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Abstract

Background and Objectives : Regression analysis is a widely used statistical method for predicting or
forecasting the value of a dependent variable from given values of independent variables. Linear regression
analysis has several underlying assumptions about errors, but in some situations, the data may not meet these
assumptions, leading to prediction errors. To address this issue, researchers have developed nonparametric
regression models that do not rely on assumptions about the distribution of errors, providing greater flexibility.
The objective of this research was to investigate and compare the performance of linear regression models
under nonparametric bootstrap methods. This research utilized two different nonparametric bootstrap methods;
the percentile bootstrap method (also known as the bootstrap-p method) and the studentized bootstrap method
(or bootstrap-t method). The bootstrap-p method is widely accepted due to its simple resampling technique,
which involves repeatedly sampling with replacement to create multiple bootstrap samples and then calculating
the distribution of the estimator. This method is particularly useful when the sample size is small, and the data
distribution is unknown. In contrast, the bootstrap-t method enhances the bootstrap-p method by incorporating
the concept of studentization. This involves adjusting the bootstrap samples according to the standard error of
the estimator, resulting in more accurate confidence intervals and reduced bias.

Methodology : The performance of the bootstrap regression models was examined using Monte Carlo
simulation, based on the distribution of error terms (g) with three types of skew-normal distributions; left-
skewed, right-skewed, and symmetric, which are commonly observed in real data. The parameters of skew-
normal distribution include a location parameter (1), a scale parameter (62), and a shape parameter (1).
These parameters for data simulation were selected to reflect different levels of skewness and variance,
ensuring a comprehensive evaluation of the performance of bootstrap regression analysis across the three
distribution types. The parameters were set as follows: p =0, o*> = 1,2,5,10, and A=-1,0,1, ie.,
e~ SN(O, 02,7\). For the independent variable, data was simulated under normal distribution with parameters
ux = 3and o = 2.25, i.e., X~ N(3,2.25). Sample sizes of 20, 30, 50, and 100 were used. Confidence intervals
for regression coefficients and regression models were constructed using both bootstrap methods at a 95%
confidence level, with 1,000 repetitions for each situation. The performance of the regression coefficient
estimates was compared using the coefficient mean, the standard deviation of the regression coefficient, and
the root mean squared error of the regression coefficient were presented as the criteria of point estimation.
Also, the performance of interval estimation was compared with coverage probability, average width, and
standard deviation of interval width. Additionally, both bootstrap regression models were applied to two real
datasets: newborn birth weights and grade point averages, comparing the performance of the best regression
models based on the coefficient of determination, Akaike’s information criterion, Bayesian information criterion,

and mean squared error.
e ————————
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Main Results : The simulation study aimed at comparing the efficiency of confidence intervals for regression
coefficients found that, as the sample size increases, the overall coverage probability increases, except in
cases where the error distribution was skewed for the intercept parameter. Additionally, the average width of
the interval, and the standard deviation of the interval width tend to decrease in all parameter sets. In most
cases, the bootstrap-t method consistently achieved the highest coverage probability. The comparison of the
performance of bootstrap regression models in parameter estimation indicated that, for all sample sizes, the
mean regression coefficient, which is the bootstrap estimate of the regression coefficient, closely approximated
the parameter values. Additionally, as the sample size increased, the standard deviation of the regression
coefficient and the root mean squared error of the regression coefficient decreased in all cases. This implies
that the efficiency of the regression models improves with larger sample sizes. Furthermore, for all sample sizes,
the bootstrap-t regression models provided a lower root mean squared error of the regression coefficient
compared to the bootstrap-p regression models, indicating better performance. However, in cases where the
random error terms followed a symmetric distribution and the sample size was small, the bootstrap-p method
demonstrated higher efficiency in estimating the regression coefficients.

Conclusions : The comparison of bootstrap regression models revealed that both methods provided estimates
close to the true parameters, indicating their effectiveness in handling different error distributions. However, the
bootstrap-t method consistently demonstrated superior performance, particularly in terms of the coverage
probability and the root mean squared error, which are key measures of accuracy in estimating regression
coefficients. This suggests that the bootstrap-t method is more reliable, making it a more credible choice for
constructing confidence intervals and estimating regression coefficients. As the sample size increased, the
accuracy and reliability of the bootstrap methods improved, resulting in narrower confidence intervals and more
precise regression coefficient estimates. Additionally, the results obtained from applying the bootstrap methods
to real data were consistent with the simulations study under skew-normal distributions. Therefore, bootstrap
methods are alternative methods for estimating confidence intervals and regression coefficients. They enhance
the predictive efficiency of regression models, especially when parametric assumptions are violated. This study
is significant and beneficial for both researchers and practitioners. It emphasizes the thorough consideration of
sample size and error distribution to select the appropriate regression method.

Keywords: Bootstrap method; confidence interval ; Monte Carlo simulation ; regression model ;

skew-normal distribution
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d?/ 1 = o s 1 1 a d?-/ 1 a QI 4?/ v 1 = 4 o a v
497U AN b, AMFL By ATUNNANANATININTU UATAY SDy,, ATHALANTY Bniiu An b, A5 B, azfiAnlndiAea

ANRNDNLEINAN 02 ALLANFANTL

Table 1 CP,AW and SDyy value of the confidence intervals for 8, and ; when X~ N(3,2.25)
and e~ SN(0,1,A) withA = -1,0,1

A n Method Po s
CP AW SDw CP AW SDw
0 Bootstrap-p 0.691 1.613 0.399 0.907 0.485 0.117
Bootstrap-t 0.764 1.808 0.449 0.950 0.696 0.171
30 Bootstrap-p 0.602 1.324 0.248 0.936 0.397 0.073
Bootstrap-t 0.708 1.432 0.291 0.974 0.561 0.119
3 50 Bootstrap-p 0.400 1.023 0.151 0.922 0.306 0.047
Bootstrap-t 0.460 1.058 0.172 0.968 0.422 0.070
100 Bootstrap-p 0.166 0.723 0.077 0.955 0.216 0.024
Bootstrap-t 0.122 0.723 0.091 0.963 0.290 0.036
0 Bootstrap-p 0.914 1.939 0.499 0.915 0.586 0.151
0 Bootstrap-t 0.966 2.451 0.588 0.954 0.710 0.178
Bootstrap-p 0.934 1.589 0.290 0.952 0.479 0.088
30 Bootstrap-t 0.965 1.865 0.369 0.967 0.549 0.112

731



B MIATIMEANERTYINT T 30 (AULN 2) NEAIAN — BONAN WAL 2568
BURAPHA SCIENCE JOURNAL

ISSN 2965-0963 BURAPHA SCIENCE JOURNAL Volume 30 (No.2) May — August 2025 UNAINIAE

Table 1 CP,AW and SDy, value of the confidence intervals for 8, and 3; when X~ N(3,2.25)
and e~ SN(0,1,A) withA = —1,0, 1

A n Method Po s
CP AW SDw CP AW SDw
50 Bootstrap-p 0.939 1.246 0.181 0.948 0.374 0.055
Bootstrap-t 0.972 1.417 0.234 0.970 0.418 0.071
100 Bootstrap-p 0.951 0.876 0.088 0.943 0.261 0.027
Bootstrap-t 0.962 0.972 0.119 0.957 0.289 0.036
20 Bootstrap-p 0.667 1.607 0.386 0.901 0.483 0.114
Bootstrap-t 0.887 2.866 0.702 0.960 0.700 0.180
20 Bootstrap-p 0.583 1.318 0.249 0.940 0.396 0.075
’ Bootstrap-t 0.848 2.288 0.477 0.954 0.562 0.122
50 Bootstrap-p 0.397 1.026 0.154 0.941 0.307 0.048
Bootstrap-t 0.744 1.705 0.273 0.962 0.420 0.069
100 Bootstrap-p 0.138 0.724 0.073 0.939 0.217 0.022
Bootstrap-t 0.552 1.175 0.141 0.959 0.290 0.035

Note: The confidence level is 0.95.

Referring to a CP value that is not less than 0.939 and/or is the highest.

Table 2 CP, AW and SDy, value of the confidence intervals for 3, and $; when X~ N(3,2.25) and
€~ SN(0,2,A) withA =—-1,0,1

A n Method Po Py
CP AW SDw CP AW SDw
20 Bootstrap-p 0.678 2.281 0.555 0.915 0.691 0.172
Bootstrap-t 0.769 2.549 0.663 0.970 0.990 0.258
30 Bootstrap-p 0.585 1.852 0.355 0.937 0.557 0.106
y Bootstrap-t 0.651 1.997 0.403 0.959 0.791 0.164
50 Bootstrap-p 0.405 1.443 0.212 0.947 0.434 0.066
Bootstrap-t 0.451 1.485 0.247 0.957 0.591 0.098
100 Bootstrap-p 0.128 1.022 0.111 0.939 0.305 0.033
Bootstrap-t 0.129 1.025 0.127 0.965 0.412 0.052
20 Bootstrap-p 0.914 2.750 0.684 0.915 0.826 0.208
Bootstrap-t 0.957 3.431 0.850 0.954 0.993 0.253
20 Bootstrap-p 0.947 2.262 0.433 0.947 0.676 0.136
0 Bootstrap-t 0.959 2.658 0.540 0.959 0.779 0.158
50 Bootstrap-p 0.928 1.745 0.268 0.929 0.523 0.081
Bootstrap-t 0.965 1.992 0.324 0.962 0.591 0.097
100 Bootstrap-p 0.940 1.242 0.135 0.931 0.371 0.040
Bootstrap-t 0.967 1.385 0.176 0.970 0.411 0.051
1 20 Bootstrap-p 0.697 2.249 0.546 0.915 0.682 0.173
Bootstrap-t 0.898 4.061 1.039 0.964 0.992 0.258
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Table 2 CP, AW and SDyy value of the confidence intervals for 3, and B; when X~ N(3,2.25) and
e~ SN(0,2,\) withA = —1,0,1

A n Method Po i

CcP AW SDy CP AW SDy

Bootstrap-p 0.607 1.857 0.356 0.936 0.559 0.107

30 Bootstrap-t 0.856 3.180 0.656 0.972 0.782 0.165

50 Bootstrap-p 0.402 1.441 0.217 0.950 0.434 0.066
Bootstrap-t 0.753 2.409 0.374 0.958 0.595 0.094

100 Bootstrap-p 0.156 1.023 0.110 0.945 0.306 0.033
Bootstrap-t 0.557 1.653 0.195 0.965 0.409 0.050

Note: The confidence level is 0.95.

Referring to a CP value that is not less than 0.939 and/or is the highest.

Table 3 b, SDy,, and RMSE value of B, and B; when X~ N(3,2.25) and e~ SN(0,1, ) with A = —=1,0, 1

A n Method — Bo — i
bc SDbC RMSE bC SDbC RMSE
20 Bootstrap-p 4.449 0.449 0.711 0.997 0.137 0.137
Bootstrap-t 4.438 0.421 0.496 1.004 0.169 0.119
30 Bootstrap-p 4.444 0.343 0.653 0.998 0.101 0.101
4 Bootstrap-t 4.451 0.314 0.447 0.995 0.125 0.088
50 Bootstrap-p 4.428 0.282 0.638 1.003 0.084 0.084
Bootstrap-t 4,447 0.240 0.426 0.998 0.098 0.070
100 Bootstrap-p 4.447 0.193 0.586 0.997 0.058 0.058
Bootstrap-t 4.436 0.168 0.416 0.999 0.069 0.049
20 Bootstrap-p 5.007 0.530 0.530 1.001 0.162 0.162
Bootstrap-t 4,973 0.567 0.568 1.006 0.173 0.173
30 Bootstrap-p 4.999 0.412 0.411 1.002 0.122 0.122
0 Bootstrap-t 5.021 0.424 0.425 0.992 0.128 0.128
50 Bootstrap-p 4,992 0.318 0.318 1.001 0.094 0.094
Bootstrap-t 5.011 0.322 0.322 0.998 0.097 0.097
100 Bootstrap-p 5.001 0.226 0.226 1.000 0.067 0.067
Bootstrap-t 5.000 0.233 0.233 1.000 0.069 0.069
20 Bootstrap-p 5.573 0.465 0.738 1.002 0.141 0.141
Bootstrap-t 5.591 0.650 0.621 0.994 0.158 0.112
30 Bootstrap-p 5.573 0.345 0.669 0.997 0.102 0.102
’ Bootstrap-t 5.553 0.533 0.542 1.006 0.132 0.094
50 Bootstrap-p 5.572 0.261 0.629 0.999 0.079 0.079
Bootstrap-t 5.587 0.390 0.498 0.995 0.098 0.069
100 Bootstrap-p 5.582 0.195 0.614 0.996 0.058 0.058
Bootstrap-t 5.557 0.281 0.441 1.002 0.070 0.049

Note: Referring to a RMSE value that yields the lowest error.
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Table 4 b, SDy,, and RMSE value of 3, and 3; when X~ N(3,2.25) and e~ SN(0,2,A) withA = —1,0,1

A n Method — Po — i
b, SDy, RMSE b, SDy, RMSE
Bootstrap-p 4.220 0.632 1.004 0.994 0.193 0.193
20 Bootstrap-t 4.223 0.564 0.679 0.992 0.229 0.162
Bootstrap-p 4.201 0.506 0.946 1.000 0.149 0.148
30 Bootstrap-t 4192 0.454 0.655 1.005 0.179 0.127
3 Bootstrap-p 4.205 0.375 0.879 0.999 0.115 0.115
>0 Bootstrap-t 4.212 0.347 0.609 0.993 0.139 0.098
Bootstrap-p 4192 0.264 0.850 1.002 0.078 0.078
100 Bootstrap-t 4.201 0.234 0.589 1.000 0.095 0.067
20 Bootstrap-p 4.973 0.764 0.764 1.007 0.229 0.229
Bootstrap-t 4.995 0.772 0.771 1.001 0.231 0.231
30 Bootstrap-p 5.000 0.585 0.585 1.001 0.175 0.174
0 Bootstrap-t 4.997 0.610 0.610 1.004 0.184 0.184
50 Bootstrap-p 5.006 0.470 0.470 0.999 0.139 0.139
Bootstrap-t 5.000 0.451 0.450 1.000 0.137 0.137
100 Bootstrap-p 4.984 0.329 0.329 1.005 0.100 0.100
Bootstrap-t 5.005 0.319 0.319 1.001 0.095 0.095
20 Bootstrap-p 5.780 0.592 0.979 1.004 0177 0177
Bootstrap-t 5.803 0.914 0.860 0.998 0.230 0.163
30 Bootstrap-p 5.767 0.495 0.913 1.007 0.148 0.148
1 Bootstrap-t 5.789 0.693 0.742 1.001 0.173 0.123
50 Bootstrap-p 5.804 0.371 0.885 0.998 0.109 0.109
Bootstrap-t 5.789 0.563 0.685 1.001 0.141 0.099
100 Bootstrap-p 5.784 0.262 0.826 1.002 0.078 0.078
Bootstrap-t 5774 0.383 0.611 1.006 0.096 0.068

Note: Referring to a RMSE value that yields the lowest error.
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(Coefficient of Determination : R?) \Nfus @141 ALad8zNEaLNS (Akaike's Information Criterion : AIC) bNEWH
ansaunAtasiLg (Bayesian Information Criteria : BIC) LATATAATALAREUNNAIADILAAY (Mean Squared Error :

a6 o - Yo LR - _ v S
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o

(@Ua9l) wazFaudsnnn () Ae Wvsinnnsnusniia (Ueus) whmﬁmmmgmsﬁzlo #lanf Anteasaestinmin
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NIINUINLAAWINAL 6.985 Uaus’ N19ATIAaaUANHAIZNITLANLAYT89TayAlINENNIINUINLNAA WUFT AN

skewness 1¥iniL -0.056 HlAadaLANN1TUANLAIULILANNIAT

Table 5 by, b; and 95% confidence interval (U,L) of B, and B,

Method Po Py
by U, L) b, U,L1)
Bootstrap-p  -6.639 (-10.875,-2.224) 0.355 (0.244,0.465)
Bootstrap-t  -6.720 (-11.002,-1.804) 0.357 (0.231,0.468)

91N Table 5 T99ANTNU 95% A1miL B, N lidsynaunitiaaesds wudidasaauiesiulingued
- = > | v o Lo = Aa a N A o a0 o
Autuazinundneresdalndipeii uansdnfaulsdaszianswasiesauilsnn NszautiadnAty 0.05
aun1snnnesyRALNSUN An ¥ = -6.639 + 0.355X

aun1snAnesyRALNUN e ¥ = -6.720 + 0.357X

Table 6 R?, MSE, AIC and BIC of regression model based on bootstrap-p and bootstrap-t methods

Method R? MSE AIC BIC
Bootstrap-p 0.482 0.86516 119.563 124.776
Bootstrap-t 0.610 0.86507* 116.802* 122.015*

Referring to the highest value of R? and * is the shortest value of MSE, AIC and BIC.

|
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I o

\WenuaFneenawiniu 50 Aty aun1snaneafinngn Aeannig ¥ = -6.720 + 0.357X

1
¥ o

yagail 2 fayanzuuuuasgaauazinsaledgraein FaulssBaunianila aruau 105 fAaats tng

Y] al

®$

muualiFulsdasy (X) Ao ATLULLAAAAE uazAauLlInIN (Y) A INIAL@AY (GPA) NUYIAIRALLBIAZ LY
WARAAAWINTL 78.943 AZUUU ANLRARLIDAUNIALRALWNAL 82.957 ATLUUW AIAINLLITLITIULIATULLLAR AR
Winfiu 224.910 Az’ LazAIANNLLTLIIUIeUNTALRAEYINAL 36.639 AZLUL NN1TAIIREALANHUZNNTUAN
v dl 1 1 0 o nI/ A v = Yy .
WATBITRLANIALAAEL WLF1 A skewness N -0.899 1TuAS Tayalnisuaniaqiidns (Negatively skewed

distribution)

Table 7 by, b; and 95% confidence interval (U,L) of B, and 8,

Method o By
by UL b, UL
Bootstrap-p -86.178 (-110.925,-63.419) 1.991 (1.722,2.282)
Bootstrap-t -85.732 (-114.658,-60.053) 1.985 (1.677,2.338)
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AN Table 7 193ANITONY 95% 415U B; Malitsynaunilnsaesds wudn demnudelulingy
AAutazdAundesta IndlAsaiy uansdnsulsaascNavanasesiaulen 7 FsvMuludnfty 0.05
ANNNINANBAYAALNTUN Aa ¥ = -86.178+1.991X

ANNNINANBAYAAUNTUN A T = -85.732+1.985X

Table 8 R, MSE, AIC and BIC of regression model based on bootstrap-p and bootstrap-t methods

Method R? MSE AIC BIC
Bootstrap-p 0.614 78.819* 773.041 781.002
Bootstrap-t 0.732 78.822 729.635* 737.597*

Referring to the highest value of R? and * is the shortest value of MSE, AIC and BIC.

aal
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Discussion
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