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(paired samples t test), SH X ¥ t7 4 (independent samples t test)
o] B4 HAAW ddeld, €& HFE 9 HA (Wilcoxon signed
rank test), W—3E4Y 74 (Mann—Whitney test)<> 22 24 AW
b2 vl Ry HAY el HE.
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(one—way ANOVA)3¥ tfetd H|ES:
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Feir—Walsh 2} Toothaker(1974), Gleason(2013), Mendes 2+
Akkartal(2010) ¢ A& old A7+ d7A7F A x
met et S Hole AW Aolrt e BET o2 vl FolE
m, £ xAs] AFEo] AL JMsF o A AU vu 9@ R
Aekar, Folxl 219 Wste] mebd HANES] +3 WsE Aunes A
24 29F 7H Aoz oddrt

:?I:
kT
fd
2
£
ui
=
O
2
N
-
L
EN
Y
=
R
s
&
Mr
1
oft
rk
o
S
el
ofo
ol
ol
rir
P
s
2
i)

R

7], &3 A7) (effect size), H e W&/ (mean variability) W= %4
T2 A2 g

71E] dTse] FE 249 Hd 1 ZolE HAstE A AAHE v
2HE A =7 (MacDonald, 1999; Meek, Ozgur, & Dunning, 2000;
Meek et al.,, 2007; Nanna, 2002; Nanna & Sawilowsky, 1998; Siegel
& Castellan, 1956), ¥ A7+ ©o|& FAsty F5 A72A 749 dntst 7}
aEste] 371 o]de] HHE A 1F zolE BHludskes Y-S 7HA
hoh, mebd 2 Aol M= 370 ol SHER I AbolE HA s

ofr
o,
o

ol
-1
fd
3
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AHEA (one—way ANOVA) ¥ 12] tf

-y A~ AA (Kruskal—Wallis test), -

A4 (jackknife

Ry

Afol

test), 4+ AA (permutation test), H=AE= AA (bootstrap test)

K

ol

ojiy

Z2% RellA AF-AH7}

SN

Fol4 Zolty, FAH R

i

22!

124 mRgozRE 9

- o
T

2= Al&Edo]Ad (Monte Carlo

H 7=

244 A

Z53H

2010;
44 A

Simulation)

f A=

9]

at7]

Jk3}

]

o

=
=

SEREE

Muthén & Muthén, 2002).

3}

a}

Foh uhet

3
it

=) 5 oo

Al W3t A=A A

A A e e v

= Ho

3y

P
T

Els

[
T

~
fite)

el
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|24 w7

1. 3FA2Z4 -4~ AA (Kruskal—Wallis Test)

AFAZ-de s HAL Kruskald Wallis(1952) o oal] aebgl vl &4
AdHor, 2749 HHE ZE T AolE Flste M-I EY AA
(Mann—Whitney test)S JMY Sy izE oz 343 Flo|th(Breslow,
1970, DeCoster, 2006). A A3t ZAA7 FHE Z&E dvole7p 4
EAHEA (one—way ANOVA) 9] 7Hd& wiHehA] Xahe Ao FadS

tfalste] AFAZL -G A JAAS AT 4 3tk (Pagno, 1994). 2°Fst

>~I

Y
(e
(u
ol

>.,
NS
e
Au)

)
N

o)
o
o
iy
o
flo
N
-
1o

il
A

|

FE
o
offl
e
ot

(rank) 9] Fej2 HEdTh= Fold 25 AAHHTL 2oz} vk, AnkA o
2 59z w3

BHE7] wEo] 2 AFEE A ¢ Am W ot gy v RS A

AN T IS A&k Aol 2 7EA Aol V¥t (Kruskal &

Wallis, 1952). 3A, Aol vlwz wesint. 95 AR A4

Al Al HAgE sk sw oW it deE FEl A SARS

A AEE F Stk B4, A5 21" BRG] 22 diE o$ o

"k ol (general) 7FA WS AAZ 3ch, KW AL #5x7F A2 594

MAHE FE HolHAME AR Zhsstth. mRAE o R R AN O
7Hgol AUAA v A Gl o5 AT ORA BT F Sle TAE
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WA sk, AR B el Hi Aw gk Aol grebdl 5 Utk

KW @4e] 7H: & g Aol Bol ofd 44
o Aolth KW A4l 59171 AHgats A
oFgkol ARE B 2 LokstE gel AP wm

mt N BAR FAge st

H N BRG] TS oA HAx T e Aolstr.

D KW @49 92 9 A8

o}
oW o7z Ad g S8t g4 thEx okolop sl ol#dt dE=E M x®
ahel 7t Awel S8 REFEH KW 449 94 A% HE 4EE &

Atk AA EAZ HZF AW 42 GA S 7174E eSS ol

J
= N+1 E

I Ave] %
noo iR AR Abe 5
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H
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X
_Zr!
i

W AR 5918

A Uoke

e

AT A7)

3|
pEs

HUt

(2.2)

Al
)

T=0t—1)tlt+1)=t"—t

(2.3)

Al
A

F5919 )

=

(2.3) #=x). olw,

Al
al

F 9Tk

i3
=

:rL

g1 A% (1)

A==
o ©

42 —4).

) AlelF (MR ZAY 2ok ARHoR o= 03 1 Abol g

Z

THAA A (T

KeX
=

= #

60°] 2t

T=

474 vk,

il

R

T—
T

A 71=9] Hk

© 7 e,

Bo 2 @
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EPEo] BUd A%FERIE /M 2yUM EAHL, 24 gue
BE 2707 U AA @ow(n >5) H AR HEEAEE (random

sampling distribution) = AFE7F J—12 2 EXo| T AT
(2.4)). mpebA, HA ARl FAN? EEE WETE 7Hste] HEE A

getAl At
H~\*(J-1) 2 (2.4)

o1F4 (200 /M delHE Fal KW 43 NYEAE ool

wol FAHow AWe 5 vk AL 7 1299 250l H3 A

gl wstEIA HHE A pAsHe Aok dunig Fe, 47, 2
o), 4w

7Nt AR B8 dA (cue) & AT AR Aol Aozt

3Me T89S A FAS W 6, 7, 850l dMFstL, o5 HQ
70] 1189 #AFH o] Foju: S et Feaad F 7 54971
5% A7 4 (11.5%, 17.5%5, 29.5%, 34.5%), Al /1Y 597 55
A A 173, vl N T s A 1¥(26.55) ]tk ot

gA, )75 FEa e wAZE 2 H AR 5AZE uAs = @
2 (2.8) 3 2 (2.5)~2.7) Fx).
Y T=4[2)—2]+[(3)* —3]+[(4)* —4] = 108 2 (2.5)
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1
C=1—3&:.998 2 (2.6)
36" — 36

12 (139)? N (200)* = (327)

— — ° X]

i 36« 37| 12 12 + 12 3+ 37 5 27
=13.81
. 1381 Y K

H =503 =13.85 ~ x*(2) 2l (2.8)

<KE 1> @AM g HEs S A AHE A9 59
(e]FA 9, 2007)

m

et

% H HF A

pas =

1 (FH) A2 (A7) 37D
A= =9 AHAE CRt qHAE Rt
6 1 31 34.5 13 10
11 7 7 2 32 36
12 9 9 4 31 34.5
20 19 11 7 30 33
24 23 16 14 28 31
21 20 19 17.5 29 32
18 16 17 15 25 24
15 13 11 7 26 26.5
14 11.5 22 21 26 26.5
10 5 23 22 27 29.5
8 3 27 29.5 26 26.5
14 11.5 26 26.5 19 17.5

n, =12 ny = 12 ng =12
R, =139.0 R, =200.0 R, =327.0
N=36
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T
hin

13.85H.T}h

T .

(significance probability) p

=

5

=

=]
=

1 gko] UrER

(significance level; «)©]

o

o N
iyl
)

Aol et
A AR T FAHCR

o]

F 9tk

&9 AR Aol 7t

A
1T}t (DeCoster

PR

ui-

o
o

ol
%0
R

w
o

[mt
of
ﬁo

ol
<H

R

N

o

F kol of

s

e
=
H| 1. 9}

bl 74

x

’

o

2=
T

A

o

A7 (post—hoc) S

o
T

o=Z® A
2) KW #7429

2006).

T

)

ol

Higgins, 1980). 184 ¢

‘ao

R
~

N
B

—

o]

&+
ol
ol

T

B

o
e

Neave2} Worthington (1988)

b vk

S

A}

[e)

i

ZAH Ak A
A4 F AR AREH Ao

RYA
1.

ojiy
TR

5

3FX]

[e]
B VM S i

B

A oA

B 3977 AR A ol W AA Axt

ol
N

7
JvNO
!

o
ﬁo

gl

Ed=

=

=
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A4 7 (Kruskal & Wallis, 1952)
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ol

oo

ofi
%o
~H

It T3 Zimmerman® Zumbo(1990a)+= KW

7k 3

Q
ar

)

o%
-
ol
o
ol

free

ol
ot

i

2 A AAE

-

R

5

°

A+

=

s

=

HINE 5

-

R

7kt

Lo
)

2k 9

)

=
pis

o

9 ARG

i
al]

o|]
T
R
B
&
o)
oH
o
%o
T

& =9, KW

43 Zow e

bl A
o

o

OX]

T

O =
AFAH7E AT (Adams &

=

=

-

R

t}

=

Fa AAse] F

o

15
Anthony, 1996; Ludbrook & Dudley, 1998). 184 o]9} Hltj=Z A%
Holgt= o7A% AU (Sawilowsky, 1993).

el
=

A
59157} 373

[e)

=

Z+&- (noise)

ol

ofiy

L=Nye)
=2

277

&

Berger, Higgins, Blair

t}(Langbehn,

T

ko]
AN

T =

Mallows, 2000).

o
M

=
ojiy
%o

)

ojny

Hzo] of" 7Hgol siaEsl=A, 1l

A7A37} e gk

mhLh 919 9}

L

R

=

%]
S|

= 7)o meEh Eeoh WR

Ioh &, 3%
Fol7b trERt

0

o
a
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%)

—_
file)

L —
.
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2. Aol HA (Jackknife Test)

ol
k]
o
fu
_
ln!
+
§2
rlo
N
o
1o
ke
rc
2.
=

c

&
o
[@N
w

)

=)

o

J
ftlo
&3
J
a
i

th(Rodgers, 1999). A= QA HEFLS vt o] #5
A7 Ao #dge ZEoERYH AAHNSE W vA= FFHES v "
o7 H7lE Y (Carsey Harden, 2013; Mosteller & Tukey, 1977;
Rodgers, 1999).

Aol HAL Foxl ZES EEsto] AT FHste Wl o
o ZRE HEHSY. Quenouillex AAIY dHo]H (time series data)
N AGd(serial correlation)1l) F 22 A2 Fol7] 9 FA
ZIW= Algrsialar, ol& kg o] Ayolx HAS Y[AZE HAH

1949; Quenouille, 1956). x7]° o]&L HIEO=E

Tukey (1958)+ X ES AxAsts AA7F LsHA wHE Al wa, Zhzt

o A

2

(Quenouille,

1) Adge A = 3
AAD Aol AR A ] A
(o] d, $3-%, 2016).

Aol #ZX 5 Atole] EA8t: FTIAAR
oju) gttt 2714 (autocorrelation) o]t e €



(Cameron & Trivedi, 2005). wabA, ojug st Fx o
AFE3L7] o]l AFolE Ayolx HAS Al Argd 4+ 9t

(Mosteller & Tukey, 1977).

D Aol 14 e % AP

2
W
o
[
N
o
i’l
i
A2
rlr
rlo
re

TA7F 7HR R E o2 HE og Y F
X (sub—sample) & FZ3t1, AAZHOZE FAHES AAANSE dEE
o}, R 3 E (o]3F Ayo]x T H)S A= HHL V)&
il

o] ©lolElelA 7k Wof AAste BSA] ol welh gy 7 71

Q1 EjojA} AMyol]x HAS ALt AP AFo A Wo] AFEEHo & Wb
He 3t 7 #=XE AHAst= HY (delete-1 observation jackknife) ©]
T (Efron, 1982). & 7M¢ #FAE AHAstE WS AZF o2 ndsdA

<1 2>9 gol tehd £ vk, BB £ 2717} nolehd sh
o H5AE AT ol n—1712) BEZH7} shpe] Aujolw FrRE

o2t} o F HolHE A JHE BAsty, ® E #EAE Az A
Auztel mE #ER Sl @ WA AL wsbq AER $LS wEEe

] O
=
2 AAskE Zlo] Ayolx i g AAShe dudsolda &

kA

e
x0
e

(Carsey & Harden, 2013; Rodgers, 1999). 9 #go] w= 7]
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A717F nd W AEAE Aol s

XES F7|+= n—1o|t}. xZ(xl,
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EOREY FE
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7$n)t 1__7

3 7
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5
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At x

(B. D o] yepd & gl

A i

22!

Ze

nkek <%l 2>9 o]

25!

WA Aito] =

A

che

15

SAIEl Htoletar Mg

s

L R

(3.1)

Al
A

74 ] (jackknife

Ava

o Aipo]
o)

601:

M

0|
P
N2

te ® AREET

5]

g 7

estimate of bias)

Zd

(3.3) ¥ e #

(4

3

Oz

= SAFE

B

7

BolAq e

hva
A1

N

__AE

)

(4 (3.2)

(3.2)
(3.3)

A
-
A
—

o] A7

T
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2 (3.4)

3tH, Tukey(1958)+= Ayo]lX EF Q3 F4 A (jackknife estimate of

standard error) & 2] (3.5) <%} #o] Ao},

~ n—1 A -
S€ack — \/ E (0(7) - 0() )2

2] (3.5)
no=1
2l (3.5)7} 2 A (standard error) & F43HA HE A4S FAFC
2 AHHEAE g3 2o, o E 59, FH8tuA; st B R Aol
2 M PSS, 7]E9 HEA AL FTAFY Hyo|Z FEA IS
T AE BAE Atole = ol e 2> AV AHEA Hoh (¥ (3.6) F
z).
. nr—r;, 1 Jy_
O —0) =—— _g;%
— 1 (ni—x-—lﬁ)nf—x-) 21 (3.6)
n—1 on4, !
1
B n—l( —7)
EEH T ¥ 32} (standard deviation) = Toh 20|
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n

1 < —
\/771(”_1)2(%—@23% ek = olvh @] 2EAE 4 (3.6)
i=1

%, Auelx xred FAAL ERAwY Eredd BAFYA

)t (MclIntosh, 2016).

e
+

(unbiased estimate) 2}l

2) Al HR o B4

o] €] (correlated data) Y AlAlE d®lo]H (time series data)el #ji}o]st
g A8k o] FA st A At (Mclntosh, 2016). 2t
o|x HAE A&t fdde FEWS I 5HA, 29 #5x FE9
YA 7F4o] wrEEojoF It} (independent and identically distributed;
iid). weF iid 7HE wESehA xehe AR Aol ov gle A

7} w297 wEoltt.



Fol =& #ASFAE FAJMA FHotdE W FE8HA AHEE 7 At A
o]t} (Carsey & Harden, 2013; Su & Tsai, 2011). A4 g e =
HHEAuiey FAd e Fo] #SFAE AAEH] Aol FEL BF 2

715 zted wabd 54 #5A7F 28 23 A9 194 @4
%]

-2 FAFS Bluste], WE #ASATE 7HA = dEFHe dE AE 5
W ATA= 2 Aol oA Fai A= SAEC] AE FARSEA] g
=l T ASAE EA A At AE
1 F Qv & AR AP AMELR EYS AEFoEN SHAR
t(Tressler & Smotherman, 2009).
T8 TL3 Amel diajd= v

A AAE AT T olfre Auolx nE A el wep

of g7l wWEolth olsk 54 r Qs Aol HAL ATEAE ol

el AA RiEAo® JFaof sk Aol F&stA AREEC. mA T

o g Ayolz HAL gt x5 7HA dHeolgel A& Zhsstt. 53]

=3t 24, vdA 24, 22 Ve AE Hge 14 5 53st

H dlolele] By gA A& 4 Aok (Carsey & Harden, 2013).
=

o]A7 Aoz AL T

¢

f8elAl AbgE 5 9y sAol

T M o
AARE FAle] H 7FA] SdAES JHH 2 Q7% shth 4 EE =Z7)7F #
& A AV AT oAk Aoz HAS AMEetE © Qlo] 9

a7e 2 ALA Hsd 25 sty WRolth Al

a1
= %, F A4 beE Avels Rpe] St FAEEE 234 4
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ot
O

4 Fobd Zlojth. shANE, 1709 ASAE A7t Wl E £

=717k nQl wlolgell thal Axz S A4 no® uAHI] weol, Abd

T n AZ7I7F AR ZE sxEe AHEE A FAX G FEA
st A7 o2 @l (Carsey & Harden, 2013). Fuo]X HAA & t}
< @Al= 7HE FAIFe] AlstAolg= Holnk FAACoE 17) #SA A
A WS AR o, st st 2w W11 A (smooth) W 3ek=

grolojof 7ttt o714 WL YA WEtdt= Z2 HolE el obF e W3t

A= A ASE Y (delete-d observation jackknife)2 theto 2 g3k
4 St} (Efron & Tibshirani, 1993). o] W2 FAZ] Wslo] st +f
A (smoothness requirements) & ¢3lste] ddE FAFHAAE A=F

gozx BAE sAa

_29_



A A (Permutation Test)

gl

Fell &8

YA
ar

A

=
=

¥ (permutation principle)

Fisher(1935)+ <49

o
=

4 (permutation tests)

@Z

O~
9] 2]

oj e =,

1

;01_

;g

bl
0

0
<R

25!

)

0

s

7+

sheiet.

Al <k

o7

o
o

Good (2000, 2005a), Manly(1997), Pitman(1937a—b, 1938)

T7F A E o gkt

ol

<

B

GRS

of k7He A (k=2)o% A5 Avkal 7+

i

ol

2, 71F9 &

=

ol

ol

b
a3

ol

™

XE

o

22!

W
A
22!

[——

)
%o
R

B
&
)

—

0

B
Ces

J)
o

A9 e A=

X (pooled sample) S ZHE &

3

o] =t} (LaFleur & Greevy, 2009).

o]
o

e

12 A

e o

==
5

?_]__

&

ol

Afe AdAs 714 olfl 9 R2=(location

S

]

H

o

A

SRR

parameter) o] Ao, F& 2

|

a7

w3

AR o] ol

L —
T

ol 5}

& Aolg @

o

I

q
B

i
A
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uy
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ojn

sfol)

H :F=F (o9 4 jol

B
i)

)

b~

kW e Fleo] w

|
i

)

o=

o370] <]

el dwe 2o mAvomyE wEHy] wel At

A4 ARA

N

<

o
e

1

U

o] 9}

5
RS

bt

A gofo}

ojiy

B
g
v
=

B4

file)

E

ol

o
&
™

53 Yt} (Draper &

oo

Raz,

1996;

Kennedy & Cade,

1966; Kennedy, 1995;

1989; Zerbe, 1979).

Stoneman,

&

op

A (exchangeability) ©] t}.

L
[e)

7}

%2 (labe) & AF-5A

ey

S
=

A o 7}

B
JﬁNO

ojiy

0

Jlo

o
B

o}

—

25|

Jﬁmo
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&
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o
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ojp
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2 #AGe] FAI BEoA HEHUE FrHE wZEo|th
(Kennedy, 1995). oJo] w2, AxFoz Q3] o #=H7F 7]E£3
e Hdoo A ety e Aol W gloerz dojesd HAelA

#5209 AANSEE TR APsHE 2ol Ak, Ao LA
E

& Greevy, 2009). 3] H&3l % AFE 71A 1 Avdo] FEEH= A3
Aol Qoled @Ael fg
@G sAYGe R vend HA g w

e 5 ek
D deled 299 A9 9 APaz

ded AA Any dxe HSHAY BAS 2YAoE WA=
B9’ 2 FoHrt(LaFleur & Greevy, 2009). o]Z o] o|u|3}= njof]
3l Argstrlel <kM, A717F nl A Xeb AVI7F md Ad YR A
FEo] dEHEYAL JHgekAk olg #E dAARE wEoR AHA A=
T ADe BFE 27 NM=n+m)o FEEE 22 44T 5 9

al %
W, geleed AP Grbel mER X9 ve BAF REES
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Z(X,Y)

o B b

Z = {x4,%3,%3, 71, ¥2, ¥3}

= {21.32J33.54.35.:6}
ZH[IE] o {xlH-XgP-XEH.}T_]_P,_VZH.}’SH}

= {‘ZL"ZS'E-'-IJ:E':EJ:IS}
={3,7,5,12,8, 15}

_34_

Z"[ll

Z"‘f.g_l

(D)

\d

U

15




s, o

7nkg|-1
(4.1) 3 7ol Yyed

AA AME S7F Nelal kA9 A A7 47 ongn,, -

R
¢+

)
B

)

Jo
P —
K2
B
JJJ

o
ﬁo

)

o

o} 2 Ao G77F n, mel F Awo)

(4.1)

Al
A

(4.2)

Al
A

o|J

B

P
T

&+

o}
gl
22!

&

o]

J (exact permutation test)©]|z}

a7

g, ol Aged

H=

5 5

9]

S, 309 Aol 74 549 AW BEAES 2E FSE MY

2t 7149

).

15!
5!515!

AT (

—

756,75670° Esl= 9

wel 277 ARS

Ay
ar

w el k=,

FAk

o] oAl

=
[e)

3

2 HFE 9

e

ol
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7Whe AdE d ¢ o] A Y A (approximate permutation test)
oz} % oJokr|gd 4= Qlt}(Carsey & Harden, 2013; Good, 2005a;
Manly, 2006; Rosenbaum, 2002).

TS A4S S Aol AT AAF o BEe A8 ol
Aok AAATTl Ak AAT ERY b ARl oot fol5E

3 mge Bgn Sol el Az 200014 10,000747k4  chepshet
(Fitzmaurice, Lipsitz, & Ibrahim, 2007; LaFleur & Greevy, 2009;
Manly, 1997). F&¥<= £49 M7t BopdaS dAy3dads dgded
Aol 7 A AL, AY (power) F8F F7FEA "k vlE FA3 A4

o HAY g o AAel mAA FESHAW Dwass(1957),

o,

Edgington(1980), Manly(1997)° = FAFROo= AMEst oA

oo Ry FEs] B Ad9E 228 ¢ ee BA
aw 7] dHelHE &8st doed A= AHEE HE HA A

25 Holazl stk (LaFleur & Greevy, 2009). A& FY g st
39 7} o%r‘;} oqzsl/\g 31 o] Ao} Q1A Afg FAH o] o]ou:], Ao =

AL F Ade] Ha vaE Fal Aol A6 Apolvt A E Felst At
otk M AR A WA dAe BEd TEOTRE AW FAFHS
T3t otk gy st A X)E9 HA4E 10, 11, 124, ogtn g4
(=9 Ag+= 13, 14, 28307, e Hy> 247 11.08 % 18.37
otk webA, HA SAFR] H Aol D)+ 7.3° et F WHAR
A FEGED S FAAE AMAste] ws v EE Axy 22
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<E 2> gl Ao Q1A HAer AASE doed ZEY AY TAE

(LaFleur & Greevy, 2009)

=4 _ .

.. LEdS Ry g X 34 Y34 B Aol

W (X) (Y) (Mean X)  (Mean Y) (D)

1 10 11 12 13 14 28 11.0 18.3 7.3

2 10 11 13 12 14 28 11.3 18.0 6.7

3 10 11 14 12 13 28 11.7 17.7 6.0

4 10 12 13 11 14 28 11.7 17.7 6.0

5 10 12 14 11 13 28 12.0 17.3 5.3

6 11 12 13 10 14 28 12.0 17.3 5.3

7 11 12 14 10 13 28 12.3 17.0 4.7

3 10 13 14 11 12 28 12.3 17.0 4.7

9 11 13 14 10 12 28 12.7 16.7 4.0

10 12 13 14 10 11 28 13.0 16.3 3.3

11 10 11 28 12 13 14 16.3 13.0 —-3.3

12 10 12 28 11 13 14 16.7 12.7 —-4.0

13 10 13 28 11 12 14 17.0 12.3 —4.7

14 11 12 28 10 13 14 17.0 12.3 —4.7

15 11 13 28 10 12 14 17.3 12.0 -5.3

16 10 14 28 11 12 13 17.3 12.0 -5.3

17 12 13 28 10 11 14 17.7 11.7 —6.0

18 11 14 28 10 12 13 17.7 11.7 —6.0

19 12 14 28 10 11 13 18.0 11.3 —-6.7

20 13 14 28 10 11 12 18.3 11.0 =-7.3

MAsor Ad mRelN 9 A% EABH w4z A4 AR

$A% $EE vuste] Aols gadt WEE A7 Aol ke A
714 sel e F ol RE Aol ae Rxsh wEoizch oy
A4 (one—sided test) S AR ZEAZS EIoA] 7|& TE AHY EA
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G4 Aol el FAsA (robust) WA g & 9l

,uAlO
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Apgajol shi
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o 717t
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ot (Potvin & Roff, 1993). Good(2000) ¢ u}
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(unbiased parametric tests)%a H<

H] & (type

2t} (Dwass,

)

—_
fite)

o

N

1957;

o e

]

PN
T

o= F7HEol e

o] o
= =2

e}

=

false rejection rate)
LaFleur & Greevy, 2009; Manly, 1997).

error rate;
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(LaFleur & Greevy, 2009).
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3 (uniform distribution)
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A (Bootstrap Test)

TH

23k Efron(1979a)

1970 tf

Fuc} (Carsey

S

A W

by
ar

HA 2851 e A

S

<l
t}

3
7b 7hRL AR 7F W R o] A,

[¢]

7}A] a1

=
=

A
& Harden, 2013).

]
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4wt e
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7+ 34 (interval estimation) 2] d¥=E 7}
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Aol 1 ojw
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=
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A rtel gl
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Al 2] G- 7F (confidence interval;
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EREQAAE WA + gt AHgolth AR HHelA 7 S EE
omRy %9 FEES BUsol 50, W3 FEo] HPHOw ool

(sampling with replacement) S 3] &3t} T Eo] 7px
st7] #st WE/d (variation) = RFsoiiiEw AwAe
o]Fojd FHart Ut} mpH|tor RAES AQuyor AAHdHE x;Eo F

HE TE3 837 siAe AxPE 22 A77F #Ed 529 4
&

s §A45
WAE, AEA el i m¥ol oW PxZ AgetrAel wel of
A fHom AEFAT A JEAeln Yy AgEE A uEs R

25 7Hgsa 9

[
[
%
5
o
=)
o
Q
=
Q
B
(@]
o]
o
o
@)
S
w
28
=
[ab)
Hl
Jlmt
o
2
J
il
g
F
tl

A, EO FA el oFEske Wit (Hesterberg, 2015). o] W4
& Al (case) & st AEAFs v AHelA AbEl AEA (case
resampling) ¢|&t11 % EHC Alg AXHLS FAZHORE 27FA] Ald) W
o] 1=, 7hsst RE A5 RAES 22E A% W (exhaustive
method; exact method) ¥ ZH7IEZ %34 "4 (Monte Carlo sampling

implementation) o] W} FE3] e AEAE TES A= Wolt).

A H7] Wil At U 2 AF

A S AV AxAEE 282 75 A8
3 AgAolt. O fe® AR B4 AN 7S wSste Bd e
) (fit) Al A AEF = B ZAEF (parametric bootstrap), A} 3%% g+
HBE5A o s 5 dsto] AdHKZAJ FXE o|FEF ot 8 RAE
(s

mooth bootstrap) ¢ U (Efron, 1979b; Efron 1981; Efron,
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1. A= B4

2 AN E ZE2I¥ R EHIIEE  AlE#HlA (Monte Carlo
Simulation) 7]s& AFg3ste] A& A, dY9FAHEA 3 v 7FA] H]
254 A AW AFAZd-g9A AW, Aol #A, dded A
d, ZAEY A S AAEY ZHER AEdolAdS A% Ao
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(Chernick & LaBudde, 2011; Efron & Tibshirani, 1993; Good,
2005b; Mooney & Duval, 1993).

1) ZZr¥H <= (manipulated variables)

SEA T AlFAQ 2ALS 7 A AV]|E YEU+= XE A7](sample
size)7F 3, 5, 1002 A &%, A 1 FHAo o]l a3
size)7} 0.2, 0.5, 0.8, 1.2, 2.0°02 ¢Al F=, HA9 WHEFA (mean

H
~
N
D
o
@)
@]
o

stell A A AWM S v & AESs a9 4717 09 A5
(null condition) & IL#H3GTE Ak gt Zol7t glo] AEAdS 1HT F
glorz & A7) &l idets 37H4 215 o 33709 21E& 3
etk 33718 =dE& 7 10,000 WHE (replication) 8t &

7)
330.00071 ¢ 422 AAsFA},

A A 2AHF 28 V)= AR
e Al A AbE Fo] Fo] FRG
ATk He 2k ZolE HAAskE ATelAN TR ZE AV|E AVESHE
7l sk EES A7|7F 30 o4l A - (Cohen, 1988; Kreft & De
Leeuw, 1998; Maas & Hox, 2005; Sawilowsky & Blair, 1992), =&
XEO A7I7F 20 o4l H$-(Cooper & Berwick, 2001; Hedges &

Olkin, 1985; Nachar, 2008) So=2 A& thygo] gt A Aol
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A
2 W, 2 oolAe AA A 57 30 oldelw FRS & EEQ R
= Sk 7 Ave 277 g A9 BAre BQ4 BA F4A

o mAs dFS FALE F Ade d7EdFde] W (Carroll &

webA] TE F7)= 3:3:3, 5:5:59 A%E AT 10:10:109] =E3 =
e b mEow pAste], iR Avle] wE A SRS vy

oA AW 23 A7 0.2, 0.5, 0.8, 1.2, 2.09 oAl 7HA 5

A7 A Abol 9 Aojuyt #AE YE= %E

& Blusks A A gF B 2ok S5 a3 A7

= AXY. AA #FZdE dHolHE uie drolMe sHE ARV ol

Aol AFA7E o] dorE WAL F U st

1= A2 HAd 3 2ol ArE Abde AA

ato] At & A4Sty AEE A A gxd FEREY xpol7r A

HeEAE gAFdorA F3ls Frhshy] diel adarie Mye 5 e

24 F shuolth(Gleason, 2013; Wright, 2006). o1& 7}+] &% =

719] &% & Cohend d(Cohen’ s d)+i= 7V & Ht# 7 22 B+t
o] zto], = Hite] W4l (range) & EF3hst gtolth (2] (6.1) F=x).

[

4= mn 2 (6.1)

Cohen(1988)2 a3 A7|E AAHO=R olFstr] =% 028 F
(small) &%, 0.55 TZr(medium) &, 0.8S F(large) @z F+E3}
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$ Z(very large) 3= 1.2, Wfdt(huge) &35 2.00% 3= AHA S
TEs At &% 2717F A5 S AAdY 19 dotd B A4
of WM& zpolE BludteE ©l ool Joerm=E, W AE &gy A7l
0.01& At A 7HA] FEvHe 2 Aol AFE-sSTh
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Ak, &% A7 a7F HEE ste 2709 BAEs FadoE
Atole] v A k=277 Folw A WEA xxo] F4dEn. 1
& kNS Hato]l FdE HAS Fi EoA%NE A, F &
o Fatgkel A+A A= BF

A JAe] AA oAFE e dIS % st dE =], d=08
ol k=30]"W HA HEALS  (-040,0.00,0.40), FI HEALS
(0.00,0.40,0.80), Hth HFA L (0.00,0.00,0.80)3 £ H wixE Fa o
B 5 Qv o] o

(0.40), (0.80) ¥ #& #FS HHow st AW AX 7 7helA H o)
Gt Adolgty & Qv F, B WHEAS 7MY As5E E&cte

A7E Adas Aol nrh AAA volHE AYRES Fi

_54_



a3y A7) =3t o
(d) (intermediate) (maximum)
1 Ho H3 Hy Ha M3
FARY
0.00 0.10 0.20 0.00 0.00 0.20
(0.2)
i
0.00 0.25 0.50 0.00 0.00 0.50
(0.5)
=
0.00 0.40 0.80 0.00 0.00 0.80
(0.8)
-9 &
0.00 0.60 1.20 0.00 0.00 1.20
(1.2)
U]—r,Hz‘s]—
0.00 1.00 2.00 0.00 0.00 2.00
(2.0)
T FHY WS A AT Hitol 5 W1 WA 7H ol oA Sl
24, T HEAALS U ARRE E4d 21E v

2) 1% 25 H]& (type [ error rates)

AT 7Hd A A A Qe dde] HersE fgride] FY o
F7HEA S 71zt e, 2elal @rbde] ol obd uw kA Tzl A
st o7 F 7FA7F A H A, 2014). °] F HAE 1F 7 (type
[ error)gtl H 21, olgdt eFE F&te FES o F FAFT
(significant level) o]g} gt} AlE#old AFoAE HAo 1 2ol 7t e
Z7 (null condition) oA AAQ A7l 23 oz Yed w 15 <
75 dH3dr & 5 o AdsAd 1F eRw BlE2 A 9
(replication) 314 T 1% /7l ¥As= 3l7F AAsk= vl &t

(Gleason, 2013; Mendes & Akkartal, 2010).
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V. 97423

1. A4 2+ 2o)7) gl ZAgAY 1F 2F u&

B AN wEsA AAMe AN An, 54 2890 z4as

Oolal B4 WEAol ¢+ null condition 7 (o]sf ek

D A AARA £ A7) W& 1§ 7 vE

N

AN FHe BE A7]o WE 15 2F &S <F 5> <I¥ 5
of AAstct. 1 A¥, FA AHA "t AP o R Aol AA
ol 1% F vgo] 7p ugtow, ZAER HA] 1F F v &o] 7+
Aok, FAA R dARAEA S A9t KW 43 Avfol . 37 of A]
X2 A7 F7hEel Wt 15 oF vlE&o] Fkske AEFol, dod+ed A

g ZAEF HAAAME Hadtes AT

=
o

T
‘JL
=4
gus
H
N
1o
o
ﬁo
=]

ol AAFE 1F 7 HE2 2 ATl AT F+Fd a=.059

WY A= Ao R BT}
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X 5> B4 ARy T8 7)o wE 1F oF H& (a=.05)

EERc ki .
~1-

+ 2% REERE
B A7 ANOVA KW JACK PERM BOOT
ng =Ny =ng = 0.0521 0.0095 0.0179 0.0544 0.3062

ng=n, =n3=>5 0.0494 0.0441 0.0267 0.0448 0.1653
n; =ny, =ng = 10 0.0502 0.0469 0.0334 0.0435 0.0931

. ANOVA=LR MM, KW=ARAZ-gels AY, JACK=MLI0|Z AHFH,

PERM=82=d A&, BOOT=X2E¥ 4F

0.35

0.2

1E RS

0.05 B 3
/ —
e
0
333 5:5:5 10:10:10
BEa7|
ANOVA{HAEHEY) =—t=xw(IRAZLYAA) —d—ak(HUO0|Z) —E—perm(YEE) =H=B0OT(RAEY)

<ad 5> A AWM 22 AV 15 o HEel vAs dF
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(R R L) (AFag-@aL) (Hto| =) (Yel=g) (R£E™) (ZIcHE HE=)

< 6> ny =ny =ny =32 Ao} WEY A4
A A &% A7) wE A2y
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mo B T &rw BN ,Dv uﬂwﬂ ;M OGT M I 3 =z
_— < R o < 7o) 7_‘_ _—
T KL = = o MR o TR
- SR W R T Nk
= 5 N -~ 0 K e
~ ™ B ©
" - M = B
S T N ) T
O = - I S T o ol v
N KO MR o % H o A

(EP)
0.05381
0.07442
0.11497
0.20401
0.48578

BOOT
0.3136
0.3621
0.4573
0.6019
0.8613

PERM
0.0575
0.0792
0.1157
0.1963
0.4351

JACK
0.0205
0.0304
0.0501
0.0961
0.2702

-2
a4
- 65 -

AFAaZ

RAEY

KW
0.0105
0.0165
0.0246
0.0487
0.1129

KW

BOOT

(=)

4 &

ANOVA
0.0551
0.0769
0.1203
0.2063
0.4877

ANOVA=L A 2 AEA

1.2
2.0

0.5
0.8

0.2
PERM=¢2&&

=
0.

a3y 37]



o pAReR w3 A7 AdSE fAEe] S Ars XAEY
Aol 0.4828% 7+ A
0.3168% AR Folglon, Aupolx HAgoM= 0.1851%F2 W3}
7b #EE UG KW #4349 A48
F s Ao yeyd. 54 374

_YL
{14
o,
Mo
2
g
1x
flo
©
wW
\]
(@)
o
1S
1o,
SH
{1147
o
o,
rlo

N

<R 7> ny=ny=ng =39 3 WeAd x3elA SA AW

_ (= .05)
2 A7]el we 244
Agy BT M= qEE!
4 74 A4
a3y A7) ANOVA KW JACK PERM BOOT (EP)
0.2 0.0552 0.0106  0.0200 0.0558 0.3127 0.05285
0.5 0.0704 0.0146 0.0272 0.0701 0.3470 0.06818
0.8 0.1030 0.0225 0.0416 0.1010 0.4173 0.09802
1.2 0.1664 0.0414 0.0740 0.1589 0.5415 0.16327
2.0 0.3808 0.1210 0.2051 0.3726 0.7955 0.38089
F. ANOVA=QYAZMEAM, Kw=3AZt-g2A Y, JACK=HLio|= ZAHHY,
PERM=Qo+#d A, BOOT=22EY A&AH
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A A &% A7) wE A2y

_68_

-2 EP
(ZIcHE HEE)



0.9

0.8

0.7

0.6

04

03

0.2

0.1

0.2 0.5 03 12 2
=23137|

ANOVA —— KW e JACK —@—PERM it BOOT i
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<E 8> ny=ny=ng=5% Htl Wgd oA A HEHH}

- (a=.05)
a3 A7) b2 A4
Ady BT B B4 719 %
4 4 A4
a2 =7] ANOVA KW JACK PERM BOOT (EP)
0.2 0.0585 0.0512 0.0317 0.0542 0.1835 0.05796
0.5 0.1050 0.0942 0.0618 0.0957 0.2658 0.10255
0.8 0.1978 0.1696 0.1276 0.1841 0.4013 0.19413
1.2 0.3908 0.3463 0.2823 0.3668 0.6248 0.39098
2.0 0.8220 0.7672 0.7102 0.7825 0.9389 0.82602

Z. ANOVA=REZMEAM, Kw=3d2Lz-ZZA AFE, JACK=HMLO0|Z HH,

=
PERM=22l=& AE, BOOT=X2EY &HY
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kU ] 5} gq_ H/\Eau 742%% SFAK 7]

2
-
= Bt ddTAEA s doed A4 A2 Vg

<E 9> ny=n,=ny3=5% T W =X A HAHH

_ (a=.05)
av A7) uE 24
A4y BT Bl 5 78
4 74 A4
ay 77 ANOVA KW JACK PERM BOOT (EP)
0.2 0.0558 0.0503 0.0291 0.0523 0.1794 0.05595
0.5 0.0904 0.0790 0.0509 0.0835 0.2447 0.08883
0.8 0.1603 0.1376 0.1011 0.1509 0.3431 0.15556
1.2 0.3045 0.2651 0.2141 0.2879 0.5299 0.30305
2.0 0.6974 0.6425 0.5879 0.6909 0.8720 0.70151

. ANOVA=REZMzM, Kw=3F2szl-22A~ AFE, JACK=HULo|Z ZHFE,

A=2l
=
PERM=Qo+#d A, BOOT=22EY A&AH
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TFAReR HAY WEAH AN & A7V F7HEe] wet 7o)
Wglehs Y Avtelx Aol 0.9434%2 7HF & Wy otk 9
0.9325, KW 7739°] 0.9294, dQEAE o] 0.9271%HF W

sgion, TAEY HAYL 0.87729F Frtsk] oA A BA AW

= 7P A2 AAY W e Ao®2 vt B4 A8 1 24

Ao} A 2 GEdE &3 A7) 24 0.8, $AEY AA Aol
= AR A4Y Aolel 0.1648¢] o7k itk JldE AFEH AF
A PAEe adng PAED A9 G Aduc Ee Fae wg

o QARRRAT Qoed G AFGe AN AP A {4

AR, o5 Agstais oW FHAME VdE sERY g Ho] sk

b4

<E 10> ny=ny, =ny=10%1 Ht} HFA 7oA A HEHY

a3 A700) e A4 o =0%)
Ay BT RRE 71l
A4 4 2744
a3 77] ANOVA KW JACK PERM BOOT (EP)
0.2 0.0680 0.0628 0.0464 0.0601 0.1198 0.06842
0.5 0.1787 0.1637 0.1362 0.1631 0.2568 0.17768
0.8 0.3995 0.3709 0.3340 0.3775 0.4988 0.39863
1.2 0.7466 0.7097 0.6784 0.7161 0.8077 0.74921
2.0 0.9951 0.9922 0.9898 0.9926 0.9970 0.99490

. ANOVA=L@Z&EY, Kw=3F2Z-2e& 4F, JACK=HLolZ #HY,
PERM=¢Io|&=¥ AY, BOOT=R2EY HH
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23 A717F AR A FE F Hsd 2olA A¥bHow

A Ebstth. ARAE] AR o] FAolA g3 A7) Frhel whet
0.9168% 7F& & A4 = W37t A deled AAA 0.9140, 44
BarEAel A 09101, KW @&l 09021 A=9
~EY ARE 0.87220F Zrkste] A &

et AW 2 A3 ot by FreAe

ok ZidiE 2889 A4 #24ES nlad 4

e A7 g
ZIdrg 2 S B, dedAEd Y dosd HAe AdEgeS
ZIthe HAEH3 AL dAPa, YA AGYES oW o E Tt
FEHET Aol UPTth(KE 11> Fx)
E 11> ny=n,=ny =102 S+ Hed 204 SA AR (o= 05)
gy A7) nE A9
A4w =T H B 71l
K 74 A
v A7) ANOVA KW JACK PERM  BOOT (EP)
0.2 0.0636  0.0584 0.0446 0.0584 0.1116 0.06372
0.5 0.1433 0.1325 0.1086 0.1331 0.2174 0.14347
0.8 0.3117 0.2879 0.2595 0.2969  0.4097 0.30853
1.2 0.6126  0.5741 0.5508 0.5944 0.6996 0.61630
2.0 0.9737 0.9605 0.9614 0.9724 0.9838 0.97326
. ANOVA AEMEM  KW=aAF2aZ-g2|A ZAFE, JACK=HMLolZ AHFH,

A=2l
=
PERM=lol&=d ZAHd, BOOT=22E# AHAH
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ABSTRACT

Comparison of Non—parametric Method and
Resampling Methods for Small Sample Sizes

using Type I Error Rates and Power

Minji Jo
Department of Psychology
The Graduate School of

Sungshin University

This is a simulation study comparing Kruskal—Wallis test, which is
non—parametric method using rank, and Jackknife test, Permutation
test, and Bootstrap test, which are resampling methods, as
alternative statistical methods of one—way ANOVA (analysis of
variance). It is conducted through comparing the performance of the
statistical methods using type 1 error rates and power. For this
purpose, 30 experimental conditions were set based on the factorial
design of 3Xx5X2 depending on the level of three manipulated
variables, sample size, effect size and mean variability. Each
experimental conditions were repeated 10,000 times. Then, the
error rates and power of each methods were calculated and

evaluated. Both of generation and analysis of data were conducted



by using Monte Carlo simulation in the statistical program R.

As a result of the analysis, it showed that there were differences
in the type 1 error rates according to the type of statistical
methods and the sizes of sample. On average, the type [ error
rates were the largest in Bootstrap test, and the smallest in
Jackknife test. Furthermore, the larger the sample size was, the
smaller the mean of the type I error rates was. As increasing of
the sample size, type 1 error rates of all statistical methods
gradually approached to the significance level a=.05.

Besides, it showed that there were differences in the power
according to the type of statistical methods and the level of the
effect size. The larger the effect size was, the bigger the power of
the statistical method was. The means of the power were the
largest in Bootstrap test, and the smallest in Jackknife test. The
power was always higher under the maximum variability condition
than the intermediate condition, but the overall pattern of power
changes was similar to each other. As the sample size was getting
closer to the sufficient level, in addition, the differences of the
power among the statistical methods became smaller. Since the
statistical methods has their own advantages and disadvantages
depending on the form and condition of the data given to the
researchers, therefore, it is suggested to use the appropriate
method for the different research problems.

The results of this study are meaningful in that they increase the

possibility of generalization by expanding the existing comparative



studies of parametric and non—parametric methods. Furthermore, it
can be a basis for future researchers to choose the statistical
method that is suitable for the characteristics of their data. Finally,

a proposal for further researches was discussed.

Key Words: Non—parametric method, Resampling methods,
Kruskal—Wallis test, Jackknife test, Permutation test, Bootstrap test,

Simulation, Type 1 error rates, Power
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