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The efficiency of parametric and non-parametric statistics on location testing

with multiple population groups
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Abstract
This research aimed to study the efficiency of parametric and non-parametric statistics on location testing
with multiple population groups. The statistical techniques applied were one-way ANOVA (F test), the Kruskal-Wallis

test (K-W test), and the Van der Waerden normal-scores test for k independent samples (V-W test). The data were
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simulated by Monte Carlo techniques with program R. The determined conditions were population with normal
distribution, negative skewness and platykurtic distribution (8, =-0.75, K =2.80) and positive skewness and
leptokurtic distribution (8, =0.75, K =3.60)- Additionally, the sample sizes were 10 (small), 25, 50 (medium) and
100 (large). The sample were divided into 3, 4, and 5 groups with equal/non-equal variance. The hypotheses were
tested at significant levels of 0.05 and 0.01. The results showed that the population was normal distribution, the
tested statistics showing robustness and having highest power of the test for small sample were F test and K-W test,
for medium sample was K-W test, and for large sample were F test, K-W test, and V-W test. When the population
was negative skewness and platykurtic distributions, the tested statistics showing robustness and having highest
power of the test for small and medium samples was V-W test. For large sample with equal variance, the tested
techniques were F test, K-W test, and V-W test. For non-equal variance, the tested technique was F test. Finally,
when population was positive skewness and leptokurtic distribution, the tested statistics showing robustness and
highest power of the test for small sample were K-W test and V-W test, for medium sample was V-W test, and for
large sample with equal variance were F test, K-W test, and V-W test, and with non-equal variance was F test.

Keywords: robustness, power of the test, location testing with multiple population groups
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number of groups

ratio of means

ratio of variances

1:11
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1:1.5:2

1:1.3:1.6

1:1:1:1

1:1:1:1
1:1.3:11.3:11.6
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1:1:1:1

1:1.5:1.5:2
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1:1:1:1:1
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2. AudazifluresANAanAAfel  Usnh (S, =—0.75, K =2.80) NANNIIALART LY
szinnd 1 uazenuianiImadey Wedszains  (Table 4 and 5)

Jnrsuanuaatiidnauazariniseningn

Table 2 Probability of type | error of tested statistics on location when population has normal

distribution classified by sample size, variance and number of groups.

. tested 3 groups 4 groups 5 groups
n; variances
statistics 0.05 0.01 0.05 0.01 0.05 0.01
F 0.0477* 0.0074* 0.0482* 0.0074* 0.0476* 0.0091*
equal K-W 0.0440* 0.0066* 0.0453* 0.0058* 0.0404* 0.0075*
V-W 0.0423* 0.0057* 0.0506* 0.0093* 0.0399* 0.0062*
0 F 0.0517* 0.0105* 0.0468* 0.0072* 0.0516* 0.0090*
non-equal K-W 0.0464* 0.0084* 0.0448* 0.0062* 0.0463* 0.0069*
V-W 0.0468* 0.0073* 0.0506* 0.0093* 0.0457* 0.0058*
F 0.0479* 0.0097* 0.0471* 0.0086* 0.0496* 0.0096*
equal K-W 0.0474* 0.0107* 0.0486* 0.0071* 0.0489* 0.0093*
V-W 0.0473* 0.0096* 0.0455* 0.0074* 0.0480* 0.0087*
2 F 0.0480* 0.0095* 0.0558* 0.0122* 0.0511* 0.0105*
non-equal K-W 0.0486* 0.0097* 0.0526* 0.0113* 0.0485* 0.0103*
V-W 0.0458* 0.0089* 0.0517* 0.0109* 0.0476* 0.0092*
F 0.0469* 0.0109* 0.0477* 0.0101* 0.0525* 0.0113*
equal K-W 0.0480* 0.0106* 0.0478* 0.0081* 0.0489* 0.0108*
V-W 0.0458* 0.0095* 0.0475* 0.0095* 0.0503* 0.0112*
> F 0.0453* 0.0078* 0.0515* 0.0096* 0.0468* 0.0099*
non-equal K-W 0.0457* 0.0090* 0.0487* 0.0098* 0.0483* 0.0092*
V-W 0.0443* 0.0079* 0.0493* 0.0095* 0.0465* 0.0093*
F 0.0490* 0.0101* 0.0463* 0.0094* 0.0463* 0.0086*
equal K-W 0.0499* 0.0096* 0.0432* 0.0083* 0.0469* 0.0078*
V-W 0.0496* 0.0094* 0.0427* 0.0086* 0.0473* 0.0082*
b F 0.0526* 0.0102* 0.0556* 0.0102* 0.0488* 0.0098*
non-equal K-W 0.0506* 0.0102* 0.0540* 0.0096* 0.0486* 0.0087*
V-W 0.0502* 0.0095* 0.0538* 0.0082* 0.0497* 0.0084*

* To control the probability of type | error.
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Table 3 Power of the test of tested statistics on location when population has normal distribution

classified by sample size, variance and number of groups.

. tested 3 groups 4 groups 5 groups
n,  variances
statistics 0.05 0.01 0.05 0.01 0.05 0.01
F 0.7095 0.4492** 0.6439 0.3937*  0.6013 0.3476**
equal K-W 0.7210™ 0.4276 0.6603**  0.3782 0.6208* 0.3310
V-W 0.7001 0.3917 0.6376 0.3466 0.5964 0.3054
0 F 0.5821 0.3241** 0.5365 0.2827**  0.4881 0.2481**
non-equal K-W 0.6043** 0.3142 0.5582**  0.2703 0.5067** 0.2305
V-W 0.5739 0.2814 0.5275 0.2419 0.4842 0.2083
F 0.9883 0.9474 0.9757 0.9223 0.9722 0.9002
equal K-wW 0.9917*  0.9595** 0.9840** 0.9391** 0.9826™ 0.9259**
V-W 0.9884 0.9455 0.9793 0.9229 0.9766 0.9052
2 F 0.9556 0.8533 0.9409 0.8175 0.9100 0.7667
non-equal K-wW 0.9706* 0.8878** 0.9590**  0.8609** 0.9387** 0.8153
V-W 0.9600 0.8566 0.9469 0.8207 0.9233 0.8865**
F 1.0000**  0.9996 0.9999 0.9996 0.9997 0.9995
equal K-wW 1.0000** 1.0000** 1.0000**  0.9997** 0.9999**  0.9997**
V-W 1.0000**  0.9997 1.0000**  0.9996 0.9998 0.9996
>0 F 0.9996 0.9959 0.9989 0.9957 0.9981 0.9914
non-equal K-wW 0.9998**  0.9987** 0.9998**  0.9980** 0.9996** 0.9962**
V-W 0.9997 0.9971 0.9994 0.9964 0.9989 0.9939
F 1.0000**  1.0000** 1.0000**  1.0000** 1.0000**  1.0000**
equal K-W 1.0000**  1.0000** 1.0000**  1.0000** 1.0000**  1.0000**
V-W 1.0000**  1.0000** 1.0000**  1.0000** 1.0000**  1.0000**
10 F 1.0000**  1.0000** 1.0000**  1.0000** 1.0000**  1.0000**
non-equal K-W 1.0000**  1.0000** 1.0000**  1.0000** 1.0000**  1.0000**
V-W 1.0000**  1.0000** 1.0000**  1.0000** 1.0000**  1.0000**

**The highest power of the test and to control the probability of type | error.
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Table 4 Probability of type | error of tested statistics on location when population has negative
skewness and platykurtic distributions (Sk =-0.75, Kzz,go) classified by sample size,

variance and number of groups.

. tested 3 groups 4 groups 5 groups
n, variances
statistics 0.05 0.01 0.05 0.01 0.05 0.01

F 0.0484*  0.0107*  0.0486* 0.0115* 0.0501* 0.0112*
equal K-W 0.0463*  0.0064*  0.0440* 0.0084* 0.0449* 0.0069*
V-W 0.0458*  0.0052*  0.0425* 0.0080* 0.0440* 0.0066*
1 F 0.0499*  0.0097*  0.0483* 0.0113* 0.0497* 0.0114*
non-equal K-W 0.0463*  0.0070*  0.0450* 0.0067* 0.0494* 0.0070*
V-W 0.0473*  0.0069*  0.0456* 0.0067* 0.0473* 0.0080*
F 0.0499*  0.0101*  0.0518* 0.0102* 0.0533* 0.0098*
equal K-w 0.0487*  0.0093*  0.0485* 0.0078* 0.0517* 0.0084*
V-W 0.0469*  0.0079*  0.0479* 0.0084* 0.0496* 0.0082*
2 F 0.0520*  0.0108*  0.0486* 0.0100* 0.0477* 0.0121*
non-equal K-w 0.0551*  0.0113*  0.0553* 0.0109* 0.0523* 0.0111*
V-W 0.0572*  0.0118*  0.0588* 0.0114* 0.0579* 0.0127*
F 0.0488*  0.0104*  0.0499* 0.0096* 0.0529* 0.0092*
equal K-w 0.0507*  0.0099*  0.0490* 0.0098* 0.0487* 0.0083*
V-W 0.0478*  0.0097*  0.0479* 0.0088* 0.0512* 0.0080*
>0 F 0.0501*  0.0103*  0.0470* 0.0084* 0.0494* 0.0097*
non-equal K-W 0.0646*  0.0154 0.0609*  0.0121*  0.0594* 0.0109*

V-W 0.0717*  0.0188 0.0715*  0.0162 0.0711* 0.0158
F 0.0528*  0.0114*  0.0502* 0.0110* 0.0517* 0.0100*
equal K-W 0.0570*  0.0116*  0.0500*  0.0092* 0.0490* 0.0092*
V-W 0.0559*  0.0105*  0.0495* 0.0092* 0.0501* 0.0086*
100 F 0.0486*  0.0104*  0.0525* 0.0113* 0.0490* 0.0107*

non-equal K-W 0.0834 0.0201 0.0762 0.0190  0.0736* 0.0170

V-W 0.1091 0.0310 0.1016 0.0301  0.1088  0.0298

* To control the probability of type | error.
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Table 5 Power of the test of tested statistics on location when population has negative skewness

and platykurtic distributions (S, =-0.75, K =2.80) classified by sample size, variance and

number of groups.

. tested 3 groups 4 groups 5 groups
i varanees statistics 0.05 0.01 0.05 0.01 0.05 0.01
F 0.4598 0.2240** 0.3973 0.1818 0.3475 0.1498
equal K-W 0.4605 0.1991 0.4019 0.1613 0.3473 0.1290
V-W 0.4900** 0.3349* 0.4433** 0.1828** 0.3986** 0.1597**
0 F 0.3748 0.1677** 0.3207 0.1316** 0.2849 0.1103
non-equal K-W 0.3885 0.1553 0.3448 0.1181 0.3054 0.0991
V-W 0.4023** 0.1539 0.3629** 0.1280 0.3347*  0.1197**
F 0.8754 0.6980 0.8283 0.624 0.8138 0.6032
equal K-W 0.8884 0.7136 0.8541 0.6473 0.8399 0.6323
V-W 0.9250** 0.7758** 0.9063** 0.7414* 0.9065** 0.7430**
2 F 0.7686 0.5441 0.7121 0.4771 0.6730 0.4390
non-equal K-W 0.8207 0.6059 0.7889 0.5519 0.7580 0.5126
V-W 0.8458** 0.6347** 0.8286** 0.6054** 0.8085** 0.5882**
F 0.9962 0.9782 0.9915 0.9602 0.9873 0.9476
equal K-W 0.9974 0.9814 0.9943 0.9718 0.9934 0.9614
V-W 0.9991** 0.9939** 0.9988** 0.9912** 0.9988** 0.9889**
% F 0.9781 0.9169 0.9670 0.8852 0.9531 0.8522
non-equal K-W 0.9911 0.9541 0.9877 0.9383 0.9813 0.9268**
V-W 0.9952** 0.9708** 0.9929** 0.9661** 0.9921* 0.9594
F 1.0000* 1.0000* 1.0000** 0.9998 1.0000** 0.9998
equal K-W 1.0000** 1.0000** 1.0000** 1.0000** 1.0000** 1.0000**
V-W 1.0000* 1.0000* 1.0000** 1.0000* 1.0000** 1.0000**
10 F 0.9999** 0.9995** 0.9999** 0.9989** 0.9998 0.9974**
non-equal K-W 1.0000 0.9998 1.0000 0.9999 1.0000** 0.9996
V-W 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999

** The highest power of the test and to control the probability of type | error.
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a1n (Table 5)  dszannsinisuanuas
Y v 1 OI 1 =
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(S, =-0.75, K = 2.80) NANNTIREUARS LU (Table 6

and 7)

Table 6 Probability of type | error of tested statistics on location when population has positive

skewness and leptokurtic distribution (8, =0.75, K =3.60) classified by sample size, variance

and number of groups.

. tested 3 groups 4 groups 5 groups
n; variances
statistics 0.05 0.01 0.05 0.01 0.05 0.01
F 0.0433* 0.0078* 0.0486* 0.0076* 0.0469*  0.0077*
equal K-W 0.0432*¢ 0.0055* 0.0453* 0.0061* 0.0420*  0.0064*
V-W 0.0417* 0.0052* 0.0434* 0.0055* 0.0402*  0.0060*
" F 0.0462* 0.0099* 0.0498* 0.0102* 0.0507*  0.0092*
non-equal K-W 0.0462* 0.0083* 0.0453* 0.0075* 0.0490*  0.0071*
V-W 0.0464* 0.0070* 0.0450* 0.0067* 0.0477*  0.0066*
F 0.0453* 0.0092* 0.0497* 0.0102* 0.0483*  0.0097*
equal K-W 0.0454* 0.0082* 0.0488* 0.0088* 0.0476*  0.0075*
V-W 0.0473* 0.0080* 0.0486* 0.0083* 0.0452*  0.0078*
2 F 0.0471* 0.0111* 0.0531* 0.0100* 0.0515*  0.0115*
non-equal K-W 0.0523* 0.0128* 0.0571* 0.0108* 0.0539*  0.0117*
V-W 0.0517* 0.0117* 0.0548* 0.0105* 0.0543*  0.0112*
F 0.0497* 0.0097* 0.0511* 0.0112* 0.0476*  0.0099*
equal K-W 0.0485* 0.0094* 0.0527* 0.0096* 0.0473*  0.0086*
V-W 0.0502* 0.0090* 0.0523* 0.0101* 0.0466*  0.0095*
>0 F 0.0501* 0.0099* 0.0516* 0.0110* 0.0534*  0.0112*
non-equal K-W 0.0638* 0.0136* 0.0613* 0.0110* 0.0624*  0.0124*
V-W 0.0637* 0.0144* 0.0601* 0.0117* 0.0619*  0.0125*
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Table 6 Probability of type | error of tested statistics on location when population has positive

skewness and leptokurtic distribution (Sk:_()js, Kzz,go) classified by sample size,

variance and number of groups (continue).

. tested 3 groups 4 groups 5 groups
n, variances
statistics 0.05 0.01 0.05 0.01 0.05 0.01
F 0.0495* 0.0095* 0.0477* 0.0101* 0.0507* 0.0109*
equal K-W 0.0483* 0.0094* 0.0505* 0.0088* 0.0517* 0.0109*
V-W 0.0476* 0.0094* 0.0502* 0.0099*  0.0505*  0.0108*
100 F 0.0484* 0.0092* 0.0479* 0.0106*  0.0529* 0.0113*
non-equal K-W 0.0772 0.0181 0.0778 0.01700 0.0773 0.0179
V-W 0.0786 0.0193 0.0754 0.0175 0.0785 0.0202

* To control the probability of type | error.

AN (Table 6) Uszansfinnsuanuaduuy  Haf28E19991AL1EN TUIANAIY LazaW A luny

wanuazanianegendidsna (5, =075, K =3.60) uazANLUTUIIUWINAR AR F test, K-W test

NevauiudnAty 0.05 way 0.01 faalanaaau  uay V-W test harfaatauinlg uazaa1u

aunsnAuANANAR AR ulsziand 1 18 uilsdsauliivingu Ae F test
Table 7 Power of the test of tested statistics on location when population has positive skewness

and leptokurtic distribution (Sk:0'75, K=3.60) classified by sample size, variance and

number of groups.

. tested 3 groups 4 groups 5 groups
n, variances
statistics 0.05 0.01 0.05 0.01 0.05 0.01

F 0.6130 0.3556 0.5493 0.3019 0.5117 0.2533

equal K-W 0.6728* 0.3722** 0.6088 0.3217 0.5717** 0.2785
V-W 0.6691 0.3563 0.6148** 0.3228** 0.5839 0.2876*

0 F 0.4918 0.2326 0.4293 0.1915 0.3843 0.1612

non-equal K-W 0.5315 0.2476** 0.4845 0.2142** 0.4263 0.1701
V-W 0.5374** 0.2423 0.4882** 0.2100 0.4377*  01777*
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Table 7 Power of the test of tested statistics on location when population has positive skewness
and leptokurtic distribution (Sk:(),75, K:3.60) classified by sample size, variance and

number of groups (continue).

' tested 3 groups 4 groups 5 groups
n, variances
statistics 0.05 0.01 0.05 0.01 0.05 0.01
F 0.9631 0.8757 0.9378 0.8236 0.9243 0.7908
equal K-W 0.9855 0.9355** 0.9756 0.9030 0.9681 0.8861
V-W 0.9869** 0.9353 0.9790** 0.9086** 0.9729**  0.8982**
2 F 0.9117 0.7551 0.8807 0.6947 0.8450 0.6499
non-equal K-W 0.9458 0.8196 0.9246 0.7784 0.8999 0.7267
V-W 0.9512* 0.9081** 0.9309** 0.7918* 0.9139**  0.7553**
F 0.9997 0.9971 0.9995 0.9949 0.9987**  0.9947**
equal K-w 0.9999 0.9998** 1.0000** 0.9995 1.0000** 0.9994
V-W 1.0000** 0.9998** 1.0000** 0.9999** 1.0000**  0.9997**
%0 F 0.9983 0.9897 0.9954 0.9812 0.9943 0.9686
non-equal K-W 0.9988 0.9959 0.9982 0.9898 0.9982 0.9892
V-W 0.9992** 0.9963** 0.9992** 0.9932**  0.9987**  0.9922**
F 1.0000** 1.0000** 1.0000** 1.0000**  1.0000**  1.0000**
equal K-W 1.0000** 1.0000** 1.0000** 1.0000**  1.0000**  1.0000**
V-W 1.0000** 1.0000** 1.0000** 1.0000**  1.0000**  1.0000**
109 F 1.0000** 1.0000** 1.0000** 0.9999**  1.0000**  0.9999**
non-equal K-W 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
V-W 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

**The highest power of the test and to control the probability of type | error.
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dszgnsvanangunusn aawiesedaindy - nageu tasidlaauiunguiinaugdenaliiauia
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Table 8 The tested statistics is suitable for data analysis in each situations.

distribution sample sizes variances tested statistics
equal F, K-W
small
non- equal F, K-W
equal K-W
normal distribution medium
non- equal K-W
equal F, K-W, V-W
large
non- equal F, K-W, V-W
equal V-W
small
non- equal V-W
negative skewness and platykurtic equal V-W
medium
distribution non- equal V-W
equal F, K-W, V-W
large
non- equal F
equal K-W, V-W
small
non- equal K-W, V-W
positive skewness and leptokurtic equal V-W
medium
distribution non- equal V-W
equal F, K-W, V-W
large
non- equal F
L’aﬂﬂ’l‘i’s’l\i’aﬂ Nu[ﬂdﬁ‘ Avdnaq. 2557. ﬂ')’mLLﬂ‘jl\iLL@Zé’]u’]@ﬂ’]i‘Wﬁ@‘ﬂUﬂl’a\i
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dszains lunsdinaonuudsdsaulamindu. AR9NAN AUFUfayauLILAATY 5 92AL. 217417
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FITUAIART 25(6): 918-928. F7TNANGAST 22(5): 605-619
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