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Abstract

Many methods have been developed to solve problems found in sample surveys involving a large number of
item non-responses that cause inaccuracies in estimation. However, the non-response adjustment method
used under the assumption of random non-response generates a bias in cases where the response rate is
affected by the variable of interest. Chung and Shin (2017) and Min and Shin (2018) proposed a method to
improve the accuracy of estimation by appropriately adjusting a bias generated when the response rate is
a function of the variables of interest. In this study, we studied a case where the response rate function is
linear and the error of the super population model follows normal distribution. We also examined the effect
of the number of stratum population on bias adjustment. The performance of the proposed estimator was
examined through simulation studies and confirmed through actual data analysis.
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Table 4.1. Comparison results of U(0, 100) with n = 50

o o L ]i’/ias VL . A??ias VL . RI\Y;[SE VL
E] st inf E] st inf s st inf

4 -—8.178 —0.804 —0.661 19.309 5.645 5.603 24.256  8.059 8.019
0.9 07 40 5 —8.178 —-0.730 —0.608 19.309 5.091 5.012 24.256  9.337  9.283
6 —8.178 —-0.984 —0.880 19.309 5.083 4.975 24.256 12.282 12.211
4 0.167 —0.043 —0.038 16.114 4.870 4.858 20.300  6.089 6.084
5 0.167 —0.004 —0.017 16.114 4.263 4.207 20.300  6.610 6.558
6 0.167 0.139 0.118 16.114 3.804 3.721 20.300 5.428 5.323
4
5
6

1.0 1.0 50

8.804 0.541 0.382 19.467 5.620 5.594 24.358  8.010 7.981
8.804 0.452 0.276 19.467 5.012 4.929 24.358  8.217  8.136
8.804 0.012 —0.164 19.467 4.826 4.723 24.358 9.774  9.715

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

0.7 0.9 40

Table 4.2. Comparison results of U (0, 100) with n = 250
. Bias Abias RMSE
7Tmln ﬂmax r L ~ ~ - ~ —~ ~ - ~
o AR PR 7 RS A PR ¢ R AR PR 7
18 —8.679 —-0.191 —0.033 11.025 1.258 1.203 13.574 1.588 1.514
0.9 0.7 200 20 -—8.679 —0.228 —0.070 11.025 1.282 1.222 13.574 1.862 1.794

21 -8.679 —0.245 —0.090 11.025 1.317 1.249 13.574 2.242 2177

18 -0.119 -0.007 -0.001 7.381 1.099 1.066 9.236 1.391 1.348
1 1 250 20 -0.119 -0.017 -0.007 7.381 1.089 1.061 9.236 1.365 1.326
21 -0.119 —0.008 0.004 7.381 1.087 1.051 9.236 1.369 1.323

18 8.394 0.177 0.043 10.952 1.250 1.197 13.451 1.581 1.510
0.7 0.9 200 20 8.394 0.141 0.009 10.952 1.264 1.208 13.451 1.753 1.683

21 8.394 0.136 —0.001 10.952 1.309 1.238 13.451 2.026 1.964
Abias = absolute bias; RMSE = root mean squared error.
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Table 4.3. Comparison results of U(0,100) with n = 500

637

omin omax . L ] ]%ias ] ] AE)ias ) i} Rl\i[SE B}
v T Vu VL T Va UL Y Vu YL
28 —8.485 —0.147 —0.006 9.322 0.848 0.811 11.065 1.059 1.013
0.9 0.7 400 30 —8.485 —0.150 —0.006 9.322 0.849 0.817 11.065 1.057 1.013
40 —8.485 —0.165 —0.033 9.322 0.863 0.820 11.065 1.305 1.250
28 0.066 0.014 0.009 5.061 0.733 0.714 6.303 0.913 0.892
1.0 1.0 500 30 0.066 0.009 0.002 5.061 0.732 0.716 6.303 0.912 0.892
40 0.066 0.017 0.008 5.061 0.731 0.700 6.303 0.908 0.870
28 8.609 0.192 0.033 9.380 0.857 0.805 11.194 1.067 1.011
0.7 0.9 400 30 8.609 0.180 0.027 9.380 0.852 0.805 11.194 1.059 1.007
40 8.609 0.158 0.002 9.380 0.867 0.810 11.194 1.262 1.208
Abias = absolute bias; RMSE = root mean squared error.
Table 4.4. Comparison results of TGamma(1,100) with n = 50
omin omax . T ) B_ias ) ) Ab_ias i} ) Rl\_/ISE ]
o (RS RS 7SS PR PR 7S AR PR
4 —7.654 —0.599 —0.449 19.020 5.722 5.709 23.688  7.940 7.934
0.9 0.7 40 5 —7.654 —0.626 —0.466 19.020 4.996 4.985 23.688  7.985  7.963
6 —7.654 —1.121 —0.953 19.020 5.096 5.021 23.688 11.353 11.282
4 0.258 0.166 0.172 16.402 5.048 5.064 20.476  7.205  7.208
1.0 1.0 50 5 0.258 0.066 0.064 16.402 4.291 4.284 20.476  5.340  5.317
6 0.258 —0.069 —0.075 16.402 3.907 3.847 20.476  6.367  6.315
4 8.131 0.828 0.699 19.614 5.744 5.719 24.498  7.939  7.930
0.7 09 40 5 8.131 0.286 0.167 19.614 5.024 5.002 24.498  8.522  8.487
6 8.131 —0.497 —0.626 19.614 5.241 5.151 24.498 12.161 12.094
Abias = absolute bias; RMSE = root mean squared error.
Table 4.5. Comparison results of TGamma(1,100) with n = 250
gmin pmax . L ] ]%ias ] ] Ahlias ] ) RI\/ESE _
i R AR 7 S PR PR 7 S AR A 7
15 —-7.846 —0.180 —0.035 10.255 1.312 1.275 12.649 1.650 1.594
0.9 0.7 200 16 -—7.846 —0.179 —0.036 10.255 1.273 1.231 12.649 1.602 1.541
18 —7.846 —0.158 —0.020 10.255 1.264 1.205 12.649 1.582 1.512
15 —0.094 0.009 0.014 7.202 1.166 1.139 9.025 1.453 1.422
1.0 1.0 250 16 —0.094 —0.009 —0.005 7.202 1.149 1.119 9.025 1.432 1.395
18 —0.094 0.001 —0.002 7.202 1.128 1.093 9.025 1.405 1.370
15 8.007 0.204 0.060 10.600 1.313 1.269 13.019 1.652 1.594
0.7 0.9 200 16 8.007 0.179 0.032 10.600 1.296 1.243 13.019 1.723 1.662
18 8.007 0.181 0.028 10.600 1.296 1.234 13.019 1.847 1.780

Abias = absolute bias; RMSE = root mean squared error.
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Table 4.6. Comparison results of TGamma(1,100) with n = 500
minomax . L ] ]?iias ] ] AE)ias ) ] RI\/ESE )
v T Ve L v v vh v . T4
28 —7.803 —0.179 —0.046 8.617 0.856 0.820 10.386 1.076 1.035
0.9 0.7 400 30 -—-7.803 -—-0.170 —-0.037 8.617 0.851 0.818 10.386 1.070 1.025

40 -7.803 —-0.216 —0.089 8.617 0.903 0.845 10.386 1.383 1.326

28 —0.090 -—-0.022 —-0.025 5.005 0.760 0.747 6.249 0.950 0.935
1.0 1.0 500 30 -0.090 -0.019 —0.022 5.005 0.755 0.740 6.249 0.945 0.928
40 —0.090 —-0.042 —0.047 5.005 0.770 0.741 6.249 1.027 0.993

28 7.946 0.147 —0.004 8.977 0.868 0.839 10.722  1.084 1.048
0.7 0.9 400 30 7.946 0.157 0.004 8.977 0.862 0.829 10.722 1.081 1.039
40 7.946 0.106 —0.046 8.977 0.908 0.852 10.722 1.309 1.261

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

Table 4.7. Comparison results of U(1,100) with n = 50

mmin Tnax r N RMSE L
200 6.167 4
0.9 0.7 40 1000 6.710 4
30000 7.029 4
200 4.497 5
1.0 1.0 50 1000 4.955 5
30000 5.131 5
200 5.687 5
0.7 0.9 40 1000 6.715 4
30000 6.872 4
RMSE = root mean squared error.

Table 4.8. Comparison results of U(1,100) with n = 300
mpin X T N RMSE L
1000 1.216 20
0.9 0.7 240 10000 1.375 20
50000 1.401 21
1000 1.027 30
1.0 1.0 300 10000 1.185 27
50000 1.218 24
1000 1.217 20
0.7 0.9 240 10000 1.362 20
50000 1.395 21

RMSE = root mean squared error.

xx] %% ;/q\% ch'a 4 Qlth o]# 3 AAFL ZTE 47} 30091 -5l
A BRI ol ] TR 471 H A AR = AFo) :

% S o= =
Table 4.109] A= Hxde7t dd Anpe e 392 vd8EZAE 2Hd o= J4 AR 5 A
A A ABE T Y RS JUL 4 Aok T FARE Bk BT ol @} oIS ol B

Hola 9t}



Bias adjusted estimation in a sample survey with linear response rate 639

Table 4.9. Comparison results of TGamma(1, 100) with n = 50

min

Ty ﬂ?'!“ax T N RMSE L
200 6.388 4
0.9 0.7 240 1000 7.059 4
30000 7.098 4
200 4.172 6
1.0 1.0 300 1000 5.232 5
30000 5.398 5
200 6.250 4
0.7 0.9 240 1000 6.969 4
30000 6.566 5
RMSE = root mean squared error.
Table 4.10. Comparison results of TGamma(1, 100) with n = 300
min mnax T N RMSE L
1000 1.208 25
0.9 0.7 240 10000 1.384 18
50000 1.372 21
1000 1.026 270
1.0 1.0 300 10000 1.227 24
50000 1.204 25
1000 1.250 24
0.7 0.9 240 10000 1.400 20
50000 1.389 21

RMSE = root mean squared error.

Table 4.11. Optimal number of substrata with N = 5,000

Distribution
40 50 80 100 160 200 240 300 400
U(0,100) 4 6 9 9 12 18 20 21 30
TGamma(1, 100) 5 5 9 9 12 18 21 28 30
Average number of substrata 4.5 5.5 9 9 12 18 20.5 24.5 30

Table 4.12. Optimal number of substrata with N = 10,000

Distribution
40 50 80 100 160 200 240 300 400
U(0,100) 4 6 9 10 12 15 20 27 28
TGamma(1, 100) 4 5 8 10 12 18 18 24 30
Average number of substrata 4 5.5 8.5 10 12 16.5 19 25.5 29
4.3. B8 52 5

able 4.132 3 Aﬂ 5 s 2D w9 5 A AR ol wek Zed 23
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Table 4.13. Optimal number of substrata with N = 50,000

Distribution
40 50 80 100 160 200 240 300 400
U(0,100) 4 5 9 10 12 20 20 27 28
TGamma(1, 100) 4 5 8 10 10 18 20 27 30
Average number of substrata 4 5 8.5 10 11 19 20 27 29

0e+00-

20000 -10000 0 10000
Residual

Figure 5.1. Distribution of residual.

Table 5.1. Comparison results of Data and (71'2“", %) = (0.8,0.4)

Bias Abias RMSE
n L % % y. L % % v L % % y. L
Yy Yt )/;nf Ys Yot )/;nf Ys Yt Yinf
100 5 —-983.9 7725 —639.3 1071.3  900.0  846.8 1258.8  1076.9  1020.9
10 —-983.9 —768.5 —637.7 1071.3  920.6  845.6 1258.8  1094.9 1023.7
150 5 —1013.1 —789.8 —645.2 1046.8  844.1  749.5 1193.4 986.4 895.1
10 -1013.1 —=772.7 —630.4 1046.8  838.1  742.5 1193.4 983.1 886.7

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

5. &A X2 24
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AT 23o] AL Ao}, FFAEA A3} F, = 211.057, 1 = 0.051,5 = 6866.159, RZ = 0.327}
dojPon Tz AFA HAAZF Shapiro-Wilk EAIZF WOl p-value:= 0.4275, Kolmogorov-
Smirnow EAZ D] p-valuex 0.1500K T}t 2 Zoz yElytt. E3F Cramer-von Mises S A2
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Foiz BT A5 FollA n =100, 150709 FES FE892H L = 5,108 742 AR5t AA
FEZANAE B8 Z9 4% 385 o] duEES ARSI AU A5 F9 A-F A mEA| vt
F 50N HAE SHES Holv A7 Bol At oo B =FdA= $HEC] ¢ 60%7 HES A3}
E 2¥S o83t AL A5 A



Bias adjusted estimation in a sample survey with linear response rate 641

Table 5.2. Comparison results of Data and (wg‘i", %) = (0.4,0.8)

" i _ Bias _ _ Aliias _ _ R}\/ISE ]
n, v VL v, v. v PR PR
100 5 1366.1  938.9  685.3 1496.8  1096.0 972.9 1778.3  1333.2 1230.2
10 1366.1 881.9 630.9 1496.8 11044 975.6 1778.3  1359.3 1227.1
150 5 1351.1  911.9 626.6 1388.5 976.7  811.7 1592.7  1151.1 1002.9
10 1351.1 900.3 607.9 1388.5 977.8  805.1 1592.7  1171.5 1006.3
Abias = absolute bias; RMSE = root mean squared error.
A5 AHEY L = 5,109 F A BEF Ao 2 xolE HolA| ok Qlvk. thek RAF Ae}
FASA B B FAZe] BE MAEALE 71F0R S S48 A9E 21 Ik 53 WYL
As R Aol 277 2A ol A2 BT 4 Urh
6. A2
SYEo] BUNSe T4 Aol FEBA JRE Mo T3 AP 3718 Bt 4 ek
SHE 28 A2 5 Qe T oA 2T 23 o4 BEIF AR xR Afole A
TPH AP BYPo] &3] ARRHTE B AFoA =AY SHE B o8t FEEHLE sl 33
2 Ao 2712 sioksiglon sotn W RAw B 24 Ao wagons Aol AR S5
B 274 ARE 22 5 Yotk £ BUFS Bolo] HAY AR 3 ARG AR S ) BE SE
A Rgch. Ao A AR F A5 AR F ) BE SE BAD Solt A G WX
e Z1e® Usgou T8 ol TS e Aoz FRAFHAT
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