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Normal Probability Plots for Normality

Jea—Young Leel) Seong—-Won Rhee?

Abstract

The goodness of fit statistics of normality plots are obtained using the Receiver
Operating Characteristic (ROC) method. This work is intended to compare with
Shapiro-Wilk W statistic. We will use and discuss an accuracy of the test and the
best cut-off value which minimizes the sum of the type I and II error probabilities.
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I 1. Shapiro-Wilk W2 ROC 241 Z 1}

Shapiro-Wilk W
sample | o Best Cut—off

Size ROC Area Criteria Sens. Spec. Accuracy

P 0.618 0.9269 57.6 60.8 59.20

10 2] 4= 0.830 0.8902 66.5 845 75.50

24 0.840 0.8726 66.7 905 78.60

o 0.780 0.9449 73.2 70.6 71.90

20 A 4= 0.967 0.9194 90.9 89.9 90.40

2 0.954 0.9010 85.4 96.0 90.70

Fig 0.977 0.9543 94.0 91.0 92.50

50 A 4= 1.000 0.9291 99.5 99.5 99.50

24 0.998 0.9308 98.5 99.4 98.95

(e} o 5 o 2
Accuracy = s ggig 39473$94 T %100

= Sensitivity<x (A A oA Hyo] 22l v &)

+ Specificityx (A A ol A Hyol &<l v &),

°] Spec.#% Sens.& TAAOZ (1 - A1F LF)X100% (1 - A2F . F)x100%] ouje} &
Abetth. 53], Sens. w2 A H(power) S Wstn At S oA AT AT E =
Asta b vt A g 71F S deotsty] ¢ste] ROC 24 siAdn. 23 Ay sz
(threshold)el vt HA FAF 7149 & WA AZ/AAN FIZHH 9o (1-Spec., Sens.) FHE=
FAISHE 2HEZE ROC HAdolgts 2T o] M x& Alo]e] WAL FArd gt Hre
AbEET. &, 6E ofdigt 22 TER ooy, o] g o FolW EAZ Hy:normal o
At Hyiabnormal ANA A= A% A FHE 4 Qdesto s Hzolg

O(or 1—6)=Pr[Hl e SAF Z<H M SAZ 3],
© ROC #4¢& F3td dAT FYFFolAe HAY & 38 45 gon xa
58 7 5Y £ de FH 149 ge :r‘"“* -)F- Atk o] HA 717 gL AP
A T 2FMALE &/ + A2F 2 7 AR st 7|d9geg 7
g AT 27 FEAM A2FE 2F9 2 04‘47}% e

EE Altman (1992)°] 9&td FaAo] Z=HUt & So oW FA| 0’01/‘1

g o AEsE HEol AH1F 2FS A2F 2 Fd A BUsYH AR Lo

A% 17498 HA 712hx) oA A g geA e bl go] wAsiEg HH 7z
AL ol g3te Aol v ntEAHTg T & £ dth(Metz, 1978). 28l volrld T Aghgolu A

e Bl = ROC WA (area)S ol gdte] F&wo] Zwon 9548 ¥d 4 o}
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2 QQ 22 d8EAHL

R =
Q-Q 22 BHEAS
Sample X Best Cut-off
Size ROC Area Criteria Sens. Spec. Accuracy

P 0.561 0.0560 64.4 46.2 55.30
10 2] 0.813 0.1008 67.0 81.5 74.25
#=5 0.860 0.1290 69.5 91.1 80.30
o 0.666 0.0370 78.7 476 63.15
20 e 0.954 0.0744 38.8 38.7 88.75
25 0.969 0.0904 90.4 03.7 92.05
pag 0.899 0.0288 88.1 78.4 83.25
50 ] 0.999 0.0656 99.1 98.9 99.00
2 0.999 0.0805 08.8 99,7 99.25

3. W SAZF Q-Q, P-P X9 ROC #4
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AAlstel B2 dvh F 19 A+ Shapiro-Wilk® W &

W, FUAEITAN ASEE BB 2Xo vlse] "oy & £ AUn
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ol @™, WrF 5920(FEZ7] 10), 71.90(20), 9250(50)°] 2 Q-Q FHFL ojRth W& 5530(10),
63.15(20), 83.25(50)2 uEhgen, P-P ZEAME 6110100 Wit ERoy yHAE
69.25(20), 83.70(50)2.2 @skth, AFEEAME, Wrb 7550(10), 90.40(20), 99.50(50)°1 L Q-Q
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Aol Wak ROC BAS Eated gord AnE ek Zolth E 164 ERe 27]7F 10012
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i 3 P-P E2 dEEAY2 ROC &M A1}
P-P E8 Hdd&SH et
Sample 22X Best Cut-off
Size ROC Area Criteria Sens., Spec. Accuracy

e 0.640 0.0060 66.0 56.2 61.10
10 A 0.776 0.0078 69.2 715 70.35
2 0.819 0.0117 59.8 91.2 75.50
pige 0.753 0.0034 69.8 68.7 69.25
20 A 0.922 0.0047 82.1 86.2 84.15
24 0.949 0.0061 85.5 94.7 90.10
oY 0.911 0.0017 82.5 84.9 83.70
50 2] 4 0.996 0.0028 96.7 97.3 97.00
24 0.998 0.0038 98.9 99.8 99.35

84.15(20), 97.0050) o.& wotrh @, AR EAAE, Q-Q & Fo] 80.30(10), 92.05(20), 99.25(50)
2 7M w3 We olxg v 7860(10), 90.70(20), 98.95(50)2 ‘el o P-P TR M=
75.50(10), 90.10(20), 99.35(50)2 = kch.

323 ROC F408 Zt AAHE dig njug & -’FE A= l, 53] 38 A7) 2090 A
o Al kA Al g ROC H4d& 2¥ 10 el 28 12 Skl A 712 gA¥e
BEEA g HRE AFHoZ 4 & & U @E ﬁ?—l—\rj_ | i ZZAE, WROC
Area=0.780), P-P 3% (ROC Area=0.753), Q-Q Z%(ROC Area=0.666) <o & e, (b) A4
TEANME WROC Area=0.967), Q-Q Z=Z(ROC Area=0.954), P-PZ%(ROC Area=0.922)
2 Uei, (o) ZHAEENME Q-QEFROC Area=0.969), W(ROC Area=0954), P-P
(ROC Area:O.949) Tz YEeR ojuf ROC WA & ROC FA3 7F2 3% Atole] W 3o
Hanley 9} McNeil (1983)-2 —‘T‘— A «] HA Atole] AHE HAAEE ZIWE AT 2 7
2 4 HAAUES F MY Ao R sto] WA Abole a7 QERE ARG 2 A rE
AM FAHeR FoF Z}°1 7b AR, A BE A7 500ln AFEIYD o W oA
Q-Q EF Aol HAANAM fFo&Eo] 009328 YeElgton A EE =7)E 5003 ©
T ZALZY W W AHAAH P-P X 181 P-P EXH Q-Q 2% Alolo] HANA #98
ol 24z} 0.3133% 012602 UElYAM FTAHo2 fF o7t 1SS & £ ALt
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IARZE TF A ARL A FAARY oflg ReHor Uy Hu AT F
= A HEd d9 AEEHT Aok 2y AR AAC AW HAA Yoy FEL i o F
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