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AR o] F AT FAEE StollAvt FAHFHA T e M EA o8B AHS
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et 271371 % st 3 o] AR mER] e Fe
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B A=Y PUS ABEI U e EA BAY) BRETS 20} A
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Ao g AMGsl7] A&} Diciccio®} Tibshirani (1987)% BAE Ag 7703 B
=9 2AE 223 Hall (1988)2 of2] /b R2Ed ARTAEL oledoz Y
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3 2.1 ¢;=4.04 9}, YA X

n a = 0.01 a = 0.025 a = 0.05 n a = 0.01 a = 0.025 a = 0.05
30 5.7051 5.3772 5.1189 100 4.7832 4.6467 4.5342
40 5.3967 5.1363 4.9278 120 4.7034 4.5819 4.4814
50 5.2047 4.9845 4.8069 140 4.6428 4.5327 4.4412
60 5.0718 4.8786 4.7220 160 4.5954 4.4937 4.4094
70 4.9731 4.7997 4.6581 180 4.5567 4.4622 4.3833
80 4.8963 4.7379 4.6083 200 4.5243 4.4358 4.3617
90 4.8345 4.6881 4.5678

&, e1 = 3¢, Cp = d/(30), d = (USL — LSL)/2. B& LSL3} USL& Z+Z} 1443185 +F
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@, (X)) = V(2 — Z4)/6%, B2 n(ZY — Zs1)/6.p. LT ASLppu2 RAE
Advg)Eo 23 AFEH ABo g AAste A @ FJFHEL £3= achieved signifi-
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&, 1(X*) = (€, ~ Com) o-pm 22 /n(Ch ~ Com)/Gpm.
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E 5.1 AFEE SolAe SRS BT BEAA

Ho:Zs¢<3 Hy:Z5t >3 Hy: Zs <4 Hy: Zst >4
n N(50,2%) N(50,22) N(50,1.2%) N(50,1.5%)
30 0.08260(0.1094) 0.5258(0.2786) 0.4886(0.0539) 0.5668(0.0464)
40 0.04860(0.0755) 0.5275(0.2790) ' 0.4681(0.0545) 0.5597(0.0468)
50 0.03320(0.0642) 0.5306(0.2920) 0.4515(0.0570) 0.5548(0.0487)
60 0.02180(0.0499) 0.5282(0.2894) 0.4377(0.0549) 0.5517(0.0477)
70 0.01130(0.0294) 0.5165(0.2841) 0.4226(0.0525) 0.5464(0.0455)
80 0.00800(0.0253) 0.5216(0.2827) 0.4118(0.0515) 0.5442(0.0453)
90 0.00580(0.0181) 0.5255(0.2866) 0.4025(0.0528) 0.5433(0.0471)
100 0.00290(0.0120) 0.5129(0.2863) 0.3908(0.0532) 0.5381(0.0470)
120 0.00140(0.0059) 0.5321(0.2883) 0.3788(0.0519) 0.5406(0.0460)
140 0.00036(0.0019) 0.5072(0.2836) 0.3587(0.0495) 0.5330(0.0461)
160 0.00017(0.0009) 0.5048(0.2853) 0.3440(0.0499) 0.5306(0.0466)
1180 0.00007(0.0004) 0.5329(0.2838) 0.3370(0.0489) 0.5335(0.0460)
200 0.00008(0.0011) 0.5116(0.2920) 0.3223(0.0501) 0.5287(0.0474)
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£ 5.2: FholAIFEE WS st Mo {ol&E FdH EHA

HO:ZstSB’ H13Z.st>’3 HO:ZstS4 Hy:Zs >4
n p=250,0 =1.5 pu=>50,0 =2 @ =>50,0=1.2 pw=50,0=1.5
30 0.2171(0.1663) 0.5190(0.2695) 0.2654(0.1916) 0.5018(0.2735)
40 0.1612(0.1394) 0.4951(0.2712) 0.2103(0.1703) 0.4985(0.2779)
50 0.1362(0.1315) 0.5030(0.2681) 0.1862(0.1632) 0.5111(0.2777)
60 0.1117(0.1179) 0.4999(0.2736) 0.1618(0.1536) 0.5023(0.2810)
70 0.1040(0.1167) 0.5278(0.2814) 0.1563(0.1542) 0.5035(0.2825)
80 0.0801(0.0962) 0.5082(0.2794) 0.1282(0.1350) 0.5139(0.2830)
90 0.0678(0.0861) 0.5156(0.2762) 0.1144(0.1259) 0.5032(0.2846)
100 0.0564(0.0852) 0.5063(0.2787) 0.0999(0.1231) 0.5188(0.2841)
120 0.0444(0.0732) 0.5073(0.2918) 0.0850(0.1160) 0.5067(0.2851)
140 0.0292(0.0486) 0.5082(0.2844) 0.0639(0.0891) 0.5031(0.2826)
160 0.0229(0.0430) 0.5137(0.2915) 0.0550(0.0836) 0.5080(0.2829)
180 0.0170(0.0391) 0.5136(0.2864) 0.0441(0.0770) 0.5101(0.2926)
200 0.0125(0.0298) 0.5041(0.2897) 0.0360(0.0663) 0.5268(0.2820)

E 53t BE A M) Rolgese 37 2R

Hy: Zst <3 Hy:Zst >3 Ho:Zst <4 Hy:Zst >4
n w=2"50,06=1.5 @ =>50,0 =2 pu=>50,0 =172 p=2950,0=1.5
30 0.2540(0.1622) 0.5024(0.2277) 0.2952(0.1772) 0.5067(0.2305)
40 0.2275(0.1634) 0.5163(0.2415) 0.2750(0.1840) 0.5208(0.2477)
50 0.1904(0.1467) 0.5076(0.2347) 0.2399(0.1692) 0.5069(0.2465)
60 0.1724(0.1383) 0.5188(0.2404) 0.2245(0.1650) 0.4987(0.2485)
70 0.1494(0.1461) 0.4998(0.2513) 0.1994(0.1740) 0.5018(0.2510)
80 0.1313(0.1327) 0.4991(0.2543) 0.1813(0.1619) 0.4992(0.2506)
90 0.1105(0.1143) 0.4975(0.2442) 0.1600(0.1444) 0.4888(0.2479)
100 0.1048(0.1204) 0.5043(0.2498) 0.1541(0.1502) 0.5049(0.2461)
120 0.0860(0.1196) 0.4999(0.2531) 0.1329(0.1490) 0.4882(0.2470)
140 - 0.0721(0.1123) 0.5050(0.2585) 0.1176(0.1432) 0.4981(0.2545)
160 0.0592(0.0992) 0.5017(0.2615) 0.1025(0.1345) 0.4955(0.2497)
180 0.0425(0.0763) 0.4927(0.2544) 0.0802(0.1085) 0.4853(0.2506)
200 0.0423(0.0897) 0.5127(0.2595) 0.0805(0.1221) 0.4871(0.2587)
= W Atk A2 3] AAdAde e AUk E3 FFEET N(50,2°) 8 ©E
£ 2, BAGE 2,00 3 AI0HA B, M

H()ZZSth vUS. H1:Z8t>3

= 37] 309 Yy FEE dYFEot RAEFY AAT 29 wHESY
0.5258 (ZXZ=H 2} 0.2786) 0|11, FEA7]7} 409 A< Fo&E2] Ho] 0.5275
HAE 0.2790) 28] BEL] F7]7} 2009 A< FAFES2 o] 0.5116 (BFH
0.2020)22 £E2I77} A Wet 058 8= 2& & 5 Atk o= AF7HE0]
oletz &) thEF 0.5, tHE7Hd o] Frolehe &go) e 0.5:% ]2 AAAH AHY
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Ho : Com <1 Hy: Cpm > 1 Hy : Cpm 54/3 Hl:Cpm>4/3
n N(50,2.292) N(50,3.182) N(50,1.73%) N(50,2.292)
30 0.0266(0.0938) 0.4857(0.3087) 0.0660(0.1503) 0.5038(0.3148)
40 0.0128(0.0593) 0.5028(0.3014) 0.0440(0.1140) 0.5020(0.3106)
50 0.0058(0.0319) 0.4956(0.2987) 0.0258(0.0818) 0.5135(0.3034)
60 0.0050(0.0304) 0.4933(0.3039) 0.0221(0.0781) 0.5086(0.3056)
70 0.0014(0.0111) 0.5063(0.2970) 0.0121(0.0462) 0.5077(0.2977)
80 0.0006(0.0062) 0.5082(0.2958) 0.0079(0.0360) 0.4971(0.2955)
90 0.0002(0.0020) 0.4994(0.2920) 0.0041(0.0217) 0.5054(0.2997)
100 0.0001(0.0012) 0.4926(0.2932) 0.0032(0.0189) 0.5026(0.2970)
120 0.0001(0.0014) 0.5052(0.3011) 0.0025(0.0166) 0.5034(0.2984)
140 0.0000(0.0001) 0.5024(0.2933) 0.0008(0.0072) 0.4977(0.2928)
160 0.0000(0.0000) 0.5048(0.2897) 0.0002(0.0024) 0.5052(0.2925)
180 0.0000(0.0000) 0.4943(0.2974) 0.0002(0.0025) 0.4976(0.2976)
200 0.0000(0.0000) 0.4964(0.2913) 0.0001(0.0013) 0.5012(0.2811)
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£ 5.5: ZFlolAlFEE HE FoA Y FYFESY HEFH ZEHA

Ho:Cpm <1 Hp:Cpm >1 Ho : Cpm <4/3 Hy : Cpm > 4/3
n p=950,0 =2.29 @ = 50,0 = 3.18 pu=2950,0 =173 p =500 =2.29
30 0.0379(0.1274) 0.4486(0.3244) 0.0543(0.1486) 0.4579(0.3218)
40 0.0242(0.0951) 0.4637(0.3215) 0.0402(0.1192) 0.4637(0.3215)
50 0.0168(0.0786) 0.4660(0.3166) 0.0277(0.1004) 0.4660(0.3166)
60 0.0104(0.0569) 0.4646(0.3167) 0.0193(0.0775) 0.4646(0.3167)
70 0.0079(0.0498) 0.4816(0.3073) 0.0164(0.0696) 0.4816(0.3073)
80 0.0068(0.0486) 0.4645(0.3083) 0.0132(0.0666) 0.4645(0.3083)
90 0.0047(0.0369) 0.4623(0.3002) 0.0095(0.0541) 0.4623(0.3002)
100 0.0040(0.0317) 0.4546(0.3064) 0.0080(0.0488) 0.4546(0.3064)
120 0.0016(0.0176) 0.4752(0.3059) 0.0040(0.0310) 0.4752(0.3059)
140 0.0004(0.0053) 0.4506(0.3077) 0.0023(0.0184) 0.4506(0.3077)
160 0.0007(0.0075) 0.4493(0.2971) 0.0029(0.0244) 0.4493(0.2971)
180 0.0003(0.0058) 0.4795(0.3028) 0.0012(0.0138) 0.4795(0.3028)
200 0.0002(0.0062) 0.4710(0.3033) 0.0009(0.0121) 0.4710(0.3033)
£ 56t 2T W o)A 4GS B} LA
Ho:Cpm <1 Hy:Cpm > 1 Hy : Cpm <4/3 Hy : Cpm > 4/3
n @ = 50,0 = 2.29 1 =500 =318 u=50,0 =1.73 @ =>50,0 =229
30 0.0606(0.1643) 0.4130(0.3283) 0.0936(0.1998) 0.4211(0.3289)
40 0.0481(0.1466) 0.4223(0.3229) 0.0784(0.1804) 0.4448(0.3283)
50 0.0437(0.1349) 0.4420(0.3247) 0.0760(0.1731) 0.4472(0.3201)
60 0.0346(0.1189) 0.4369(0.3155) 0.0600(0.1546) 0.4241(0.3168)
70 0.0335(0.1125) 0.4475(0.3142) 0.0599(0.1539) 0.4337(0.3214)
80 0.0254(0.0961) 0.4528(0.3107) 0.0497(0.1332) 0.4505(0.3122)
90 0.0194(0.0891) 0.4442(0.3156) 0.0384(0.1188) 0.4324(0.3130)
100 0.0180(0.0864) 0.4550(0.3104) 0.0369(0.1170) 0.4344(0.3157)
120 0.0118(0.0643) 0.4551(0.3120) 0.0267(0.0974) 0.4377(0.3051)
140 0.0091(0.0645) 0.4365(0.3085) 0.0202(0.0862) 0.4459(0.3057)
160 0.0109(0.0685) 0.4688(0.3058) 0.0208(0.0903) 0.4561(0.3069)
180 0.0058(0.0488) 0.4448(0.3072) 0.0132(0.0679) 0.4563(0.3043)
200 0.0064(0.0539) 0.4520(0.3080) 0.0142(0.0741) 0.4550(0.3047)
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Statistical Inference for Process Capability Indices

and 6 Sigma Quality Levels'

Joong-Jae Cho'), Kyu-Young Sim?, Byoung-Sun Park®

Abstract

Six sigma is the rating that signifies “best in clas”, with only 3.4 defects per
million units or operations. Higher sigma quality level is generally perceived by cus-
tomers as improved performance by assigning a correspondingly higher satisfaction
score. The process capability indices and the sigma level Z;; have been widely used
in six sigma industries to assess process performance. Most evaluations on process
capability indices focus on point estimates, which may result in unreliable assess-
ments of process performance. In this paper, we consider statistical inference for
process capability indices C,, C,x and C,,,. Also, we study better testing proce-
dure on assessing sigma level Zs; and capability index C,,, for practitioners to use
in determining whether a given process is capable. The proposed method is easy to
use and the decision making is more reliable. Whether a process is clearly normal
or nonnormal, our bootstrap testing procedure could be applied effectively without
the complexity of calculation. A numerical result based on our proposed method is
illustrated.

Keywords: Process capability index; quality level; test of hypothesis; bootstrap method;
p-value; monte-carlo experiment; asymptotic normal distribution.
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