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Determinants of Housing Cost:
Hierarchical Linear Model for Estimating Coefficients
of a Hosing System Dynamics Model

2ot
Kang, Myoung-Gu*

—1 Abstract |

To measure the effect of school zone on housing cost, Linear Regression Model is
widely used, and school zone is known as a key determinant of housing cost in
Korea. However, when the Hierarchical Linear Model (HLM) is applied with the
same data, school effect on housing cost becomes statistically non-significant. It is
because HLM effectively separates the effect of individual housing’s attributes from
the group effect. In sum, the housing cost of Kangnam, where good public schools
are located, is apparently is higher than that of Kangbuk. However, the school effect
on housing cost (Level 2) becomes non-significant when individual housing’s
attributes (Level 1) are controlled with HLLM.

Keywords: CIE28, MYAZS, A|AHCIO[LHA FEH FIH|R

(Hierarchical Linear Model (HLM), System Dynamics, Housing)

* AEAEY e EAEET W (mk@uos.ackr)



spel 77

S

, 20l H]

o

k-

=<

HeA M2= 2007.11

Acfolufeia o7,

.M

s

st 1A 0% AAX A FeA s

254 8= Al

H]-&D

b &7}

B

olth. =, AYRTt FolA

o]
2

o]

L

L

sheiA] e

5 ©

A8}
Q

=

=

A At
ZItA o] @A 7] ol v 7)o

L

%
=

S

4
}

kel
pal

=

A
D

k<)
p8l

718]H]gol o

T
H=E

fig

eIt HelA, FesAe) o

L

ol & AelMs, FEZHA ddiEel o

oh Ak, W]

FazkA 9] A,
el R Ao zae AR Hesleiseel. of

22 Acle

S

2
=
o

A]

B

|

ol
AL

AU (&, dH®) ©]

o =
e T

2 e FARA 234 o
ool Tol, B ATl <

Zo] 7]

L
R

3

ol 4]

<]

oo

il ek

9

e
==

71U el

L

(<3}
PR

go] %3

5

5

q

X
L

= s

5}

=

o

sl

& gel7t

%

A,

1o
j=4

il

D Ao, FAngold FEak BXlo] et av] AE= ol M8 thet of




ot B2l W 255

G
o

54

o

e olgt cse

Aicfolfzia H4d

A

HHIZ0| PES DlxlE 24 =M Al

=
T

ol

il

, 1998)

. 0|2 &

i

& w4
2~ E
—u

=
=

Aol Al

oIS QA ek o]

=
i

3 Alzdekolnt

°] Y

€]

HEE ole] Agrsel o
2he] EAEHE

e}
T

=

=

}S3ith Forrester ©]
3} o]k (2005)

[

]

[e]

ot
&

S

Z
-

Hololu, Forrester (1969)
3

1

°
pal

3te] 4

2
)

oo

9

N

A 2Rl Al WA 2o} A

)

=

o

of
o)l

() AR

R

L

R84

@ o} mAHola 4

ol-&7H el o
I o] AA TS FEer ] Atk o] 87H]

o

=

o

o

yu

Fel7}2

|

)

jj8

0]
2R

[zt &A

pud

3l 7

g TP @ %

L

R

beia)
o FF vlelsltiselol o

0

]
A

=
T

o
A

al

o A

& Aoz 7AW A 8t

1A

i ARZolstEe] o] @

0]
S ol 71Ao] 10

T
haic )

I o

(e}

2
I

2) vl7]d

o



Al
2]
7}A a1

H

=
™

=
>

Aolk

R

o). 697, FEAAT AN Lol

F7)ekg o)z}

HeA M2= 2007.11

gctolLh2iA o7,
= o] g7} + AP

A

al

83 A

FejQi ol A Fe)a AL, olelsiirt A4

HHom FAv g o
A7t el FAug] o

ot

256

o)
0

X

el

HAe] 7Pl AAAA efew, 7h

o} (o] A E 2], 2005).

AA

M-

Hl=
2 T

Hl A<

17_}3

A
=i

o))

S

J

S|
s

L
R

2=

0]
T

EERECEER R

~F

oj

of

o

stubel 8724 At

o

o]
27k0] itk 7o) o, of

Ly

N

131.

Alsl=

A
=4

TolAE o

il

Rl

Bt <™ 1> oM H
L2 Q

1

xel
=

&

S
A

o, Fele Aafdtke 1 AAToRE

el ThEA,

A



o} sl72go| H|W 257

G
o

54

o

e flst cise

ClojLhela 74

AH|
—n

IS Olxs 94 2A: A

e[ S0l e

=
T

%o [EY
il TR
T = S T =
! e, e -
~a
i .o H
L~ o0
nJ ﬂ_mO !
il Lo, | oy
‘.OI i
o ﬂ_AlO ~ - - < X
L ~ [= 3 o s« s * m}
TP —) 0 o m =0 _~ M_N
H ~ - .IAr N )
7 H E 7E [U - = | \_/v ﬂ.ﬂ
r i : A <
s =) . 3. 5 %
& B X ! T o
¢ o ) ﬂr M._.u N ,aow
7 = 5 : e
'] m& - = @:\ \UI
. a z L = = il £y
Hen el o . KI HE MM _l_ A_I ﬂA.l
) o - Q B
— .
. . i W o ﬂ_ wﬂ oy
n
o d p T : ~ o
L L N iy e
o - = 4k
O o . —
v m % 2
O#D Cl o n_i
gy @ ofy
S 0
e I ﬂ Bo
oa ﬂ]xﬂ o~
B % . m B
X SR
% y oM
ﬂ 2

o

Ao,

=
T

A7} B2 HAlH

i

EL
1l

-



A2 Bw(Effect of Within-Group)©| 1S Zlo|th 18]

o ut

=

Ly

HeA M2= 2007.11

L

R

Acfolufeia o7,

A

a2 Al

r

31 B3b(Effect of Between-Group)

258

oV ® OO T~ S
Mooy o = i
B X = 8 T
m gl NF
ny L F
P E ow T m_m
o &
% 3 o K B ﬂ%
N T~ Te° =
~ n B L mm_
T oo W N )
Y W o o
o N- — R I
o = X
G ) =
EUNEC IO T om N
o o T O
i3] < ofp
oM T o % =
fo ° T 5 :
T o M = oo o
my it B B
ER i T
T o 2 —_ ~ I 0
W on rl ™ B Gt
T o) i S o
o < =
I W.u_ =K il S = Mﬁ_
B o Y R T
X . :
= 2% E i mm AT o/
I 0 vEooR
B o - = = %% =
o L - L
H_t mo oV OL — — , X
R el .&,O o._ ~ Mn_l ZT gm_l
F oo o = M T E g <
=3 i o K mﬂ AN I
= o yild - 87 pK =R W._ﬁ”_
o ! B o T o —
T s

Aol M 3y

=
L.



4
=
0
g
ool
o
a
=l
rir
=0}
>
H
1z
>
)
m
i)
o
=
=)
)
el
02
o
do
ro
M
o
H
ogk
i=T)
ok
=
H
oot
1o
=
El
[\S)
N
O

26 ZARAAE olel7b AR 0] glot FA Bl BE WelE Zel] Siat
of ofstErt FEar)
SR ohhe A0 ks A ASIlsic 2040] Stk A4 A9
1 bl 254 siFol MAshe 4971 9

f & AP AR
o, AeA 257 T FAM 37
FEL Ashrh

oft mlo
>~
>
91_5
(o
fl
=
N,
ny)
=
fo
o
L
=~
=
=1
N1
.?L'
¥,

HAEHoR o/ 7 - A Az AT vk, SR e B - 6370
A7k eI,

T3 B oAt AR S YafA]= SPSS 11.0.1. B4} Stephen Raudenbush, Tony
Bryk, 12]3l Richard Congdon®| 7|3l HIM 6.05 A&t}

2. 9TEH

Obr A3k o]22 nFn ArEA At tge Al S AlSa, AR
S FlA Azl dEAlel W SHS ekt gtk o Azke] S eokshd o
=3 2o

A, A2A ol - ofgE AAZEALE Aol7h gl=TP
o3}

=4, W, MEAGeNM el ofute AA7EAREe7} QlthE, dhito] oA FE

WA, FFstel, WA, Askds, WEwEdel 4y, 1en FA% S nels)
5491 SEuslels) 1 Aol g Holrk
A, e ARE AHgsel ARNEAE @ At 919 B At Jolark



260 "gk= A|AECIo[fRIA o, HBH M2Z 2007.11

3.

Mur 9 @3

HI
o

1) P87 obte AAFHEL Aelrt gt

2 Ae] A AFIAL, A8 olrE AAslAe] Bako] o A o}ESol
AL Qs G4 95 AollA, it of = AEst Az Folo] o7 AAAZ
walnA shzdl 1 BAHe] vk wed, ol/llAE AAH AZER )Erd
One-way ANOVA (J1¥AHEA) 282 ALgainl, olshe A7}
ghl) B4 U (4RRD Batew Ra F4sna 9.

oS MM AZEE F, Oneway ANOVA (LRALAEA) BHS Fel5ow

el Aol

)
1o
M
r>v
o
-
&
=
™ ro,

Level-1 Model Yy i o= Byt YN0, )

Level-2 Model By =70+ My Uo~N(0, 7)

gl AN Y 4 & WA el i olmhee] AAAelE, Boj A ol
&3t obsESe] Wit AA Mo, = 2t7ke] ohESo] FiH 3 gl ATl y
00 QA ofEse] Wit AATFACIM, poji= jAA o KT e
) olshEse] WAz ol o) AA7IAe] Batolw, ri FTre] Aold] o] ojvie
QA7 0] atoldt.

Woepo] EAM AUE Y84 HIM 60 2 Agsidon], 7479 Ange

g

APPENDIX| HE-3&}9ith HLM 6.094] 7]E o2 Al&35t= %—Zé‘?..ﬂ% ) S E=FA Mol
HAY¢-E=FAH | o3t THRoIGEES] AAHT AAZEe oF 1923 whgoln, TF0A}
= 1z3ukg o)},

B2 Null Model BAAT A B0, 7}zte] olgtEW FFoAe] EAL ()
8,638,9910]3 ZF 1 Fo Al BAF (1) 210,462,273 o]t} 0|9} e AR o}
E AA7I4 9] Bake] 2ol FRTE Apolg} ofutE EAe] )91k zfo|7} kb A zo|t)

E I
olo] th3t Y& 2okst Aol A AFAIS ICC (intra-class correlation)o|™ 1 ZES A
93 A ohea vt

ICC(p) = 7(F+7) ~ 10462273.15 /(10462273.15+8638991.02)=0.548
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FEFT(Level 1) oA FEHUJAY ofokE A7}

ke
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ol Jare 24 o
2 5 AN H2a) el WAE BaA

o], Grand-mean Centering®l = WS ALGSHA B8, o] e Azte] Eguel
52 AH0R Aesenn, o] 450 oW ohe WALAY A QL FA
oRE B 4 g WL D ek

A S, Grand-mean CenteringS SO 24, AAZL (B AA| Hit ol E A

QeI Zzte] ohshEgo] A £4S TelF o) Wit obkE AdgoR Wikt uf
ehi, 8 it bk AAge P Selgls oktESe] AT gl 40w
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Level-1 Model
Yy = Byt By*(AREA)+ By *(YEAR)+ By *(TRANSP)+ B, *(PARK)+ v, vi ~ N(0,0)
Level-2 Model
Bo=Goot gy, uo~N(0,7)
Bii=G
55=G2
B5=G3
By=Gap

HLM 6.0. ZA¥gte]l oJshd, ofgtEX WA(GL0)= [t - value=7.970 with df=58,
p-value= 0.000] &2 FAZX O R Fon|et/]| ofgEM Hi HA7FAA oS A skt
88 Zrh wd olgtEY AIIRG0)E [t - value=-2.338 with df=58, p-value=
0.023] o= FAAORE fFonlatA oftEX Ht AA7FARIolE skt ¢S =
th e ol gtEE gl ie] J4G30)3 Y 5 HAS te H3G40)E
27y [t - value=0.428 with df=58, p-value= 0.670], [ t - value=-0.272 with df=58,
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I. Descriptive Statistics
LEVEL-1 DESCRIPTIVE STATISTICS
WVARIABLE NAME N MEAN SD MINIMUM MAXIMUM
Xlo(FEH) 63 2608 5.30 15.00 38.00
X2 (FE 63 084 585 1.00 12.00
KW AL HIHE) 63 1071 701 5.00 30.00
X40 (ZE M H2H) 63 1659 1047 500 50.00
X48 (1A 71 63 1214127 410124 500000 21000.00
LEVEL-2 DESCRIPTIVE STATISTICS
WVARIABLE NAME N MEAN SD MINIMUM MAXIMUM
MAXOFX52 (2H2) 6 033 052 0.00 1.00
[I. SPSS 11.0.1 version Regression Output
Regression
Model Summary
Adjusted Std. Error of
Model R R Square R Square the Estimate
1 8142 663 635 2479.720
a. Predictors: (Constant), X52, X19, X40, X32, X38
Coefficients 2
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -1103.463 1715.875 -.643 .523
X19 556.948 58.993 737 9.441 .000
X32 -174.766 61.588 -.250 -2.838 .006
X38 -41.144 54.510 -.070 -.755 453
X40 -5.465 31.765 -.014 -172 .864
X52 2653.248 794.861 .319 3.338 .001

a. Dependent Variable: X48
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M. HLM 6.1. Multilevel Output

1. Null Model (One-way ANOVA Model)

Program: HIM & Hierarchical Linear and Nonlinear Modeling
Authors: Stephen Raudenbush, Tony Brvk, & Richard Congdon
Publizher: Sclentific Software Intemational, Inc. {c) 2000

techsupport@ssicentral. com
www.ssicentral com

The outcome vanableis X488

Summary of the model specified (in equation format)

Level-1 hModel
Y=BO0+E

Level-2 Model
BO=G00+T10

Random level-1 coefficient Reliahility estimate

INTECPT1. BO 0925

Final estimation of fixed effects:

Standard Approx.
Fixed Effect Coefficient Emor T-ratio df. P-walue
For INTECPTL,BO
INTECPFTZ, GOO 11081.004234 1373202037 2724 5 0.000

Final estimation of variance components:

Fandom Effect Standard Warance df Chi-zquare  P-value
Deviation Component

INTECPT1, U0 323434373 1046227314644 5 6303085 0000
level-1, R 203921606 863899101849

Statistics for current covariance components model

Deviance =1183344363
Number of estimated parameters =2
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2. Means—-as-Outcomes Model

Program: HIM & Hierarchical Linear and Nonlinear Modeling
Authors: Stephen Faudenbush, Tony Bryk, & Richard Congdon
Publisher: Scientific Software Intemational, Inc. (c) 2000

techsupport@ssicentral com
www.sslcentral com

The outcome vanableiz X482

Summary of the model specified (in equation format)

Lewel-1 Model
Y=B0+L
Lewel-2 Model
B0 =G00 + GO1*(MWAXOFXS2)+ U0

Random level-1 coefficient Reliability estimate

INTRCPT1, BO 0935

The outcome vanableiz X438

Final estimation of fixed effects:

Standard Approx.
Fixed Effect Coefficient Emor T-ratio df. P-value
For INTECPTI,BO
INTECPTZ, GO0 11343 667668 1800008478 6260 4 0.000
MAXOFESZ, G01 1881008048 3119710267 0.603 4 0579

Final estimation of variance components:

Fandom Effect Standard Vanance df Chi-zquare P-value
Deviation Component
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INTECPT1, U0 349031916 1218232784203 4 60.74975 0.000
level-l, R 203862187 2633408 48307

Statistics for current covariance components model

Deviance =1163261784
MNumber of estimated parameters =12

3. One-way ANCOVA Model

Program: HIM & Hierarchical Linear and Monlinear Modeling
Authors: Stephen Faudenbush, Tony Bryvk, & Richard Congdon
Publisher: Scientific Software Intemational. Inc._ {c) 2000

techsupport@ssicentral com
www.ssicentral.com

The outcome vanableis K48
Summary of the model specified (in equation format)

Lewvel-1 hodel
Y=B0+BI*X19)+B2*2382)+ B3*(Z58)+ B4*40)+ R

Level-2 hModel
B0 =G00 +T0
BEl=3G10
B2 =G20
B3 =G30

B4 =040



Random level-1 coefficient Reliability estimate

INTECPT1, BO 0.897

Final estimation of fixed effects:

FH|IZ0| YE2 olxle 24 =M ALHCIO|HYA AFFEE 28 R 372¥o| H|Y

Standard Approx.

Fixed Effect Coefficient Emor Taxatio df P-value
For INTRCPTL.BO

INTECPT2, GO0 11952.023416 330026769 14399 5 0.000
For X190 slope, Bl

INTECPTZ, G10 502082561 62.993060 7970 58 0.000
For X352 slope, B2

INTECPTZ, G20 -142.510383 60.059365 -2338 58 0023
For X58slope B3

INTRCPT2, G30 22.1613468 51.796856 0.428 58 0.670 (fail to
reject)
For 40 slope, B4

INTRCPT2, G40 -5.441425 31.002213 0272 58 0.786 (fail to

reject)

Final estimation of variance components:

Random Effect Standard Wanance df Chi-square P-value
Deviation Component

INTRECPT1, U0 192596726 370935220593 5 4507594 0.000

level-1,. R 207860656 432060524615

Statistics for current covariance components model

Deviance =1096315187
Number of estimated parameters =2
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4. Intercepts and Slopes - as - Outcomes Model

Program: HIM & Hierarchical Linear and Nonlinear Modeling
Authors: Stephen Faudenbush, Tony Bryk, & Richard Congdon
Publisher: Scientific Software Intemational, Ine. () 2000

techsupport{@ssicentral com
wwwssicentral com

The outcome vanableiz X488

Summary of the model specified (in equation format)

Lewvel-1 hModel

Y=BO+EBI*XIN+B2*ZE3 )+ B3* 258+ B4¥XE40)+ R
Level-2 Model

B0 = GO0 + GO1*(MAXOFX52)+ 10

El1=0G10
B2 =0G20
B3 =0G30
B4 =040

Random level-1 coefficient Reliability estimate

INTRCPT1, BO 0.880

Final estimation of fixed effects:

Standard Approx.
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Fixed Effect Coefficient Emor T-ratio df.  Pwvalue
For INTECFTI1,EO
INTRCPT2, GOO 11174189235 061488337 11.622 4 0.000
MAXOFX52, GO1 2295718020 1701.751753 1.349 4 0.249 (fail to
reject)
For X19 slope, B1
INTRCPT2, G10 302821870 62.555432 2.038 57 0.000
For 32 slope, B2
INTRCPT2, G20 -136.028980  61.624804 -2.347 e 0014
For X382 slope B3
INTRCPT2, G30 9321052 5§1.511260 0.178 57 0.860 (fail to
reject)
For X40 slope B4
INTRCPT2, G40 -31.246257 31.191572 -0.104 57 0.918 (fail to
reject)
Final estimation of variance components:
Eandom Effect Standard Vanance df Chi-square P-value
Deviation Component
INTRCPT1, U0 176123735 3102028.14095 4 3135733 0.000

lewel-l, R 2078.41905 431082575752

Statistics for current covariance components model

Deviance =1076.002673
MNumber of estimated parameters =2
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