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ugs v s BEaSe] & /v F2 Witk Ao wg
ERRA oWd ZAE A P A% MAERLS YD AU duelA ¢
AL ¢ 5 Ao
Az H L4425 (income) 4+H|X|& (exp1) H|£H|[X|E (exp2)
L ) .
o 5,538 2,519 987
=4 31,073,507 2,898,641 3057739
Q= 6.98 1.62 9.30
HE 160.62 7.71 168.21
(a) ®¥Xt=Z 18,187 7t
TR HMAS (income) 2H|XE (exp1) H|&HX|Z (exp2)
- —h—»—,L 5 " \’T—’_)—»—»——_;
Ha 5,314 2,437 834
24 18,813,518 2,297,752 922,912
Q= 1.65 0.99 1.90
e 6.59 3.66 7.01
(b) ZoMY BT XtE 17,754 7+F

<1g| 32> ROAMH Xt7ol A5 Ex
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<E 3-2> DoAY DAL XRO| FQ EMYE A5 BX

(T : %, BHE)
AR B LS
e ES) B ERa i o | CH
A 17,754 (100.0) 40 4,058 5,081 29,226
y =ES = 12,830  (72.3) 40 5,053 5,912 29,226
cE of 4924  (27.7) 41 2,052 2,915 24,208
20LHO| 3} 425 (2.4) 70 2,980 3,370 16,071
Sz 30Cy 1,782  (10.0) 52 5,288 5,895 25,534
™ 40ty 3,178  (17.9) 40 6,157 6,703 27,767
) 50CH 3,883  (21.9) 41 5,724 6,660 29,226
60CHO| & 8,486  (47.8) 50 2,592 3,665 29,103
ZZE0[5} 3,644  (20.5) 50 1,622 2,295 22,337
75?‘5 5z 1,943 (10.9) 41 2,986 3,714 25,928
NE E 5850  (33.0) 41 4,328 5,064 25,333
CHZE0| 4 6,317  (35.6) 40 6,326 7,123 29,226
|= 1,912 (10.8) 40 3,054 3,570 18,270
7;‘7; QUISX | 10926  (61.5) 122 5,674 6,492 29,226
AFER At 2,860  (16.1) 50 1,364 2,140 24,208
ol 2,056  (11.6) 41 2,520 3,077 22,817
48243 6,495  (36.6) 52 6,284 7,084 29,226
iii IPNL-IE=] 2315  (13.0) 50 2,726 3,480 19,931
S At

xe | AMSEA 4,153  (23.4) 41 4,654 5,501 27,767
7|E} 4,791 (27.0) 40 1,781 2,773 27,570
12l 4,958  (27.9) 40 1,576 2,208 24,208
2¢9l 5634  (31.7) 122 3,554 4,331 25,826
7@% 3¢l 3,358  (18.9) 168 6,252 6,912 29,226
491 2,984  (16.8) 279 7,416 8,277 29,103
5210] & 820 (4.6) 965 7,789 8,477 25,534
X1 +EH 5649  (31.8) 50 4,439 5,454 29,226
H == 12,105  (68.2) 40 3,882 4,907 25,780

F r(&5,20AF) =074, r(&5,W2HAF) =082, r(&5,98)=—0.33
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<H 33> FQ EHE g2 2%
| : %)
SEHEE
ELE HleBE e
SRS PPS
A 100.0 100.0 100.0 100.0
pE=ES d 72.3 72.3 72.3 76.3
k- of 277 277 27.7 237
20CHo| st 2.4 2.4 2.4 8.8
Jpazx 30Cy 10.0 10.1 10.0 25.7
oy 40CH 17.9 17.9 17.9 29.5
HE
50CH 21.9 21.7 21.9 20.9
60CHO| 4 47.8 47.8 47.8 15.1
xZE0|3} 20.5 20.5 20.5 5.6
7t 5z 10.9 10.9 10.9 55
i
XN k== 33.0 33.0 33.0 34.9
CHEO| & 35.6 35.6 35.6 54.0
|= 10.8 10.8 10.8 23.6
7&? QUL 61.5 61.5 61.5 61.0
= —_
ALE AtE 16.1 16.1 16.1 4.8
ol= 11.6 11.6 11.6 10.6
H8da 36.6 36.6 36.6 56.7
7k CIPNRTE= 13.0 13.0 13.0 10.5
St
x| 2| Kt Rt 234 23.4 23.4 21.0
7|E} 27.0 27.0 27.0 11.9
19l 27.9 27.9 28.0 26.4
20! 31.7 31.7 31.7 21.2
It 39l 18.9 18.9 18.9 219
49l 16.8 16.8 16.8 23.8
5Q10] 4 4.6 4.6 46 6.6
| 31.8 31.8 31.8 35.9
X4
H=H 68.2 68.1 68.2 64.1
F 1. ZERE HEEEE BF 377t 1,0007421 E2E 10,000%] Bt F=£610] Bno 2 TA

2 HEEEZ A ME

, HZERE2 OAE
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<H 34> oMY ZHE

Hay (M) W=}

1. 7FFEE (gender) =2d1), d42)
2. 7t7FAY (age) 19M~103A|

(age_g) 30CHO|S}(1), 40CH(2), 50CHO]&H(3)
3. I FUKHEE (edu) FE0I8k(1), 1E(2), tHEOI(3)
5. 7t FETALYRIR] (stt) AgUZ - At Y1), LAIZE - 7|EK2)
6. 7t #= (ggw_no) 121(1), 291(2), 321(3), 42l(4), 5210]4(5)
10. AU B HAS (income) 400HR1~299,226 7

H2E Zut

ARATE < 3-5>, <F 3-6>, <19 3-5> <1 3-6>, <F1d 1>, <F1d 2>
o A= o 0@ <# 3-5>, <19 3-5>2 FEFEo] SRSY wf ZF H W]
2t Hie FANAL, <i 3-6>, <1 3-6>2 FELFEo| PPSY wje] Aijo|t},
<19 3-5>%} <:LFA 3-6>2 FEXE AV 1ZAS o HFEREY A7) W)
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<# 3-5> ZEH&O0| SRSY Wf HgERE Ed =8 2t
np 400 600

ny =8 %RB MSE %CP %RB MSE %CP
Loaive 1479 602,644 1.0 14.95 613,127 1.6
Lo 467 139,610 80.2 475 129,690 81.1

400 Lireq 516 123,599 76.0 530 124,151 75.2
. 2.74 79,440 83.5 2.92 74,791 82.5
Lheui 2.17 59,184 84.9 2.31 55,411 84.2
Loraive 14.92 597,689 0.1 14.85 591,982 0.1
Lipo 469 122,992 79.5 458 106,804 77.6

600 freg 545 119,642 68.1 520 108,204 67.9
L, 2.93 68,488 82.1 2.69 58,659 82.4
[heul 2.58 54,733 81.9 2.33 46,816 82.5
Loraive 1493 592,182 - 14.88 588,438 -
Lips 460 108,707 78.5 4,61 99,814 74.8

800 fireq 536 105,077 65.2 530 103,548 62.4
[y, 2.77 54,963 81.5 2.68 51,479 80.0
Lot 2.50 43,753 83.7 2.45 41,930 81.4
Loraive 1490 586,305 - 14.78 577,734 -
Lips 455 102,444 77.0 4.64 95,328 72.2

1000 fireq 5.44 106,097 60.4 5.28 97,674 55.1
[, 2.77 53,680 79.4 2.66 46,179 80.1
Lheui 2.64 45,399 80.7 2.39 37,894 80.7




HIZEREZES 93 84X F& H3dT 25
<# 3-5> SEHEO0| SRSY W} HHERE Ed = Zi (A%)
ng 800 1000
ny =g %RB MSE %CP %RB MSE %CP
Lonaive 14.81 599,321 1.4 14.83 607,148 1.9
Lo 462 115825 80.0 470 120,514 79.1
400 freg 523 118,257 745 540 126,731 71.9
[, 2.74 67,398 83.7 2.95 74,539 82.9
Lol 2.39 52,400 84.8 2.49 56,792 82.6
Loaive 14.83 589,879 - 14.87 594,942 -
Hipo 435 93,838 785 4.62 99,294 75.9
600 freq 5.06 100,247 67.8 524 104,931 65.6
[, 2.60 52,069 81.9 2.77 54,818 82.2
Lhoal 2.24 40,135 83.4 2.32 40,264 82.4
Lonaive 1472 577,205 - 14.96 594,295 -
Lo 453 91,215 73.7 479 96,241 70.7
800 freg 5.20 97,053 60.7 549 105,282 55.5
[, 2.67 47,609 80.7 2.96 50,808 78.8
[houl 2.31 37,416 80.6 2.56 39,894 79.6
Loaive 14.84 582,508 - 14.84 582,583 -
Lo 4.59 88,834 72.9 4.47 85,819 70.6
1000 freg 5.40 99,206 53.6 5.30 95,420 51.7
[, 2.78 45114 78.3 2.72 43,588 78.3
Lhoal 247 36,289 80.0 2.34 33,236 79.5
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<# 3-6> HEHE0| PPSY M HIHEHE B Y 21t
ng 400 600

ny =8 %RB MSE %CP %RB MSE %CP
Loaive 14.93 611,862 1.3 14.78 598,996 1.5
Lo 548 178,289 89.2 5.44 176,062 87.1

400 Lireq 557 158,430 77.3 555 147,498 76.5
. 294 106,196 85.0 3.11 99,183 84.1
Lheui 2.41 69,163 88.9 245 63,605 88.7
Loraive 14.76 587,213 0.1 15.04 606,626 -
Lipo 515 165,571 88.0 518 140,327 86.5

600 freg 529 133,673 75.6 5.60 135,485 71.2
L, 256 82,880 84.3 3.01 82,506 82.3
Lheui 2.41 58,719 86.6 257 52,411 88.5
Loraive 14.79 581,704 - 14.85 586,696 -
Lips 547 158,057 87.8 5.44 144,737 86.9

800 fireq 571 142,252 70.5 5.61 130,207 67.6
[y, 295 87,767 80.6 3.00 78,143 80.1
Lot 264 56,921 84.5 254 47,662 86.5
Loraive 14.84 581,595 - 14.80 580,234 -
Lipo 525 151,242 89.3 497 129,116 87.4

1000 fireq 545 126,148 71.2 531 118,689 67.7
. 2.61 72,615 82.8 265 70,181 80.2
Lheui 244 50,327 84.5 232 42,251 85.8




HIZERES QI8 AKX =& 4397 27
<H 3-6> FEH=Z0| PPSY [Ijj HHEHZ B =F 21 (AF)
np 800 1000
ny =g %RB MSE %CP %RB MSE %CP
Lonaive 1487 607,880 1.1 1474 594,333 0.9
Lo 514 142,790 88.1 512 144,722 87.2
400 freg 517 130,362 77.6 532 130,790 75.1
[, 276 83,281 85.3 2.90 81,032 84.8
Lol 2.31 56,568 89.9 2.21 54,032 90.1
Loaive 14.92 596,971 0.1 14.86 592,906 0.1
Hipo 506 121,969 87.9 514 125,748 85.8
600 freq 526 114,853 73.3 554 123,021 68.5
[, 2.68 64,019 84.5 2.97 68,798 82.2
Lhoal 2.41 44,672 89.0 2.59 46,586 88.9
Lonaive 1488 588,938 - 1490 587,766 0.1
Lo 491 106,641 88.3 486 106,582 86.7
800 freg 521 107,360 72.0 518 102,127 68.9
[, 2.64 57,177 83.4 2.60 51,965 83.1
[houl 2.37 41,203 87.5 2.28 37,050 87.9
Loaive 14.84 581,987 - 1489 585,689 -
Lo 492 106,915 88.0 506 108,148 87.0
1000 freg 542 110,274 63.5 543 107,855 61.9
[, 2.69 56,882 82.5 2.79 54,357 80.5
Lhoal 2.58 41,180 84.8 2.50 36,188 86.7
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Abstract

Statistical Inference for Non-probability Sample:
Simulation Study

Soonpil Kwon, Heeyoung Chung, Youngmi Kwon, Seunghwan Kim

An increase in non-probability samples from different sources and the
development of IT for data processing require a change in the paradigm of
statistical production based on probability samples. Because it's difficult to
select and maintain a probability sample due to a decrease in the coverage
of the sampling frame, an increase in non-responses and survey costs, and a
worsening survey environment such as COVID-19. However, for the inference
of finite populations, the problems of selection bias, under-coverage and
unknown sampling probability of non-probability samples must be addressed.
For this purpose, data integration of non-probability samples and
high-quality reference probability samples, and the specification of a model
connecting the two datasets are essential. It's possible to borrow the

unbiasedness of probability samples.

This study examines four estimators of the propensity score weighting
method(ipw), the calibration weighting method(cal), the mass imputation
method(reg), the doubly robust method(dr). The variance of each estimator is

estimated using bootstrapping.
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For the simulation study, public master datasets of the 2021 Survey of
Household Finances and Living Conditions are used as the population. The
value of interest is the average annual current income of households, and
the auxiliary variables are the demographic characteristics of the household
head and the number of household members. We assume various scenarios
and estimate the average of non-probability samples and the confidence

interval for each scenario.

All four estimators show a drop in relative bias, mean square error. The
probability of including the population mean in the 95% confidence interval
is approximately 80% on average. Among the four estimators, the doubly
robust estimator and the calibration estimator show the most stable
estimation results. When a non-probability sample is treated as if it were a

SRS, serious selection bias problems arise.

This simulation study shows that stable selection bias correction is possible
if appropriate auxiliary variables are used even for variables of interest that
fluctuate greatly, such as average annual current income of households.
Therefore, it is expected that it will be possible to expand application to a

variety of surveys and variables of interest.

Key words: non-probability sample, probability sample, borrow unbiasedness,
selection bias, propensity score, calibration, mass imputation,

doubly robust
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