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BYLAAG A. 

Indien 

( 2 . 4 0 ' ) lim N-l I: ( ah - Y N ) 2 ~ E > 0 
N~CD h 

en 

-1 71 ( - ) 4 ( ) N ~ 'l'Nh- 'l'N = 0 N 
h 

(2.42') 

dan voldoen die variante t. aan die voorwaarde 
l 

( 2 . 50 ) l im E I t . 1
2 + 6 < CD vir i =l , 2 , . . . , k . 

N~CD l 

Be wy s ~ S tel MN = L: ( ah - '¥ N ) 2 en 
h 

P N = L; ( ah - 'Y N ) 
4 ~ 2: ( '1' Nh - 1' N ) 

4 
Q 

h h 

Op analoe wyse as in lemma 2.2 volg dat 

4 n.(N-n.)(N2+N-6Nn.+6n~) · 
E ( t. -Et. ) = l l l l • p + 

-l -l N(N-l)(N-2)(N-3) N 

3n . ( n . -1 ) ( N-n . ) ( N-n . -1 ) 
+ l l l l ·~ 

N(N-l)(N-2)(N-3) 

Uit (2.4) volg 
"' 1 1 l 1 
t . = ( N-n . ) 2 [ t . - E t . ] [ n . ( N-n . ) N- ( N -1 ) - IVIN]-2 

l l -l -l l l 

[ [ ( ) -1 -t = t. -Et.] n. N-1 MN] . 
-l -l l 

I 
A 14 [ 4 ( ) -1 , -2 E t. = E t.-Et.] [n. N-1 Mhl] 
-l -l -l l n 

= 
(N-1) (N-n.) (N2+N-6Nn.+6n~)' 

l l l . 
2 .. pN 

niN (N-2) (N- 3 )MN 

3(N-l)(N-n.)(N-n.-l)(n.-1) 
+ l l l 

niN(N-2) (N-3) 

= 0(1) 

+ 

-2 -1"' c -: )4 -1c -1 "'c - )2 -2 want PN MN ~ N 6 '1' Nh - ~ N N N 6 ah - '1' N ] 
h h 

= 0(1) uit (2.40') en (2.42' ). 

Gevo1g1ik geld Ejt.j 2+6 = 0(1) met O< 6< 2. 
l 

Opmerking. 

Onder voorwaarde (2.40) geld voorwaarde (2.40') 

met waarskynlikheid een. 
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BYLAAG B. 

Onder die voorwaardes ( 3.10) - ( 3.13) 1 

1 

( 3. 28) en 

( 3 o 14 I ) 

IJ (H) I ~ K[H(l-H) ]- 4 + 6 

IJ(m) (H) I ~ K[H(l-H) J-m-i-+ 6 , m=l9 2 en 6 > 0 

geld die voorwaarde 

(3.76) lim Elt.l 2+ 6 <m vir i=l,2, .•• ,k en O< 6~2. 
N~m 2 

Bewys: E It. 12+6 = t N-ni ]l+H E \t .-Et. \2+6 uit ( 3. 56). 
2 Nvar(t.) 2 2 

l 

Aangesien 0 <lim Nvar( t.) <m ui t ( 3. 68) 'j is di t 
N~m 2 

voldoende om te bewys da t Nl+i- 6E It. -Et. 1
2+6 = 0 ( 1) 0 

l l 

Uit §3.4 opmerking 3~ (3.60) en (3.62) volg: 

E(t.) = A(i) + o(N-t) met A(i) gedefinieer 
l 

deur (3.61). Nou is 

Nl+HE I ti -Eti 12+6 = Nl+-ft6E \Bi~) +B~~) +Op (N--ft) 12+6 

n. n 
1+1!6 I"' -1 "'l ,_, c ) -1 .$"" c ) c -t) 

1
2+6 · = N E LJVN [n. LJ B x .. -n 2.; B. x . ] + o N • 

g g l j=1 g lJ g j=l l gJ p 

Die resu1taat volg m.b.v. lemma 3.11 saam met 

(3.1) en (3.3) indien bewys kan word dat 

n. 
1 l 6 

E In -:- 2 2: B ( x .. ) 1
2+ = 0 ( 1) • 

l j=l g lJ 

Onder voorwaarde (3~14 1 ) word hieraan voldoen 

vir 6 = 2 ? want~ 

I -t "' ,.._, ( ) 14 En. LJB x .. 
l j g lJ 

= E[n-:- 22:L:2: 2: B (x .. )B (x .. ,)B (x .. ")B (x .. ",)] 
l j jl j " jilt g l J g l J g l J g l J 

waar 

alle j 1 s die waardes 1, 2, 0 •• 9 n. deurloop 
l 

-2 ["'' '\' "'-'2 ( ) "'-'2 ( ) '\-. ,....,.,4 ( ) = n . LJ LJ EB x . . EB x . .1 + LJ E B x . . ] want x . . en 
l j jl g lJ g lJ j g lJ lJ 

x .. 1 is onderling onafhanklik vir j I j' en EB (x .. )=0 
lJ g lJ 

= 0(1) 

aangesien~ 

 
 
 



195c. 

n ~ 22: 2: E 132 ( x .. ) E 132 ( x. J = 0 ( 1) m. b. v. ( 3. 2 7) en 
l j jl g lJ g lJ 

onder op b1adsy 72 9 en 

n -:- 2 2:E 134 (x .. ) = 0 (1) soos blyk ui t die vo1gende ~ 
l j g lJ 

x .. 
lJ ' I B (X .. ) I = I I J [ H (X) J dF (X) I 

g lJ X() g 

x .. ' 
~ K I I l J J [ H ( X) J dH ( X) I 

xo 

<K [jJ[H(x .. )JI+IJ[H(x
0

)JIJ 
- lJ 

< K 
1 

[H ( x .. ) {1-H ( x .. )} ] 6- ~ + 0 ( 1) ui t ( 3.14 1 
) • 

- lJ lJ 

E[Bg(x .. )] 4 < K 11 /1 [H(l-H)J 4 (()-~)dH + 0(1) 
lJ - 0 

= K
11

/

1
[H(l-H) ]-l+46dH + 0(1) 

0 

=0(1), sodat 
,_ 4 

E[B (x .. )] =0(1). 
g lJ 

Hiermee is die bewys voltooi. 

Opmerkings. 

1). Waarskynlik is die meer beperkende voor-

waarde (3.14') in vergelyking met (3.14) onnodig. Let 

in hierdie verband op dat lim EB:(x .. ) <ro onder (3.14) -
N-?ro g lJ 

sien C+S(l958). Verder is nodig vir bogenoemde aflei-

- 2 "' "-'4 ( ) ding da t 1 im n. LJ EB x. . <CD 
N -?CD l j g lJ 

waarby reeds 

-1 " "-'4 ( ) 1 im n . LJ EB x . . < ro 
N -?fi l j g lJ 

as (3.14 1
) geld. 

Daar kan ook op gewys word dat 

IBg(xij) I < K[J{H(xij)}J 
:L 

en dat 

(3.13) JN(l) = o(N2 ). 

2). Alle spesiale gevalle van die algemene 

toetsingsgrootheid wat in hierdie hoofstuk beskou word 9 

voldoen aan die meer beperkende voorwaarde (3.14 1 ). 
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BYLAAG c. 

Aan die voorwaardes 

i) 1 im E I t ~ 1
2 + 6 = 0 ( 1), 

N -?CD l• 

ii) lim E It 
1 

• 1
2+6 = 0(1) en 

N -?CD • J 

iii) lim E It'.'. 1
2+6 = 0(1) met 6 > 0 

N-7CD lJ 

word voldoen onder voorwaardes (5.13) 9 (5.14) en 

( 5 . 13 1 ) N--l L: ( a - a 00. ) 

4 = 0 ( N ) . 
p p 

Bewys:. Die bewys . da t aan voorwaarde.s i) en . . ii) voldoen 

word-t gcskied ~oos in bylaag ___ A. 

])eur· ·te ··s.krywe 

a ... h. --a .. -a ... +a == (a. ·,;.. 4·-a ••• )~( a. -a .... J-.(a .. -a ...... ) , 
l J l u e ;) •· q ~ l J ll ' l P 

0 J• · 

kan gere-delik .aangetoon word dat (.5 .l3' ) voldoende. is 

vir die ge.ldigheid van voorwaarde iii) deur op 'n. 

soortgelyke- wyse as in bylaag A-t::~ .. werk te gaa:u met 

gehruikmaking van die tegniek wat in die bewys van 

lemma ·5· .. 2 ontwikkel i.s. 

Die geldigheid van voorwaarde ( 5 ~ 13 •) W01"'Ci 

verder implisigt ·aanvaar. 
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SlliviMARY n 

DISTRIBUTION-FREE TESTS I~OH THE PROBLEM 

OF Tv70 OR MORE SAMPLES o 

Distribution-free tests are const~~~tcd for the 

k-ssmple problem ( k_>._2). Some of these tests are extensions 

of two-sample tests proposed by WILG.OXON(l945)? TERRY(l952) 9 

TJIOOD(1954) 9 VAN-DER WA}~RDEN(l957) and LF'"lJ'v1ER and STO

KER(1960). 

The tesJc statistics have c\Syrnptotic x2 distri

butions with (k-1) degrees of freedom under the null 

hypothesis H
0 

( cha:pJ:;er II) 9 and also under the general 

h;')rpothesis H subject to certain genera,l C')ndj_tion~.i 

(chapter III - see CHERHO:eF and SAVAGB(l958)). L. nlunber 

of these k-sample distribution-free tests for difference 

in location a::c-e comparscl with the pe.rametric F test and 

in the case of tests fo~ dispersion with the Bartlett 

te~t for }1::n1ogeneity of 7s,riance by mee.ns of their asymp-

to tic rele.ti-.-8 cfficj_enr.;ie~:J. Se"'Teral of the k-sample 

are highly l"ecoFrr'lencled :for jJrD.cticBl s.pplication. 

Necessary and suffi8i2nt condj_tions arc-; give:;."_ for the 

consistency of these tests. 

Dj_fferent tests are suggested for t~J.o lJro bleill of 

m ranl~ings (chapter 17) a::1d their asyn111totic properties 

derived. 

The analysis of variance iL the two-factor case 

is studied in ch~pter V. Different tests for row-, 

col1..unn- c:-r..d int2raction effects are constructed 9 vJhj_ch~ 

under H
0

, IJOssef..;s asymptotic x2 distributions &nd arc 

distributed :Lndc~1Jendent of each othor~ 
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