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e BAE wrh B&HIT AW WHOE Helsh] AL AEG AVt BEAA

HKim et al, 2017; Song, 2017; Song, 2021) AZ#S A sk HA 9 s> A&z nf gloy

(Berglund, Heeringa, 2014), ©]& o9 A AHz|&dx] AAs7|= €A LthBurgess et al., 2013).
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Figure 1. Comparison of the distributions of imputed and actual values at 10% missing rate
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Table 1. Confusion matrix
Correct Answer

Classification Results

True False
True TP (True positive) FP (False positive)
False FN (False negative) TN (True negative)
32. 537}

2 AdoMe 7 A A ES] AE et NRMSEE F38 uiAlghz AAlghkel Aols mhetstar
2} gk Table 13 2] (Dol o8t A& Snt=r) o33 giAge] v&E 555 99
gsel o wHolutka bk 4 (2)°] NRMSEx #F8te A Alw QAEA mdo] i

=

g AAR o] eAE vedle 4 AR T suR e
E

=
Ao, ool 7P7hEE o F& EES UERI 02Kt oW mEe] d
7] mde] Adgel Frha b
TP+ TN

ACCURACY = oy N PP+ TN M

mean((Xtruei Ximp)?)

NRMSE =
var(Xtrue)

2 dolee] 4 B
pd

olE AYsta H=E dolE e AHIEE ALFS ul, XGBoost > Random Forest > MissForest >
MICE o2 Rdeo] Ggwrt ol Aso| A H7tE At FAAoRE AHEd A5E0°] 10%
A W XGBoostE &3 tlolE tjAle] ATt 759%= 7Y =A v on, ol mdo] o
5k 7h oA AAZ wE H]&S eI} o]o] A Random Forest 74.2%, MissForest 66.4% <=2 &
=S AYEE =3, MICEYAM = 30.6%9 AZ=rE AltEo] s oA Wyoez AFAE
HAletE Aol Fo7F Bads & 5 Utk olojA AFEo] 20%Y W= vH7EA R XGBoost
o) AZET} 746% 2 7

= YEst o™, Random Forest 73.5%, MissForest 65.8% <C.% &
T fARE BEds JEldth Z25E0] 10%Y st HZE 4
£7} Sk AR ASHE e Zol WA EEHl A oAl we) Aol $4l

[
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Table 2. Accuracy comparison by performance of imputation methods

Imputation Missing Rate
Method Split 10% 20% 30%
train 412% 41.5% 41.6%
MICE test 39.6% 39.1% 38.8%
. train - - -
MissForest fest 66.4% 65.8% 632%
train 84.3% 84.5% 85.5%
Random Forest fest 74.2% 73.5% 72.6%
train 82.1% 82.3% 83.6%
XGBOOST test 75.9% 74.6% 73.2%
Table 3. NRMSE comparison by performance of imputation methods
Imputation Missing Rate
Method 10% 20% 30%
MICE 0.1698 0.1660 0.1718
MissForest 0.1217 0.1245 0.1359
Random Forest 0.1491 0.1475 0.1508
XGBOOST 0.1496 0.1439 0.1491
2) NRMSE

1 5)ollA A 03 vlel o] Ht AlF 2 XH(mean square error, MSE)9] Al ¥ S &
= WA A 02 olatE W& gho] AL o= FEWHGTL AEFoR
o= 7S wWl NRMSES| A5 =& Zo= oSyl oul Hgrel gy
MissForest > XGBoost > Random Forest > MICE ¢ 2 Fdo] AFo] =4 H7IE .
TAAoR Ayrd AZ=Eo] 10%Y W MissForest®] F3td Ht AlF 2271 0.1217= 7}
G YEbe T ol Bl o Fo] AdujF o Asin, AAGH HHA R oF 122%9] &
A4S zka 9tk AS olulgit} ©]o]A] Random Forest 0.1491, XGBoost 0.1496, MICE 0.1698 <=©.
2 oAb @A yehth 2ZFo] 2049 W MissForest’} 0.1245% 714 $9kou} XGBoost
0.1439, Random Forest 0.1475, MICE 0.1660 =& UEh} 2} &=9]ol4E tha Zol7h Az, 2
50| 30%% 20%d Wt AR AFAS = AAUTh
2 Ao A = Al Aol 7MY et WHE Aolrt EAAY, deEet dE 54 Uy
5

MICB)®] A5o] B hAl Wy o] 2 Aol Aol vl B4 ggeke AR @ 758
F 9ol Hmel et mdlel A5S Bk o Flaor F ¢+ Ak

2 YA EE A5 BAE ] A% A e AREA JREE ¥ AR 7Y ¥
F9 dolel/l mdlo] % WEsh Al WF/H Avht UAsHeA S, NRMSEE FUS
dolelg d&gon dFe A% Wrel AZeAE skl At WA Bel LAE 2
Ao FriHom wnd & YA Bk FEUFE WFHE A3} BA A% BT J5E
d557) glete] T ARE P nelse] RAL Btk 74 AREYE 2] Aol £
Pk Aol vedl £ 0w wol, Aol HolHE Fgate] thAl 452 B A

1d

@ 74 BAAE of
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Table 4. Comparison of paired sample test results

Missing Rate
Response Variable Hﬁgﬁggn 10% ; 20% ,5 30% t
mean (p—value) mean (p—value) mean (p—value)

-1.475 0.992 1.946
MICE 3.795 (.140) 3.785 (321) 3.779 (052)
. -0.577 0.475 1.662

M 791 3.788 3.783
satisfaction issForest 3P (564) (635) (097)

=3.790 N N .

(mean=3.790) " Random Forest 3793 (Oé% 3792 (oéggs); 3797 (07%2;
-0.112 0.056 -0.251
XGBOOST 3.792 (911) 3.789 (956) 3.794 (802)

Sk WAlste]l AEshs el 71 HlolH

= =
AR S Z o xfol5 7HA=A] Elety] ff A vlo|E ¢} AR Fo fEEE -HAS
Fsto] A Ao ZHE A Adovh Y HAS 3 ASEF A velHAY A
of & &4 AnE vt} gk

HE&REE -H1AE T A3, BE oA URdA dxEet 7 AS5E 10%, 20%, 30%°l
2t oiAlE o]y P Hatels 723 A7t gle AoR YEh FogE 5% st BE MES
71748 4= glolnh o|2HH A oy hAlE T8 A= 30%7HA Aol HAT A,
T A HOoRE dHolHE AT + ds Aow Addrh

O, ASEo| Foldas Wi o] Wiso] wAstRE oA Sl A gl thAl HolE
B ERE RY QAR 55 3 ndste] 25 AR A WS ol & o vhot¥
.

4. AE

H EdAE AFgo s Qe dojye 4S5 Hasgtstaz st AR AEa oA 7Y
S HET AT Aol AHEE oA ALY HFY Wt 99 UvolHE Sy¥as
o} FEHWMFE 54 YAE HE2 FAYo] gtk AA AEARE A" A3 boleolA zt
AZE(10%, 20%, 30%)°l wet dFsA A5S DA T, a7k 9 diA ES Bl Y W
W Fe s vtk ARgE A WS 71ES A oA B ATl A HIHEHA AFEE]
i MICE, MissForest, Random Forest®} ©&o] ZH < WAlgyd AFoA s tFojxu e
XGBoostE AHEgHHh A Ads thg #Zo] Al TR U] B 5 3

AR, G DA ko] BES wlaete] Z A Wy k] A% Az ow U
A7, XGBoosto] 5] MICE®} Random Forest TiH] ¥ FAI=7F =& A ARE o,

o
I~ =
ol W
72 A

MissForest®] w3 A=} 7HE 5& Ao 2 sopgy. SA=, $519 A5 54
o A&AQl Ft HFE dFst7] flste] Aot NRMSEE Fal Azt AAge] dss o
7}t A3}, XGBoostol| A =2 =7} YER $HH] MissForesto] 4 NRMSE Ad5o] $-3 7o



2 BN AR, AERE AR F 71E dojEel BAHeR fold AolE EA
shofstadt tiSEE 04 FAT Ak, BE A PRl A4S Fo% B Aol 9l

T Ao2 YEPGARE, 5o A= MissForesto] it gtol AAG 7 Ak Aoz et

THPAHoE AWEA A PPEE S5 oS Hole Akl AolE Hile, ol& ol
Hel 546 wat o]zt Qles AAMSTE &, S5HT7E 5 ARRE FAEY] JonE WHFEY
I dAEYgor = o 15T 7 Utk 7N A5 E HFFLE IS W= XGBoosto] 450l
T Ao® HriEy, Ad&5Fo R 77 7§ MissForeste] 5o 578 Aom QokHT ¢
Z5H Auo] dolHolA Az dAE PP o, 54 WHow dAste AZFFS dAst=
A wo, dolye JH, §3 &5 dolge] ARl 545 sty AAdsk diA s Y
sfof & Zo® wekEth w3 A WA AFHRFYH AZo] 30%7H4] TSRS A5 T Al
W A3 Azl anFolgtal 7IiEd & Ak vwk, ASEo| HoldFE ot Aol WEol
WAt e R obA S Al 7R 9] WS BT alElshs Flo] SubE Ao® AzbEr

olojA|, AFAow E A5 &&aty] il FF o Woig doly FFo o &, tE
A% ] gigk A3, Aol Holvtha 7k diA e sty [l digh #9455
F7HARL AT oz AATE = 9tk 53], & AFollA s A% 2 gfolryEE &
g3to] g A5S AN O EE MCARO dlFshs Aoz Fhety o, ol AA A&
APl A WA S A Fxo] 5 FEehA @5 g Joernm A vt A4 ¢ itk A
Al AEZAb A B AS] FRE gefstal HietH, ol AFA R f &8sty 93

]

e Hrl, B33 MARO|Y NMAR 714 A8k &
F A4 A2 dAUEE o A%e wageln 44

5t
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am, B AT oled ATE HwAs) A% gl A
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Abstract

Several statistical imputation methods can be applied to deal with the problem of
missing values in survey responses, which reduce the efficiency of the survey research in
terms of time and cost. In particular, this study intends to apply a total of four analysis
techniques, including MICE, MissForest, and Random Forest, which are used in many
studies to deal with missing values, and XGBoost, which has been actively dealt with in
recent machine learning studies. In addition, we want to identify the imputation method for
missing values with excellent performance so that they can be practically applied in the
survey research in the future, and measure the optimal missing rate that can be statistically
imputed when missing occurs. Performance evaluation is performed in three stages:
comparison through visualization of distribution between missing and real values,
measurement of accuracy and NRMSE, and finally, paired t-test to verify statistical
significance. As a result of three empirical analyses, there was a difference in the analysis
methods showing excellent performance, so one analysis method could not be specified,
suggesting that there is a difference depending on the characteristics of the data

Keywords : missing value, MICE, MissForest, Random Forest, XGBoost.
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