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anGlYI(9),Hl'Ufil3.ie\I'W1'i13jLGleJ.f~" '] 

n1~l-Jf'~n~'YI~~eJ1J / 2 ~mh13.11LL~1hl.U'YI~ 12 ,ft.UU'I.I.~n~~Lli~\1~1~1£iL~eJf 
i\I~'I.I.L'I.I.U'Yid';l:na11~-1~n~'YI~~eJ1J~'I.I. ')~Lli~\1~1~1iiL~erfL ~llan 3 n1~'YI~~e1u flfl 

Binomial test, Kolmogorov-Smirnov one sample test m~: One-sample runs test 

1. Binomial test 
!'I ... ... ..1 ' " ..I ' !'I .-Binomial test LlJ'I.I.~n~'YI~ ~el1J'YI11~1 £JL ~eJ\If'l113.1'1.1.1';l:LlJ'I.I."ll fl\1 L 'V\~n1~m 2 

~ 

.. 4 I I "" ... ... .... I .. A 4 I "" 

L'V\~n1~m 'V\~eJ naliUf'lf'la 2 nall SU\It11L~1~~~~1'1.1."lleJ\IL'V\9ln1~tu.'V\'I.I.\I'V\~eJnali'V\'I.I.\I 
~ ~~ ~ 'II ~ ~ 

LL~1 L"li'l.l. iji91&1'1'1.1.Lu'l.l. P i\l,r'I.I.L~1';l:iL~11L'V\9ln1~milm'V\91n1~mwd"'VI~eJnallf'l'l.l.an 
'II ~ ~ ~ 

nalliji~Lf1'1.1.LU'I.I.L'Yh 1-P sn\IL~1';l:L"lfiruim~m11 Q 
~ ~ 

' !'I ..1 ... .- d .t .- .t .t 
~91~f'l11li'I.I.T'il:LlJ'I.I.'YI';l:Ln~L'V191n1~tu.'V\'I.I.\I x f'l~\1 ';l1nL'V\qJn1~tu.'YI\I'V\ll~ N f'l~\1 
'II q ~ 

... '1'1 ....... ..t 
L"llll'l.l. Lq)~\1'1.1. 

p(x) = ( ~) P'QN-• .......... (13.1) 

i1eJtl1\IL'I.I.n1~1u'l.l.ami1 5 f'lf_, teJn1~~';l::Ln~LL~liLU'I.I. "'V\n" 2 f'lf_, LU'I.I.LrhL'l 
'II 

'l ..l..t .... ' ... ... .. 1 t .t 
WYl'l.l. N = 5 LLa: x = 2 P = ~~~1'1.1."lleJ-1n1~Ln~LL913JLU'I.I. "'VIn" 'l.l.n1~ ll'l.l. 1 f'l~\1 

=!LLa: "LliLn~'V\n" f'le1 Q=l-P = 1-! = ~ LdmL'YI'I.I.~ha\IL'I.I.~~~ 13.1 ';l:L~ 
6 6 6 'II 

p(x) = ( ~) P'QN-• 

p(2) = (~) (~)'(!f' 
p(2) = U~J (~)'(!)' 

= .16 
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'l.b';l::LiJtt 

p(x ~ 2) = I (~J P;QN-i 
i=O l 

i1mh"n11Li Binomial test 

l ttn11flm~n L~eHfl113J Lfl~u~ 1~ un11'Y1~ a-aunlJ'I!n L~uw;htt 1tt 18 fltt l ,.;L~utt 
1~~ntJ3JL~att 2 ii 1~r.JL,.;'n~3JLL'm 9 fltt L~Uttii~ntl3JL~att1i A fiatt LLi1~"a'a'U.ii 

v ~ v 

~ntl3JL~EJ'U.ii 8 ~1'U.n~3J~a'EJ"an 9 fl'U. L,.;'L~Uttii~ntl3JL~att 8 fiatt LLi1~"L,.;'L~U'U. 
v ~ v 

1~~ntl3J L~ a'U.ii A W)i ui a" n11'Yl~ a-au a'111lil~1ttii u~11 L~ aum~utta r.jL tt/111:: 
v v ~ ... v 

"" .... ... 'I ....... "."1 d\'1 ... .... ... d\'1 ....... • .... ~ 
fl1111~"Lfl'W~';J::LL~ an L"ll'11lnT'nLnuru'VI1'Yl L~L1Utt1LL1J1JLL 1n'Yl L~11Jn11a'Elttn£ltt ~"'U.tt ., v 

L~aa'a'U.La'~';l~" 18 fl'U. LLi1*Jiufiih L ,.;'um~U'U.Lfi~f\1111 Lfl~U~~';l::i El" L"JMi~m.J11 
v v 

... 'I "."1' \'1 ... ... .... ..t 
L" a'U. L 'U.n11LLnu qj'V\1 ~an11'Yl~ a a" L~"ll a~ a~"'U. 
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....... ...~.... . 
11i'Yl L ·m u n a tt 

16 

1 
H o : p, == P2 == -

2 

p(x ~ 2) = I (~J P'QN-i 
i=O l 

2 18 
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,_lf.ti~ wbeo I' ~ Q ~ !. To ouve space, dc:eimnl points nrc owittcd in the p's. 
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• Aclaptccl frurn T!lhle IV, ll, of \\'alkPr, Helen, anti Lev, J. 1\15:1. Stalisll'wl 

illf<:r<na. New \'nrk :_ llult, p. ~.58, with the kind permission of the tHttltors Rnd 
publi~her. 

j 1.0 ur t'i>Jli'UXIIlialdy l.ll. 

'VI111r.JL'VI": ~111 Siegel & Castellan (Siegel & Castellan, 1956.P250) 
~ 

0 "" d \'1 .... ' ( ) ~L'In1~fl1'1.1.1nt'VI~El~\11n<iiT'i1-\I'Yl N =18 LLL'I:: x = 2 L<i1~1 p x $ 2 =.001 

J1.1.~ Elfi111Jti.1\I::LU'U. ~\I::L~ an L"lfl~~L1r.J"U.'VI a -\I L "U.n1~LLnif tu'V\1 L rhnu .001 ~-\IUEl uni1 

~1 a ~i"'i' .01 

L'U.n~ru.~ N ii~1Ln"U.ni1 25 n1v.1i'~<il~ z i"d' 

z = {x±5)NP 

~NPQ 
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2. Kolmogorov-Smirnov one sampile test 

nT~'Yl~a'aU~1£Ja-fi~ Kolmogorov-Smirnov one sample test 'VI'7a K-S 1-in·nii. 
._,A.,- o 4~ tA d 
~ a\IV4 a'';I\UH~ nTHL';I n LL';I\1"11 a\1';11'\.l. 1'1.Ul'U.W'Ia a'\1"11 a\11111n1"ILL ';In LL';I\1"11 a\lfl1111fl a-:: a'll 

'II 

il ~U .,. ..I ""~ 10 1" L 'U. L ~111'Yl{l~~"ll a\lnTnL';InLL';I\Ifl1111fl a'::a'li'V\1a Lll n1'VI'U.~ 'VI 

F0(X) = VJ\Iaiu."lla\ln11LL';!nLL';I\If11111~a'::a'll iu.fiaW1'VIi'UfJnfl1"1Ja\l X fl1 

"lla\1 Fa (X) LU'U.ff~ii1'U."lla\lfi'U.~fi1~'V11\111';1::L~fi::LLU. 'U.L ·rhnu'VI7ml'a £Jn11 X 
"I " ( ) ..I I ... I ..I~ " I I 

LLa::L'VI SN X = n11LL';InLL';I\I"JJa\lfl1111na-::a-11';11nn~11~1a£J1\I'Yl L~111a£J1\1~11 
..I ... 0 I ... t ..I iJ ~tl~ " A ( ) A ... 'Y111';11U.1U.L 'Y11nu N ~ E.J'Yl X ';I::L u. L L~ Lll a a-11n11 s N X = kIN L11 a k fl B 

0 .... .:=1 I """ 4 "" I 

';11'U.1U."JJBlla'YlL'Y11nu'V11BUB£Jn11 x 
'II 

a'11~~!1'U.11\IIif\IL111 fi1111LL@ln~1\11::'VI11\I sAx) nu F0 (X)";~::iifi1UB£JLLa:: 
Bu1'"a~~"JJa\lfi113Jfla1~Lfi~B'"ii11 

'II ~ 

" ..I I I ..I ..I 
Kolmogorov-Smirnov one sample test ';I::L'U.U.'Ylfl1fi1111~1\I'Yl111n'Yla'~"liB\I 

~ 

Fo(X)- sN(x) 1-iityinl!-m n t~E.J~ 

.......... (13.3) 
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TA.HL!-: IL. TAHLE OF CHJTICAL v.\l.llf;S ()f' 1) 1N 'l'JH: J\.oJ.MOGOftOV-St.-11U.NOV 

O:H;-5.\t.II'U; TEST' 
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Over 3!i I 07 I . 1-l 1. 22 1 . 3() 1 . 63 

____ ------~ ___ j ___ ~_>_N_" _ _,___'_._1~-----'/N _____ "-----.:;_-X_'_ 
• Adapted from 1\laf:sey, F. J., .Jr. 19.51. The 1\olmo~urov-Hmirnov test for 

lOducss of fit. J. :iiiLer. !:itnltst. A.s3., 46, 70, with lhe kind JH•rinission of the nulhor 
u.l puuli~l,er. 

Vl1l1£JLVI~: ~m Siegel & Castalian (Siegel & Castellan,1988.P330) 
~ 

~1 mh~ 'l!n1i FJfiUVIi1~aul;li1 fiU~1~T;J:La an"itlfl1~fl11r~::~ufi11:1J L eH:IJ"ll a~ 
'II 

a~1VI~a11i hwL~ftll>~1~1 10 flU L~elnfl1~ftU~ih::~1Jft11:1JL"li:IJ"llEl~a~1';11n~1:1J1n 
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iii1~'UTI113J L "ll3J"ll El\1~~1 

f = ~1U1UTIU~L~ElnLULL~iii::~1~'U 
' fo = i~fi'1uTiufh~anm3Jflt]'lYlj 

F0 (X)= TI113J~~::~3J"ll EJ\Ii~ff1U~13Jflt]'1Ylj 

S10 (x) = TI113Jrl~::~3J"lJEJ\Ii~fi'1u~13J~Lnu"liEJ~iill~ 

IF0(X)- S10 (X~ 

fi1 D =max IF0 (X)-S10 (X~= 2_=.5 
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0 d 'VI 'tl 0 .... 'VI ... 0 I d 
-;:nn~111\l fl1 D =.5 L3JE! N =10 L3J ·nn!JLL'iHl::~\ILn~ L~11 fl1 D = .490 L3J£1 
.:t ..., a ..... .:::1 ..., .... ~ , A !'I • d a .... o ...., ~ • o 'I .., 

N =10 3JUE.J~1fltll'Yl1::~u .01 ~"'"'" fll1 D = .5 ';l\ILuUTI1f13JUE.J~1fltlJ~1n11 .01 f11 L'V\ w w 

liie~\li~iut,ti~L~li H 0 ~11 
H0 : F0 (X) = S10 (5) 
i"J'"~"a-1t111 nT'n~ e~n111"W"ll El\lflu~hfii1 llilfiiijnT~n,-::-;n E.J~13J'Yl fJ'lY~fl113J 

ti1';J::Li:lu~ El L~ElnLL'iiiii::111~L1i L 'Yhnu 

n11L"lf Kolmogorov-Smirnov one sample test L-rJe~n11fl~a'El'Un11n1::';11E.I'V\~El 
n11LL';JnLL';J\I"lJEl\l"liEl3JiiiLUULL'IJ'IJ~U')fii1E.JnLfii ~1i\l Nonparametric LU SPSS a'13J11Cl 

'1.1 

L~e~nl"lf K-S one sample test .1unT1~11';J~EJ'IJ"JiEJ3Jiil"llEl\ln~3Ji1EJE.i1\I~Ln'IJ11'1J113J3J1 
'1.1 q 

llii11Ltlu L~\ltln~'V\~El lli ue~n,1 nU£Nijn11fl~ ~EJ'Un11LL';Jn LL';l\1"11 El\1 n~11i1 El E.i1\l L iiE.Ju 
q 

rl'Un11LL';JnLL';l\l LLU'IJ Binomial LLiil::nTnL';JnLL';l\1 LL'IJ'IJ Exponential fii1 E.l 
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'V13J1tJLWi.): ~:U1 Siegel & Castellan (Siegel & Castellan, 1988.P331) 
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~\I-;J::ner:hn17n7::-;:nF.J"lleJ\1~1 - nami!J-uLtiLLUU~ll LL~fi1 r .L'Un7nL~ r = 2 ~..1nai1L1i 
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LU'U Ltl911ll LLUU~ll • 
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(normal Dist) 
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2mn 
Mean = 11 = --+ 1 rr N 

~ = r 

r - p r + h - 2mn I n - 1 
z = r = r - -;==~====--:--:;---:-

~r ~[2mn(2mn- n)]/[n2(n -1) 
~ ~ ~ 

LlleJ h = +.5 en r < 2mn/NH ua:: h = -.5 n1 r > 2mn/NH 

LL~1 LU9191171\I z {91171\1 A) 
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i1eHh\J L ';l'Yl £1~1 Cl1111i EJ n1'H"li'1 LLCl1"ll EI.J~'I.l.~'V\'\1'1'i Eh1 ck1iitf.J"lf1 EJLLa::'V\ tY.J n17 

L -ll1fhifij"lf1 Ufl'lJ'VI ru.J L'iEJ.J ~hiu nuL11uLL'lJ'lJ a-11\'\~EI Lli 
~ q 

Q,.ill Q,oo "" .., Q,oo .., .:::::.. 

911,-1.JLLH9l.JEI'I.l.~'lJ (order) "J..EJ.Jn1,-L"ll1LLCl1"J..EI.Jt:.l"lf1£J 30 ~'l.l.n'lJt:.J'VInJ.J 20 ~'1.1. 

TABLE 4.6 

Order of 30 males (M) and 20 females (F) 

in queue before theater box office* 

M F M F MMM FF M F M F 

M F MMMM F M F M F MM 

FFF M F M F M F MM F 

MM F MMMM F M F MM 

*Runs are indicated by underlining 

~111 Siegel & Castellan, 1988.P63 

'II 'II ~ 

H0 : a1i'1J"ll EI.J"lf1£JLLa::'V\ tU.J 1 'l.l.n17L -ll1fhd1ULL'lJ'lJa-11 
~ q 

Hl : a1i'lJ"ll EI.J"lf1 £JLLa::'V\ ru.J 1 'l.l.n17L-ll1fh LliLU'I.l.LL'lJ'lJa-11 
~ q 

" "" .... a= .05 n =50, n1 t:.l"lf1£J 30, n2 t:.I'VIru.J 20 
'II 'II ~ 

.Um:nn r ';l1n-llEJ11aL~ r = 35 
'II 

H9l,-Htl91~1 "Ji ~ El z = -;===3=5=-=0=.5=-=2=(3=0=)('=20=)=/ =50=-=1=== 
'II ~ {2(30)(20)[2(30)(20)- 50}] /[502 (50 -1)] 

= 2.83 

I .:=1 .:II .r .::I .c::i a,.. D Q,oo AA 

~1 Z 'Y1 2.83 11W'I.l.'Yl 11('1.1.£JH1~ty'Y11.Ja'Cl91) = .0023 
..1 . 
'Y1 one ta1 
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n1~ two tail 
'II 

.0023 

-2.83 2.83 
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