2,0796 2,5176  2,8314 L1352 272 3,81
22 2564 6858 ’32:2 '7:“ '07 9 ’§o 3 8188 3 1; 8 3'§o§a 3 7 2?
23 2563 685 319, 7139 ool7 4999 8073 1040 4850 7676
24 | 2562 634 37 7129 0639 4922 7369 0905 4668 7454
25 2561 6844 3163 7081 0595 4851 7874 o782 4502 7251
26 | o,2560 ©,6840 1,350  1,7056 2, 055’ 2,4786  2,7787 , 0669 50 066
%7 2559 6837 3137 7033 cslg '4727 7707 3 o565 3,:310 3'2896
A 2558 6834 3125 7011 0484 4671 7633 0469 4082 6739
29 12557 6830 3113 6991 o352 4620 7564 0380 3962 6594
30 2556 6828 3104 6973 0423 4573 7500 0298 3352 6460
32 | 0,2555  ©,6822 11,3086 11,6939 2,0369 2,448 2,738 , 01 6 8
3 2553 6818 3070 6909 ©322 '4413 ?382 3 s > %.,33 3'2:;?
3 2552 6814 3055 6833 0281 4335 7195 2,9905 3326 5821
38 2251 6810 3042 6860 0244 4286 7116 9gn3 3190 5657
40 2550 6807 3031 6839 ©211 4233 7045 9712 3069 5510
42 | 09,2550 06804 11,3020  1,6820 2, 0181 2,418 2,6981 2,96 , 2960
44 2549 G8o1 3011 6802 o154 414% 2923 ’3;?? 3 2261 3'?2;3
43 2548 6799 3002 6787 0129 4102 6870 9438 2771 5150
4 2548 6796 2994 6772 o106 4066 6822 9426 2639 5051
50 2547 6794 2987 6759 0086 4033 6778 9370 2614 4960
55 | 92546  ©, 6790 1,297t © 1,6730 2, 0040 2,3961  2,6682 2, 61
ga 2545 6786 2658 6706 0003 '5901 660 '33*% 3'3217 3'1223
g 2544 6783 294 6686 1, 9971 3851 653 :.20 22 4466
7 2543 6780 2938 6669 9944 3808 6479 87 21 4350
8o | 02542 02,6776 1,292 1,6641 1
N , ;9901 2, 2, 638 2,88 y )
ng gsqt 6772 2910 6620 9867 37 3 '6%12 87%8 3 ; ;; 3 iéfg
EANE IO - A I I
150 253 6761 28f1 - 6551 ' 9759 3’3 6173 599 1593 373%
200 2537 6757 2858- 6525 9719 3 f 6036 S*Zz i1 3568
250 2536 6755 2849 6510 9695 3 o thed B3 m
341 6 8 2
300 :sgs 6753 2844 6399 9679 3388 5931 79 1176 %223
535 75 6487 9659 3357 5882 8227 1197 3150

500 | 09,2535 9,67

2837
5o ha83z 16479 19647 2,3338  2,5857 32,8195 31066  3,3101




Ockinbky 3Hauenns t=6,159 >>1, ;.5 = 2,160, To MoxHa cTBepUKyBaTH,
wo t Ginblie t,) HAaBITH /IS KPaiHiX, MOXKIMBUX PIBHIB 3HAYYLIOCTI, IOAAHNUX B

tabn. 4. Hanpuknan, mis o = 0,1% maemo:
t=6,159 > [t ¢ gens| = 4,221,

TOOTO, HaBITh 3 IMOBIpPHICTIO 99,9% MOXKHa CTBEpKYBATH, IO 3B’SI30K MiX
X; Ta Y, icHye.
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