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Fig. 1 The procedure of sequential bifurcation factor screening method with small sample size
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Table 1 The comparison of significance testing results for two populations
BBT ABT RBT
SrAiZEny ER PEL TR A pEL TR A PIEL TEA TEB
EIM A/ % 42.00 69.50 34.40 60.90 42.20 69.40 5.10 13.50
Y5046/ % 42.40 69.50 35.30 60.20 43.40 68.30 5.60 13.60
Logistic 4347/ % 42.50 67.90 35.50 61.50 42.30 68.60 5.10 15.30
Laplace 734/ % 43.20 66.40 36.20 59.60 41.80 67.90 4.60 14.70
ey R VA 43.70 70.80 37.70 65.40 43.90 72.20 4.60 15.00
SN 34 (F5) / % 39.80 68.50 32.30 61.30 45.80 59.20 4.40 13.70
SN 234 (22) / % 41.20 68.40 34.40 61.40 42.20 58.40 5.10 11.30
Beta 531 (£4)/ % 42.60 68.70 35.10 62.30 46.70 64.00 4.50 15.20
Beta 534 (££)/ % 41.20 67.80 35.30 61.70 44.40 61.20 4.00 13.30

S SRR AR A I 0 27 BRI BT BUBET R AL, BRI P55 2% SO BEAE 60 % LA -
AR AERABTT R A TR SRR ZER d =

2HUFETAEEBME A = 2, Bk, 5% A
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Fig. 2 The results of TT method with several combinations of sample size and the number of Bootstrap
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Fig. 3 The results of BBT method with several combinations of sample size and the number of Bootstrap
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Fig. 4 The results of ABT method with several combinations of sample size and the number of Bootstrap
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Fig. 5 The results of RBT method with several combinations of sample size and the number of Bootstrap
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Table 2 The comparison of the factor screening results of four methods (o =5,n=5)

SB-BBT SB-ABT SB-RBT SB-TT

B EA/ % Y51/ % EE/ % | W/ % | EXR/ % | /% | ER/ % 453/ %
1.6 25.90 24.90 20.30 20. 80 25.60 24.30 0.40 0.00
2.0 25.60 27.10 20.90 25.60 28.40 26.30 0.30 0.60
2.4 41.40 40.50 34.80 31.30 37.40 37.90 0.50 0.60
2.8 43.50 43.30 35.70 38.20 40.90 44.20 1.30 0.90
3.2 54.40 58.10 49.10 50. 10 56.00 56. 10 4.60 3.10
3.6 60. 30 58.70 52.00 53.90 60.20 57.50 3.30 4.00
4.0 65. 60 68.40 61.30 61.50 66.70 66.90 5.10 5.80
4.4 69. 60 73.20 64.30 66.20 72.10 73.30 7.80 7.20
v 0.156 1 0.172'5 0.1571 | 0.1621 | 0.1661 | 0.1750 | 0.0264 | 0.0257

B6 MMETFHEREMELERNENESE (0 =5,n =5)

Fig. 6 The variation trends of the screening results from four factor screening methods( o =5,n=5)
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Fig.7 The growth rate of factor screening methods under different combinations

of sample size and response standard deviation (normal distribution)
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Fig. 8 The growth rate of factor screening methods under different combinations

of sample size and response standard deviation (uniform distribution)
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Fig. 9 The trend of factor screening results of four methods of non-zero factors according to effect coefficients in large-scale

screening experiments (o =5, n=5)
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Fig. 10 The growth rate of factor screening methods under different combinations of sample size and response standard deviation (for the non-zero factors

in large-scale screening experiments)
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Fig. 11 The frequency that zero factor identified as important factors in large-scale screening experiments ( symmetric distributions)
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Fig. 12 The frequency that zero factor identified as important factors in large-scale screening experiments (asymmetric distributions)
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Bootstrap hypothesis testing with bias correction for screening large-scale

quality factors
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Abstract; With the increasing complexity of customer demand, quality improvement faces significant challen-
ges, as personalized and customized production patterns are frequently adopted and large-scale factors are
involved in complex production. Aiming at the challenges posed by large-scale factors and small sample sizes
in complex and customized production, this paper proposes a bootstrap-based factor screening method, which
serves as the first stage of quality improvement. Firstly, a one-order polynomial model is adopted to fit the
input-output relationship without assuming a specific distribution for the random term, accommodating the
situation of small sample size. Secondly, the sequential bifurcation (SB) procedure is modified according to
the distribution-free response model. Thirdly, three significance testing methods for factor effects are pro-
posed , based on Students’ t test and enhanced through bootstrapping and bias correction procedures. Finally,
Monte Carlo simulations are employed to compare the proposed significance testing methods with the classic
Student’ s t test under small sample sizes, and to verify the effectiveness and robustness of the proposed
screening methods in both small-scale and large-scale factor scenarios.

Key words: small sample size; large scale; factor screening; sequential bifurcation; Bootstrap; hypothesis

testing



