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Abstract

Research on the application of informative sampling technique has been conducted in order to reduce the
influence of non-response. Chung and Shin (Korean Journal of Applied Statistics, 30, 993-1004, 2017)
showed that the estimation accuracy improved when using exponential response rate information for the
parameter estimation if the distribution of errors included in the super population model follows normal
distribution. However this method divides the stratum into equally spaced substrata to obtain the sample
weight of the informative sampling technique and shows that the accuracy of the estimation improves as
the number of substrata increases. In this study, with the given number of total sample size, the optimal
substratum boundary points are calculated using equal space, quantile, and LH algorithm; consequently, the
results using those methods are compared through simulation. We also studied the criteria to determine the
number of substrata and substratum boundaries that can be used in practice with various types of auxiliary
variable distributions.
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Table 4.1. Comparison results of U (100, 200) with » = 40 and (wg‘i", %) = (0.9,0.7)

Bias Abias RMSE

L Method = = = = = ~ ~ ~ ~
Ys Yt Yinf Y Yt )/inf Y Yot Yinf
Equal space —7.310 —0.587 —0.487 19.144 6.872 6.863 24.085 8.580 8.576
3 Percentile —7.310 —-0.493 —0.397 19.144 6.807 6.802 24.085 8.517 8.513
LH —-7.310 —-0.513 —0.409 19.144 6.778 6.795 24.085 8.525 8.530
Equal space —7.310 —0.691 —0.561 19.144 5.551 5.516 24.085 7.420 7.386
4 Percentile —7.310 —-0.750 —0.628 19.144 5.654 5.615 24.085 8.082 8.044
LH —7.310 —-0.687 —0.565 19.144 5.537 5.510 24.085 7.428 7.403
Equal space —7.310 —0.691 —0.589 19.144 5.038 4.966 24.085 9.359 9.314
5 Percentile —-7.310 —-0.694 —0.591 19.144 5.103 5.027 24.085 9.340 9.289
LH —7.310 —-0.621 —0.526 19.144 4992 4.927 24.085 8.853 8.805

Abias = absolute bias; RMSE = root mean squared error.

(e}
g AFE o] 5}o] A (3.5)0lA A (3.7)9 Vi, Var, Vins & A4S

R0l B FAE Tl WLEAZ, BHbias), AoI
MSE(root mean squared error; RMSE)& ©]-&3}o] A3l 4

1A e
Bias:§2<7r—f/r),

&
Abias = = Z

(9) F29 AE (yi, 1) S 183NN DI ARAE AAFIL fo, fr,0° S FA AT

F(absolute bias; Abias) Z12]1 Al
so] HlaH Tt

O_u Oop

RMSE = RZR:(}? )

ojuf AH&dE RHES R = 3,000019 WHad winio RS AJEA ST viEel 2T BdE
Y, 2 FASHTh

4.2. POo|Al Ay}

Hxuso 237 ¢dRE 9 AvEE 499 Roddde] £3HH 53] n = 50, 100, 200,
300, 500, 1000 ©]-&3te] R AAS —?‘ﬁﬁ}ﬁiab} Al 54 o] vl ARt o] FollM AR 2
Sk sE38kglth

4.2.1. BFULI ZUETA AR Tables 4.1-4.4% Hxis7t g2 499 2t o
FE 22 NS AEote] RdPo] fAH oY o] Tl ame] FHE r = 409 Fet
HEEQ r = 40091 3¢9 AAvke fESpich. A3 AuEY 53h4, 2914 i LH 43
g% 5 olE e ARBsls H4 F Jieele 2 Wt flew r = 409 Afele L = 47}
r=40090 Aol L= 33004 2RH ek =3 SHE (my, 1) = (0.9,0.7)F (', mp) =
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Table 4.2. Comparison results of U (100, 200) with » = 40 and (WZ“", m, %) = (0.7,0.9)

629

Bias Abias RMSE
L Method = =~ = = = = = = =
Ys Yst Y'Lnf Ys Yst )/inf Ys Yst ifinf
Equal space  7.928 1.327 1.184 19.250 6.821 6.812 24.119 8.546  8.528
3 Percentile 7.928 1.412 1.268 19.250 6.784  6.781 24.119  8.541  8.525
LH 7.928 1.400 1.265 19.250 6.779  6.785 24.119 8.524 8.514
Equal space  7.928 0.532 0.395 19.250 5.544  5.522 24.119 7.386 7.361
4 Percentile 7.928 0.469 0.325 19.250 5.633  5.601 24.119 8.007 7.976
LH 7.928 0.538 0.396 19.250 5.539  5.522 24.119 7.390 7.373
Equal space  7.928 0.388  0.228 19.250  4.979  4.898 24.119  8.175  8.098
5 Percentile 7.928 0.410 0.248 19.250 5.029  4.945 24.119 8229 8.148
LH 7.928 0.397 0.235 19.250 4.979  4.895 24.119 8.390 8.322
Abias = absolute bias; RMSE = root mean squared error.
Table 4.3. Comparison results of U(100,200) with » = 400 and (ﬂ;:‘i", ™y ) = (0.9,0.7)
L Method . Dlas _ Ablas __ RMSE
Ys Yt }/znf Ys Yst an Y Yt an
Equal space —7.623 —0.137 —0.005 8.708 0.842 0.812 10.444 1.052 1.011
30 Percentile —-7.623 —0.134 —0.002 8.708 0.851 0.821 10.444 1.059 1.018
LH —-7.623 —0.131 —0.001 8.708 0.848 0.814 10.444 1.057 1.015
Equal space —7.623 —0.146 —0.005 8.708 0.847 0.806 10.444 1.056  1.005
33 Percentile —-7.623 —0.142 —0.010 8.708 0.847 0.809 10.444 1.057 1.010
LH —-7.623 —0.154 —0.020 8.708 0.851 0.815 10.444 1.153 1.109
Equal space —7.623 —0.144 —0.008 8.708 0.848 0.809 10.444 1.060 1.009
35 Percentile —-7.623 —0.149 —0.017 8.708 0.860 0.823 10.444 1.216 1.169
LH —-7.623 —0.148 —0.016 8.708 0.854 0.815 10.444 1.169 1.119
Abias = absolute bias; RMSE = root mean squared error.
Table 4.4. Comparison results of U (100, 200) with » = 400 and (Tr;“i", 7, %) = (0.7,0.9)
L Mewd B bm _RE
Ys Yt Y;n‘f Ys Yt Y7,nf Ys Yt anf
Equal space  7.767 0.162  0.018 8.756  0.845  0.801 10.567 1.052  1.004
30 Percentile 7.767 0.162  0.020 8.756  0.855  0.809 10.567 1.060 1.010
LH 7.767 0.169 0.024 8.756  0.848  0.803 10.567  1.059  1.008
Equal space  7.767 0.154  0.020 8.756  0.848  0.798 10.567  1.057  0.999
33 Percentile 7.767 0.157 0.016 8.756  0.850  0.801 10.567  1.060  1.005
LH 7.767 0.144  0.006 8.756  0.853  0.808 10.567 1.154  1.108
Equal space  7.767 0.147  0.011 8.756  0.854  0.804 10.567 1.088 1.036
35 Percentile 7.767  0.142  0.002 8.756  0.874 0.821 10.567 1.245 1.196
LH 7.767 0.153  0.010 8.756  0.862  0.811 10.567 1.165 1.112

Abias = absolute bias; RMSE = root mean squared error.

(0.7,0.9) F ALA 2 HF F A7t AASHAL AR F /A5 Lo w2 RMSEES U
W Figure 4.1 ASHE A 742 vy ZFo)A RMSEZ}F mi$ fAksor whebd Redsrt gd8

H
ofF WY ASHE 2 AL gtk et AR 5 Aol hE RMSE @
AHRT L < 604 RMSEZF 94 52 AR
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Figure 4.1. RMSE of Y;,; with U(100,200), r = 40 and (ﬂ‘y“i“, ™) = (0.7,0.9).
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Figure 4.2. RMSE of Y, with U(100,200), r = 400 and (x™*, 7%) = (0.7,0.9).
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Table 4.5. Comparison results of Gamma(1, 100) with » = 40 and (71';"“‘, ™, ) = (0.9,0.7)

L Method = }Siias = = Abjas = = Rl\,/ISE =
Ys Yot )/inf Ys Yot Y'Lnf Y Yst Yinf

Equal space —7.094 —0.862 —0.746 18.994 6.744 6.738 23.641 8.360 8.363
3 Percentile —7.094 —0.876 —0.741 18.994 7.005 6.996 23.641 8.762 8.739
LH —-7.094 -0.767 —0.634 18.994 6.901 6.897 23.641 8.586 8.584
Equal space —7.094 —0.959 —0.881 18.994 5.711 5.695 23.641 8.945 8.918
4 Percentile —7.094 —0.528 —0.390 18.994 5.733 5.711 23.641 7.953 7.932
LH —7.094 —0.501 —0.390 18.994 5.501 5.478 23.641 7.573 7.540
Equal space —7.094 —1.554 —1.485 18.994 5.761 5.693 23.641 13.146 13.094
5 Percentile —-7.094 —0.592 —0.457 18.994 5.017 5.000 23.641 8.011 7.980
LH —7.094 —0.980 —0.869 18.994 5.248 5.181 23.641 10.576 10.516

Abias = absolute bias; RMSE = root mean squared error.

Table 4.6. Comparison results of Gamma(1, 100) with r = 40 and (Tr""" ™y ) = (0.7,0.9)

Bias Abias RMSE
L Method ~ ~ ~ ~ ~ ~ ~ - -
Ys Yst an Y Yt anf Ys Yt Y;,nf

Equal space  7.490 1.075 0.940 19.460 6.890 6.886 24.300 8.542 8.541
3 Percentile 7.490 1.083 0.974 19.460 7.074 7.067 24.300 9.717 9.706
LH 7.490 1.127 1.009 19.460 6.870 6.868 24.300 8.610 8.610
Equal space  7.490 0.261 0.080 19.460 5.732 5.709 24.300 8.834 8.806
4 Percentile 7.490 0.765 0.650 19.460 5.756 5.727 24.300 7.957 7.942
LH 7.490 0.774 0.632 19.460 5.498 5.477 24.300 6.854 6.810
Equal space 7.490 —0.237 —0.438 19.460 5.387 5.307 24.300 10.956 10.911
5 Percentile 7.490 0.251 0.143 19.460 5.020 4.992 24.300 8.521 8.482
LH 7.490 —0.027 —0.176 19.460 5.160 5.110 24.300 9.840 9.791

Abias = absolute bias; RMSE = root mean squared error.

Table 4.7. Comparison results of Gamma(1, 100) with » = 40 and (ﬂif‘ir‘, ™) = (0.9,0.7)

L Method - Dlas _ Abias _ RMSE
Ys Yt }/znf Ys Yst Y;,nf Ys Yt sznf
Equal space —7.317 —0.229 —0.141 8.279 0.927 0.884 10.065 1.547 1.503
32 Percentile —7.317 —-0.192 —0.061 8.279 0.880 0.838 10.065 1.294 1.250
LH —-7.317 —-0.175 —0.049 8.279 0.872 0.829 10.065 1.178 1.133
Equal space —7.317 —0.284 —0.186 8.279 0.979 0.928 10.065 1.804 1.755
33 Percentile —7.317 —-0.175 —0.042 8.279 0.864 0.817 10.065 1.085 1.028
LH —7.317 —0.169 —0.042 8.279 0.867 0.821 10.065 1.087 1.034
Equal space —7.317 —0.313 —0.222 8.279 0.999 0.954 10.065 1.902 1.863
35 Percentile —7.317 —-0.184 —0.051 8.279 0.879 0.826 10.065 1.168 1.109
LH —7.317 —0.188 —0.058 8.279 0.881 0.832 10.065 1.199 1.143

Abias = absolute bias; RMSE = root mean squared error.
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Table 4.8. Comparison results of Gamma(1, 100) with » = 40 and (Tr;"i“7 ™, ) = (0.7,0.9)

Bias Abias RMSE

L Method ~ ~ ~ ~ ~ ~ - -
Ys Yot Yinf Y Yt )/inf Ys Yst )/;;nf
Equal space 7.312 0.121 —0.061 8.531 0.881 0.843 10.262  1.177  1.140
32 Percentile 7.312 0.120 —0.019 8.531 0.865 0.831 10.262 1.082  1.040
LH 7.312 0.126 —0.018 8.531 0.868 0.830 10.262 1.085 1.042
Equal space 7.312 0.108 —0.066 8.531 0.889 0.850 10.262 1.218 1.174
33 Percentile 7.312 0.108 —0.027 8.531 0.873 0.834 10.262 1.133  1.089
LH 7.312 0.121  —0.020 8.531 0.871 0.829 10.262 1.084 1.037
Equal space 7.312 0.084 —0.088 8.531 0.894 0.857 10.262 1.296  1.257
35 Percentile 7.312 0.100 —0.038 8.531 0.893 0.848 10.262 1.244 1.194
LH 7.312  0.096 —0.045 8.531 0.891 0.852 10.262 1.242  1.197

Abias = absolute bias; RMSE = root mean squared error.
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Figure 4.3. RMSE of Y;, s with Gamma(1, 100), 7 = 40 and (ﬂ'z‘i", %) = (0.7,0.9)
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Figure 4.4. RMSE of f’mf with Gamma(1, 100), 7 = 400 and (7™, 71';"3") = (0.7,0.9)
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Table 4.9. Comparison results of Gamma(0.5, 100) with » = 40 and ('rr;’i“, m, %) = (0.9,0.7)

633

Bias Abias RMSE
L Method = = = = = = = = =
Ys Yst ifinf Ys Yst )/inf Ys Yst X/inf
Equal space —5.832 —5.213 —5.176 16.847  9.817  9.786 21.042 20.260 20.212
4  Percentile —5.832 —0.821 —0.646 16.847  6.668  6.630 21.042 8.846  8.804
LH —-5.832 —-1.303 —1.177 16.847  5.870  5.804 21.042 11.088 11.022
Equal space —5.832 —9.802 —9.850 16.847 13.333 13.310 21.042 25.678 25.678
5  Percentile —5.832 —0.473 —0.282 16.847  5.804  5.749 21.042 7.395 7.311
LH —-5.832 —2.339 —2.237 16.847  6.590  6.499 21.042 15.369 15.307
Equal space —5.832 —15.588 —15.661 16.847 18.326 18.277 21.042 31.161 31.139
6  Percentile —5.832 —0.858 —0.681 16.847  5.538  5.454 21.042 9.230 9.159
LH —-5.832 —1.830 —1.663 16.847  6.238  6.123 21.042 13.495 13.403
Abias = absolute bias; RMSE = root mean squared error.
Table 4.10. Comparison results of Gamma(0.5,100) with » = 40 and (ﬂg‘i“, 7, %) = (0.7,0.9)
L Method ] 7Bias _ _ A?ias _ _ RMSE ]
Ys Yt me Ys Yt Yz‘nf Ys Yt }/inf
Equal space 6.985 —2.533 —2.742 18.428  8.634  8.613 23.386 17.206 17.198
4 Percentile  6.985 0.994 0.928 18.428  6.681 6.633 23.386  8.864  8.820
LH 6.985 0.087 —0.050 18.428  5.596  5.533 23.386  8.916  8.839
Equal space 6.985 —6.333 —6.633 18.428 11.076 11.044 23.386 21.786 21.842
5 Percentile  6.985 0.790 0.712 18.428  5.839  5.779 23.386  7.653  7.560
LH 6.985 —0.828 —0.993 18.428 5978  5.892 23.386 12.992 12.939
Equal space 6.985 —11.740 —12.058 18.428 15.416 15.406 23.386 27.403 27.473
6 Percentile  6.985 —0.116 —0.211 18.428  5.782  5.661 23.386 10.207 10.128
LH 6.985 —0.850 —0.935 18.428  6.131  6.001 23.386 12.391 12.303
Abias = absolute bias; RMSE = root mean squared error.
Table 4.11. Comparison results of Gamma(0.5,100) with r» = 400 and (71';/’“", ™, %) = (0.9,0.7)
L Method . Dlas _ Ablas _ RMSE
Ys Yt Y;nf Ys Yt Y;nf Ys Yt Y;,nf
Equal space —6.382 —3.253 —3.236 7.460 3.732  3.698 8.962 6.073 6.045
4 Percentile —6.382 —0.161 —0.011 7.460 0.860 0.822 8.962 1.077 1.033
LH —6.382 —0.166 —0.019 7.460 0.874 0.833 8.962 1.171 1.124
Equal space  —6.382 —3.933 —3.925 7.460 4.378 4.344 8.962 6.780 6.756
5 Percentile —6.382 —0.167 —0.018 7.460 0.865 0.821 8.962 1.081 1.029
LH —6.382 —0.179 —0.033 7.460 0.869 0.825 8.962 1.191 1.140
Equal space  —6.382 —4.434 —4.429 7.460 4.846  4.820 8.962 7.254 7.232
6 Percentile —6.382 —0.159 —0.024 7.460 0.872 0.826 8.962 1.121 1.064
LH —6.382 —0.183 —0.041 7.460 0.876 0.829 8.962 1.215 1.162
Abias = absolute bias; RMSE = root mean squared error.
How Wzl Exe IA dFe A deth ol 5 AAHS Foke WHor Hxuee 2
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Table 4.12. Comparison results of Gamma(0.5, 100) with » = 400 and (‘n"y“in7 %) = (0.7,0.9)

Joo-Won Min, Key-II Shin

Bias Abias RMSE

L Method ~ ~ ~ - - - - - -
Ys Yst Yinf Ys Yst }/inf Ys Yst Yinf
Equal space  6.574 —1.819 —2.074 7.784  2.638 2.660 9.511 4.616  4.707
4 Percentile 6.574 0.151 0.024 7.784 0.900 0.855 9.511 1.129 1.077
LH 6.574 0.148 0.017 7.784 0.909 0.864 9.511 1.213  1.162
Equal space 6.574  —2.281 —2.543 7.784 3.054  3.086 9.511  5.129  5.229
5 Percentile 6.574 0.140 0.016 7.784  0.900 0.852 9.511 1.129 1.074
LH 6.574 0.126  —0.003 7.784 0.904 0.865 9.511 1.243  1.198
Equal space  6.574 —2.617 —2.882 7.784  3.346  3.399 9.511 5.492  5.608
6 Percentile 6.574 0.144 0.006 7.784 0916 0.860 9.511 1.203  1.137
LH 6.574 0.117  —0.016 7.784 0.923 0.870 9.511  1.302  1.247

Abias = absolute bias; RMSE = root mean squared error.
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Figure 4.5. RMSE of {/i'n.f with Gamma(0.5, 100), r = 40 and (ﬂ;ﬂin, ™) = (0.7,0.9).
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Figure 4.6. RMSE of f’mf with Gamma(0.5, 100), r = 400 and (wz‘i", T, ) = (0.7,0.9).
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Table 4.13. Optimal sample size and optimal number of substrata

distribution 40 50 80 100 160 200 240 300 400 500 800
U (100, 200) 4 6 9 10 15 18 20 27 33 40 57
Gamma(1,100) 4 5 7 10 12 12 18 25 33 36 54
Gamma/(0.5, 100) 5 6 8 10 15 16 20 27 35 36 70
Average number of substrata 4.3 5.7 8 10 14.0 153 193 263 33.7 373 60.3
Mean of sample size 93 88 10 10 114 131 124 114 119 134 133
5. 22
AT HEe) ML ASRFE Qold Wl WA BFS Pa B AASE ol A7H I
th o] XolA AL Ao Bl e B4 AEs] T s FHY AR T AASS
AR 5 HeE ARSShE Zlo] Tostth oo B AFolas AAl 2ks BEAA AR & e AR
3 A A 5 A4S A e AdSIrh BN A% AR 5 AAE Feke wos
2948 A Ao s S8 nzvse] Lxo) ulpEs) go) L850 1 W7
Aol v ZAotk. EF HA AFE F ee FolX T BE R & TS o HAAA
o= A% FU AR £ 0137 A/ AP o Vet BE RE J9E NS 9u =
3 olzdor e 477} ohy7] el o] ATHE Awslele Aot AFT Best YA A
AgRA0) 328 487 5 e Aoz Doy
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