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o] E4HUFTE 1-5F (level-l), 9T 7Y SAHUTE 2575 (level-2) 22 AA AT 2-5
= He I7FeAxXE A E
il u), &4 (gpa), #
= d JTdE (ewagéI)’

=
2,13} 2t

g
o) AgE SYASE 147 WEmE 4 (sex), A% (age), AT (edu),
?ﬂj%v%_— (90(11)7 _‘7"‘—‘?—5\——1 ( 1ncome)7 _,_._1?_‘6_‘1—_:]' (pedu) E'O]D:] 2“!“" \__/;\_E“f ?-iﬂ%
O‘:-']%_HE:] ‘EE/\]Z} (etime) oq}‘% :LEX}T (eszze) ’_‘O]U:] _/,\_.Oﬂ EH :_}‘ éﬂi “8‘ o}“j/H Table
Table 2.1 Variables explanation
level variables explanation scale role
wage employee’s wage continuous dependent
sex sex nominal independent
age age continuous independent
level-1 edu education level ordinal independent
gpa grade point average continuous independent
goal employment goal nominal independent
Pincome parent’s income continuous independent
Pedu parent’s education level ordinal independent
€wage average salary in the industry continuous  independent
level-2 €time average labor time in the industry continuous independent
€size average workers in the industry continuous independent

A7 147 Mok 2502 W 145
Aol Aol E AN A, B, Ruas, Q)
S 27 Al o) MER Yol BASIIT

Table 2.2 Descriptive statistics

A= o}l Table 2.20] A|ASHATE © &
, 95 B 2EAT, 958 37 224

variables categories N mean s.d. p-value

sex female® 184,486 175.7 74.8 <0.001

male 185,378 231.4 113.1 :
<25% 112,338 164.2 59.8

age 26~29 135,968 219.0 93.3 <0.001
>30 50,991 246.6 154.3
college* 145,739 185.7 98.9

edu university =~ 224,126  215.2 98.8 <0.001
<75% 155 207.8 100.4

level-1 gpa 75~90 219,628 205.3 99.6 <0.001
>90 148,608 196.7 100.3
no* 172.1 204.5 109.8

goal yes 197.8  202.8 90.4 <0001
<300* 79,098 202.6 112.0

Pincome  300~500 129,646  197.2 86.4 <0.001
>500 82,968 224.1 115.7
high* 255,005 200.0 101.1

Pedu college 15.809  198.9 80.9 <0.001
university 98,960 213.7 98.9
low 124,806 183.06 96.161

Cwage middle 111,850 178.50  82.195  <0.001
high 120,034 248.05 104.362
low 124,116 185.00 95.146

level-2 €time middle 131.468 206.26 101.793 <0.001
high 97,598  223.27  100.517
low 110,351 208.76 105.740

€size middle 126,998  221.28  100.123  <0.001
high 119,341 179.85 89.682

E
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Figure 3.1 Multiple corresponding analysis for level-1 and level-2 variables
(left : only level-1 variables, right : level-1 and level-2 variables)
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7 el wlEsAel He ARAE BAL o83 TA Bk AAANERALS AT 9
AYA|S4 (Gini index) & EE7|F£02 ARG oH, oA EZE +35= CART (classification and
regression trees; Breiman 5, 1984) €1 g]&S AR&3l3ct. #HAHE A3PAFLZE= Cho 5 (2009)3F
Cho (2010) o] 9)t}.

2 =EAdAMe HeE e AAFRCE i 2 o] (maximum tree depth)+ 322 A7313
on FHA Aol 4 (minimum number of cases)o A HERult] (parent node)+ 20,000, Z]—“U}TJ
(child node)¥= 5,0002.2 HA3slgow, 7}A] %] 7] (pruning)E WA ol Figure 3.2%& 1-5
IRI54) Hee 2Ye EYMOm, Figure 332 14 E(IA5A) U9 247 (A354) 8
+2 ¥ 29 g A2 242 AND ol oA AN4E) 9T, 95 9F 2 AF
SR 2t AQ2IE A3 ol

=z E
o T

g rE.
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predict 5216

T

38
improvement = 0.016

fernale mall
" L
node 1 node 2
mean 5.088 mean 5.344
sd 0.405 5 449
n 184479 n 185429
% 459 % 50.1
predict s.088 predict 5.344
T T
age age
improvement = 0.002 imprevement = 0.003
I 1 I
<= <25 >< 25 <= 26~29 > 26-29
] 1 1 ]
node 3 node 4 de 5 de 6
mean 5.049 mean 5165 mean’ - 5.309 mean o 5531
sd 0.368 sd 0461 sd 0.425 sd 0.516
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T T T
goal poedu age
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1 I—I—\
yas i <= college = m‘llage <= <25 >< 25
1 i i I
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sd 0.362 0369 d 0.458 sd 0457 sd 0.377 0425
n o4 n 51926 n 44315 n 17134 n 20215 n 135421
140 % 4 % LR 366
predict 5087 predict 4397 predict 5134 predict 5247 predict 5127 predict 5336

WA, Figure 3.29) ATl A, 7lQ52e] A2 718 2 3L nxe AL Ad= Yedon, 1
teow A, AYER, Fustde) ¢ow Uit WA WA (5344 29 o7 (5.088)0

A dFel o w4 tehdow, Al B9t Aol 204 ol3k (5.300)°0 HsA 304 ol
(5.531)014 AASES] Aol B w7 vebwth. =9 Aol 204] olstel Bt Aol B4R

MJAe=Y o] A vttt

3 oI A9l AL o] 254 wwk (5.049) KT} 254 2T} (5.165)2 oAl A5z A
o] B =A velgteon, 254 23l F-% =
254 o]skel A APEFETF = AT (5.087)
LHERSk T

TS Figure 3.39 Aol AAsze] 9o /1 Be 98 NAE WsE: 45
PFoli, 1 TLoRE AFE TEAY, A%, AW 59 202 yehth WA 438 9ol
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dFo] =4 vebtew, o5 F 264 23 FJke] A oA (5.369) wlsiA F=} (5.538)2
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M2 dFol 6,909¢]8k1 FdelAE AFE ZEAIZE] 173A]F o8t (4.985)) HIaA 173A]
7 (5.185)Q1 A7F B E=A veksth E3 A4S FEAIZ] 173 l 21 kel thaf A

ol WS dael ¥ wen, dF5H FEAZ] 1T3AE o5kl B dAFH ZEAL
150A17F 23} (4.937) 00l HIs) A 150A17F o]} (5.171)7F B =74 YebgTt.
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Figure 3.3 Decision tree analysis for level-1 and level-2 variables

4. 944 AYuYe £ 27

A2 Aol g 1-758 54 ¥Hesd 2759 54 i5ss 7EdA 4 A &
S stotstaat ek o] YsIA] Table 10 Y& 1-539) E4 W49}

B =R 1 BPogE (1) 7122 (Model I; null model) (2) 1-5 T X235 2y

model), (4) I-+=7 2-+F HFEES EF XY 1Y (Model 1V; 1ntercepts and slopes as outcomes
230 it 28 2dL2 v} 2t

- 152 ¢ yiy = Boj + eijy eij ~ N(0,07).

- 2-3F : Boj = Yoo + uoj, uo; ~ N(0,7%00), i =1, ,n;, j=1,---,m.
A7IA yie A Tl thek i) RS AFE VYERH, Boje jHA 459 FFUFS Ve
. DU e oA 129 o) A U ATRAZE ARE dehie A2z, o o)
Akl o?o] |9 £Fe] WMol "k 18l yoe FE AA BFE UEUH, ue j0A AF5Y
234 F A 4F 719] AolE Yehdth 3 2 Q) SR04 WS o udi).

F WA Model II (random coefficient model)= 7|22 0| 1-4F EAHS TS F713F 2102 A
TARYE v At
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- 1-F 1 yiy = Boj + Py X sex + P2; X edu + P35 X gpa + Baj X age + P55 X goal + Be; X Peudt
B7i X Dincometeij, eij ~ N(0,0?).
- 2-52F 1 Boj = Yoo + uos, uo; ~ N(0,73).
Bij = Yio + wij, uij ~ N(0,73), i =1,2,--- ,ns, j=1,---,m.
A WA Model IIT (mean as outcomes model)2 7| 2R & level-2 (FF +F)9 EAHSTE
FI7Hs Ao m A EHRYL S At
- 152 ¢ yiy = Boj + eijy eij ~ N(0,07).
- 2-7F 1 Poj = Y00+701 X €wage +702 X €time +703 X Esize +Uoj, Uoj ~ N (0, 7'30), Uoj ~ N(077'200)»

’L.:17"',’I'Li7 ]:17,m

11{e3

iz 2ke 2 Model IV (intercepts and slopes as outcomes model)= 7|22 o 1-5F W) 2.4
E Wy RE 273 nyog A BARFL they) 2t}
- 1-42F ¢ yi; = Boj + P X sex + Pa2; X edu + B35 X gpa + Pa; X age + P55 X goal + Bej X Pedu+
/87j X pincome+eij, €ij ~ N(O, 0'2).
- 2-3’\_% : 50j = 700 + o1 X Ewage + Y02 X Etime + Yo3 X 65ize+u0j7 Uoj ~ N(O7 ’Tgo).

Bij = io + wij, wij ~ N(0,75),i=1,--- ,ni, j=1,--- ,m.

Bompe) BPe 1479 B4 Wee) 2579 54 MESo] ) Zoll ul A
ot = Aojtt. 4.1Z00A AT 47FA 9] FARFP | thet HAH 239 A= Table 4
A A 5HA e}
Table 4.1 The results of hierarchical linear model
offects  level variables Model I Model II Model IIT Model IV
B s.e.V B s.e. B s.e. B s.e.
intercept 5.30%%% 0.03 5.04%¥*%¥ 0.02 5.31FF% 0.02 5.05*** 0.02
SeTrmale 0.19%%% 0.02 0.18FFF 0.02
age 0.02%%% 0.00 0.02%%¥ 0.00
edu_u 0.13%*%* 0.02 0.12%%* 0.02
gpa 0.00%%* 0.00 0.00FFF 0.00
level -1 goal 0.00 0.02 0.01 0.02
fixed » ct 0.00 0.03 0.00 0.03
edu 77 0.07%%* 0.02 0.08%F* 0.02
<300 0.02 0.01 0.01 0.01
Pincome ~500 0.04%% 0.02 0.04%F 0.02
>500 0.09%%% 0.02 0.09%%* 0.02
Cwage 0.28%% 0.04 0.17%FF 0.04
level -2 Coize -0.04%% 0.02_0.00 0.02
Ctime 0.017% 0.00 0.00%F* 0.00
SCTmale 0.03%%% 0.01 0.037FF 0.01
age 0.00%%* 0.00 0.00%%¥ 0.00
edu_u? 0.01%*** 0.00 0.01%** 0.00
apa 0.00%%% 0.00 0.00%%% 0.00
goal 0.02%%% 0.00 0.02%%% 0.00
random ct 0.04*** 0.01 0.04%%* 0.01
Pedu 0.04%%* 0.01 0,047+ 0.01
<300 0.01%%% 0.00 0.01F%% 0.00
Pincome ~500 0.02%%% 0.00 0.02FFF 0.00
>500 0.02%F%% .00 0.02%F%¥ 0.00
o2 0.16*** 0.00 0.12*** 0.00 0.16*** 0.00 0.12*** 0.00
TZO(J 0.06*** 0.01 0.04*** 0.01 0.02%** 0.00 0.03*** 0.01
total 0.2135 0.1578 0.1804 0.1482
1cc? 0.2663 0.2399 0.1350 0.1891
—2rLL* 364,574.25 258,983.11 350,061.10 250,292.92
AIC? 364,578.25 259,007.11 350,065.10 250,316.92
BIC® 364,599.89 259,136.52 350,086.67 250,445.89

*:p<0.10, ¥*:p<0.05, ¥**:p<0.01. s.e.D:standard error. cl:college, u?:university. I1CC3:intra class correlation.
—2LL*:-2 log-likelihood. AIC®:Akaike information criterion. BIC’G:Bayesian information criterion.
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W2 71L 232 Model I (null model) 8] Ao A 7oleFe] dF2
£ 016013 JFFENA L] 2= 0.069] FHAE . LAt 0.
LH B AF554F9] 24 0.062 AW (45)7F B4 Uehd. wrebd Ad o A (ICC intra
class correlation)©] °F 26.6% % UEIRTE ol 45T 5400 ©E o7t 4B 5 gl A
T 4F9 Hoi B4to] 26.6%01H, WA ¢ 73.4% AE+=
Apolehs 2L w3ttt

Loz 7B d 1 —i- (7]]?_) W50 27138 Model 11 (random coefficient model) 2] 42
She thest 2ok WA AEER] WA 4TSS AEE, Frot g o 0 &
B BE Wssel BAMOE Felsb et 2 29 10 w3

EAs 3009k gk Hu & Xﬂﬂ 5t &2
Al 2——?%94 F—*PO] 0.06014] 0.01 AL Q7T 439 BA% B=E 17 5
HHSsEo] AW Y-S oulsit. 281 Y AFPEE Y& —2LL (-2 log-likelihood), AIC
(Akaike 1nf0rmat10n criterion), BIC (Bayesian information criterion) &JA] 1 gko] ZolH =0 o=
By A%est AAA0E AU LS ou g,

g2o2 7|BEn g 2-4= (F5)9 54 A5 F Y3k Model IT (mean as outcomes model).J
ATl A AR Yol WA 2528 @ AHRAL] 006914 0028 FABOW, 2559 EARSE
o Aels] Aol BAGOR foI2 AFE uAL Ao Lehirh wa AERGe] HshA B
9 AP E el —2LL, AIC, BIC 9] ghEo] 25 248 A28 et ot na A
A} AAHeE AHEAEE L 5 Sk

R go g 7|Bn g 1-¢F3 2-5F0 EA HE Z7}8t Model IV (intercepts and slopes
as outcomes model)8] A A& -5 HAAFR o] AEY tu|, R4S 30079
5 Uik 2429 UEY 2RASE AT LE WEES AT FA et ART Y
of I 1-53e AR (0.12)9F 2-520) LA (0.03) 02 Bol Fagen, AAH 23
A= & YelUl= —2LL, AIC ¥ BICE] Zt=Model I, Model II & Model III9) B A who] Z+431

A etk % Model IV7} 02 2350l walA] 23 A7k /4% AH8 Ao et
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Abstract

This paper analyzes the determinants of wage for the college and university grad-
uates utilizing both individual-level and industry-level variables. We note that wage
determination has multi-level structure in the sense that individual wage is influenced
by individual-level variables (level-1) and industry-level (level-2) variables. Then, the
assumption that individual wage is independent in the classical regression is violated.
Therefore, this paper utilizes the hierarchical linear model (HLM). The major results
are the followings. First, the multiple correspondence analysis including level-1 and 2
variables reveals that both level 1 and level 2 variables affects individual wages judging
from the fact that the values of level 1 and level 2 variables differ across the different
level of individual wage groups. Second, the decision tree analysis including level-1 and
2 variables shows that the most influential variable in wage determination is industry-
level wage and the next is industry-level working hour, ages and sex in the decling order
in. This suggests that the utilization of the HLM is appropriate since the characteristics
of industry is important in determining the individual wage. Third, it is shown that
the HLM model is the best compared to the other models which do not take level-1

and level-2 variables simultaneously into account.

Keywords: Fixed effect, hierarchical linear model, intra class correlation, multi-level,

random effect.
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