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A Study on the Change of Quality in a Residential Sector of Single Person
Households in Seoul during the COVID-19: Analyze Variable Importance and
Causality with Artificial Neural Networks and Logistic Regression Analysis
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Jaebin Lim* - Kiseong Jeong**

Abstract
Using the Artificial Neural Network model and Binary Logistic Regression model, this study investigates
influence factors on the quality of life in terms of housing environment during the COVID-19 in Seoul. The
results show that the lower the satisfaction level of housing policy, the lower the quality of life in the
employment field and the lower the quality of residential field. On the other hand, permanent workers and
self-employed respondents have experienced improvement in residential quality during the pandemic. A
limitation of this study is associated with disentangling the causal relationship using the 'black box'
characteristics of ANN method.
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Table 1. Variables

Variables
Coding
Types Name Content
1=mal
Household Gender Gender of respondent 0=femr:]ae ?reﬂ
characteristics
Age Age of respondent continuous variable
A 1=A
pa.rt.ment Apartment type living or not partment (ref),
living 0=no
Housing -
characteristics Home . Owning home or not 1=yes (ref)
ownership 0=no

Housing size

Size of housing (m?)

continuous variable

Household Total household income including work,
monthly business, property, public transfer, private  continuous variable
income transfer, and other income in 2019
H hold
) ouseno Total household debt continuous variable
Economic dept
characteristics 1=Permanent,
2=Part-time,
Employment . o
Independent status Current state of economic activities 3=Self employment,
variables 4=No activity,
O=etc(ref)
Employment  Sufficient level of employment support policy 5_p?;rit;;lgl;i§‘tljca]e
support polic by Seoul Gov. et
Political PPOTPOIeY Y 5=positive)
characteristics 5-points likert scal
Housing Sufficient level of housing support policy by points i e‘j scate
support polic Seoul Gov (1=nagative,
pport poticy ' 5=positive)

Employment

The degree of improvement in the quality of

5-points likert scale

status life in the employment sector compared to (1=nagative,
improvement before COVID-19 (2019) 5=positive)
Experienced negative employment changes
The COVID-19  Empl t
e. mpoymen due to COVID-19 (unemployment, leave of 1=yes
impacts status . o e .
. absence, increased difficulty in finding a job, 0=no (ref)
degeneration
etc.)
Decreasing . . . 1=yes
. Experience of income decline due to COVID-19
income 0=no (ref)
Change of . . s
Dependent variable residential Whether to improve the quality of life in the 1=no
P quality residential sector after COVID-19 O=yes (ref)
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Table 2. Basic Statistics

Variables Min Max Avg Std
Gender .0 1.0 .370 4833

Age 21.0 89.0 48 15
Apartment living .0 1.0 218 4134
Home ownership .0 1.0 .185 .3887
Housing size 7.0 175.0 47.63 25.08
Household monthly income 450.0 13,500 2,950 1,545
Household dept .0 25,000 1,483 3,680
Employment support policy 1.0 5.0 3.747 .8455
Housing support policy 1.0 5.0 3.764 9035
Employment status improvement 1.0 5.0 3.815 .8358

Employment status degeneration 1 .26 438
Decreasing income 1.0 236 4249
Change of housing quality 1.0 130 .3366

2 Yo, S E7H(-2LogL)2 672.652, ST H|

o SR 2574 ABE STk ST
FEUM9 9 A3 Z71 0] A Wslo] il 1
Q1 77 SRR 1307 S} ol 18 57
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% g9tk
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15 A8 P2 S A8 S8 A%
43}, ROC(Receiver Operating Characteristic)
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Table 3. Importance of Variables (Zi)

Rank Total group Single person household group
Variables Zi (%) Variables Zi (%)
1 Employment status improvement 33.9 Housing support policy 27.6
2 Household monthly income 15.1 Employment status improvement 20.0
3 Housing support policy 12.7 Employment support policy 12.4
4 Household dept 7.9 Employment status 8.7
5 Employment support policy 7.9 Household dept 5.3
6 Age 5.5 Household monthly income 5.2
7 Decreasing income 4.2 Decreasing income 4.5
8 Employment status degeneration 3.7 Age 3.2
9 Employment status 2.7 Apartment living 3.1
10 Housing size 2.6 Employment status degeneration 2.8
11 Gender 1.4 Home ownership 2.8
12 Apartment living 1.2 Gender 2.6
13 Home ownership 1.2 Housing size 1.8
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Table 4. Results of Logistic Regression Models

Total group Single person household group
Variables
Estimate S.E Pr >Chisq Exp (B) Estimate S.E Pr >Chisq Exp (B)
Household Gender (male) -.098 .269 716 .907 189 476 .691 1.208
characteristics Age ~022%* 010  .033 978 -030 019  .719 970
Apartment living (no)  -.104 232 .655 901 094 711 .895 1.098
Housing ~ Home ownership -052 242 830 949 310 690 653 1363
characteristics (no)
Housing size 002  .004 538  1.002 004 011 739  1.004
Householdmonthly ;00 50 313 1000 000 .000 382  1.000
mcome
Household dept 000** 000 .011  1.000 000 .000 316  1.000
Employment 026 345 939 1027  -1391* 750  .064 182
status_permanent
Economic Emol
characteristics mployment 745% 446 095  2.106 -539 850  .526 572
status_part time
Employment 234 437 592 1263  -2424* %2 g9 108
status_Self-employed 7
Employment 057 568 920 1059  -766 972  .431 363
status_etc
Employmentsupport _aacue 133 012 716 427 310 168 652
Political policy
characteristics i
Housing support 4 jcpwex 137 000 234 -1.766*** 330  .000 A7l
policy
Employmentstatus — gague 161 000 159  -1.464** 366  .000 231
improvement
The COVID-19 Employment status
impacts ployment : 176 311 572 1192 039 642 951 961
degeneration
Decreasing income -419 325 .198 .658 222 692 .748 1.249
) Cox&Snell R*=0.319, Cox&Snell R*=0.357,
Pseudo- 72 2 2
Nagelkerke /2°=0.620 Nagelkerke /2°=0.663
Model Fit Homer&Lemeshow p=0.625 p=0.653
Statistics

LR Chi-Sq (df), pro>Chi-Sq

2%=823.637(16), p=0.000

2%2=200.359(16), p=0.000

-2LogL

724.537

672.652

*p<0.1, **p<0.05, ***p<0.01
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Appendix 1. Artificial Neural Network Analysis Weighted Value _ Total Group

Prediction
Variables Hidden layer
H (1:1) H (1:2) H(1:3) H(1:4) H(1:5) H (1:6) H (1:7) H(1:8) H(1:9)
(Bias) -539 -217 -352 -042 -617 .450 .103 .348 .560
Gender=Male -056 -174 .107 -145 .066 -140 .392 -171 -295
Gender=Female 210 -364 .484 -112 -594 -126 .405 -276 .260
Apartment living=no -135 -136 .039 .155 .091 -153 .308 -348 .347
Apartment living=yes 358 472 -131 .098 -098 -173 .179 .079 .279
Home ownership=no 198 260 -259 .034 -518 .217 .319 -011 -386
Home ownership=yes 391 -441 397 .095 -239 -437 .268 .111 -278
Employment Status=etc 229 -302 -394 -177 -304 .163 -154 .369 .055
Employment Status=permanent  -.120 .202 .508 -214 -576 -198 -297 -217 .220
Employment Status=part-time 148 .160 -398 -332 -221 -155 .030 .053 -360
Employment Status=self employment -.113 .049 .298 .236 .414 .053 -.061 -349 -.256
Employment Status=No activity 178 -199 285 351 .106 -167 .446 -449 475
Employment status degeneration=no .241 .251 .236 .454 -387 -.041 -.007 .404 .056
Employment status degeneration=yes -.107 .357 -415 -217 -127 -065 .248 .511 .006
Decreasing income=no 194 -478 .159 376 .025 .005 .191 .078 .027
Decreasing income=yes 323 -397 -292 217 -249 -203 .326 -.248 .205
Age -167 -210 .146 -122 -330 -100 -.029 .420 .361
Housing size_m? 176 .033 -078 -429 -169 452 .111 -157 .131
Household monthly income 265 -411 -124 264 .075 .103 .205 -095 .244
Household dept -011 -232 -220 -348 -070 .160 .393 .205 .017
Employment support policy 120 -383 -075 -146 -515 -445 .349 -305 .309
Housing support policy -219 -151 .513 -358 -640 -169 .347 .122 .333
Employment status improvement .205 -.070 .090 .397 -836 .005 .145 .128 -286

http://hrith.orkr | 81



el 71

Appendix 2. Artificial Neural Network Analysis Weighted Value _ Single Person Household Group

Prediction
Variables Hidden layer

H (1:1) H (1:2) H(1:3) H(1:4) H(1:5) H(1:6) H (1:7) H (1:8) H(1:9)

(Bias) 185 -187 .294 .128 326 .486 .013 .284 442
Gender=Male .387 -484 .000 .305 .539 .420 .839 .176 .328
Gender=Female -061 .010 .139 -.083 .087 -125 .267 .543 .268
Apartment living=no 397 -371 -040 .120 412 -304 .250 .169 .003
Apartment living=yes 141 -224 116 -136 .067 -112 .148 .121 -.012
Home ownership=no 453 -365 .344 125 520 -085 .696 .677 -.088
Home ownership=yes -167 -378 -106 -116 -369 .099 475 310 -.152
Employment Status=etc 281 -381 -385 -178 -270 -403 .124 -204 -.122

Employment Status=permanent  -.001 .269 -474 -329 .118 -005 .411 411 .119

Employment Status=part-time .012 -442 390 -340 .045 .019 .154 -181 -483

Employment Status=self employment .063 .221 -.033 -398 .217 -204 .483 -136 -.049

Employment Status=No activity = -.024 .268 .451 .258 450 .022 .174 .237 .485

Employment status degeneration=no .169 -534 -409 -395 .539 .297 .349 499 .486

Employment status degeneration=yes .482 -468 -466 -460 -006 .111 -072 .093 -183

Decreasing income=no 287 -356 -225 -.021 .391 .301 .763 -.017 .289
Decreasing income=yes -241 -080 -472 .317 .042 -406 -321 -001 .123
Age -182 341 -264 .399 .245 -255 .274 -013 .305

Housing size_m? -259 -341 277 .021 .248 212 -182 .029 -147
Household monthly income 385 -315 -261 .481 -026 -348 .015 -202 .009
Household dept 339 -078 .105 .450 .226 -271 .063 .190 .112
Employment support policy 178 -386 -.170 -486 .343 -449 809 314 .396
Housing support policy .045 325 .385 .227 .102 -341 990 .408 -.117

Employment status improvement .303 -.184 -264 .268 -094 -.673 .313 .485 -216
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