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Abstract

This research aimed to study robustness and power of the test of parametric and
nonparametric statistics in testing of central difference between two populations for Likert-type
data 5 point. The test statistics used to study were Z test, t test, Mann Whitney U test, van der
Waerden test, Kolmogonov-Smirnov test and modified U test. Data simulation used by program R
version 2.9.2. Classification of the population according to normal distribution, negative skewness
and platykurtic kurtosis distribution and positive skewness and leptokurtic kurtosis distribution.
The sample sizes were (10,10), (15,25), a small sample representative, (30,30) a medium sample
representative and (100,50), (100,100), a large sample representative. The ratios of variance were
(1:1) and (1:2). Hypothesis testing were at significant level of 0.05 and 0.01. The criteria used to
compare the efficiency were the ability to control the type | error and power of the test. The
results showed that: When the population has normal distribution, the test statistics have suitable
for small sample sizes were t test, for medium sample sizes was modified U test and large
sample sizes were Mann Whitney U test. When the population has negative skewness and
platykurtic kurtosis distribution, The test statistics have suitable for small sample sizes were t test
and Mann Whitney U test, for medium and large sample sizes were van der Waerden test. When
the population has positive skewness and leptokurtic kurtosis distribution, The test statistics have
suitable for small sample sizes were t test, for medium sample sizes was Z test and large sample
sizes were van der Waerden, for medium and large sample sizes and not equal variance test

statistics out of control type | error.

Keywords: central difference test; Likert-type data 5 point; type | error; power of the test
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test uag Kruskal-Wallis test 1Jufu uay 34 %

1%

YpsunAInuSesulisuaedy taeldannda

607

wisliwes lawA t-test uag analysis of variance
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A MIUNTNAABUANNAFIUAIULANATS
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Judaseiu fadinaaeuiilasuainuileuuas
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wuinileuszeinsiinisuanuasuninazauin
fegralanmeiuuin Welch t test dA1aanu
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Whitney U test, van der Waerden test,

Kolmogonov-Smirnov test Wag modified U test
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2.1 Z test

7 test HuadRsanisfmesily

nnFoUNANIYBIALRAY TN ST INTAR NG
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2.3 Mann Whitney U Test

Mann Way Whitney laAnAWISA1S
voaeuiiiled a.a. 1947 uagliAadnfisunld
Hudn U Sadennisnagoudn “Mann Whitney
U test” 35ld8usiu (rank) vestoyaundaslunns

AuwnilgnsTunisduan dail [13]
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2.4 van der Waerden test
van der Waerden test \Jusads
naaeuTigniunulneinadinaanunidng Join
Bartel Leendert van der Waerden Tud 1952 ‘?jﬂ
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nau FaflseasBunnisiunn fil [14]
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2.5 Kolmogonov-Smirnov test
Kolmogonov lamuninisnagaunig
a13Uaiing (goodness-of-fit  test) Fulud aa.
1933 wag Smirnov Audue Smimov test Tul
a.f. 1939 Fansnadeudananidnuueadieiu
9158171 “Kolmogonov-Smirnov  test” 1nwil
AT Sundieil [13]
D = Maximum|Sy(X)—So (X)|
e 51(X)=|% fie flardumuazauduinsves
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k & 'z a o o ¢
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A13nga@taa1nn1319999 Kolmogonov-
Smirnov test
2.6 modified U test
Fligner and Policello [15] laausnis
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Qj Ao ai’wmumﬁﬂl,ﬂmiumjméhaéwﬁ
1(Xi)
Funalunguinetnad 2 (¥j)

NUBYNIITIUIUAN



13319 IMemIansuazinalulad

97 22 avuil 5 (avuiay) 2557

SNa o '

AN UIUAIFWNALYINNY

AUl B Ae (S0 Yjﬁﬁaaﬂﬂw Xj) +
(@1u Yjﬁﬁaaﬂdw X;)

Qj Ae (F1uu xiﬁﬁaan’jw Yj) +
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asreiulsduiitusgiuaint (skewness) uag
arlas (kurtosis) Fastaudsduiigniunain
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3.2 YUINAIBENNANWIATIEaYLDEA Aall
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Bradley [18] fia MiszAulludIfgy 0.05 H1A1AIL
' & A A |
Wnagiluvesnuaaiaafisulsslani 1 og
5911919 0.0375-0.0625 uwagiszautiedifgy 0.01
ArAuU1ziduvesruRaInAaauUsELANT 1
98381119 0.0060-0.0140  f18d1@1U1TAAIUAY
ANUAAIRLARBUUSELANT 1 16 visafanannaau

TANLLNSa

33 MuuasnsIdIuARaYTeIUTEuINg
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3.4 AMRUADRTIEIUAIAINLUTUTIUYDY
Uszans Ae 1:1 uag 1:2

o

3.5 AmuaszAutydIAy A 0.05 day
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3.6 fEDANAADUAINNLANF1UBIAINAN
seniaUserng 2 nauiithan@nwiuisuiiisuiu
Us¥nause Z test, t test , Mann Whitney U
test, van der Waerden test, Kolmogonov-
Smirnov test waz modified U test

3.7 $1a09yntoyadnuiu 10,000 ¥ Tuud
avanunsal
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LAZDIUIINITNAADU NANTUIIINAIUIUNIT

¥ °
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4. Han1598
41 euthazduvesniiuraiaedeu
Uszianil 1 wazdwnanisvadeu Wieussannsd
ASLANLASUNR namIseduandlunsned 1-2
91nA15197 1 Aisvduifedrdey 0.05
way 0.01 NIAUTEVINTANITUINLIIUNA Fada
maauﬁmmiamu@mmmﬂmmm?{auﬂsxmwﬁ'
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t test, Mann Whitney U test wag van der

Waerden test uagnquiieg1avuiabng fie Z

test, Mann Whitney U test wag modified U
test

A157199 1 AanuuezduvesrnuraInedaulsennd 1 WisUsernsiiniswanukasuns

n, | n, | of:0) o z t M-W V-W K-S M-U
0.05 | 0.0680 | 0.0472* | 0.0433* | 0.0476* | 0.0032 | 0.0731

0 |10 H 0.01 |0.0203 | 0.0088* | 0.0073* | 0.0069% | 0.0004 | 0.0299
» 0.05 | 0.0623* | 0.0465* | 0.0415% | 0.0449% | 0.0032 | 0.0698

001 |0.0190 | 0.0095% | 0.0073* | 0.0068* | 0.0002 | 0.0275

0.05 | 0.0600% | 0.0509* | 0.0507* | 0.0499% | 0.0067 | 0.0625*

H 001 |0.0170 |0.0113* | 0.0101* | 0.0084* | 0.0004 | 0.0203

ol 0.05 | 0.0609% | 0.0404* | 0.0425% | 0.0585* | 0.0049 | 0.0594*
h 001 |0.0146 |0.0067* |0.0059 |0.0124* | 0.0004 | 0.0165

0.05 | 0.0555% | 0.0518* | 0.0482* | 0.0487* | 0.0069 | 0.0518*

30 | 30 o 001 |0.0127% | 0.0101* | 0.0093* | 0.0093* | 0.0013 | 0.0130*
0.05 | 0.0535% | 0.0501* | 0.0491* | 0.0469* | 0.0073 | 0.0539*

h 001 |0.0142 |0.0101* | 0.0105% | 0.0095% | 0.0011 | 0.0142

” 0.05 | 0.0536* | 0.0530* | 0.0524* | 0.0519% | 0.0072 | 0.0518*

001 |0.0126* | 0.0112* | 0.0106* | 0.0110* | 0.0013 | 0.0127*

100120 0.05 | 0.0533* | 0.0579* | 0.0612% | 0.0644 | 0.0107 | 0.0505*
b 001 |0.0117% | 0.0161 | 0.0130% | 0.0157 | 0.0008 | 0.0109*

” 0.05 | 0.0460% | 0.0449* | 0.0448* | 0.0452% | 0.0046 | 0.0423*

100 | 100 0.01 | 0.0096* | 0.0091* | 0.0089* | 0.0085* | 0.0008 | 0.0086*
o 0.05 | 0.0602* | 0.0587* | 0.0507* | 0.0516* | 0.0094 | 0.0477*

001 |0.0111* | 0.0103* | 0.0099* | 0.0087* | 0.0008 | 0.0094*

*FN1130AIVANANNABIALAGEUUTTANT 1 18

91nA15197 2 Tisydutiedrdey 0.05
war 0.01 NsdluszrINsinsuankasnd fdadia
NAaoUATSIUIIN1TNATEUFIAALATAINITA
muANANLAAIALAdoulsEIAnd 1 1d 1engy
F0EMULIALEN FiB t test NGUAIBEITUIANAN
Aa modified U test uagngudiagavwinlg Ae

Mann Whitney U test

612

\ 2 a'
4.2 A3NUUNELJUYDIAUARIALARDU

Usennil 1 wagd1unan1svadsy wausesnsd

nMskanuasdienazaalawiining (s,

-0.50, K = 2.40) nan153vesauandlunisnsii 3-4
1NA15197 3 Aiseduiiedrdey 0.05

way 0.01 nsEUsEANsinIswINLILTLI8uaY

AlaanIUng (S =-0.50, K = 2.40) faii
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1 1#ddige endusegnavunnidn fe t test,
Mann Whitney U test t ILag van der Waerden
test NAUAIBENVUIANAN B Z test, t test uay
van der Waerden test uagngusiagsvuinlng
P9 Z test uay t test

PMNETNN 4 Aszautdedrdy  0.05

waz 0.01 nsEUsEIINTINITUINUIUMUULUE Y
wazAmilaanIUnd (S, = -0.50, K = 2.40) i
affAnaaeuiiiindevesnisnaaeugigauay
ansnmUANAmNARIALAAeUUsELANT 116 1ile
NAUAIEINUIALEN AB t  test wuaz  Mann
Whitney U test NgufI8e194u1ANa19LazuIuIn

gy Ao van der Waerden test

AN5199 2 81W19N1TNAEDY LaUsEInTHNITWINLITUNG

n, | n, | of:0; - z t M-W V-wW K-S M-U
005 |04923 |04242 |04167 | 0.4243* | 0.0576 | 0.5097

- 0.01 [0.2935 |0.2059** |0.1613 | 0.1636 | 0.0135 | 0.3348

o 0.05 |03722% (03220 |03275 |0.3245 |0.0431 | 0.3889
v 001 |[0.2142 |0.1497** | 0.1170 |0.1153 | 0.0105 | 0.2324

0.05 |0.7172* | 0.7040 | 0.7083 | 0.2964 | 0.2497 | 0.7683

- 001 |[04971 | 0.4643* |0.4451 |0.1055 |0.101 | 0.5848

ol 0.05 |0.5557 | 05078 | 0.5676** | 0.2268 | 0.1860 | 0.6487
v 001 |[0.3415 |0.2822* | 03050 | 0.0754 | 0.0666 | 0.4437

0.05 |09043 |0.8968 |0.9031 |0.8985 |05262 | 0.9157*

20 | 5 o 001 [07591 |0.7339 |0.7383 |0.7238 |0.2864 | 0.7887*
0.05 |07339 |0.7200 |0.7884 |0.7524 | 03978 | 0.7993*

v 001 |[05202 |04901 |0.5531* | 0.5054 | 0.1767 | 0.5984

0.05 [09978 | 09979 |0.9983* | 0.9979 | 0.9473 | 0.9978

H 001 |09868 |0.9866 |0.9884** | 0.9853 | 0.8185 | 0.9884**

10020 0.05 [09492 | 09565 |0.9801* | 0.9721 |0.8613 | 0.9726
v 001 |0.8622 |08841 |0.9255%|0.9022 |0.6349 |0.9015

0.05 | 1.0000% | 1.0000%* | 1.0000%* | 1.0000%* | 0.9942 | 1.0000**

H 001 [0.9994 |0.9993 |0.9995** | 0.9993 | 0.9696 | 0.9995*

1001100 0.05 |0.9964 |0.9963 |0.9990% | 0.9977 | 0.9764 | 0.9990*
v 001 |09810 |09797 |09944 |09861 |0.8921 |0.9946%

HEININTNAFOUAA IUNGUTIANTAAIVANANNARIAAERUUTTANT 1 17
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A15197 3 AutazuresruRaInAdaulsEni 1 WeUsernsiniswanwattdnenaranulaen

nIUNA

n|n, | oo} o z t MW | VW K-S M-U
0.05 |00703 | 00535 | 0.0478% |0.0524* | 0.0028 | 0.0906

H 001 00230 |00115* |0.0080* |0.0083* | 0.0008 | 0.0392

0 0.05 | 00674 |0.0502* | 0.0486* | 0.0485* | 0.0051 | 0.0852
v 0.0 [00208 |0.0119* | 0.0078* |0.0077* | 0.0006 | 0.0344

0.05 |0.0599% |0.0492* | 0.0491% | 0.0524* | 0.0067 | 0.0749

H 001 | 00158 |0.0106* | 0.0088* |0.0097* | 0.0010 | 0.0253

e 0.05 | 0.0601* | 0.0407* | 0.0430* | 0.0583* | 0.0128 | 0.0779
v 001 |00158 |0.0071* |0.0077% | 0.0112* | 0.0012 | 0.0251

0.05 | 0.0556* |0.0501* | 0.0487* | 0.0500% | 0.0051 | 0.0698

20 | 30 o 0.01 [00129% | 0.0104* | 0.0080* | 0.0088* | 0.0003 | 0.0205
0.05 |0.0595% |0.0558* | 0.0642 |0.0574* | 0.0275 | 0.0811

v 0.01 |00138* |0.0114* | 0.0143 |0.0121* | 0.0057 | 0.0256

0.05 |0.0510% |0.0488* | 0.0474* | 0.0476* | 0.0066 | 0.0628

H 0.01 | 0.0090% |0.0087* | 0.0075* |0.0083* | 0.0005 | 0.0142

100 0.05 |0.0572* | 0.0606* | 0.0899 | 00812 |0.0998 | 0.0836
v 001 |00122* |00134* | 00241 | 00194 |0.0237 |0.0220

0.05 |0.0532* | 0.0510% | 0.0528* | 0.0544* | 0.0053 | 0.0666

H 0.01 |00108* | 0.0103* | 0.0098* |0.0105* | 0.0007 | 0.0165

101 109 0.05 |0.0524* | 00510 | 0.0746 | 0.0587* | 0.1560 | 0.0906
v 001 |00120* |00110* | 0.0192 |0.0134* | 0.0398 | 0.0250

*FUNT0AIUANANNAAIAAGEUUSTIT 1 161

' & o
43  ANUILLTUYDIANUARIALARDU

Uszunn? 1 wagdunanisnagey weusewinsd

N15WANLANTVIMALAIULAEINTIUNG (S
1.00, K = 4.00) nan153desauanslunsnsd 5-6
91nA15197 5 Aisydutiedidey 0.05
waz 0.01 NIAYUTTYINTANITUINKALTVILAY
ANUlAsEINIIUNG (S, = 1.00, K = 4.00) fadii

VAFOUNANUITAAIUANAIINARIALATOUUTELANT
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1 1¢fiiga 1Wlengusaoenswunaidn @ t test uay
Mann Whitney U test nqufinagnsvuinnaisiay
vualng) Ae Z test, t test, Mann Whitney U
test ka¥ van der Waerden test dwiunsalngu
A296199UIANAIILALIUIATUY LaLAINY
wusUslaiwindy madfnegeusananldaiunse

AIUANANAAIALATEUUSTIANT 1 161




U7 22 a5 (auiaw) 2557

M3FITINeImansuazinalulad

A15197 4 81U1INSNAEBY LBUTEUINTHNITHINLILUL8LALAULAIANNINUNG

n, | n, | o0} 7 z t M-W V-W K-S M-U
0.05 |0.3309 |0.2815 |0.2750 |0.2875* |0.0418 | 0.3789

H 0.01 |0.1673 |0.1132** [ 0.0911 |0.0949 |0.0100 | 0.2294

e 0.05 |0.2267 |0.1908 | 0.2169% | 0.2132 | 0.0535 | 0.2949
i 0.01 |0.1124 |0.0776* | 0.0723 | 0.0716 |0.0147 |0.1678

0.05 | 05214% | 05126 | 05049 |0.2121 |0.1758 |0.6214

H 0.01 |0.2953 |0.2806** | 0.2562 | 0.0645 | 0.0550 | 0.4254

e 0.05 |0.3204 | 02836 |0.3763*|0.1582 |0.2149 | 0.4869
v 0.01 |0.1484 |0.1157 |0.1585* | 0.0443 |0.0793 | 0.2977

0.05 |0.7304 | 0.7155 | 0.7195 | 0.7349** | 0.3727 | 0.7710

20 | 50 o 0.01 | 0.5059** | 0.4746 | 0.4738 | 0.4876 |0.1605 | 0.5778
0.05 |0.4492 |04344 | 05533 | 0.5048"* | 0.4308 | 0.6046

v 0.01 |0.2378 |02146 |03002 | 0.2587* |0.2148 | 0.3888

0.05 |0.9678 | 09668 |0.9636 |0.9723* |0.8173 | 0.9660

H 0.01 |0.8945 |0.8854 |[0.8838 |0.9019** | 0.5939 | 0.8934

10020 0.05 |0.7317 | 0.7419** | 0.8657 | 0.8371 |0.8842 | 0.8504
v 0.01 |0.5244 | 05533* | 0.7031 | 0.6509 |0.7148 | 0.6815

0.05 |0.9971 |0.9971 |0.9969 | 0.9980* | 0.9618 | 0.9981

H 0.01 |0.9800 |09785 |0.9794 |0.9832* |0.8584 | 0.9867

100 10 0.05 {09021 |0.9004 |09705 |0.9512* |0.9886 | 0.9781
v 0.01 |0.7587 |0.7527 |0.8968 | 0.8495** | 0.9389 | 0.9221

*EUANTNAFRUAERLUNGUTANTaAIUANAIARAAGRUUSEIANT 1 17

21715197 6 Aseduifedrdey 0.05
waz 0.01 NIAUTTYINTUNITUINLANTVIAY
AUlasgendung (S, = 1.00, K = 4.00) sadi
NAABUNTISIUIIN1TNARBUFIGARAZAINITD
muAuANLAaIALAdoulsEiandl 1 1d lengy
F0g19ULIALEN FiB T test NAUAIBENVUIANAT
Ao Z test waznguiogavwInlvg) Ao Van der

Waerden test
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nAdUMLMANZAN At test NHUAIDE19IUA
nana Aie Modified U test wagngumIng1auuin

gy Ao Mann Whitney U test Wauszw1nsiingg

Y 1

LAINWILUTULAEAINULAINININUNG NANFIBEN

q

YUIALAN FIFRANAFDUMLEEL AD t test LAy

Mann Whitney U test ngudiagevuianaauay

wunlng) Ao van der Waerden test uagiile
Usgnsiinisuanuandenuarainulasganis
Un@ nquilegiaruiaiin fadidnaasud
Wnga Ae t test NANFATI9E19UUIANANS AR Z
test Warngusleg1sivuinlng As van  der

Waerden test

M1319i 5 Anudiasdureseuaaisedoulszand 1 feuszrnsiinsuanuanduinuazaulaes

n3UNA

n, | n, | of:0) - z t M-W V-w K-S M-U
0.05 | 00678 |0.0448% | 0.0428* | 0.0476* | 0.0017 | 0.0273

- 0.01 | 00183 |0.0088* | 0.0063* |0.0062* | 0.0003 | 0.0075*

o e 0.05 |00828 |0.0645 |0.0637 |0.0658 |0.0049 |0.0778
v 001 |00295 |0.0170 |0.0117% |0.0117* |0.0007 | 0.0345

0.05 | 0.0591* | 0.0485% | 0.0457% | 0.0509* | 0.0053 | 0.0219

- 001 | 00164 |0.0106* | 0.0096* | 0.0088* | 0.0007 | 0.0043

o 0.05 | 00818 |0.0578% |0.0654¢ |0.0712 |0.0085 | 0.0703
v 001 [0.0226 |00131* |0.0124* | 0.0170 | 0.0012 | 0.0217

0.05 | 0.0510% | 0.0480* | 0.0441* | 0.0482% | 0.0050 | 0.0177

w0 | 0 o 001 |00124* | 0.0101* | 0.0075% | 0.0087* | 0.0004 | 0.0028
0.05 |0.0930 |0.0858 |0.1008 |0.1107 |0.0374 | 0.0847

v 001 |00248 |00211 |0.0248 |0.0264 |0.0063* | 0.0246

0.05 | 0.0561* | 0.0545% | 0.0516* | 0.0557% | 0.0055 | 0.0168

- 001 |00120% | 0.0114* | 0.0101* | 0.0104* | 0.0013 | 0.0030

e e 005 |0.1360 |0.1463 |0.1943 |02552 |0.2403 |0.1318
v 0.01 |0.0463 |00586 |0.0733 |0.1079 |0.0736 |0.0449

0.05 | 0.0501* | 0.0484% | 0.0484* |0.0528* | 0.0051 | 0.0144

H 0.01 | 0.0095% | 0.0089% | 0.0094* | 0.0095* | 0.0006 | 0.0009

e 005 [0.1806 |0.1779 |0.2214 |0.2773 |0.4423 |0.1788
v 0.01 |0.0635 |00612 |00841 |0.1125 |0.1592 |0.0611

*FAU130AIVANANARIALAGBUUTTANT 1 13
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M990 6 B1UNININAFRY WaUTEAINTNTHANKIRTY LAzl I

n|n,|ol:cl| « z t M-W V-W K-S M-U
0.05 | 04032 | 03423* | 03351 | 03413 | 0.0747 | 0.3677

- 0.01 | 02248 |0.1565 |0.1250 |0.1236 | 0.0204 | 0.2083**

e 005 | 02671 | 0.2251 | 0.2079 |0.2211%* | 0.0256 | 0.1969
v 0.01 |0.1301 |0.0766 |0.0523 | 0.0566** | 0.0059 | 0.0861

0.05 | 0.6109** | 05992 | 0.5958 | 02343 | 0.2921 | 0.5951

- 0.01 | 04000 | 03570% |0.3346 |0.0779 | 0.1391 | 0.3852

ol 0.05 | 04179 | 03797* | 0.3602 | 0.1606 | 0.1072 | 0.3330
i 0.01 |02332 |0.1742* |0.1517 |0.0474 | 0.0322 | 0.1649

0.05 | 0.8076** | 0.7968 | 0.8038 | 0.8066 | 0.5504 | 0.7708

20 | 5 o 0.01 |0.6052** | 05774 | 05781 | 05737 | 0.3265 | 0.5510
0.05 | 0.5733*** | 05583 | 0.5443 | 0.5581 | 0.2101 | 0.4512

e 0.01 | 0.3463*** | 03178 | 0.2939 |0.2994 | 0.0834 | 0.2242

0.05 | 09919 | 09906 |0.9918 | 0.9924** | 0.9473 | 0.9853

- 0.01 | 0.9607** | 09526 | 0.9588 | 0.9563 | 0.8391 | 0.9231

0010 0.05 |0.8837 |0.8846 | 0.8773 | 0.8891** | 0.5617 | 0.7751
i 0.01 | 07193 | 0.7245%* | 0.7084 | 0.7203 | 0.2969 | 0.5134

0.05 | 09994 | 09994 | 0.9995%* | 0.9995** | 0.9947 | 0.9991

- 0.01 | 09950 |09946 | 0.9958 | 0.9963** | 0.9752 | 0.9916

1001100 0.05 | 09700 | 09693 | 0.9668 | 0.9717** | 0.7671 | 0.9387
" 0.01 |0.9048** | 09013 | 0.8911 | 0.9042 | 0.5459 | 0.8073

HEININTNAFOUAA IUNGUTANTAAIVANANNARIAAGRUUTTLANT 1 17

“rgIuINMIedeUaanudlilaunsanIuANAIAIARRoUUTTIANT 1 10

M5190 7 Madfvadeulinaigauuaazd@n un1sallun1sNAEo UAILLANATSUDIAINANNTEWIS

Usens 2 nau dwsudeyauuudiism 5 seeu

YUINAIDYN
ATHANLAY — .
1an (10,10),(15,25) a9 (30,30) vy (100,50),(100,100)
Un t test Modified U test Mann Whitney U test
t test,

WangkarANUlAIRINITUNR

Mann Whitney U test

van der Waerden test| van der Waerden test

Wanuaganulasgandtunid

t test

Z test

van der Waerden test
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