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Abstract

In business survey, modified cut-off sampling is commonly used to greatly increase the accuracy of the esti-
mation while reducing the number of samples. However, non-response rate of take-all stratum has increased
significantly and the sample substitution is not possible because the non-response in the take-all stratum
affects the accuracy of the estimation. It is important to adjust the bias appropriately if non-response is
affected by the variable of interest. In this study, a bias adjusted estimation is proposed as an appropriate
method to deal with a non-response in the take-all stratum. In particular, the estimator proposed by Chung
and Shin (2020) was applied to the bias adjustment for the take-all stratum; therefore, we suggest a new
method to adjust properly for the take-all stratum. The superiority of the proposed estimator was examined
through simulation studies and confirmed through actual data analysis.

Keywords: super population model, linear response rate model, power response rate model, gamma distri-
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Table 3.1. Results of linear response model with gamma distribution

pmin gmax . Method — Dlas _ Abias _ RMSE

i s Ysr Yic Ys Ysr Yic Ys Ysr Yic
My —353.6 —214.7 —167.7 353.7 215.0 173.4 418.3 278.2 237.2

0.9 0.1 76 Mo —353.6 —243.8 —202.0 353.7 244.1 204.5 418.3 311.7 273.4
M —353.6 —213.4 —-165.7 353.7 213.8 172.0 418.3 277.5 236.2
My —257.0 —149.7 -—-115.1 265.9 165.6 152.9 343.3 232.0 216.4

0.5 0.2 45 Mo —257.0 —172.1 —138.7 265.9 183.0 164.7 343.3 256.8 233.7
M —257.0 —145.4 -—-107.5 265.9 162.7 150.7 343.3 229.3 213.3
M,y 485.1 485.1 122.3 500.3 166.3 155.7 664.5 234.1 222.0

0.2 0.5 26 Mo 485.1 91.0 63.2 500.3 120.9 111.3 664.5 169.3 161.7
M 485.1 96.3 69.9 500.3 124.0 1154 664.5 173.8 168.0

My 1086.2 199.3 153.5 1086.3 204.8 169.5 1226.1 244.2 210.8
0.1 0.9 24 Mo 1086.2 134.3 70.8 1086.3 138.6 95.1 1226.1 166.3 122.3
M 1086.2 135.2 71.9 1086.3 139.4 96.1 1226.1 167.4 124.1

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

Table 3.2. Results of linear response model with log-normal distribution

min max Bias Abias RMSE
Lo T r  Method - - - - - - = ~ =

Ys Ysr Yip Ys Ysr YLL Ys Ysr YLp
M, —458.9 —352.0 —289.9 458.9 352.2 291.9 530.8 420.0 358.7
0.9 0.1 72 Mo —458.9 —-371.3 —-311.2 458.9 371.4 312.0 530.8 439.3 377.3
M —458.9 —351.2 —288.6 458.9 351.4 290.6 530.8 419.5 357.8
My —355.4 —256.5 —200.4 361.5 266.9 224.8 438.5 336.5 290.2
0.5 0.2 43 Mo —355.4 —=274.7 —220.7 361.5 282.6 237.3 438.5 352.3 302.3
M —355.4 —253.5 —195.3 361.5 264.7 221.1 438.5 333.9 285.6
My 633.7 232.4 158.1 642.0 247.6 187.9 804.0 311.4 248.9
0.2 0.5 27 Mo 633.7 187.8 105.7 642.0 205.0 152.3 804.0 257.8 207.0
M 633.7 190.4 110.2 642.0 207.1 155.5 804.0 260.5 212.3

My 1136.5 337.6 218.4 1136.5 339.0 225.0 1283.5 378.2 267.5
0.1 0.9 28 Mo 1136.5 302.3 175.1 1136.5 302.8 182.0 1283.5 330.2 217.1
M 1136.5 302.8 175.9 1136.5 303.2 182.6 1283.5 330.6 218.3

Abias = absolute bias; RMSE = root mean squared error.
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Table 3.3. Results of power response model with gamma distribution

Amin gmax . Method — Dlas _ Abias _RMSE
i s Ysr Ypa Ys Ysr Ypg Ys Ysr  Ypa
My —490.2 —205.8 —187.8 490.2 2435 232.4 541.6 327.4 318.7
0.9 0.1 42 Mo —490.2 —280.0 —258.0 490.2 289.5 271.6 541.6 360.7 344.2
M —490.2 —-197.0 -178.0 490.2 235.2 223.8 541.6 311.2 301.7
My —252.7 =871 —T79.5 268.7 159.9 157.6 338.7 225.6 224.0
0.5 0.2 35 Mo —252.7 —122.2 —-113.3 268.7 170.5 166.6 338.7 235.3 231.1
M —252.7 —82.7 —74.5 268.7 159.4 157.2 338.7 223.7 2222
My 355.5 86.9 79.9 370.6 119.8 1164 469.3 165.6 162.2
0.2 0.5 30 Mo 355.5 64.6 55.1 370.6 103.0 99.6 469.3 148.1 145.1
M 355.5 65.5 56.2 370.6 102.8 99.4 469.3 142.4 139.2
My 995.0 187.5 172.0 995.2 196.0 184.1 1144.4 243.3 231.7
0.1 09 24 Mo 995.0 133.9 112.1 995.2 139.9 1224 1144.4 172.4 155.5
M 995.0 134.6 112.8 995.2 140.5 123.0 1144.4 173.3 156.6
Abias = absolute bias; RMSE = root mean squared error.
Table 3.4. Results of power response model with log-normal distribution
gmin - gmax . Method = l?ias - - Aﬁbias - = RMSE ~
Y Y Ys Ysr Ypr Ys Ysr Ypp Ys Ysr Ypp
My —580.6 —346.2 —317.4 580.6 376.6 356.0 642.9 457.5 439.0
0.9 0.1 38 Mo —580.6 —396.5 —362.7 580.6 405.3 376.1 642.9 471.6 442.2
M —580.6 —336.6 —305.9 580.6 367.5 345.9 642.9 443.8 423.5
My —299.4 —149.7 —-133.5 314.9 214.1 208.1 383.1 281.9 276.9
0.5 0.2 34 Mo —299.4 —175.6 —156.8 314.9 218.8 208.8 383.1 280.6 269.6
M —299.4 —-143.2 -—-125.1 314.9 210.0 203.1 383.1 274.3 268.3
My 406.4 154.0 131.8 416.4 176.1 161.1 526.7 227.6 212.6
0.2 0.5 32 Mo 406.4 136.5 109.7 416.4 161.7 145.1 526.7 207.6 192.1
M 406.4 138.1 111.5 416.4 162.8 146.5 526.7 208.7 193.3
My 967.7 312.6 248.4 967.7 312.9 250.0 1089.6 345.1 283.6
0.1 09 33 Mo 967.7 273.5 198.0 967.7 273.8 200.9 1089.6 297.6 230.8
M 967.7 274.0 198.5 967.7 274.3 201.4 1089.6 298.0 231.4
Abias = absolute bias; RMSE = root mean squared error.
dHA JA %= Brole W M-S AHEShe Zlo] ettt o3 A= oY SHES 2t

$¢1 Table 3.4\ X% &A= ATt

4.1. Xz MY

B AToAE 20184 1E FAASATNY AYA AR F A £ 4009 o1 ARE AHE
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Table 4.1. Normality test results

Test Test statistics p-value
Shapiro-Wilk W =0.9782 0.0357
Kolmogorov-Smirnov D = 0.0586 > 0.1500
Cramer-von Mises W-sq = 0.0749 0.2426
Anderson-Darling A-sq = 0.5257 0.1854

Table 4.2. Data of linear response model with log-normal distribution (x 108)

Amin gmax ;o Method — Dias _ Abias _ RMSE
Ys Ysr Yoo Ys YsT YLL Ys Yst YLL
My —3.618 —-3.312 —2.792 3.618 3.312 2.792 3.627 3.323 2.817
0.9 0.1 95 Mo —3.618 —3.299 —-2.771 3.618 3.299 2.771 3.627 3.310 2.793
M —3.618 —3.309 —2.789 3.618 3.309 2.789 3.627 3.320 2.815
My —3.089 —2.774 —2.277 3.089 2.777 2.295 3.146 2.851 2.452
0.5 0.2 56 Mo —3.089 —2.753 —2.217 3.089 2.757 2.236 3.146 2.829 2.387
M —3.089 —2.747 —2.218 3.089 2.750 2.239 3.146 2.825 2.398
My 5.686 3.027 1.678 5.687 3.036 1.769 5.982 3.302 2.352
0.2 0.5 35 Mo 5.686 2.750 1.295 5.687 2.762 1.497 5.982 3.062 2.192
M 5.686 2.763 1.355 5.687 2.776 1.556 5.982 3.073 2.278

My 10.152 4.706 2.416 10.152 4.706 2.416 10.282 4.829 2.592
0.1 09 34 Mo 10.152 4.238 1.746 10.152 4.238 1.752 10.282 4.367 1.934

M 10.152 4.238 1.746 10.152 4.238 1.752 10.282 4.367 1.934
Abias = absolute bias; RMSE = root mean squared error.
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AH SHEC] 30 ~ 50% A4S AT Rkom R dA AR AR oh) Y < 9|
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Table 4.3. Data of power response model with log-normal distribution (><108)

Wgr,nin ﬂ_znax +  Method . glas - . Ayl'olas - . R;dSE -
S ST PL S ST PL S ST PL

My —3.695 —3.020 -—2.910 3.701 3.086 3.002 3.873 3.385 3.317

0.9 0.1 95 Mo —3.695 —2.959 —2.827 3.701 3.011 2.908 3.873 3.302 3.215
M —3.695 —2.945 —2.822 3.701 3.025 2.933 3.873 3.323 3.246

My —1.871 -—1.307 —1.210 2.028 1.717 1.700 2.335 2.052 2.038

0.5 0.2 56 Mo —1.871 —1.285 -—1.171 2.028 1.670 1.647 2.335 1.993 1.973
M —1.871 —1.233 —1.120 2.028 1.678 1.659 2.335 2.009 1.995

M,y 2.324 1.354 1.163 2.427 1.496 1.355 2.807 1.799 1.676

0.2 0.5 35 Mo 2.324 1.325 1.120 2.427 1.462 1.314 2.807 1.752 1.636
M 2.324 1.338 1.136 2.427 1.472 1.327 2.807 1.770 1.661

My 5.680 2.945 2.287 5.680 2.945 2.287 5.748 3.028 2.421

0.1 0.9 34 Mo 5.680 2.571 1.760 5.680 2.571 1.763 5.748 2.659 1.939
M 5.680 2.572 1.762 5.680 2.572 1.765 5.748 2.662 1.944

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

5. A2

B ATIAE A5FlN BT FEEEe A8 A PHL ATk A2ole BARIH
o] MAR% o] AR o® WA obx A NSe] 3 W F97h o BAHaL gon 53 o
HIERO] gl AFSNAE BATSHe A Y Azt vl F83h o]EF ol MAR 744

\=Je] [e)
KB
NN AHgFHE AFARAPE AFL WA W) BFS AASt] 5 AR T
£ PE HFR S AR Rl BgEh] mEe] B APAE oju] A%E BguY 2HF

L H

& A g3t

59 # =20 A7 A4S BEET Do) RAW 5 L BE S} Ao] 2 AR 3 7
e A8 A9 gl Wold 4 glo] ol A A Az AR S TAPEL Adstedrh
Bol g AT B oA AE WP WS ASToRA TP 3l Wi Age 2
4% 4 99lon AP % RMSEE BT 29 5 982 Fesarh 44 A5 24 d%e &
Aol A A o] S EIHAAL FAsteArt 53 AA AR A AFLES obdol=
B8 AlbE S ARl HH HEo] AlAE 4%t 24 AAE A& 5 otk AEFHo=w
H AT Atet AFRA WEE FSHo] BAASE Aol g5t FEs =4 AUt dod
Aoz ke,
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