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ABSTRACT

In this study, a rank correlation coefficient (v) proposed by Blest(2000), which
does not require normality assumption in hypothesis testing of correlation
coefficient for interval level or ratio scaled measured variables, is introduced. This
rank correlation coefficient, which is examined based on graphical presentation
and their comments, has a structure, which considers the interchanges in the early
ranking of the data. When the sample size is five this introduced v rank correlation
coefficient is considered and it has showed that it is more advantageous compared
to other rank correlation coefficients since it gives different results even if for
small changes in ranking. Furthermore, the critical values of v correlation
coefficient are obtained for different significance levels and these values are
presented in a table.

Key Words: Ranks, Kendall’s 7 rank correlation coefficient, Spearman’s p rank
correlation coefficient.

GRAFIKSEL YAKLASIMLA ALTERNATIF BiR SIRA KORELASYON KATSAYISI

(Derleme)
OZET

Bu caligmada, iki degiskenin esit aralikli yada oranlama diizeyinde 6l¢iildiigii
durumda, korelasyon katsayisina iligkin hipotez testlerinde normal dagilim
varsayimina ihtiya¢ duymayan Blest(2000)’in 6nerdigi sira korelasyon katsayisi(v)
tanitilmistir. Bu katsay1, grafiksel gosterime ve bu grafigin yorumlanmasina dayal:
olup, siralamalardaki ilk yer degisikliklerini 6nemseyen bir yapiya sahiptir.
Tanitilan v sira korelasyon katsayisi, 6rnek ¢ap1 5 iken incelenmis ve mevcut sira
korelasyon katsayilart ile karsilagtirilarak, siralamalardaki  kiigiik  yer
degisikliklerinde bile farkli sonuglar vermesi sebebiyle, daha avantajli oldugu
gosterilmistir. Ayrica farkli anlamlilik diizeyleri i¢in v katsayisina iliskin kritik
degerler bulunarak tablo halinde verilmistir.

Anahtar Kelimeler: Sira Sayilari, Kendall’m 7 sira korelasyon Katsayist,
Spearman’in p sira korelasyon katsayisi

1. GIRiS

Esit aralikli yada oranlama diizeyinde 6lgiilen iki
degisken arasindaki iligkinin, hipotez testinde normal
dagilim varsayimina ihtiya¢ duyulmayan sira korelasyon
katsayilar1 Kendall’in Tau ( T ) ve Spearman’m Ro ()
dur(1). Bilindigi iizere , bu sira korelasyon katsayilariin

elde edilmesinde temel “siralama” {izerinedir. Korelasyon
katsayisinin genellestirilmis bigimi ;

=

1. INTRODUCTION

The rank correlation coefficients which don’t require
normal distribution in hypothesis testing for correlation of
two variables that are measured interval level or ratio scale
are Kendall’s Tau ( T ) and Spearman’s Rho (P ) (1). It is
known that, the basis of obtaining these rank correlation

coefficients are on “ordering”. If the generalized form of
the correlation coefficient writing as,
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olarak yazildiginda c; ve d; nin tammlamalarina bagl
olarak bu istatistik farkli korelasyon katsayilarina
doniisiir(2). je{l, 2,..., n} olmak iizere, X degiskeni

bakimindan goézlenen degerlere atanan sira sayilari p;, Y
degiskeni bakimindan gozlenen degerlere atanan sira
sayilar1 ise ¢; olsun. Hem X hem de Y degiskeni
bakimindan ayni sira degerli gozlemlerin olmadigi
varsayimi altinda, yani ortak sira sayisi atanmasi sz
konusu degilken;
1
C“ =
g -1

]
|

olarak tanimlanirsa [1.1] esitsizligi Kendall’m t sira

ve

korelasyon katsayisini verir. Burada ayrica
i ==Cji» Gt = 0, dl.j = _djl. ved; =0 ozelliklerini tagir.

Spearman’in p sira korelasyon katsayisina ise,

G =Pj

ve

dij=4;

iken ulasilir(2). Bu durumda, [1.1] esitsizligindeki I’
istatistigl, g, = p;, —¢q; olmak lizere,

2
p=1_6§gi

n —n

seklinde ifade edilir(2). Buz pateni ve kayak gibi bazi spor
dallarinda, ilk i¢ siralamaya verilen 6nem son siralamalara
gore ¢cok daha fazladir. Bu nedenle, ilk siralamalardaki yer
degisikliklerini daha iyi yansitan yeni bir sira korelasyon
katsayisina ihtiya¢ duyulabilir. Bu ¢aligmada Blest(2000)
tarafindan gelistirilmis olup, grafiksel gosterime de acik
olan, mevcut sira korelasyon katsayilarina alternatif bir
sira korelasyon katsayisi tamtilmigtir. Tanmitilan v sira
korelasyon katsayisinin temel 6zelligi ise, siralamalardaki
ilk yer degisikliklerine daha fazla dnem vermesidir. Bu
ozellik tim n >4 durumlan igin gegerlidir(3). Tantilan
korelasyon katsayisinin yapisini daha ayrintili bir bigimde
gormek amaciyla, makul sayida miimkiin siralamaya
imkan tanidigindan sadece n =35 durumu ele alinmustir.
n=>35 i¢in, gozlemlerin miimkiin siralamalarindaki yer
degisikliklerinin incelenmesi sonucunda, v sira korelasyon
katsayisinin, siralamalardaki kiigiik yer degisikliklerinde
bile farkli sonuglar verdigi ve bu nedenle siralamalardaki
yer degisikliklerini P ve T ’ya goére daha iyi yansittig
gosterilmigtir.

this statistic changes to different correlation coefficients

which depends on the definitions of ¢ and dij 2).

Taking, j € {1,2,...,n}, let p; be the assigned rank scores

for observed values of variable X and q; be assigned rank
scores for observed values of variable Y. Assuming that
both X and Y variables don’t have tied observations, in
other words there is no common rank scores for any two
observations, the equation [1.1] gives Kendall’s t rank
correlation coefficient when c; and dj; are defined as,

pi(Pj
PipP;

and

Qi(‘]j
q9:)4

Where c¢; and d; have the following properties,
i ==Cjis Cii = 0, di/ = —dji ved; =0. The rank

correlation coefficient of Spearman’s p can be obtained
when

—Pi
and
—q;

(2). In this case, I' statistic in equation [1.1], when
g; = p; —q; » €an be written as follows (2);

[1.2]

In some sport activities as ice skating and skiing the given
importance of the first three place ranking is much more
than the last place ranking. For this reason, a rank
correlation coefficient that more reflects the interchanges
in the first places ranking may be required. In this work,
the rank correlation coefficient which is an alternative to
existing rank correlation coefficients also suitable to
graphical presentation is introduced, developed by
Blest(2000). The basic property of the presented rank
correlation coefficient is giving more importance to the
first places of ordering. This property is valid in all
situations for n >4 (3). To see the structure of presented
rank correlation coefficient in more detail, only the
situation of n=5 is considered because the reasonable
number of situations arise to deal with. In the result of
investigation for the interchanges in possible orderings of
the observations for the case n=5, it has been observed that
v rank correlation coefficient gives different results even
though in small interchanges in the orderings occurs and
for this reason it reflects the interchanges in the orderings
much better than P and T.
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2.SIRALANMIS VERi iCIN  GRAFIKSEL

GOSTERIM VE S ISTATISTIGI

Birinci boliimde tanitilan Kendall’in t ve Spearman’in
p sira korelasyon katsayilarinin hesaplanmasinda temel
fikir, birimlerin gozlem degerlerinin kiigiikten biiytiige
siralandigr  (dogal siralama) durumdan sapmalarimin
belirlenmesidir. Bu sapmalari gérmek icin S istatistiginin
kullanilmasmna dayanan grafiksel bir yaklasimdan
faydalanilabilir.

S istatistiginin hesaplanmasinda , 6ncelikli olarak hem
X hem de Y degiskenleri bakimindan gdzlenen o6rnek
birimlerine ayr1 ayr sira sayilari atanir. Daha sonra X
degiskenine atanan sira sayilari dogal siralamada olacak
sekilde diizenlenir ve bunlara karsilik gelen Y deki sira

(i=1..,n) il

gosterilen X in sira sayilari artik “ 1 ” ile ifade edilebilir. Y

sayillari  kullanilir. Bdylece  p;

i¢in atanan sira sayilart ¢; olsun. Bu siralama igin sira

sayilarinin kiimiilatif degerleri bulunur. X in dogal sirasina
bagli kalmak {izere, her birim icin sirasiyla, Y goézlem
birimine karsilik gelen kiimiilatif sira sayist degerinden, X
gbzlem biriminin kiimiilatif sira sayis1 degeri ¢ikartilir. n
ornege ¢ikan birimlerin toplam sayisini gostermek iizere,
k. gozlem birimi igin kiimiilatif sira sayilarmin fark
istatistigi,

k

i=

k
biciminde tanimlanir. [2.1] esitliginde, Z q> Y degiskeni
1
i=1
k
bakimindan k. birimin kiimiilatif sira sayis1 degeri ve Z i
i=1
ise dogal siralama durumundaki X degiskeni bakimindan

k. Dbirimin kiimiilatif swra sayist degeridir. Fark
istatistiklerinin toplami,

S=zn:vk =
k=1

istatistigini verir. Bu istatistik 6rnege ¢ikan birimlerin,
dogal siralamadan olan farkliligini gdsteren bir dlgidir.
Ornege ¢ikan birimler, dogal siralamada olma 6zelligine

sahipse, yani tim i ler i¢in ¢, =i ise S istatistigi
alabilecegi minimum degeri alir ve § . =0 olur.

Dolayistyla, bu istatistigin alabilecegi maksimum deger,

2. GRAPHICAL PRESENTATION AND STATISTIC
S FOR RANKED DATA

The basic idea of calculate Kendall’s T and
Spearman’s P rank correlation coefficients which is

presented in the first section is to determine the deviations
of the observed values of units from the state that they are
ranked from smallest to largest. For see this deviations, a
graphical presentation which is based on the use of §
statistic can be benefited.

For the calculation of the statistic S, first the rank
scores are assigned for observation units separately for
variable X and Y. Then the bivariate observations ordered
by the assigned rank scores of variable X are arranged in
natural order and the interrelated rank scores of Y are

(i = 1,...,n)
could be renamed by “i 7. Let g; be the scores of Y. The

cumulative rank values for this ordering are found.
Depending on the natural order of X, respectively for
every unit, differ the cumulative rank score value of
observed unit Y, from the cumulative rank score value of
observed unit X. The summation of the units in the sample
are presented as n and so the statistic of rank differences
of cumulative rank scores for k-th unit is defined as,

used. Thus the rank scores of X is p;

k k
e=2.q;—2.i=Y.(g;=1) k=12,..n [2.1]
1

i=1

i=1

k

In equation [2.1],2 q is the cumulative rank score

i
i=1
. . k. .
value of k-th unit of variable Y and zi is the cumulative
i=1

rank score value of the k-th unit of naturally ordered
variable X. The summation of difference statistics gives
the statistic,

n k
PIONCI) [2.2]

k=1i=1

This statistic is a measure which denotes the difference
in the observation units from the natural order. This
statistic is a measure which denotes the difference in the
sample units from the natural order. When the units in the
sample are in the natural order in other words if q,=i> for

all i, then S takes the minimum value, S_. = 0. From

min
this, the maximum value of this statistic can be found by,

Smak=ivlt =i§[(n+l—i)—i]=n(n6_l) (23]

k=1 k=1i=1

ES
ile bulunur. Burada Vj, ; X in siralamasi dogal siralamanin

tersi iken, k. birime ait sira sayilarinin kiimiilatif farklarini
gosterir. S istatistiginden yararlanarak 6rnek birimlerinin
dogal siralamadan sapmalar1 grafiksel olarak goriilebilir.
Bunun igin sira sayilarinin kiimiilatif farklarini gosteren

3
Here V. is the cumulative difference of rank scores for

k-th unit while X is in inverse natural order. By utilizing
from the S statistic, the deviations of the sample units from
natural order can be identify graphically. For this, the
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V. lar, dogal siralamanmn tersi olmasi durumunda

%
alabilecegi maksimum VvV, (Vy )lar ile grafiksel olarak

karsilastirtlir.

n =35 igin grafiksel karsilagtirma yapildiginda,. X in 1
2 3 4 5 dogal siralamasma karsin Y deki Ornek
birimlerinin siralamasi, 4 3 1 5 2 olur. Bu durumda, S ve
Snax  istatistiklerinin - hesaplanmasinda, Tablol de
olusturulan degerler kullanilmigtir. Boylece [2.2]
esitliginden S$=12 ve [2.3] esitliginden deS, , =20
degerleri hesaplanir.

Table 1. An example for n=5.
Tablo 2. 7 =15 igin bir 6rnek

cumulative differences of rank scores V, are compared

*
graphically with its maximum V,(Vj ), when it’s in
inverse natural order.

Making a graphical comparison for n=5 according to
the natural order of rank scores of X; 1 2 3 4 5, let the
observed rank scores of Y be 4 3 1 5 2. In this state the
values in Tablel are used for calculate the statistics S and
Suar Thus from equation [2.2] $=12 and from equation

[2.3] S, =20 values are calculated.

k k k k . &
1 i Zqi Zi Vk:Z(‘Ii_i) (n+1-1i) Z(n+l—i) vk:Z[(n+1—i)—i]

i=1 i=1 =1 =l =
1 4 4 1 3 5 5 4
2 3 7 3 4 4 9 6
3 1 8 6 2 3 12 6
4 5 13 10 3 2 14 4
5 2 15 15 0 1 15 0

*

Tablo 1 den yararlanarak, V,ve Vj kiimiilatif From using the Table 1 the graphical presentation of

farklarmnin k ya gore grafiksel gosterimi Sekil 1°de
verilmistir.

*
cumulative difference V, and Vj with respect to k is

given in Figurel.

%
Figurel. V; and V} values for the sample size n=5

k
Sekil 1.7 =5 capli 6rnek igin V. ve V- degerleri (k=1,2,....5)
Sve S, istatistiklerine dayal ve [-1,1] araliginda

deger alan vy sira korelasyon katsayisi

Based on statistics Sand S, , and taking values in the

range of [-1,1] the correlation coefficient y is defined as ,

28 128
y=1- =1- 5 [2.4]
Vinak n(n”~=1)

olarak tanimlanir(3). Burada S istatistigi,

(3). Here the statistic S can be introduced as,
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n k n k
S = (ql- - i) =

k=1i=1 k=1i=1
biciminde tamimlanabilir. Bu sonucun [2.4] de yerine
yazilmasiyla Spearman’ mn O sira korelasyon katsayisi

elde edilir. [2.5] esitligi aynt zamanda ,
k
i=1

ile gosterilebilir(3).

3. v SIRA KORELASYON KATSAYISI

*
Tablol de verilen n=35 gaph 6rnek igin, V; ve Vy

larin iiye gore cizilen grafigi Sekil 2 de verilmistir. Bu
i=l

grafikte ortaya ¢ikan I II III IV ve V alanlari dogal
siralamadan  sapmalart ifade etmektedir.Ayrica bu
grafiksel gosterimde de goriildiigl gibi V alani I alanindan
daha biiyiiktiir.Yani, Y nin siralamasinda son siralarda
meydana gelen dogal siralamadan sapmalar, ilk siralarda
meydana gelen dogal siralamadan sapmalara gére daha
biiyiik alanlari ifade eder.

k
(m+ 1) (g, - )= 27
i=1

[2.5]

From writing this result in [2.4]
Spearman’s O correlation coefficient is obtained. The

equation [2.5] can also be shown as,
n (n + 1) (n + 2)

2.6
p [2.6]

3. RANK CORRELATION COEFFICIENT v

For the given example in Tablel, with sample size n=5

%
the lined graph of V, and Vj with respect to ii is
i=1

given. The areas I, II, III, IV and V which occur in this
graph expresses the deviations from the natural ordering.
Furthermore as be shown in the graphical representation
the area V is much bigger than area I. In other words, in
the ordering of Y the deviations of the natural ordering
occur in tail end of the ranking, expresses much bigger
areas with respect to early rankings.

7
o
’ ~ Vi
/ ~a -
/7 *
5 7/ SN~ | - Vi
/ S
7 ~
4 4 S
/ 1 ~
I 1 N
1 N
3 7 1 N
1 1 1 \
I 1 1 ~
1 1 1
2o{ ! 1 1 ! \\
I ] 1 1 1 AN
) 1 1 1
/ H 1 N
] 1 1 N
114 1 : 1 v N
1 1 1
/AL 1 : 1l : v H \S
o 1 1 ! 1
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

* k
Figure 2. Cumulative differences of V; and V- with respect to Zi

i=1

k E3
Sekil 2. Zz’ degerlerine gore V, ve V- kiimiilatif farklar:

i=1

Zk:i degerlerine gore V, ve VZ kiimiilatif farklari

i=1
cizildiginde, olusan alanlarin  biytikligi  dogal
siralamadan olan sapmalarin ne denli 6nemli oldugunu
gosterir. Ornegin; n =35 iken Y nin yalmzca ilk iki sirasi
yer degistiginde olusan 2 1 3 4 5 siralamasina iliskin
kiimiilatif farklarin grafigi cizildiginde, alan biyikligi
1.5 olarak hesaplanirken, son iki sirast yer degistiginde
olusan 1 2 3 5 4 siralamasina iligkin alan 4.5 olur. Bu
alanlar hesaplanirken bilinen iiggen alam1 hesaplama

If the cumulative differences of V, and VZ with

respect to ﬁ is going to line, the bigness of the occurred
l

i=1
areas represents how much important the deviation from
natural ordering is. For example when n =5, the size of
the area is 1.5 when the first two rank scores of Y is
interchanged relative to natural order namely 2 1 3 4 5 and
it’s 4.5 when the last two rank scores of Y is interchanged
namely 1 2 3 5 4. For the calculation of the areas, the
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formiillerinden yararlanilir. Ornekten de gériildiigii gibi ilk
siralarda meydana gelen yer degisikligi, son siralarda
meydana gelen yer degisikligine gore daha kiiciik bir alana
sahiptir. Fakat baz1 spor dallarinda ( Buz pateni, jimnastik,
dalma v.b.) final siralamas: bir dizi farkli kategorilere gore
siralamaya dayanir.Ancak farkli kategorilerdeki ilk ii¢
siralama, final siralamasini belirleyebilecek ozellige sahip
oldugundan, ilk siralamalardaki yer degisiklikleri daha
6nemli olacaktir. n nin biiyiik degerleri i¢in puanlamalar
yapilirken, ilk siralamalarin daha 6zenli belirlenmesi
miimkiinken, daha sonraki siralamalara verilen Gnemin
konsantrasyon ve dikkat eksikliginden dolay1 azaldigi
goriilebilir (4). Bu durumda, ilk siralamalardaki yer
degisikliklerini daha ¢ok Onemseyen yeni bir sira
korelasyon katsayisina ihtiyag duyulabilir. Tanitilan v sira

k
korelasyon katsayisi ise, dogal siralamanin kiimiilatifi Zi

i=1

k
yerine, dogal siralamanin tersinin kiimiilatifi ) (z+1-1)

i=l
kullanilarak Vv, ve VZ kiimiilatif farklarimin grafiksel

olarak incelenmesine dayanir. Bdylece olusacak alanlar ilk
siralamaya Onem veren alternatif bir sira korelasyon
katsayisinin olusumuna izin verir. Bu durum ikinci
boliimde verilen 4 3 5 1 2 6rneginden goriilebilir(Sekil3).

known triangle area calculation formulizations are used.
As it can be seen in the example the interchanges occur in
the early rankings has much more a smaller area than in
the last ranking. However in some sport activities (ice
skating, gymnastic, diving, e.g.) the final ranking is based
on a set of different categories of ranking. Especially,
because of the first three ranking in different categories
has a property that it can be determine the final ranking,
interchanges in the first ranking is much more important.
Making scores for larger values of n, while it’s possible to
perform the first ranking more carefully, the given
importance to the ranks afterwards is reduced because of
deficiency of concentrations and attention(4). In this case,
a new rank correlation coefficient which gives much more
importance to interchanges in the early ranking may be
required. The introduced correlation coefficient v, which

k
uses the cumulative of inverse natural order ) (n+1-i),

i=1
&
instead of the cumulative of natural order Zz’ , is based on
i=1

graphical investigation of cumulative differences of vV, ve

* . . . . .
Vv, . From this the appearing areas gives a permission to

form an alternative rank correlation coefficient which
gives importance to the early ranking. This case can be
seen from the example 4 3 5 1 2 given in the second
section (Figure 3).

6 V _____
k \
* P 7~ - \\
off ------ Y
k // N
4 // \
7/ 1 \
/ ]
3 7/ : \
% : - i\
7/ 1 ! 1 \\
2 7/ ' ) | H \
7 ! 1 : 1 i VALY,
|- . - ! ! v\
7z : 1 | :
£ ! | I !
0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2(n+1-i)

* k
Figure3.V, and V| cumulative difference with respect to Z(n +1-i).

i=l

3 %
Sekil 3. Z(n +1-1i) degerlerine gdre V, ve V[ kiimiilatif farklari

i=l
k
Herhangi bir n degeri igin , Y .(n+l1-i) ’ye veV,
i=l
kiimiilatif fark istatistiklerine gore olusan grafigin toplam
alan;

For any value of n, the summation of the graph areas

which occurs for the cumulative difference statistics Vv, ,

k
with respectto Y (n+1-i) can be found with,

i=1
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n
W:%Z(n+l—i)2q,-
i=1

ile bulunur. Y degiskeni dogal siralamada oldugunda, W
alabilecegi en kiigiik degeri almis olur. Yani Wy,;,=0 dur.
Dogal siralamanin tersi durumunda ise, W nin alabilecegi
en bilylik deger

W,

mak

den elde edilir. Tablo1 deki veri kullanilarak, Sekil 3 i¢in
W= 37 ve W= 60 olur. Y degiskeninin herhangi bir
siralamasinin dogal siralamadan olan sapmasmi, W ve
Wik alanlarina dayali olarak belirlemek miimkiindiir. Bu
alanlar1 kullanarak v sira korelasyon katsayisi,

_n(n+1’(n-1)

_n(n+1)*(n+2)
24

[3.1]

When variable Y is in natural order W takes as
minimum value as it can be take. In other words W,,;,=0.
If in the state of inverse natural order the biggest value
which W will be take is obtained from,

[3.2]
12

For Figure 3, using the sample given in Table 1 W=37
and W,,,,=60 is obtained. The deviation of any ordering of
variable Y from the natural ordering will be expressed
from the areas W and W .. After using this areas the rank
correlation coefficient v is calculated from,

_ 24w [3.3]

max

ile hesaplanir. Bu katsaymin Spearman’in p ve Kendall’mn
7 sira korelasyon katsayilarina gore daha giiglii ayirt edici
ozellige sahip oldugu goriilmiistiir(3). Yani Y degiskeni
icin olusan miimkiin diziliglerde, p ve t da tekrar eden
degerlerin v sira korelasyon katsayisindan daha fazla
oldugu gézlenmistir.

n=5 iken Y degiskeni bakimindan olusturulabilecek
tim miimkiin 120 farkli siralama ig¢in p , T ve v sira
korelasyon katsayilarmin degerleri Ek1 de verilmistir.
Ayrica n in kiiciik degerleri igin bu katsay1 degerlerinden
faydalanilarak v ve p yada v ve 7t arasindaki ¢arpim
korelasyon katsayilarinin hesaplanmasi miimkiinken, n in
12 yi astig1 durumlarda miimkiin siralamalarin sayist ¢ok
fazla olacagindan dolay1 hesaplama zorlugu ortaya ¢ikar.
Spearman’in p ve tanitilan v sira korelasyon katsayisi
arasindaki carpim moment korelasyon katsayisini
hesaplamak i¢in [2.6] ve [3.1] formiillerinden
yararlanilabilir. Ancak sabit terimler énemsiz olacagindan
p ve v katsayist i¢in sirastyla,

a1 (n—-1)

It has seen that, this rank correlation coefficient have
more distinguishable property compared to Spearman’s p
and Kendall’s t rank correlation coefficients (3). In other
words, it is observed that in the possible orderings for
variable Y, there are more repeatable values for p and t©
than the rank correlation coefficient v.

In Appendix 1, p, T and v correlation coefficients are
given for every 120 possible order to be formed by
variable of Y when n=5. Moreover, while for small values
of n, v and p or v and t product moment correlation
coefficients can be calculated using coefficient values
easily, however because of the possible orderings much
more in the case of n greater than 12, there is a calculation
problem appear. To calculate moment product correlation
coefficient between Spearman’s p and Blest’s v, equation
[2.6] and equation [3.1] can be used. Since the constant
terms are trivial, using

u=Z(n+1—i)q,- [3.4]

i=1

ve and

W=Z(n+l—i)2ql- [3.5]

i=l
terimlerini kullanmak yeterli olacaktir. Béylece terms are enough for p and v coefficients

respectively.Hence,

E@w)—Eu)E(w) [3.6]

p

olmak iizere, [3.6] esitligi

v haw =
JEG?) - E@? Y EW?) - E(w)?)

is rewritten as

o (n+1/15
v Jen+)@n+11)

309



310

seklinde elde edilir. Burada,

i=1

n

2
Eu?)=E {Z (n+1—i)]

i=l11

E(w)=E[ﬁ(n+1_i)2 q,.] _n(n+1) (2n+1)

i=1

n

n? (n+1)° (2n+1)(307° +8307 + 63n-+ 4)
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Where

_ n(n+l)2

E(u)—E[i (n+1 —i)ql] =

4

n? (n+1)° (9n% +19n+8)
144

12

E(w?)=E |:Z(n +1-i)’ qiT =

i=1

ve

3.8
2160 [3:8]

and

n’ (n + 1)3 (3)12 +5n+ 1)

E(uW)E([Zn:(" +1—")qi}{i(’1+l"')2qi}] = 24

i=1 i=1

dir(3). Ayrica,

(3). Moreover when

2(n+1)

M U I
o 2n@2n+5)

olmak iizere,

and

Iy & TrpXTpy

olarak ifade edildiginden, T ve v katsayis1 arasindaki
carpim moment korelasyon katsayisi r, i¢in yaklasik bir

¢Ozim,

an approximate solution of product moment correlation
coefficient r,, between Kendall’s t and Blest’s v is
obtained as follow,

2J15(n +1)?

o J2n(2n+1)(2n+5)(8n+11)

seklinde bulunur. n=4(1)12 olmak iizere, Ty, Iy VE Iy
korelasyon katsayilarina iliskin degerler Tablo 2 de

verilmistir.

For n=4(1)12, product moment correlation coefficients
Tpr, Tpy and 1, are given in Table2.

Table2: The product moment correlation coefficient values among rank correlation coefficients.
Tablo2: Sira korelasyon katsayilari arasindaki ¢arpim moment korelasyon degerleri

n rDT rov Iy
4 0.9806 0.9844 0.9653
5 0.9798 0.9811 0.9613
6 0.9802 0.9789 0.9595
7 0.9810 0.9774 0.9588
8 0.9820 0.9762 0.9586
9 0.9829 0.9753 0.9586
10 | 0.9839 0.9746 0.9588
11 |0.9848 0.9740 0.9591
12 |0.9855 0.9735 0.9594

Tablo2 den de goriildigii gibi, li¢ sira korelasyon
katsay1st arasindaki carpim moment korelasyon katsayilari
1 e yakin degerler almistir. Bu yiizden de, genel anlamda
degerlendirildiginde, katsayilar arasinda giiclii bir iliski
oldugu sdylenebilir. Ayrica r,, degerlerinin n arttikga
azaldig1 gozlenmistir.

As it can be seen in Table 2, the values of three product
moment correlation coefficients are closed to one. For this
reason, in general, it can be said that there is a strong
correlation between these coefficients. Furthermore, it is
observed that r,, increases as n decreases.
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4. v ISTATISTIGININ DAGILIM OZELLIKLERI

Ugiincii boliimde [3.7] esitligindeki beklenen deger
ifadesi kullanilarak [3.3] esitliginde tanimlanan v
katsayisinin beklenen degeri

E(v)=1

olarak elde edilir. [3.7] ve [3.8] esitliklerinin

Var(w)=E(w

varyans formiiliinde yerine yazilmasiyla, v sira korelasyon
katsayis1 i¢in varyans ifadesi

Var(v) =

olacaktir.n=5 i¢in, Ekl de verilen v’nin Ornekleme
dagilimi  kullanilarak  olusturulan olasilik  dagilimi
incelendiginde, bu istatistigin 0 ortalama etrafinda
simetrik dagildigr goézlenmistir. Yani, v istatistiginin
hesaplanmasinda yer alan q; sira sayilari yerine n+1-q;

degerlerinin  kullanilmasi ile olusan v’ degerleri

arasinda, V' =-v iliskisi vardir. Buna gore tiim n degerleri

icin v istatistigi simetrik dagilima sahip olacaktir. Ayrica n

ornek ¢apmin 12 den biiyiik degerleri icin v istatistigi

normal dagilima yaklasir(3). Bdylece v istatistiginin

beklenen degeri 0 varyanst da s76(2, 1 1ysn+11) Olmak
8640(n +1)*(n —1)

tizere hipotez testlerinde,

v—=0

test istatistiginden yararlanilir.v istatistigine iligskin hipotez
farkli «
anlamlilik diizeylerinde n=4,5,...,12 i¢in v kritik
degerleri, Blest’in w ye iliskin kritik degerlerinden
yararlanilarak hesaplanmistir(3). Hesaplanan bu degerler
Tablo 3 de verilmistir.

testlerinin ~ gergeklestirilmesi ~ amaciyla,

Table 3. The v critical values satisfying Pr(v > v’ )=0.
Tablo 3. Pr(v > v')=a’y1 saglayan v’ kritik degerleri

_n(n+ )*(n-1) _
n(n+1)>(n=1)

576(2n +1)(8n+11)
8640(n+1)%(n—1)

—
576(2n+1)8n+11)
8640(n+1)>(n—1)

4. DISTRIBUTION PROPERTIES OF v STATISTIC

Using equation [3.7] given in the third section,
expected value of the v statistic in equation [3.3] can be
obtained as,

[4.2]

When substituting equation [3.7] and equation [3.8] in
the following formulation of variance,

)-[E(w)I*

then the variance of v rank correlation coefficient is
obtained as,

[4.3]

Investigating the probability distribution which is
obtained from using v sampling distribution of the
example given in Appendix 1, for n=5, it is seen that this
statistic has a symmetric distribution around zero mean. In

other words there isa V' = -v relationship between v and

v’ which is occurred from the calculation of v statistic
using n+l-q; instead of q;. Thus, v statistic has a
symmetric distribution for all value of n. In addition, v
statistic approximates to normal distribution for the
sample size n greater than 12. Since v has zero mean and
s76(2n+1)sn+11) variance, the following test statistic used
8640(n +1)*(n—1)

in hypothesis testing

N(,1)

For the realization of hypothesis testing about the v
statistic, the critical values v' are calculated by using the
critical values of Blest’s w for different o significance
levels when n=4,5,...,12 (3). These calculated values are
given in Table 3.

o Significance Levels

n oL Anlamhlik Diizeyleri
0.001 0.005 0.01 0.02 0.05 0.10

4 | - e e e 0.9200 0.8400
5 | - - 0.9666 0.9333 0.8333 0.7166
6 | -——- 0.9510 0.9184 0.8694 0.7551 0.6408
7 0.9598 0.9063 0.8616 0.8036 0.6964 0.5714
8 0.9365 0.8651 0.8201 0.7593 0.6455 0.5212
9 0.9050 0.8767 0.7783 0.7167 0.6017 0.4833
10 | 0.8766 0.7950 0.7444 0.6804 0.5669 0.4545
11 | 0.8500 0.7644 0.7121 0.6477 0.5114 0.4295
12 | 0.8257 0.7364 0.6837 0.6197 0.5126 0.4083
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5. SONUC
ki degisken aras1 iliskinin belirlenmesinde, test
islemleri i¢in normal dagilim varsayimina ihtiyag

duymayan sira korelasyon katsayilar1 Kendall’'m 1 ve
Spearman’m p sudur. Omege ¢ikan birimlerin
siralanmasina dayali bu istatistikler, siralamadaki kiigiik
yer degisikliklerini iyi yansitmazlar. Ancak bazi spor
dallarinda ilk {i¢ siralamanin, final siralamasini
etkileyebilecek  Ozellige sahip olmasi  nedeniyle,
siralamalardaki yer degisikliklerini daha ¢ok 6nemseyen
alternatif bir swra  korelasyon katsayisina ihtiyag
duyulabilir. Bu katsayi, dogal siranin tersinin kiimiilatifi

olan ﬁ(nﬂ—i) yi temel alarak, vV, ve v]t kiimiilatif
i=1

farklarinin grafiksel olarak incelenmesine dayanir. Bu
caligmada, n=5 iken tiim miimkiin siralamalar {izerinden T,
p ve v sira korelasyon katsayilart hesaplanarak tanitilan v
istatistiginin, siralamalardaki kiiciik yer degisikliklerinde
bile daha az tekrar eden sonuglar verdigi gézlenmistir (Ek
1). Bu durum #n>4 iken olusturulacak tiim miimkiin
siralamalar i¢in de gegerlidir. Ayrica bu istatistigin 0
ortalama etrafinda simetrik dagildigr goriilmiis ve
n=4,5,...,12 i¢in farkli anlamlilik diizeylerine karsilik
gelen v kritik degerleri elde edilmistir.
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EK 1:

n=5 igin sira korelasyon katsayilari

APPENDIX I:

Rank correlation coefficients for n=5.

Rank Scores/ T p v Rank Scores/ T p v
Sira Sayilari Sira Sayilari
5 4 3 2 1] -1.0000 -1.0000 -1.0000 3 2 5 4 1] -0.2000 -0.2000 -0.0667
5 4 3 1 2] -0.8000 -0.9000 -0.9500 3 2 5 1 4] 0.0000 0.1000 0.0833
5 4 2 3 1/|-0.8000 -0.9000 -0.9167 32 4 5 1| 0.0000 -0.1000 0.0167
5 4 2 1 3] -0.6000 -0.7000 -0.8167 32 4 1 5] 0.2000 0.3000 0.2167
5 4 1 2 3] -0.4000 -0.6000 -0.7333 3 2 1 4 5| 04000 0.6000 0.4667
5 4 1 3 2| -0.6000 -0.7000 -0.7833 32 1 5 4| 02000 0.5000 0.4167
5 3 4 2 1] -0.8000 -0.9000 -0.8833 31 5 2 4] 0.2000 0.3000 0.2833
5 3 4 1 2] -0.6000 -0.8000 -0.8333 3 1 5 4 2 0.0000 0.1000 0.1833
5 3 2 4 1|-0.6000 -0.7000 -0.7167 31 2 5 4| 04000 0.6000 0.5333
5 3 2 1 4] -0.4000 -0.4000 -0.5667 31 2 4 5] 0.6000 0.7000 0.5833
5 3 1 2 4] -0.2000 -0.3000 -0.4833 31 4 2 5| 04000 0.5000 0.4167
5 3 1 4 2] -0.4000 -0.5000 -0.5833 31 4 5 2| 0.2000 0.2000 0.2667
5 2 3 4 1] -0.4000 -0.6000 -0.6000 2 4 3 5 1] 0.0000 -0.1000 0.0500
5 2 3 1 4] -0.2000 -0.3000 -0.4500 2 4 3 1 5] 0.2000 0.3000 0.2500
5 2 4 3 1/|-0.6000 -0.7000 -0.6833 2 4 5 3 1]-0.2000 -0.3000 -0.1167
5 2 4 1 3] -0.4000 -0.5000 -0.5833 2 4 5 1 3| 0.0000 -0.1000 -0.0167
5 2 1 4 3] -0.2000 -0.2000 -0.3333 2 4 1 5 3| 0.2000 0.3000 0.3167
5 2 1 3 4 0.0000 -0.1000 -0.2833 2 4 1 3 5| 04000 0.5000 0.4167
S5 1 3 2 4] 0.0000 -0.1000 -0.2500 2 3 4 5 1] 0.2000 0.0000 0.1667
5 1 3 4 2|-0.2000 -0.3000 -0.3500 2 3 4 1 5| 04000 0.4000 0.3667
5 1 2 3 4| 02000 0.0000 -0.1667 2 3 5 4 1] 0.0000 -0.1000 0.0833
5 1 2 4 3| 0.0000 -0.1000 -0.2167 2 3 5 1 4] 0.2000 0.2000 0.2333
S 1 4 2 3] -0.2000 -0.3000 -0.3833 2 3 1 5 4] 04000 0.6000 0.5667
5 1 4 3 2] -0.4000 -0.4000 -0.4333 2 3 1 4 51 0.7000 0.7000 0.6167
4 5 3 2 1 |-0.8000 -0.9000 -0.8500 2 5 3 4 1] -0.2000 -0.3000 -0.1500
4 5 3 1 2| -0.6000 -0.8000 -0.8000 2 5 3 1 4] 0.0000 0.0000 0.0000
4 5 2 3 11]-0.6000 -0.8000 -0.7667 2 5 4 3 1] -04000 -0.4000 -0.2333
4 5 2 1 3| -04000 -0.6000 -0.6667 2 5 4 1 3] -0.2000 -0.2000 -0.1333
4 5 1 2 31-0.2000 -0.5000 -0.5833 2 5 1 4 3| 0.0000 0.1000 0.1167
4 5 1 3 2| -04000 -0.6000 -0.6333 2 5 1 3 4| 02000 0.2000 0.1667
4 3 5 2 1|-0.6000 -0.7000 -0.6167 2 1 3 5 4] 0.6000 0.8000 0.8000
4 3 5 1 2| -0.4000 -0.6000 -0.5667 2 1 3 4 5] 0.8000 0.9000 0.8500
4 3 2 5 1 |-0.4000 -0.4000 -0.3667 2 1 5 3 4| 04000 0.6000 0.6333
4 3 2 1 5 |-0.2000 0.0000 -0.1667 2 1 5 4 3| 0.2000 0.5000 0.5833
4 3 1 2 5| 0.0000 0.1000 -0.0833 2 1 4 5 3| 04000 0.6000 0.6667
4 3 1 5 2|-0.2000 -0.2000 -0.2333 2 1 4 3 5] 0.6000 0.8000 0.7667
4 2 3 5 1|-0.2000 -0.3000 -0.2500 1 4 3 2 5| 04000 0.6000 0.6000
4 2 3 1 5| 0.0000 0.1000 -0.0500 1 4 3 5 2] 0.2000 0.3000 0.4500
4 2 5 3 1 |-0.4000 -0.5000 -0.4167 1 4 2 3 5] 0.6000 0.7000 0.6833
4 2 5 1 3 |-0.2000 -0.3000 -0.3167 1 4 2 5 3| 04000 0.5000 0.5833
4 2 1 5 3| 0.0000 0.1000 0.0167 1 4 5 2 3| 0.2000 0.2000 0.3333
4 2 1 3 5| 0.2000 0.3000 0.1167 1 4 5 3 2| 0.0000 0.1000 0.2833
4 1 3 2 5| 02000 0.3000 0.1500 1 3 4 2 5| 0.6000 0.7000 0.7167
4 1 3 5 2| 0.0000 0.0000 0.0000 1 3 4 5 2| 04000 0.4000 0.5667
4 1 2 3 5| 04000 0.4000 0.2333 1 3 2 4 5| 0.8000 0.9000 0.8833
4 1 2 5 3| 02000 0.2000 0.1333 1 3 2 5 4] 0.6000 0.8000 0.8333
4 1 5 2 3| 0.0000 -0.1000 -0.1167 1 3 5 2 4] 04000 0.5000 0.5833
4 1 5 3 2|-0.2000 -0.2000 -0.1667 1 3 5 4 2] 0.2000 0.3000 0.4833
3 4 5 2 1] -0.4000 -0.6000 -0.4667 1 2 3 4 5| 10000 1.0000 1.0000
3 4 5 1 21 -0.2000 -0.5000 -0.4167 1 2 3 5 4] 0.8000 0.9000 0.9500
3 4 2 5 1] -0.2000 -0.3000 -0.2167 1 2 4 3 5| 0.8000 0.9000 0.9167
3 4 2 1 5 0.0000 0.1000 -0.0167 1 2 4 5 3| 0.6000 0.7000 0.8167
3 4 1 2 51 0.2000 0.2000 0.0667 1 2 5 4 3| 04000 0.6000 0.7333
3 4 1 5 2 0.0000 -0.1000 -0.0833 1 2 5 3 4] 0.6000 0.7000 0.7833
3 5 4 2 1] -0.6000 -0.7000 -0.5833 1 5 3 2 4] 0.2000 0.3000 0.3500
35 4 1 2] -0.4000 -0.6000 -0.5333 1 5 3 4 2| 0.0000 0.1000 0.2500
3 5 2 4 1] -0.4000 -0.5000 -0.4167 1 5 2 3 4] 04000 0.4000 0.4333
3 5 2 1 4] -0.2000 -0.2000 -0.2667 1 5 2 4 3| 0.2000 0.3000 0.3833
35 1 2 4 0.0000 -0.1000 -0.1833 1 5 4 2 3| 0.0000 0.1000 0.2167
3 5 1 4 21]-0.2000 -0.3000 -0.2833 1 5 4 3 2] -0.2000 0.0000 0.1667
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