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Effect Analysis of Sample Size and Sampling Periods on Accuracy of Reliability
Estimation Methods for One-shot Systems using Multiple Comparisons
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Abstract

This paper provides simulation-based results of effect analysis of sample size and sampling periods on accuracy

of reliability estimation methods using multiple comparisons with analysis of variance. Sum of squared errors in

estimated reliability measures were evaluated through applying seven estimation methods for one-shot systems to

simulated quantal-response data. Analysis of variance was implemented to investigate change in these errors

according to variations of sample size and sampling periods for each estimation method, and then the effect

analysis on accuracy in reliability estimation was performed using multiple comparisons based on sample size and

sampling periods. An efficient way to allocate both sample size and sampling periods for reliability estimation tests

of one-shot systems is proposed in this paper from the effect analysis results.

Keywords : One-shot System(AF A]2=Hl), Analysis of Variance(:4F24]), Multiple Comparison(T+3-H]3L), Accuracy(%3

2}14), Reliability Estimation(A 2] = F74)
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Table 1. True reliability value

AR S
(year) Case A Case B
11 0.90 0.90
12 0.86 0.89
13 0.82 0.88
14 0.78 0.87
15 0.74 0.86
16 0.70 0.85
17 0.66 0.84
18 0.62 0.83
19 0.58 0.82
20 0.54 0.81
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Fig. 1. SSE for different sample sizes
(sampling period = 10)
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Table 2. Multiple comparison results for sample sizes

with sampling period = 10(N)

ME Case A Case B

S(2), S(1) (-0.514, -0.472) (-0.302, -0.268)
S(3), S(1) (-0.742, -0.699) (-0.450, -0.416)
S4), S(1) (-0.797, -0.755) (-0.482, -0.448)
S(5), S(1) (-0.887, -0.845) (-0.544, -0.510)
S(6), S(1) (-0.935, -0.893) (-0.575, -0.541)
S(7), S(1) (-0.959, -0.917) (-0.590, -0.557)
S(9), S(5) (-0.106, -0.064) (-0.073, -0.039)
S(7), S(6) (-0.045, -0.003) (-0.032, 0.001)
S(8), S(6) (-0.049, -0.007) (-0.036, -0.002)
S(9), S(6) (-0.059, -0.017) (-0.042, -0.008)
S(8), S(7) (-0.026, 0.017) (-0.020, 0.014)
S(9), S(7) (-0.035, 0.007) (-0.026, 0.007)
S(9), S(8) (-0.031, 0.012) (-0.023, 0.011)

Table 3. Multiple comparison results for sample sizes
with sampling period = 3(N)

A= Case A Case B

S(2), S(1) (-0.144, -0.123) (-0.114, -0.093)
S(3), S(1) (-0.211, -0.190) (-0.162, -0.141)
S4), S(1) (-0.225, -0.203) (-0.172, -0.151)
S(6), S(5) (-0.025, -0.004) (-0.020, 0.001)
S(7), S(5) (-0.032, -0.010) (-0.025, -0.004)
S(8), S(5) (-0.033, -0.012) (-0.026, -0.005)
S9), S(5) (-0.035, -0.014) (-0.028, -0.006)
S(7), S(6) (-0.017, 0.004) (-0.015, 0.006)
S(8), S(6) (-0.019, 0.002) (-0.016, 0.005)
S(9), S(6) (-0.021, 0.000) (-0.018, 0.003)
S(8), S(7) (-0.012, 0.009) (-0.011, 0.010)
S9), S(7) (-0.015, 0.007) (-0.013, 0.008)
S(9), S(8) (-0.013, 0.008) (-0.012, 0.009)
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Table 4. p—value in ANOVA test of sampling periods(N)

MES Case A Case B
2 0.000 0.006
4 0.052 0.474
8 0.055 0.870
10 0311 0.936
20 0.706 0.221
40 0.020 0.778
80 0.021 0.138
100 0.002 0.707
200 0.360 0.761
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W SSE Aol VENITE Table 5% 6914 N ¥ Case Bol tiale] AET) 2007 o143 B AEY
e WP RE AT FolM AFY AW 4 39 AR St Aol A4S vAA ekena Wrhe
BE XIS As 5 AQdstar A F3te] BE Atk 23y SB MR Table 59 LERA A 2
0¢ FFAT 1A 2P WY Y F7h3& o] ABSTE 200 Hw) B, ojrre) AgTgiel
EFE A% SSE Aol7h BAHOR Felaty] ujiol RE o) g AAEE AEY Y 7 Foe
Table 4°] A7 AE G4 p-valueZ} 0.050]8t9] s upe} 34 AgJo] dojzltkal Hriek 4 itk o]y
e Aok b N e AEE AR 7 4 & A Case BO| 4-Fol%= T3}tk Table 69
Qo) dFE PAA geta A 4 Atk e P el 47N {40 de PHEC
SB WHE Case Al st A&7t 2009 W, 11 O, B, NB)¢] A 93t% 25 59 & 7HA7] W&
& A2 AA 7 o7l ol &Rl B Table SEZHH o A= WL FusA AEY AH 7 27
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Table 5. Multiple comparison results for sampling periods Table 6. Multiple comparison results for sampling periods
(Case A (Case B)
M Z= AlE N SB MEL | AF™S N P
SP(2), SP(1) | (0.00323,0.01450) | (0.09018, 0.10053) SP(2), SP(1) | (-0.00843, 0.00241) |(-0.02337, -0.01702)
SP(3), SP(1) | (-0.00332, 0.00795) | (0.14915, 0.15950) SP(3), SP(1) | (-0.00974, 0.00109) |(-0.02743, -0.02108)
SP(4), SP(1) | (0.00126,0.01254) | (0.19471, 0.20506) SP(4), SP(1) |(-0.01274,-0.00190) | (-0.02999, -0.02364)
? SP(3), SP(2) | (-0.01219, 0.00000) | (0.05380, 0.06415) 2 SP(3), SP(2) | (-0.00674, 0.00410) |(-0.00723, -0.00088)
SP(4), SP(2) | (-0.00760, 0.00300) | (0.09936, 0.10971) SP(4), SP(2) | (-0.00973, 0.00111) |(-0.00980, -0.00345)
SP(4), SP(3) | (-0.00105,0.01022) | (0.04038, 0.05073) SP(4), SP(3) | (-0.00841, 0.00242) | (-0.00574, 0.00061)
SP(2), SP(1) | (-0.00035, 0.00220) | (0.02001, 0.02471) SP(2), SP(1) | (-0.00107, 0.00075) |(-0.00380, -0.00268)
SP(3), SP(1) | (-0.00075, 0.00180) | (0.04091, 0.04560) SP(3), SP(1) | (-0.00111, 0.00070) |(-0.00456, -0.00344)
SP(4), SP(1) | (-0.00066, 0.00189) | (0.06611, 0.07080) SP(4), SP(1) | (-0.00097, 0.00084) |(-0.00496, -0.00384)
0 SP(3), SP(2) | (-0.00167, 0.00087) | (0.01855, 0.02324) 10 SP(3), SP(2) | (-0.00095, 0.00086) |(-0.00133, -0.00021)
SP(4), SP(2) | (-0.00158, 0.00096) | (0.04375, 0.04844) SP(4), SP(2) | (-0.00081, 0.00100) |(-0.00173, -0.00061)
SP(4), SP(3) | (-0.00118, 0.00136) | (0.02285, 0.02754) SP(4), SP(3) | (-0.00076, 0.00105) | (-0.00096, 0.00016)
SP(2), SP(1) | (0.00004,0.00037) | (-0.00013, 0.00030) SP(2), SP(1) | (-0.00001, 0.00021) |(-0.00044, -0.00030)
SP(3), SP(1) | (-0.00007, 0.00026) | (0.00051, 0.00094) SP(3), SP(1) | (-0.00007, 0.00014) |(-0.00055, -0.00041)
SP(4), SP(1) | (-0.00006, 0.00027) | (0.00147, 0.00190) SP(4), SP(1) | (-0.00006, 0.00015) |(-0.00060, -0.00047)
% SP(3), SP(2) | (-0.00027, 0.00006) | (0.00042, 0.00085) % SP(3), SP(2) | (-0.00017, 0.00005) |(-0.00018, -0.00004)
SP(4), SP(2) | (-0.00026, 0.00007) | (0.00138, 0.00181) SP(4), SP(2) | (-0.00016, 0.00006) |(-0.00023, -0.00009)
SP(4), SP(3) | (-0.00016, 0.00018) | (0.00075, 0.00118) SP(4), SP(3) | (-0.00010, 0.00012) | (-0.00012, 0.00002)
SP(2), SP(1) | (-0.00002, 0.00011) |(-0.00018, -0.00004) SP(2), SP(1) | (-0.00004, 0.00004) |(-0.00019, -0.00014)
SP(3), SP(1) | (-0.00004, 0.00010) | (-0.00013, 0.00001) SP(3), SP(1) | (-0.00004, 0.00005) |(-0.00024, -0.00018)
SP(4), SP(1) | (-0.00003, 0.00011) | (-0.00012, 0.00002) SP(4), SP(1) | (-0.00006, 0.00003) |(-0.00026, -0.00020)
20 SP(3), SP(2) | (-0.00009, 0.00005) | (-0.00002, 0.00012) 20 SP(3), SP(2) | (-0.00004, 0.00005) |(-0.00007, -0.00002)
SP(4), SP(2) | (-0.00008, 0.00006) | (-0.00001, 0.00013) SP(4), SP(2) | (-0.00005, 0.00003) |(-0.00009, -0.00004)
SP(4), SP(3) | (-0.00006, 0.00008) | (-0.00005, 0.00009) SP(4), SP(3) | (-0.00006, 0.00003) | (-0.00005, 0.00001)
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