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Recently, many researchers not only from industry but also from academia have interested in the art
finance market. Although many people have studied growing art finance market, very few studies on the
prediction model to evaluate the art price have been conducted. Therefore, in this study we have gathered
a database of 12,105 paintings auctioned between 2009 and 2018 and have implemented decision tree-based
machine learning algorithms (e.g., random forests, gradient boosting, XGboost) to develop prediction
models for art prices and to improve the reliability for art experts estimates accurately. We have compared
the prediction accuracy of the proposed approach based on root mean square error and mean absolute error.
As a result of the analysis, we noticed that experts estimates from auction houses are more accurate only
for high-priced artworks but overestimates low-priced artworks. On the other hand, the suggested
prediction model’s accuracy considering decision tree-based model is better than the accuracy based on
the parametric OLS model. Finally, we test the accuracy of prediction models considering expert evaluation
to enhance the models predictive power. These results show that an integrated approach between expert
appraisal systems and statistical models improves the prediction accuracy for artworks’ price.
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(Table 1) $7E ®2o| 7|2 EA
A eakol A (2014~2018) | £Zakel Aul(2009~2018)
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79 (W)
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A7} 70,000 70,000 300,000
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=2 g Aed/ZgddA s B 27t = 1, 2 9 A7t = 0 ’
et ol ot Aol Sle A7k =1, 2 9 A7k = 0 ”
REie I 2014958 2017 Sk AN Artel dnf AE S A5
B G2t In(2014-20173 &<t 78 2vte] Hat H27h 4
=9 A9 A= 2ol (cm) 4
U &9 7hE Zol(em) 4
st At AE =1, 29 =0 WY
A 2 A =129 =0 ”
e Fol=1,329=0 ”
Eled 2 =1, 19 =0 ”
Chl A =129 =0 y
716t vk A8 7Iet vl g =1, 2 9 = ’
A =1, 29 =0 "
of=2d ofZd =1, 29 =0 ’
A A =129 =0 ”
TE FE=1,19=0 ”
gz dza =1, 29 =0 y
A Hr =129 =0 ”
I¢E dr=1,29=0 ’
g A= EFAR =129 =0 y
718 AR A= 718 AHE AR =1, 29 =0 ’
G ool A A = 1, exl A AF ’
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(Table 3) g7t A2kt

W S L dmr | ar | ae | W |Gy | # ] wl| g
T2k | 1 - - - - - - -
w3 =] 098] 1 - - - - - - - -
B2 92| 071" 068 1 - - - - - - -
w35 | 03| 028" 054 1 - - - - - -
29 | 0007 02022 1 - - - -
ol | 0.01 0 | o] o] o] - - - -
Apg el | 0.02 0 |oo0o| o | -o7] o] 1 - - -
2ol | 039"] 043 0.117*[-0.06"*] 0.15"*[-0.13"*[-0.15"*] 1 - -
zol | 038°| 0417**] 0,07 [-0.05] 019" [-0.14"[-0.18" | 069" | 1 -
A 54 | -0.76"*-0.72" | -0.55" [ -0.23*** | 0.15"*[-0.03" [-0.05""|-0.25"" [-0.24" | 1

" ( 0.05, **p < 0.01, *p { 0.001

AA% 9919 g f22 2 (Park and Shin,
2012; Jang and Park, 2019) &z}l Zujel <
Az Av] §3S FEsiith 244 AL
€ ¥y Hee 9-3 9249 (one-hot-

7t W] A = off (Table 3)3 Zth. A
Hol dHAR Qs FE A B ATIEA LSl
AR (A7F 4, 24 g, 78 oA%)= (Table
3yellAl Al BT &7t W 1he] FRASFE
AU EH g 7=

o A4 0.1%

a
717k A= TI‘}‘]’?\S} Ziﬁ’_i vebgt ol Fdl 2
FA7E AE M U@+ dASAd S 75
g 4 ok Avtel H delrhek ddvtekel g
WA = 0.712 & 759 AR Yeign,
73w F@e AE SEvbeke] dEBAIL -0.76
o7 2 §E e AL yrhd 23l Al &
G271 7 Ao w o e 4 9

Korean Management Review Vol.50 Issue.2, April 2021

V. 23 24

% e
T RMSEE} w 977F g & mrpEsee

4.1.1 A4 XY 2E(RF)

(Figure 1)=& B mtry7} 39 o] W74 24}
340 2adhe AT 99T 4 9 B, A2
Z RFE ntree7t 2,000, mtry= 99 wW RMSE 7}
0.488% 7} woktt. wid u ¥ ntree M9 ol
Ae Ef] g wE d 58 Aol 7t mn|skg]
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(Table 4) 2% ¥ = oj7fjsis
23 37 A9 24 5%
A niree AN ERY Alg 100, 500, 1,000, 2,000
Fe 2E(RF) mry wEd £98 W4 509 A4 1~ 15
shirinkage (\) 2 349 g% SEE Aojsle £F pis 0.001, 0.01, 0.1, 0.5
Hﬂ?&i) interaction_ depth(d) 7t Egle] £ Zo] 1~12
e ntree BAND EZY A 1,000, 3.000, 5,000, 10,000
eta 2 oS GBMY A Y% 0.001, 0.01, 0.1, 0.5
XGboost gamma Ef] % A JH G559 $5& 2% Ha &4 @ 0,0.1, 05 1
(XGB) max _ depth(d) 7+ Egle] #3 Zo] 1~ 12
nrounds AN ERlY A4 1,000, 3,000, 5,000, 10,000
k-324 .
o] & (INN) k A HolEe A 1~30

0 2 4 6 8 10 12 14 16
mtry
(Figure 1) & EAEQ| X o oM =8 2o}

4.1.2 2 tdE 225 (GBM)

(Figure 2)= GBMY WAl 2% Azt GBM
S niree=10,000, A=0.01, d=12% W RMSE
7F 0.485% 7P okt kg ow £
55 P} Yol & A2 YERTh A7F0.001
d W= B2 At A7F Gk Wi, A
7b0.58de B Ag7t Bers A7 WR

ol

-0 >~
% ;1'T‘§%‘ 2

368

=2 AL (Figure 2)°14 #ole 4= 9o}
4.1.3 XGBoost(XGB)

XGBY ¥, eta=0.01, gamma=0, nrounds
=5,000, depth=6% ™ RMSE7} 0.482% 714
vholth o3 (Figure 3)2 gamma=0°]4 XGB
of mlAl 24 23k XGB7} GBME 7oz 3t
© WF, (Figure 2)9F Al 28 0] S
5 oake Yol Aew yeiyt rRVHA R

eta7t 25 We B AETFe L76e WY, eta
7F 1 7V AT E B e REg 7= o
& A7 E Ao vegtt

4.1.4 k-324 o] %-(kNN)

kNN9| 7% &7} 59 o 7HF w-& RMSE 0.578
£ 7153 k7t S9HoE AL woe ALk
o] 71§ 2% & 2 ] ASA9] A LA
7z, o] A A9 E4o] AU g
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A = 0.001 A =0.01

1.2
1
0.8
0.6
ol 0 0 2 4 6 8 10 12
= A =0.5
0.65 b 65
0.6
0.6
0.55
0.55
0.5
0 2 4 6 8 10 12 0 2! 4 6 8 10 12
depth
[ n.tree
[ 1.000 3.000 5.000 &— 10.000 |
(Figure 2) J2iC|ME B AElol X ofzjiis o|M| =M Z1}
eta = 0.001 eta = 0.01
6 0.8
5
4 0.7
3
0.6
2
L T~~~ 0.5
m 0
OE'J 0 2 4 6 8 10 12 0 2 4 6 8 10 12
oc ta= 0.1 ta = 0.5
0.7 Bia 0.65 2ie
0.65
0.6
0.6
0.55
0.55
0.5
0.45 0.5
0 2 4 6 8 10 12 0 2 4 6 8 10 12
depth
nrounds
1.000 3.000 5.000 10.000

(Figure 3) XGBoost2| % of7iH4= o|A| =& Zn}
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o= FAgel Lol Bk,

£ delduA et A% %%fs

o] Az} AA dlo|Ele HH3k
dhe Za Aol 7198,

Dongryul Jang - Minjae Park

25 30

(Figure 4) kNN2| = oj7jeis= ojM =& Z1}

4.2 712 29 g7}

N

=2
=
I
i

m
i

3l :
19. }4}.11
£,

<Tab1e 5>§ stm #%94 7V 5
o2 (A), 19 € m|uh~54% 4 o]} (B
nk~ 1R & o] }H(C), 1HTE ¢
9 ol (D), 5k ¢ wgk~ 1wk 9 o]i3(E
1k o UlﬂHF) Z oAl W7 PR
AA AEFL 4oz & o, RMSEE GBMO]
0.548% 74 ko MAEE XGB7} 0.4032

= /7 3%, BY 24 AK 9% =8 29

=y
r_F_‘, 12 _\:\_1‘
T oo ool Peoox mlm

~ F

= My
o T lf I

=]
=2

l
Ot
1z

C
¢

C

i A B C D E F
i 23 an [T e [Gsae [ame |G |
> 5N | > 1Y | > 59k | > 1w
RF 0.552 0.936 0.582 0.579 0.646 0.505 0.488
GBM 0.548 0.778 0.606 0.568 0.657 0.529 0.481
S0 XGB 0.549 0.787 0.586 0.576 0.655 0.536 0.476
kNN 0.666 0.901 0.722 0.655 0.738 0.623 0.655
OLS 0.754 1.410 0.787 0.725 0.770 0.605 0.774
w3 47t 0.636 0.307 0.377 0.415 0.627 0.625 0.782
RF 0.408 0.722 0.452 0.387 0.481 0.395 0.369
GBM 0.406 0.578 0.457 0.396 0.474 0.409 0.364
MAE XGB 0.403 0.568 0.439 0.386 0.486 0.411 0.360
kNN 0.489 0.690 0.560 0.447 0.531 0.471 0.487
OLS 0.576 1.163 0.619 0.517 0.613 0.460 0.637
A F37t 0.542 0.263 0.327 0.351 0.521 0.530 0.718
T 2,535 113 91 432 181 880 838
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o oA} 15012&1 OLSE RMSE 0.754, MAE ~ =0.474, XGB=0.486) ¥t} &9t} o|F E, F +
0.5762% e 28 F A%l /M doixe 2l A 714 gsy Bge] RMSES MAEE 2% %
o2 YeEt. 5 Wﬂ A2 AP S A45d 7HEg 2R 92 AoR veygh. 53 19y 9
F5 71 g5 REY oAt AR HopAln, vk winke] AFel|A XGB MAEE 0.36022 7%
& 2 347k ek Eobvhe Aolth w7k F47F MAEY] o 50% FFol%th.

20 A TRl Y 47k RMSE 0.307, o Z eaptene 24 ghel £X FHE FoF
MAE 0.2639.2 7H4 }4l ol 78 &2 58 & £ gk webd 239 o 5 gl i 71d 2

-y

it

S HYoy, D e 7 F471e MAEE & 4S8 FA3Y (Figure 5)& A A g},
0.5212 2% Eg] 2389 MAE(RF=0.481, GBM (Figure 59| #& ¢ Jg2& ¥d 71H4

o

0.4 T T T T i T 0.4

FEE
-——-2% 7

EES]

0.3r \ 10.3¢
4 0.2 L
0.1
0 ;
24 10 12 14 16 18 20 2 24
T 0.4 T T
e <@t
0.3} —ooG [ do3t e

SaE I\ =SEL

In(2t=A) In( 2+

(Figure 5) 28 4 Zd FH719| 74 2 Fd Z1}
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A7be] dx ZALe A GETM 202 H3 stoak 4= ot AA 2E dajA 2% Eg 7|6k
ol5g FHIE Holtprt 714 FFo] soldaE A A3 13 714 F371Htt RMSEE 38~39%,

A 7 BEet dAE7tE A g9l vk o] MAE® o 45%7F Yttt RF= RMSE 0.387,
A7 AELGFE = eap) SU18kE (Table 5) MAE+ 0.2932.2 74 34718 Egsle] e &
of Anel gt &, AZF AF did =2 & FE F MY F54F Aes B 53] F 1t
e ZuiAke ol zte] do] e Bojeth, A A% E] A% 2¥9 RMSEZ} 71E 2 H|
HHA 1A Shey Rl UE 3 el dEvke 8 15.4%~18.9% A AR 2], ATelA
A9l ZAR A& 9 4= 9lth. 53] 28 AYD £ 62.6%~67.3%7A adte] wr) 2Ee g

Ql GBM#} XGBS F4o] Ha7te} 71¢ Akt 8 2% F371e] 22 AFEr A% By wrE
HE Bt} ole 7AIEE BEo]l BAVbsd 4 S AT F k. E3 (Table 5llA 71 A

Ao ZHE TS oujgitt. thik 2% 7H4o] 23 dF¥& B9 OLSE 4% 74718 wadd
oSS Y 371 B FHo] YAt ¢ o2W A} 48% 71 ihastel nEd BYE F
dal 7 A 22, 1A g5 2 AL Mol JF A Aol AAEAE

A FFE dold GaAvtEY sleksit} oM (Figure 6)& %3l 1% F3719 A3 23]
E BolAe Zo& Yeyth ole #Hig o8dt  dSY AolE & Foll B1E 4 et T ZE vt
E B4 289 A 71de b AEe fa 2AE2E dHe 100%2 E 2 33719

e 734 Brke A et dS RgREt 535 9 RMSEt. (Figure 6)914 (a)& 712 2%, (b)=
n gtk (Table 5YollA 73 A& =7 viokd OLS A% 239 o282 JYehdth (Figure 6)9 (a),
g HE 3L tE 2Fd Hg S2vtA (b) BE 75 714 F5o] Hold 45 B9
A HovE s Byl d& eapb7b 1 FA7 di] wolA e A 2l

& 4= 9t} E3] (Figure 6)(a)¢ 22, (Figure

4.3 28 FH71 2% 28 5ot 6y(b)elldE A 73 RFE A3 2 4% E
2] 233 OLSY =7} 9l olgo] x)g
2 Ao e 712 2o A&7 Hr I E v & g9 £ gt B Ao Avte A&v) Jéﬂsﬂr
e A 239 5 Wkt Aivt Wk 2Y Uk 6k 28de = A Wt 4
7He A 471 Ad 20 goE duHn, g&E FINE F dees EoF
AT S 27lele] 712 2L ATE 90 = (Figure 72 2% 239 Ad 4x 34 47
e e A B Ax gAler 4 B HAFT 7|2 By Hwd o 7P & Wk
ettt w7b AEolM el Ux FAo] AAl el 2
718 293 7 F71E wedd A% By ARlal FAY 0E2F meEiio] AAZET A

o= oxte} 71E 23 thu] MEES (Table 6)2 FLste Mot} Al
2 AAg. (Table 6)2 ¥ & 23 239 A9 gejrt A grolA 2
o2& Qaprt 71& o g A3 Lol AE 59 gl /A g5 5L d

_llm
ol
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(Table 6) 22| o=

At Hstak

O S O O
AT 2y A e [ A A [ Comw [
> 5% | > 1HW | > BuiRk | > (it
RF 0.387 0.350 0.298 0.318 0.489 0.397 0.396
o Hshe -30.0% -62.6% -48.8% -45.1% -24.4% -21.3% -18.9%
GBM 0.390 0.291 0.292 0.327 0.476 0.406 0.403
o Wgkg -28.8% -62.6% -51.8% -42.5% -27.7% -23.4% -16.3%
XGB 0.390 0.257 0.290 0.333 0.493 0.404 0.403
RMSE | <2 ¥ig& -28.9% -67.3% -50.6% -42.2% -24.7% -24.6% -15.4%
kNN 0.542 0.560 0.498 0.446 0.572 0.531 0.593
o2 WskE -18.6% -37.8% -30.9% -31.9% -22.5% -14.7% -9.6%
OLS 0.389 0.289 0.330 0.323 0.528 0.398 0.394
o2 Wsks -48.3% -79.5% -58.1% -55.5% -31.5% -34.3% -49.1%
% 47t 0.636 0.307 0.377 0.415 0.627 0.625 0.782
RF 0.293 0.220 0.203 0.233 0.348 0.311 0.314
o Hshe -28.1% -69.5% -55.1% -39.8% -27.7% -21.3% -14.9%
GBM 0.296 0.191 0.204 0.234 0.351 0.319 0.317
o Hshe -27.0% -67.0% -55.5% -40.8% -25.8% -22.0% -13.0%
XGB 0.295 0.173 0.204 0.236 0.356 0.315 0.317
MAE o kg -26.8% -69.6% -53.6% -38.9% -26.7% -23.3% -11.7%
kNN 0.422 0.407 0.376 0.343 0.446 0.422 0.465
o2 WgkE -13.7% -41.0% -32.9% -23.3% -15.9% -10.4% -4.5%
OLS 0.297 0.193 0.228 0.239 0.385 0.309 0.316
o2 WgkE -48.5% -83.4% -63.2% -53.8% -37.2% -32.9% -50.3%
% A7t 0.542 0.263 0.327 0.351 0.521 0.53 0.718
T o2 MR (%) (AF B dF 24 /718 =¥ ¢S 2ah-1}+100
o 27k 4 o] A$lE 28 2F) FMel 2 Frk A3t A A At 4FL5E o
¥ RRRn $202 ot JuE At o % Aol WlwAd $5a 3 97k HgelA w
£ 7 BAeke Mol 2% wed ¥ 99 4 e Y WFPoery vk AL
R lasha e B Bt ﬁﬂi FEEY. iR @ 5 A0 ol 71 Shgel 2 H kel A A
28% nel7h ojde) 93 AR BolAE A FeR 9L 2w, M £330 ek iR
o e 227} 489 RS dFAE 4 9 A DR EEA 1A F E7E
ANt B Y Pt B Aoz Halth £ 5 Y AMEG
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(a))l2 28 ()28 28
500% T T T T T T 200% T T T . - -
—— -2y =d ———-2F =3
—C—RF 180% —C—fRF b
. dom L —e— Gl I —=—aaM
35" —&—XGB 35" 160% —&—XGB 1
S —A— kNN S —&—KNN
! —7—0is 0 a0 —7—0Ls |
ﬁ Fas

12 14 16 18 2
In(Jt=)

(Figure 7) 2% 28°| 74 2= 4 £
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Art Price Prediction Using Decision Tree-Based Machine Learning Methods

. e}
o & Ay} Fde W oR By atgict. ©l
22l v A AR h o2 Z19j e o olHE #eg olfr= Al £F FE §lo] 3
Z 29 FelEs szt v, oEk veE HolB & AHEEe = B + e I 9
nf Ago] He At Fujael Al glo] %A &ele g Haskeby| glddeltt
A4 FA7ke Agge puiae FPA A (Table T2 HolE| 2 AA), 2kl An), oz
e Walete 8910l d & TS 3% 24 ol Aujz FEst] FEe BP9 o F exjrt &
71 EAAA g g =, Ql Al Al el A= A Az 1 F47F] RMSE= 2xekel Zujo
oxeol Aufo] Hla] A7} ZAFo] F= ujEtt A 0.3720]F o 29l AujdAE 0.7072 &
2 AdM e A 8] e ZYY oJF eAE A8l =& Zo® Yyttt 718 2% Egf 2y
(Table 7) 4of 7& & oF 2%t
o3 . 718 29 A% =9
AR : 24 el Qe 24 2l o329l
RF 0.552 0.551 0.576 0.387 0.416 0.304
F47} vl (%) 86.8% 78.0% 154.9% 60.8% 58.9% 81.7%
GBM 0.548 0.543 0.576 0.390 0.417 0.307
FA7F vl (%) 86.1% 76.9% 155.0% 61.3% 59.0% 82.5%
XGB 0.549 0.551 0.569 0.390 0.419 0.298
RMSE | %7} dinl(%) 86.3% 78.0% 153.2% 61.4% 59.3% 80.2%
kNN 0.666 0.652 0.655 0.542 0.483 0.519
F47} vl (%) 104.7% 92.3% 176.3% 85.3% 68.3% 139.7%
OLS 0.754 0.714 0.756 0.389 0.410 0.305
F47F vl (%) 118.4% 101.1% 203.4% 61.2% 58.0% 82.0%
% A7t 0.636 0.707 0.372 0.636 0.707 0.372
RF 0.408 0.407 0.417 0.293 0.321 0.222
27} tinl (%) 75.3% 65.5% 131.6% 54.1% 51.6% 69.9%
GBM 0.406 0.403 0.423 0.296 0.323 0.228
27} tinl (%) 74.9% 64.8% 133.4% 54.7% 51.9% 72.0%
XGB 0.403 0.404 0.409 0.295 0.323 0.223
MAE 27} vl (% 74.4% 65.0% 129.1% 54.5% 52.0% 70.3%
kNN 0.489 0.468 0.490 0.422 0.368 0.395
27} tinl (%) 90.3% 75.3% 154.5% 77.9% 59.2% 124.6%
OLS 0.576 0.555 0.565 0.297 0.316 0.229
27} tinl (%) 106.3% 89.3% 178.4% 54.8% 50.9% 72.4%
% 547k 0.542 0.622 0.317 0.542 0.622 0.317
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AR, Arhke U AAE AR Bk 4E
A Edlel FUz ANGT B AT A4 7
A udel 33 e 24 27 OE o 4}

g3k A Shstel o 9AE A ¥

4 ok A A 924 39 30 43
%
1) %

TV Ee e UrE}kM. 6H% 7%4*‘ ﬁuHAH
W F7be A% Aol den 59 FA} &
Fo] sl 2ol viE Ao FHE Y >
A71E AR R AT
=4, 714 g REE
7f AEFLTFE w2 A5 4
xLi 7é = Al
Al quuHﬂ&H FLTE
71A g dSE Ox}t 5%0}115 2O e
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