UNAUIRY (Research Article)

N15US8UNBUUIE NS ATNVRIREDANAGD USRI UNIITNAGDY
AMUUANANIYBIANANTENINUTEVINT 2 nau TIDaTeu
A Comparison of the Efficiency of the Test Statistics for
Testing the Difference between the Two Central Values

from Two Independent Populations

159R00 Fougvs*
F1Y1IVINEINMIANTUAZAAR AL INGIMIANT URTINYIAEVINTA
Ingnumings svaviuns1 ennetmzgeu Samianngs 93210
Warangkhana Riansut*

Department of Mathematics and Statistics, Faculty of Science, Thaksin University,

Phatthalung Campus, Ban Phrao, Pa Phayom, Phatthalung 93210

UNANYD

Toguszasdven1sfinwaiell Ae WaSeufisudsednsninvasiialiinaaourianun 6 35 taun

Y a LY a o

fadAnadeu Z dadanadouaiiaundl dadinaaeunatdl dadanaaeuwuuldndd dadanadeu
Tneffsegnu wagdradinaaouniuinoleaiiu sufuilolausuuzfadinaaeuiivungay Suun
anunsaflasfvuaussnnsiiieniswanuassni msuwanuastideifianslasgeninusnd msuanuas
Wefisianulawiiniusnd nmsuanuaatiuniiiinnalrganiiusni uaznsuaniaatuniidaaleiei

NI1UsNR MruAgnTEUANRAEUTEIININENT 1 waEnguyl 2 ianun 3 sE6U e 1, 0.9 way 1.2 8n31dU

'
d

ANUKUTUTINUTEININGNT 1 Wasnquil 2 iavun 3 526U Ao 1, 0.25 way 4 YIARI8E193INUTEYINT

2 ﬂﬁjm 9 aum A (10, 10), (30, 30), (100, 100), (15, 10), (45, 30), (150, 100), (10, 15), (30, 45) waz

= a

(100, 150) siudadfnyiidnei Ae 0.01 wag 0.05 Fasiteyamen1sideulusungd SAS MruATIUI

o a

soUTEIMSEN #9 1,000 50U HANISANYMUIIARANAGEU Z annsnniuauauitasduiiaziin
anwianainuuud 1 ldmsinasiidvuauazifidinimaaougsnindiaifnaaeudu uidada
nasovisdudommusanuwlsusulssangii 2 nau FeduFaenslimadnaaeuiiarumanzay
509037 Ao shadAvnaeuai uauiivienati Insnsdaruudsusnudssrnait 2 ngw fawifu &
adAvaaouaRuaudTislimumnEauINNIadT uinsdausUTuUsEeInIie 2 ndw el

sl

Wiy MadRnagaunatiariamNUmIizauiinni dusumadanagaulidmnsfwmesnane dany

@

winrauluurensauadslidfuulduidaauuinin wu lnedulvgdaianagovwuul-Inild dada

Y a .
*HIUNAYTIUUNAIIAU : warang27@gmail.com



15ar5mermansiasinalulad U 25 aduin 5 nugrey - gains 2560

o

nageulndsugu wazfadavndouLIuAeIoaRUllAUANTANAUAIRE1WNAENEUIUIANA1T ey
hatavaaoulassisegiudaummzauiunsadeuayigiuifuuassduodidy 001 unndni
seautudnfgy 0.05 nstiegnat 2 nay Jvualuguazanuwdsusiudssunsining asanunsald
Fradfnaaeulafld eswndusyavsamldunnsnaiiu

[

ANFIARY : NISNAFBUANULANAIYBIAINATS; AUEIETUNIELARANURANAIALUUT 1; ANdanN1S

v

12105

Abstract

The objective of this study was to compare the performance of six test statistics: Z, Student’s
t, Welch’s t, Mann-Whitney, Median, and Van der Waerden. Including the recommending the
appropriate test statistic. Classification of the population according to normal distribution, left-
skewed and leptokurtic kurtosis distribution, left-skewed and platykurtic kurtosis distribution, right-
skewed and leptokurtic kurtosis distribution, and right-skewed and platykurtic kurtosis distribution.
The ratios of mean group 1 per group 2 were 1, 0.9, and 1.2. The ratios of variance group 1 per
group 2 were 1, 0.25, and 4. The sample sizes of two populations were nine sizes: (10, 10), (30, 30),
(100, 100), (15, 10), (45, 30), (150, 100), (10, 15), (30, 45), and (100, 150). The significance levels that
to study were 0.01 and 0.05. The data were simulated by using SAS programming with 1,000
replicates. Results of the research were Z test statistic could control the probability of type I error
and had higher power of a test than other test statistics, but this test is necessary to know the
variances of the two groups. Therefore, it was appropriate to apply the other test statistics, i.e.,
Student’s t or Welch’s t. If the variances of the two groups were equal, Student’s t was a more
appropriate test statistic than Welch’s t. But, if the variances of the two groups were not equal,
Welch’s t was a more appropriate. Nonparametric test statistics for this study were appropriate in
some cases but no clear, i.e., Mann-Whitney, Median, and Van der Waerden were appropriate for
small to medium sample sizes. The median was appropriate to test the hypothesis that given the
significance level of 0.01 over the 0.05 level of significance. When both sample sizes were large
and the population variances were equal, we could use any tests since there is no difference in

the performance.

Keywords: central difference test; probability of type | error; power of a test
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syauydAey 0.01 seauddIAgy 0.05
2 2 g -5 & g & 5 g 5
ol | oG e | 2| 2| 2] & e | & | & | £ | 2
1,1 v v v v v v v v v v
10 10 4,16 v X X x v v X X X v
16, 4 v v v v v v v v X v
1,1 v v v v v v v v v v
30 30 4,16 v X x x X v X X X X
16, 4 v x X X X X X X X X
1,1 v v v v v v v v v v
100 | 100 4,16 x X X X X X X X X X
16,4 4 x x X X v X X X X
1,1 v v v v v v v v v v
15 10 4,16 X X 4 x x x X X X X
16, 4 v v v v v X X v X v
1,1 v v v v v v v v v v
a5 30 4,16 v X X X X X X X X X
16, 4 v X v X v X X v x v
1,1 v v v v v v v v X v
150 | 100 4,16 x x x x X X X X X X
16,4 v x X X X X X X X X
1,1 v v v v v v v v v v
10 15 4,16 v v v v v v v v v v
16, 4 v X X X X v X X X X
1,1 v v v v v v v v v v
30 45 4,16 v X v X v v X v X X
16,4 x X x X X X X X X X
1,1 v v v v v v v v v v
100 | 150 4,16 v X X X X X X X X X
16, 4 v x x x x x x x X
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syauydAey 0.01 seauddIAgy 0.05
2 2 g -5 & g g 5 g 5
1,1 x X x X X X X x x x
10 10 4,16 X X X X X v v v x X
16, 4 x X x X X X v v x x
1,1 v v v v v X X X v x
30 | 30 4,16 v v v v v x x x X X
16, 4 v X v v v X X X X X
1,1 v v v v v X v X v X
100 | 100 4,16 v X v X v X X X X X
16, 4 4 x x x v x x X X X
1,1 v v v X v X v X X v
15 10 4,16 v v v v v v X v x v
16, 4 v v v v v v X X v v
1,1 v v v v v v X X v X
a5 30 4,16 v X v X v X X X X X
16,4 4 x v X v X X X X X
1,1 X v v v v v v v v X
150 | 100 4,16 x x x x x X X X X X
16,4 v X X X X v X X X X
1,1 v v v v v v v v v v
10 | 15 4,16 v x v v v v x x v v
16, 4 v v v v v v v v % v
1,1 v v v v v v X v v v
30 | 45 4,16 v X x v v X X X X x
16, 4 4 X 4 x x x x X X X
1,1 v v v v v v v v v v
100 | 150 4,16 v x x X X v X X X X
16, 4 X X X X X v X X X X
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16, 4 v v v v v v v v x v
1,1 v v v v v v v v v v
30 | 30 4,16 v X 4 x v v x X X 4
16, 4 v x v x v v x v x v
1,1 v v v v v v v v v v
100 | 100 4,16 v x x x x 4 x x x x
16, 4 v X v X X v X X X X
1,1 v v v v v v v v v v
15 10 4,16 x x 4 x v x x X X x
16, 4 v v v v x X v v v X
1,1 v v v v v v v v v v
45 | 30 4,16 v x x x x v x X X X
16,4 v x v X v x x v x v
1,1 v v v v v v v v v v
150 | 100 4,16 x X X X X 4 X x x X
16, 4 v X v X X X X X X X
1,1 v v v v v v v v v v
10 | 15 4,16 v v v v v X v x v X
16, 4 v X v X X v X X X X
1,1 v v v v v v v v v
30 | 45 4,16 4 x 4 x 4 x X x x v
16, 4 X X X X X v X X X X
11 v v v v v v v v
100 | 150 4,16 v x x x v x x v x X
16, 4 v X X X X v X X X X
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91nA15197 6 WuitdraiAnaaey
LuneRaLiuaInsaAIANANL s duTiay
AeauRananauuudl 1 lensnnusindivuaile
AuuUTUTIuYsEEINTe 2 ngudiAnvintu un
YUINRIBELT YNANTUINUIL kagynTeautiadAny
fifnun dmiunsdanuuUsusudssani 2 ngu
fianlalviniu Fadfveaeuiansnniuauay

Ynazdunagiiaanuianalawuud 1 lenunae

Aa o d'

fsusiiesunansd Tasadulnajazaiuauai
tagiluiiaziAnanuiianatauuud 1 lédnu
i vunileeyaiinisuanuassnd

3.2 MadAnaasuiidiidanismaasug
fanlunguiiannsamuauanuiaziduiiaziie
AuAanaauuUil 1 Tdanuinasifidivun asUld

FINN951997 7

a13i 7 fadfnadeunimasnimaaeugeigatunguiiaunsamuauauinasiuianinniy
Aawaakuud 1 lmunaeifiiivun
sgautedAgy 0.01 sgRutisdAey 0.05
o | Bk, | € = & e < = e & e &
o) 5 2 2 g g 5 g g g g
3P % = = 3 % = =
;g }2 QE }g ;a )a ha Aa
z MwW z MwW z z W z MwW z
1,1
(0.392) | (0.383) | (0.382) | (0.414) | (0.357) | (0.640) | (0.685) | (0.604) | (0.703) | (0.591)
St St St Z z St St St z Z
9,10 4,16
(0.038) | (0.078) | (0.043) | 0032 | (0032 | (0116) | (0.190) | (0.125) | (0.099) | (0122)
St z z Mw St St z z St St
16, 4
(0.030) | (0.036) | (0.030) | 0081 | (0042) | (0.106) | (0.103) | (0.102) | (0.157) | (0.128)
10 10
Z Z Z z z z z z z z
1,1
(0.974) | (0.964) | (0.967) | (0.976) | (0.971) | (0.994) | (0.990) | (0.990) | (0.995) | (0.993)
z z z Wt St z z z St z
12,10 | 4,16
(0.128) | (0.131) | (0.132) | (0.201) | (0.118) | (0.285) | (0.285) | (0.292) | (0.383) | (0.293)
z MW z z z z MW z z z
16, 4
0.137) | (0212) | (0118) | 0126) | (0118) | (0293 | (0.470) | (0:302) | (0.289) | (0.299)
z MwW z Mw z z VW z Mw VW
1,1
(0.920) | (0.957) | (0.924) | (0.970) | (0.900) | (0.978) | (0.991) | (0.972) | (0.995) | (0.967)
St Med St z z MwW St St z z
9,10 4,16
(0.100) | (0.217) | (0.107) | (0.091) | (0.086) | (0.250) | (0.331) | (0.234) | (0.220) | (0.227)
MW z z Med St St z z St W
16,4
(0.080) | (0.103) | (0.094) | (0.167) | (0.087) | (0.237) | (0.224) | (0.238) | (0.288) | (0.242)
30 30
A | A * AL * * * * AL *
1,1
(1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
z z z Med z z St z z z
12, 10 4,16
(0.459) | (0.428) | (0457) | (0551 | (0470) | (0.685) | (0.711) | (0.695) | (0.688) | (0.687)
Z St Z St z z z z St z
16, 4
(0.420) | (0.483) | (0.470) | (0.420) | (0.430) | (0.674) | (0.699) | (0.692) | (0.728) | (0.685)
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sgautedAgy 0.01 sgRutidAey 0.05
n n g = <Y & & N s <Y & & =
43 5 = 5 5 5 = S
* * * All * * All * All *
1,1
(1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
Z St Z Z Z Z Z Z St, Wt A
9,10 4,16
(0.403) | (0.396) | (0.381) | (0.378) (0.359) (0.614) | (0.621) | (0.599) | (0.623) | (0.598)
Z Z Z Wt Z St, Wt St Z Z Z
16, 4
(0.378) | (0.347) | (0.331) | (0.399) | (0.383) | (0.628) | (0.620) | (0.562) | (0.621) | (0.611)
100 | 100 All All All Al Al * All * All *
1,1
(1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
z St, Wt St, Wt z z z St, Wt St, Wt z z
4,16
12, 10 (0.967) | (0.984) | (0.979) | (0.962) (0.974) (0.991) | (0.998) | (1.000) | (0.988) | (0.994)
Z st
Z Z Z St Z A A St, Wt St, Wt
16, 4 Wt
(0.979) | (0.970) | (0.964) | (0.979) (0.980) (0.989) | (0.994) | (0.998) | (0.994)
(0.994)
Z MW Z MW Z Z VW Z MW Z
1,1
(0.455) | (0.514) | (0.436) | (0.509) | (0.434) | (0.706) | (0.809) | (0.681) | (0.781) | (0.655)
Z Med MW Z Z Z Z Wit Z Z
9,10 4,16
(0.026) | (0.032) | (0.046) | (0.052) (0.041) (0.104) | (0.101) | (0.126) | (0.107) | (0.124)
Wit z Z MW Wt Z Z Z Wit Wt
16, 4
(0.034) | (0.040) | (0.047) | (0.100) | (0.047) | (0.114) | (0.109) | (0.138) | (0.185) | (0.135)
15 10
Z Z A A A Z Med Z Z Z, St
1,1
(0.989) | (0.990) | (0.992) | (0.988) (0.990) (0.997) | (0.998) | (0.999) | (0.998) | (1.000)
Z z Z Z Z Z Z Z ya z
12, 10 4,16
(0.134) | (0.134) | (0.121) | (0.127) (0.108) (0.307) | (0.285) | (0.295) | (0.340) | (0.292)
Z Med A A A Z VW Z Z Z
16, 4
(0.160) | (0.341) | (0.189) | (0.176) | (0.162) | (0.367) | (0.493) | (0.396) | (0.352) | (0.357)
MW, MW,
z VW Z MW Z Z Z, VW VW
1,1 VW VW
(0.957) | (0.988) | (0.967) | (0.991) | (0.958) | (0.992) (0.992) (0.996)
(0.997) (1.000)
9,10 St Wit z St z z Wit z z z
4,16
(0.153) | (0.167) | (0.097) | (0.112) (0.091) (0.238) | (0.299) | (0.257) | (0.231) | (0.238)
Z Z Z Wt MW Z Z Z Wt MW
16, 4
45 30 (0.106) | (0.119) | (0.135) | (0.168) (0.129) (0.285) | (0.287) | (0.296) | (0.337) | (0.330)
All All Al * * All * * * *
1,1
(1.000) | (1.000) | (1.000) | (1.000) (1.000) (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
St z z Wt z z Wt z z z
12, 10 4,16
(0.594) | (0.474) | (0.472) | (0.515) | (0.494) | (0.710) | (0.753) | (0.721) | (0.738) | (0.716)
Z Z A Wt A Z A A Wt YA
16, 4
(0.627) | (0.638) | (0.622) | (0.618) (0.618) (0.827) | (0.803) | (0.830) | (0.827) | (0.809)
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sgAutidAty 0.01 sgRutidAey 0.05
n n 9 = <Y e & = = <Y & & =
1 2 My By Gg g :§ ':(é HE-_; ,,_-E é’ :§ :g_é z,—-((_; ,,_-g
* Al * All * All All * * *
1,1
(1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
z Wt z St z z z z Wt z
9, 10 4,16
(0.399) | (0.440) | (0.415) | (0.525) | (0.352) | (0.639) | (0.649) | (0.647) | (0.676) | (0.605)
z Wt z z z z Wt z z z
16, 4
(0.519) | (0.509) | (0.543) | (0.515) | (0.527) | (0.734) | (0.773) | (0.763) | (0.732) | (0.754)
150 | 100 @ All All All All All All All - &
1,1
(1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
z Wt Wt z z Z, Wt Wt Wt z z
4,16
12, 10 (0.982) | (0.991) | (0.982) | (0.978) | (0.983) | (0.997) | (0.999) | (0.997) | (0.990) | (0.996)
Z, St
z z Z, Wt z Z, Wt z Z, Wt z Z, Wt
16, 4 Wt
0.997) | (0.992) | (0.996) @555 (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
z MW z MW z z MW z VW z
1,1
(0.454) | (0.513) | (0.440) | (0.508) | (0.440) | (0.695) | (0.769) | (0.674) | (0.767) | (0.687)
z MW z z z Med MW z z z
4,16
9, 10 (0.035) | (0.093) | (0.038) | (0.041) | (0.036) | (0.143) | (0.245) | (0.122) | (0.117) | (0.117)
MW,
z z Med z MW z z z Med
16, 4 W
(0.026) (0.044) | (0.032) | (0.044) | (0.028) | (0.130) | (0.123) | (0.096) | (0.090) | (0.116)
10 | 15 :
Z st
z z z z z z Z, St | Z, MW z
1,1 Wt
(0.993) | (0.990) | (0.989) | (0.992) | (0.994) 05589 (0.999) | (0.997) | (0.998) | (1.000)
12,10 z z z MW z Wt Wt z MW z
4, 16
(0.168) | (0.168) | (0.194) | (0.255) | (0.190) | (0.324) | (0.349) | (0.381) | (0.528) | (0.395)
z Med z z z z Med z z z
16, 4
(0.128) | (0.130) | (0.145) | (0.145) | (0.130) | (0.327) | (0.396) | (0.316) | (0.278) | (0.308)
MW,
z MW z VW z z w Wt VW z
1,1
(0.948) | (0.994) | (0.953) | (0.991) | (0.951) | (0.989) (0.998) (0.989) | (0.996) | (0.994)
9,10 z Wt MW z z z Wt MW z z
4,16
(0.126) | (0.182) | (0.136) | (0.116) | (0.129) | (0.313) | (0.342) | (0.322) | (0.268) | (0.289)
z z z z Wt VW z z Wt Wt
16, 4
30 | a5 (0.094) | (0.095) | (0.075) | (0.096) | (0.112) | (0.267) | (0.245) | (0.250) | (0.323) | (0.276)
All * * Al Al Al * All All All
1,1
(1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
z Wt z Med z z Wt Z, Wt z z
12,10 | 4,16
(0.623) | (0.609) | (0.622) | (0.808) | (0.634) | (0.812) | (0.843) | (0.828) | (0.831) | (0.825)
z Wt z z z z z z Wt z
16, 4
(0.509) | (0.504) | (0.488) | (0.446) | (0.465) | (0.708) | (0.728) | (0.711) | (0.748) | (0.708)
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o .
AN 7 (99)
sgautedAgy 0.01 sgRutidAey 0.05
n n 9 = <Y & & N s <Y & & =
1 2 iy My G; % :§ ::é ,,_.((__; Hé {}C“’ :§ :g_é ,,_.g ,,_.g
ég )g 35 )5 ég }g ;5 }g
All All * * * All All * All *
1,1
(1.000) | (1.000) | (1.000) | (1.000) (1.000) (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
Z Wit Z Wt Z Z Z Z Wt Wt
9, 10 4,16
(0.531) | (0.536) | (0.498) | (0.514) (0.509) (0.751) | (0.754) | (0.760) | (0.741) | (0.765)
MW Z St Wt St Z Wt Z Z Z
16, 4
(0.448) | (0.391) | (0.488) | (0.426) | (0.501) | (0.661) | (0.643) | (0.638) | (0.620) | (0.658)
100 | 150
All All Al Al Al All All All All All
1,1
(1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000) | (1.000)
Z, Wt Z Z, Wt Z Z, Wt Z, Wt Z, Wt Wt Z Z, Wt
12, 10 4,16
(0.996) | (0.996) | (0.997) | (0.997) (0.995) (1.000) | (0.999) | (1.000) | (1.000) | (1.000)
VA VA St Wt St Z, Wt z Z, Wt z Wt
16, 4
(0.984) | (0.975) | (0.989) | (0.992) (0.991) (0.996) | (0.990) | (0.996) | (0.998) | (0.995)

Z Wwnufanina@eu Z; St unumadinegeuafiaudil; Wt unusiainnagaunati; MW uwnudaiinegeuwaul-Indd; Med unudiadinagau

Tnedsagu; VW WNUMadAnAaaULIuABIRaLRY; All ununnatiavaaey; * meﬁauwﬂ&haaamaau; Anluraduunuidanisageu
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3.2.6 NIAIIRENVUIANAN (N, n,) =
(30, 30), (30, 45) uaz (45, 30) MilAadsUsyens
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