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Comparative Analysis of Predictive Power of Apartment Sales Price Index
According to Psychological Variables

: Focusing on the Sentiment Index using the Survey and the Online Search Engine
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Abstract

In recent years, real estate prices in Seoul have risen sharply,and existing theories have not adequately explained this
phenomenon. Akerlof and Shiller pointed out the sentiment factor as crucial in affecting price changes. One of the most
critical issues emerging in this area is the detection of people's sentiments. The survey method is traditionally used to
understand people's sentiments. However, some researchers have insisted that big data indexes, such as online search
data, detect people’s sentiments more accurately than survey data. There is also a lack of research comparing the
usefulness of the survey data and internet search data, especially in the housing prediction model. Therefore, we analyzed
and compared the relationship between the real estate prices and people’s sentiment using survey data and internet
search data with the Vector Error Correction model (VECM) and the post-sample forecasting errors model. The models
used the apartment sale price, stock price, interest rates, and sentiment index. The real estate market sentiment index was
provided by the Korea Research Institute for Human Settlement and the survey data and search volume data was provided
by Naver, the dominant search engine service company in Korea. The result confirmed that both indexed sentiments
positively affect the apartment sale prices. Moreover, post-sample predictive capability evaluation showed that the model
with online search data performed better prediction than the one with the survey data. The result means that big data
indexes such as online search data detect people's sentiments with more correction than survey data. As a result, this
study allows the researchers to explore more areas in the housing prediction model.
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20165 O'Sullivan, 2015).
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Table 1. The sentiment measure in literature

Authors Methods

McLaren and Shanbhogue

(2011) Regression analysis
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B 50| F-54t 710 froujdt e n|dE B 2y
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g NEH R o8I & AFolME AERezE 4
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£ At oPE w7t A Se] ARA e Aozt
BlAIE at olZ 2] AolE HE BARE A BAo @
t}, Beracha and Wintoki(2013)ol] w2, F4o] glo|€]7} A}
FE9| RoHel A2l Wgs) 28] dolelt ol 1y
o) A& &k ] Bl fejolstchn e, ol Tt 2
oM E BAolE F8fl Uehd M7t S0i7t BFo] dE=x
AFE F3 Uehd A7t E0iit RY ) ol E viujrtAR] 4
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Sentiment measure

Estate agents

Wu and Brynjolfsson (2009)  Panel analysis, AR

Real estate agencies, Real estate listing, Quartely sales

Dietzel et al. (2014) VAR, Granger causality

General market indicies (eg. Commerial and Investment real estate),
Sector-specific indicies search (eg. Jones lang lasalle, Loopnet)

Beracha and Wintoki (2013)  Panel vector AR

city>

<name of city> housing, Real estate <name of city>, Rent <name of

No words (Real estate category), Real estate (property inspections and

Dietzel (2016)

Multivariate probit model

appraisals sub-category), Real estate (Real estate agencies sub-

category), Real estate (Real estate listings sub-category), Housing
market keywords (Housig market+Real estate market+Real estate
trends), Construction and maintanance (Business and industrial Real
estate sub-category), Home (Real estate category)

Kim and Yu (2016b)

Arellano-Bond dynamic
panel mockup

<name of city> apartment

Noh and Yoo (2016)

Panel analysis

<name of city> apartment
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glo]EE AMSBITH=TIR] - F-41, 2016). Ylol¥] FHAojef A=
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o}, dlF 5o, ‘FEAY FMo] Aot KFAY, Wiof'2 o]z
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Table 2. Setting of search term keywords

Index Keywords
Real Estate(£541), Apartment(0LtE),
Real Estate Sale(25AF 0HOH),
Ez?éeestate Apartment Sale(0HItE ofjof),
Real Estate Transaction Price(SAF 2171247},
Apartment Transaction Price(0HZIE A72f7})
Jikbang(=&}), LH Rental Alert(LH gcff &k2/a]),
Dabang(CH}), KB Real Estate(KBSS4A),
Hogaeng Nono(2Z='c), LH Subscription
ze:rlﬂestate Center(LH&2[4IE{), Naver Real Estate(H0]H
in?:ii ces S=M), LH Rental Sale Alert(LH 2ICi22F efz|0]),

Apartment Real Transaction Price App(OHLLE
A7{e7t E), Peter Pan Finding a Good
Room(ZIET 224 H5t7()

*App selected from Tst to 10th in the 'Real Estate/Home Decoration’ cate-
gory in Google Play
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and Wintoki(2013):= ‘Real estate+i(X|%€°]E), ‘rent+i(A]Fo]
V)& AM0| ¥R ARSSIHoH, Dietzel et al. 20149 #5
Aol gt YRt (General) BATO= FEAY, g4t oful’,
FEA AN, FEA AN E Aol = ARgSiGidt Y- 4
A2016b)7} :=R1A] - §-4F016):= 007-+oFHES HAo] ¥4
2 AR ©]9] thre] ATtellA FgAt T SUHA W
£ Aoz AAst3tHMcLaren and Shanbhogue, 2011; Wu
and Brynjolfsson, 2009). & A= A5-S o s o] 4]
FE FE3NER dUAR]] Aol FAE B FXolet ol
E vjnlj7} A2} 25 2]Q1 ¥Ao] Y= oltE’ T AAo], 12t
ﬁ‘EA}T?ﬂ'ﬁlﬂ A Aol g AR
T4 R oE # HMo|2 B4t obtE, Rgst iy,

"I'Iq'E o, F-FAE AAHY, ofE A IR "1@?}‘31' ®¥
AF FMAARE F2EE ol FaAt 2 & Qe FE9 4
9 107] YAIE FHe= A, b, KBR-gAt SOl sfigsttt, o]
= @EDE 5 EIF 3t

&4 7H ¥igs S Ak A dashs A=t
THRA Y A= olmE wjui7tA A RE o] 83ITH(E 3 =),
TR REATAR A A f2y AS5er A5
ZALe] ZAPHSE A 2617] AlEoln| AR AL ofES]
739 A 87 10178 o= 3t} 2AP|E A2 4 &

T A% U 192 7|52 % Fit), ol HES F-AMEE H 9
g ofutE= AlQJHct A4 71E AHE 20219 6825 1000]
o ojuf7}A A= Jevons Index WHES 285l AREE S
Table 3. Keywords and sources
Index Keywords Source
AP National apartment sale price Korea Real
index (Apartment sale price) Estate Board
Korea composite stock price Korea
o index Exchange
IR Mortgage loan interest rates Bank of Korea
Korea
National housing market Research
SCS consumer sentiment index Institute for
(Survey sentiment) Human
Settlements
Real estate and real estate agent
NCSALL related Naver search terms (All Naver
search terms)
Real estate related Naver search
NCSRE  torms (Real estate search terms) Maer
real estate agent related Naver
NCSRA  search terms (Real estate agent Naver

search terms)

AP=Apartment sale price, KOSPI=Korea composite stock price index,
IR=Mortgage loan interest rates, SCS=Survey sentiment, NCSALL=All
search terms, NCSRE=Real estate search terms, NCSRA=Real estate
agent search terms
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AJFE AEe AIC 71302 (E 5yof Uehd 27 B w3
I} 2o A= 2413}, BFEMA = 3AIAH A= gl 25V
ol 22171 Al =] ek,

NAE 7F FHE FA7E SAEE HE oL RY S o] &
sflok 3k, (H 5)& AIC 71222 2427 AdE 2y 23],
B2, BFveld, 3AxpT AdHE ng2 mymeld, (& 6)
2 83(Johansen) 3AE AT dajo|t), AAHAIG HE W
FollA T2 A LA

2%(ohansen) FAE 7%, AIC A3 B3 2 A&
HE @ A=A R (VECM)S ARS8t VECMS AEskA}
9, Wk F ¥ 7H FAE @A lckd e A m g2
o2 4] ) 9 4] Q) o] #8E 4= YtHEngle and Granger,
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Table 4. ADF test (Z-score)

Variables  Variables in level Varsines & fist
AP 0.7365 0.6326
KOSPI 0.3284 0.0000
IR 0.0028 0.0000
scs 0.1286 0.0000
NCSALL 0.8180 0.0000
NCSRE 0.0069 0.0000
NCSRA 0.9283 0.0000

AP=Apartment sale price, KOSPI=Korea composite stock price index,
IR=Mortgage loan interest rates, SCS=Survey sentiment, NCSALL=All
search terms, NCSRE=Real estate search terms, NCSRA=Real estate
agent search terms

Table 5. Lag selection (AIC crieteria)

Modell.  Modelll.  ModelIIl. nf.ﬂﬂ'fée
Lag  Survey All Real estate At ool
sentiment searchterms search terms age'
erms

0 19.9406 20.7756 20.2204 20.9923

1 8.20762 9.40607 9.88407 9.51011

2 8.06148* 9,08821* 9.57075 9.09608*

> 8.21648 9.356103 9.48006* Q9.44602

*Statistical Significance at level 10%
**Statistical Significance at level 5%
***Statistical Significance at level 1%
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Table 6. Johansen tests

Modell.  Modelll.  Model ll. RT;d:slt':ie
Rank  Survey All Real estate ik Bearch
sentiment search terms search terms agete
rms
0 52.7104 48,8044 50,9856 48.5165
1 26.6491* 27.2251* 27.5609* 27.1404*
2 12.2008 10.2016 10.2708 9.6821
3 45814 0.6109 3.3457 0.1102

*Statistical Significance at level 10%
**Statistical Significance at level 5%
***Statistical Significance at level 1%
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Model IV. Real Estate Agent Search Terms
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T8 BT 2ygveld,

7} 23] fojdS AASH] 3l F-statics A4S & 23
BE 2PN F2A3 FE B ole (E D& F3f T
& ek,

BE 20 27443 A4 (Lagrange-multiplier test) §
aff Zate] A7V AAS T A (E S FH AT+ 4
o}, BE 2o 27| 4o fle A= YT

(3 9& 330 Roots of the companion matrix 23 4
S AR A3}, 2E 239 Hol ¥ ol fA3 e 2Fo
QP 3 ol2h: 2S EIsiTt

Table 7. F-statics test

Model | Modelll Modellll  Model IV
Festatics  37.63"*% 2632%%  2779%*  26.71%*
*Statistical Significance at level 10%
**Statistical Significance at level 5%
#**Statistical Significance at level 1%
Table 8. Lagrange-multiplier test
La Model | Model Ii Model liI Model IV
9 (p-value) (p-value) (p-value) (p-value)
1 0.80165 0.60109 0.66537 0.71678
2 0.80766 0.83825 0.20354 0.96443
HO: no autocorrelation at lag order
Table 9. Roots of the companion matrix
Model | Model Il
P& ‘ \\\__ < / ind
K 3
F il Fi ;
s // \\\\.“ __,--'//
Model Il Model IV
+| g : . \\.. o // \\\ :
: / \ Al \
1| ! all t
= ; / = \ /
e ./ 3 et




&j2|H0i T2 OHIE OHoi7HAX| OIS H|m 24

v. =24 &
1. 7|=SAHEA

(E 1002 EAUSEY 7|125AF oM, (E 1D AAE 2
HEE Yepd Zolot, ofmtE w7}, FAT R Fe|Al,
AEA RIS, AA| HAojile], FeAat HAlelde], FAHHA
M ol4lE] o) & BEA)= 4870 0]k,

ofulE ufjufz}ze] Bt 8690|311 HEgES 8580401 F
Sigk 88.09017 20189 o|F Fadhe FAE Holil ot
KOSPI= B2 2186.5011, #$gke 1912.00]1, #5igke
2566.4°|t}, KOSPI® olE dfjufl 7} 2] 4=0f FUsHA 2018
O|F A FAIE HolL Qlr}, FHFHAESLS ZA7|ES ALS-
&HTh, B 3.09006, 244k 2.93, GRS 3,28 Holn
e, 20189 % o]F 74 A Hola Qi) MEA=E ¥
116,092 AFEEL2 B2 o Yo oluE 71Zo] 25 A
olg} dAstil t, =gk 91.90]1 Tk 134.10]7
2018 =71A] AA|F 0= SIS Holot 2019 =0 F71eh=
FAIE HoliL gict,

Aol e = 5 YRS 10000, HA| AN =
59.9450]3L, F|4&gkE 37,8970t} g4t Ajoj4lE] o] HAFS
HAE 2 75.0580] 3L 542 59.4300]ch, SHAA A4
oAl Bato] 54.204019 gk 28.6270]ct. AA| X0
Aelet F7HGA AMol el vikdt FAIE Bold, x&H o
B F718H Qiek, olet thE2A ReAk HAlol4 = sHetAlet

F7HIE RIS Q= Ae 2AIE = T
2. 24 gt

AEAATE o 83 2y AN F ek R
AP SAUAE ol 83 HFI, Ao AE o[- §7F BRI, 75

Table 10. Descriptive statistics of variables

Variables Obs Mean Min Max
AP 48 86.9 85.804 88.09
KOSPI 48 2186.5 1912.0 2566.4
IR 48 3.0906 2.93 3.28
scs 48 116.09 919 1341
NCSALL 48 59.945 37.897 100
NCSRE 48 75.058 59.430 100
NCSRA 48 54.204 28.627 100

AP=Apartment sale price, KOSPI=Korea composite stock price index,
IR=Mortgage loan interest rates, SCS=Survey sentiment, NCSALL=All
search terms, NCSRE=Real estate search terms, NCSRA=Real estate
agent search terms

Table 11. Time series graph
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7HAct, A& E|e} ofatE ofid 7} 7te) BAIE B o, 1413}
A iAo #isleko] 19 BsHH, & AjA} ot E rijulztA
2 RA3F 0,014 W3 1%2] A= =g 71K, 14]21 & of
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& AR AEA 27 -15.160T9] W5 1%9] A= =E 71210},
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Table 12. Result of VECM

Model I. Survey sentiment

AAP, A KOSPI, AIR, ASCS,
cel 0.04472 60.28311* 0.42690*** 062718
AAP,_, 0.92587%** -2.00610 -0.16084 -15.16022%**
AKOSPL_, 0.00013 -0.18255 -0.00031 0.00711
AlR_, -0.02792 -3.03984 -0.03509 3.22147
ASCS, 0.01417%** 2.04583 0.02327*** 0.30003*
cons -0.00048 -0.00120 -0.06308™** 0.15820

Model 1. All search terms

A AP, A KOSP, AR, ANCSALL
cel -0.00007 -0.18798*** 0.00000 -0.00125
AAP,_, 0.68041*** -414.81990*** 0.02962** -71.11273
AKOSPL 0.00012 -0.32899** 0.00001 0.00351
AR, _, -1.00271 1413.88900** 0.87967*** -44.75435
ANCSALL 0.00496** -1.69224 -0.00050** -0.17285
cons -0.00025 -0.00931 0.00003 1.40307

Model lll. Real estate search terms

A AP, A KOSPL AR, ANCSRE,
cel 0.03716 23.52411 0.02099*** 13.81451**
AAF_, 0.53902** -313.27020 0.02007 -11.66542
AAF,_, 0.16751 349.71600* -0.00910 -21.07468
AKOSPL,_ 0.00025 -0.16074 0.00001 0.03393**
AKOSPL_, 0.00002 0.12097 0.00000 0.01069
AR _, 0.29672 1116.37300 0.36445** 125.18430
AR, -3.19620** -2812.73100* 0.17218 -469.88010**
ANCSRE,_, 0.00653** 0.83319 0.00018 0.01165
ANCSEE, , 0.00437** -1.04019 0.00028 027422
cons 0.00306 1.87345 -0.00613*+* -3.19021*

Model IV. Real estate agent search terms

A AP, A KOSPI, AR, ANCSRA,
cel 0.00670 20.44315%** 0.00011 0.12337
AAF,_, 0.71395*** -393.62310*** 0.02660* -6.01067
AKOSPIL_, 0.00014 -0.33169** 0.00001 -0.00064
AR, , -1.19789* 1053.61000* 0.88695*** -47.16210
ANCSRA, _, 0.00544** -0.44616 -0.00053** -0.12947
cons -0.00132 -0.00986 0.00013 1.63335

*Statistical Significance at level 10%, **Statistical Significance at level 5%, #*Statistical Significance at level 1%
AP=Apartment sale price, KOSPI=Korea composite stock price index, IR=Mortgage loan interest rates, SCS=Survey sentiment, NCSALL=All search
terms, NCSRE=Real estate search terms, NCSRA=Real estate agent search terms
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Table 13. RMSE results

Model . Modelll.  ModelIll. R"::Id"l“’l'e
Survey All Real estate agent ;
sentiment searchterms searchterms 29 &

erms
1.533295 1.498327 1.544082 1.545048

Table 14. Predicted apartment sale price index T-test

Predicted apartment sale price index T-test (P-value)
Model | = Model I 0.0187
Model | = Model Il 0.1580
Model | = Model IV 0.0873
Model Il = Model Il 0.0311
Model Il = Model IV 0.0012
Model Ill = Model IV 0.2827
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