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Panel A: � � � � � � �
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Õ Ö × g � @ Ö × ¡ , Ø Ù Ò Ó Ú Û Ü C Ý Þ . Ø Ù ß Û Ü L à á â C ã á

� � 8 ä å æ ç è é ê S T K L ë m C L à á â g Becker and Tomes̀ 1979, p.

1158j e ì , Û Ü C Ý Þ í î � o Í C a w ï ð ` connections of their familiesj ,

Ø Ù C ñ Ò ò ó ` the genetic constitutions of their familiesj � � ô õ o Í ª ö

8 ÷ ø ­ C x ù q ú x ù û ü g ¢ @ ý ù , K L C þ � Ý Þ ß � ë m L à
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 t � � & 5 / 5 � Ë GED % ¥ � ¼ Ç 
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� � © � - w � � P Q > È 5 � � � ¿ � # F G � � � Kautz et al.̀ 2014, p.

8j , © � - w � ½ ² r * 	 � � É , Á 
 > È § � � 10 ³ � � 4 Ñ , � S �
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u � ¨ Æ · � ¨ Æ � � ¨ Æ  � � ¨ � 11 @ S Ñ � r s t l � ^ ` task-based
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9 ô � + K ó , - å GED Ö × , H K . f ô o ô � / M ó X
10 0 1 G H � î , Lundberg̀ 2019j F ò 9 : ^ 2 } a 3 ( æ è F " ø # 4 ë 5 6 X
11 Lundberg̀ 2013j S Ö d É 7 8 K s 9 : ` American Psychological Association Dictionaryj q

Ü ù J Q û u ý � � ; X < = > ? a ^ , ³ W ò M ^ X A B õ ` open to experiencej : } O C D ` E B
Ò f ^ Ü f F ø G H j ü I J o ` The tendency to be open to new aesthetic, cultural, or intellectual ex-
periencesj ; K û L M õ ` conscientiousnessj : N ? O P f � � f Q # R C � S o ` The tendency to be
organized, responsible, and hardworkingj ; T U õ ` extraversionj : c V Q W X Ñ , ò Q < Y ` An ori-
entation of one’s interests and energies toward the outer world of people and things rather than the inner
world of subjective experiencej ; Z @ õ ` agreeablenessj : ü ö C f ë ù S o [ C � \ U ` The ten-
dency to act in a cooperative, unselfish mannerj ; ] 	 ý õ ` neuroticismj : ^ Ù N _ N a G � = ? 7
8 b # � c d ` A chronic level of emotional instability and proneness to psychological distressj X
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2011; Tsou et al., 2012j ; © ø , ª � 1 2 á X ¬ ­ Y i ø ­ � ß � X E ` v Z
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é � � u > ? Á Â 3 ¥ g Ã 8 È q � 5 6 ` 2008j � � Æ Ç 1 2 p ¹ È É í
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ª ö á â ` r y � Ò ÷ } . 8 ä � Ò � ^ j g � O i � o Í � � � I J , Î k

C 8 ÷ Ë j Ì Õ � C Ñ k ª ö á â q 8 r 8 ÷ 3 4 Í Î l � � g
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 © � - w � Å Á Â ¼ Ç Å R � � Z P Q 	 ¬ 8 ­ Å � ª ½ ¾

8 - ` Borghans et al., 2008; Lleras, 2008j , � 3 � x Á Â ¼ Ç Å R � � º \ �

£ ¤ ¿ P Q , � = y z ¡ ¢ É Ê _ É ¿ n E , E = Á Â Ã Ä Å R Æ Ã Ä $ k

� Æ Ç N Å R � � , * Ã Ä Å R � � � 0 , n E � ; :

Ã Ä Å R � � =




1, if À $ * /+ # Ä + Â Ã Ä Å R �

À S z À 7 z � + Â ( � * x Ã Ä Å R ,

0, otherwise.

¶ · , � ª � À ¥ ` � � � º \ � £ ¤ ¿ P Q , e f ¬ � Õ Ã ] À ¥ ¼ k g

[ _ É � " ¶ � Z _ É E = 
 ; , " ; S ° � � _ É ¿ ¸ � ¸ � Á �

3.2� õ ö h i j { |

� 2 } � ´ â / 0 , - C � © g � ´ � É Ê ´ â ¡ ` 2,047 d j , / 0 , - Ó

` 512 d j ~ 25%, � G / 0 W 1 , - ~ / 0 , - Ó C 85% ^ ´   g � 2 y æ

� ± � , G / 0 W 1 , - Ó ¡ , O P ß z � � . � � � x « è . ] ª � � .
� 8 , - C Ô u � % ^ 52%. 24%. 21%. 3%g z æ � e ì � / 0 � 1 , -
Ó ¡ , � ß z � � q ] ª � � , - C � � � 30% ^ ´   , � � � x « è q ]

ª � � C � � � 22% ^ · � g

� � � 3 Í ¸ ø ® T F Ì | � ® g ~ 7 8 . 5 6 7 8 . 5 6 9 : 7 8 Ì 5 6
° í 7 8 C Ô u � % ^ 77%. 17.6%. 5.9% Ì 4.3%g 8 r / 0 , - C Ô u ^

25%, / 0 ß z � � . � � � x « è . ] ª � � Ì � � � � � 13.4%� 7.1%�

13 ] ^ m Í b c � d Ò e ì A B e Û ò b c d Ò e ì A B , ò f i l , > Í b c � d Ò e ì g h e
Û ò b c d Ò e ì g h X Î i j , ] ^ N ? ð ? A b K A B � ì J K � Ú × , ï Í N s é R b K g
h J - X
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� 2� � � � � � � � �

� � � � � � � � � � � �

� � % � � %

� � ¥ ¦ 228 52.3 � � ¥ ¦ , ¢ £ § ¨ © ª 12 17.9

¢ £ § ¨ © ª 105 24.1 � � ¥ ¦ , � � � � 20 29.9

� � � � 91 20.9 � � ¥ ¦ , � ¾ 7 10.5

� ¾ 12 2.8 ¢ £ § ¨ © ª , � � � � 15 22.3

¢ £ § ¨ © ª , � ¾ 7 10.5

� � � � , � ¾ 6 8.9

¹ ´ 436 100 67 100

� :   ¡ � ¢ £ TYP J1 ¤ ¥ ¦ § ¨ © � ª ¤ ¥ Ã ` 2,047 ¤ ¥ j , � � � � « ¬ 512 ­ ® �
ª ¤ ¥ ¯ 25%¦ · Ã � � 1 � ¤ 2 � ¤ 3 � ° ± � � ¬ 436 ­ ¤ 67 ­ ¤ 9 ­ , � ² ® � �
� � « ¯ 85%¤ 13%¤ 2%¦

6.8% ³ 1.8%´ µ ¶ · ¸ � ¹ º � � � » ¼ ½ ¾ ¿ 23.4%, À Á Â Ã Ä � Å Æ

Ç È É Ê � Ë Ì Í Î Ï � � � � » ¼ Ð 13%� 10.2%� 7% Ï 3%´ Ñ Ò ½ ¾ ¿

Ð 51%, Ó Ô Õ Ö × Ø Ð 160.5 Ù ` Ú Ù 300 Ù j , Û Ü Ý Þ � Û Ü ß à ¶ ³ á

â Ý Þ ã ä ½ ¾ ¿ Ð 53.6%� 20.4% ³ 3.7%, Ó Ô å æ � � � 36%´ ç è é ê

ë ì í î Ð 11 ë ³ 10.4 ë , ï ð ñ ò ó ô 5 õ ö ÷ � 5–8 õ � 8–12 õ � 12–15

õ ³ 15 õ ö ø ½ ¾ ¿ Ð 32.6%� 37.7%� 22.1%� 3.2% ³ 4.4%´ ù ú ï Ô ß û

ü ì Ð 2.6 ý ; Ó þ � ç è � � � Ù � ³ ç � è � � ½ ¾ ¿ Ð 7.5% ³ 3%´

� � � 	 þ 
 � � 
 � � � � ³ � 
 � � � � ô � � � � ü � � Ò ³ ï ð

� � ½ � � ´ � � , 
 � � � � ô ø � � � Ó � � � � � � � � ³ � � � �

½ ¾ ¿  ! � 
 � � � � � 7.8%� 11.9%� 6.4% ³ 6.5%´ " # , 
 � � � �

ô � � » ¼ � � � » ¼ ü ì � Õ Ö × Ø � $ % � ¹ Ý Þ ã ä � å æ � � �

ç è & é ê ë ì ö Ï ï ð ñ ò ó ' ( )  ! � 
 � � � � ´ * + , - , 
 �

� � . � � � / 0 � 1 2 3 4 , 5 6 ! 7 � ô " 8 9 : � Ò ' ; ô ( ) ½ �

� , < = 7 � ô � � � / 0 > � � ? A B C " 8 D ì � E F G H I J ´ ô K

L M D ì ù ú ì 	 , ÷ þ N O Ì � P � Q R S T , U í î V W 
 � � � X Y

< Z Ï 
 � � � @ � � � / 0 ½ [ \ ´
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� 3� ] � ^ _ a b c d e f

g h g i j k l
m n o p q r n g h g

q r n q r n s t
u v w m n :
x y z ` = 1 { | } ~ � z ` 0.770 0.828 0.750 0.078***
x � � z ` = 1 { | � � z ` � � � � ` � � 0.176 0.266 0.147 0.119***
x � � z ` = 1 { | � ~ � � � � � z ` � � � � ` � � 0.059 0.107 0.043 0.064***
x � � z ` = 1 { | � � � � � � � � � ` � � 0.043 0.092 0.027 0.065***
v w m n :

x i j � o k l = 1
� � � / � ~ � g � � k l � � � � �
� �   ~ ¡ ¢ g £ ¤ ¥ y � � k l � � � �

x x ¦ § ¨ © 0.134
x x ª « ¬ ­ ® ¯ 0.071
x x ° ± ² ³ 0.068
x x ´ ` 0.018
x i j k l = 1 ¡ ¢ i j µ ¶ k l 0.250
x i j k l · n i j k l ¸ · n � 0–5� 0.292
x � o k l ¹ º = 1 � µ » ¼ ½ ¾ ` ¿ À g � � k l ¹ º
x x ¦ § ¨ © 0.129 0.268 0.083 0.184***
x x ª « ¬ ­ ® ¯ 0.102 0.207 0.066 0.141***
x x ° ± ² ³ 0.069 0.158 0.040 0.118***
x x ´ ` 0.029 0.041 0.025 0.016
x k l ¹ º = 1 � µ » ¼ ½ ¾ ` ¿ À g k l ¹ º 0.234 0.455 0.160 0.295***
x k l ¹ º · n � µ » ¼ ½ ¾ ` ¿ À g k l ¹ º · n � 0–5� 0.348 0.721 0.224 0.497***
x Á Â Á ` ¿ 0.511 0.475 0.522 −0.048
x Ã Ä � Å � � Ã Æ Ç È Ä � � Å � 1–300� 160.3 175.2 155.4 19.8***

x ` ¿ É Ê � � = 1
� � � / � ~ � Ë Ì � � ` ¿ É Ê �
� �   ~ Ë Í Ì £ ¤ ¥ y � � ` ¿ É Ê

x x Î � É Ê 0.536 0.758 0.463 0.295***
x x Î � � Ï ¼ 0.204 0.322 0.165 0.157***
x x Ð Ñ É Ê 0.037 0.084 0.021 0.062***
x � � Ò Ó k l = 1 y � � ¥ Ô , Ë ` Õ k l 0.355 0.492 0.309 0.183***
x Ö × Ø Ù
x x Ú Û Ü Ý ~ n Ú Û Þ Ü Ý ~ n � 6–23� 11.0 11.4 10.8 0.613***
x x ß Û Ü Ý ~ n ß Û Þ Ü Ý ~ n � 6–18� 10.4 10.8 10.2 0.641***
x x Ö × à á â = 1 � � Ö × à á â ã � � ä å
x x x 5 æ ¥ � 0.326 0.273 0.344 −0.071***
x x x 5–8 æ 0.377 0.369 0.379 −0.010
x x x 8–12 æ 0.221 0.260 0.208 0.052**
x x x 12–15 æ 0.032 0.045 0.028 0.017
x x x 15 æ ¥ y 0.044 0.053 0.041 0.012
x x ç è · n Ö � � é · n � 1–6� 2.6 2.6 2.6 0.001
x x Ú ß ê ë ì í î = 1 y � � ï Ú ß ð ê ë ì í î 0.075 0.074 0.075 −0.001
x x Ú ì ß Õ ñ = 1 y � � ï Ú ì ß ð Õ ñ 0.027 0.027 0.027 0.001

ò Æ n 2,047 512 1,535

ó : TYP ô µ ¡ ô õ ö J1 ` ¿ ò Æ ; Ö × à á â ÷ ø ä ã 5 æ ¥ � ù *** ú p < 0.01, ** p < 0.05ù
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4.� û ü ý þ

4.1� � � � �

â ¢ � � ° / 0 , - S T Y Z � / 0 , - ß ? 7 8 I J C þ 3 Ö × g � 4.2

� , â ª É 0 / 0 , - S T Y Z , W Û � � É Ê Ö × ` ordinary least squares,

OLSj � � v * :

skilli = β0 + β1talenti + β2scorei + δXi + schoolj + vi, (1)

� ¡ skill ^ / 0 , - ø ® , ² ³ = � / 0 , - . / 0 , - K ® � � / 0 ß z

� � . � � � x « è . ] ª � � , - , talent ^ , - W � ø ® , � % ^ = � �

, - W � . , - W � K ® � ß z � � . � � � x « è . ] ª � � , - W � ;

score ^ 5 ¡ � Á 3 ¥ ; � � O i ø ® (X) ² ³ }   . � r 8 r � � b Â . �

÷ , - � o Í � � , schoolj ^ 8 r 4 � 5 ¡ 8 ä j C ê T I J ; v ^ Ö × C �

­ � g � O i , - W � Ì � � æ � ø ® * , ! (1) � Á 3 ¥ C � ® (β2) ý ë

� ì � � x ù ü à q / 0 æ 1 , - C � � g � / 0 , - ^ u , 	 β2 > 0 (β2 <

0) Ñ � � Á 3 ¥ q / 0 , - 
 � Î l � � , � Ó Õ ý ü Í � � � � ` � Ñ �

� j g

� � � 4.3 � , â ª É 0 / 0 , - ß ? 7 8 � J C I J , � â C þ 3 Ö × ý �

� v * :

outcomei = β0 + β1skilli + β2scorei + δXi + schoolj + ηi, (2)

� ¡ outcome ^ ? 7 8 ø ® ² ³ ± � i 7 8 . 5 6 7 8 . 5 6 9 : 7 8 Ì 5
6 ° í 7 8 ; ! (2) / 0 , - ` skillj . � Á 3 ¥ ` scorej . � � O i ø ® (X)

� 5 ¡ 8 ä 
 � ø ® ` schooljj ô q ! (1) � � , ø η ^ Ö × C � ­ � g â ª

� % É Ê / 0 , - . / 0 , - K ® � / 0 Î T , - ß ? 7 8 C I J g � Ú

T � æ � � ) ø ® � 5 ¡ 8 ä C ê T I J * , ! (2) ¡ / 0 , - Ì � Á 3 ¥
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â ã ä å æ ç è é ê ë ì í î TYP ï ð ñ ò ` ó ô õ j

� � � ® ` β1 Ì β2j , Ñ � / 0 , - Ì x ù ü à ß ? 7 8 C I J g � 	 / 0
, - � « q x ù ü à Ì ? 7 8 
 � � � } , Ñ � ë � « O i / 0 , - Ì x ù

ü à C � © * , / 0 , - Ì x ù ü à ß ? 7 8 C I J � = a � C g

� � � © ! (2) O i � K L ? 7 8 � þ � 3 ¥ ­ ® ` scorej , ; � ý ü c O i

� I J / 0 , - Ì 1 2 3 4 C æ � � � ø ® , � m � / 0 , - � r } ß ° N

� J C I J g 14 s � W 6 ¼ Ç ½ ¾ 8 - D E F G ¿ X Y " Ï ² r Z @ Ã ] ¼

Ç 5 � � � 
 > È � � ` � � F P ¡ ¢ P w � & j ¿ P Q � � � , x � ¿ \ �

£ ¤ 4 s ³ w w " � � � _ É � � ` omitted variables biasj � � 9 � � ¼ ' �

= > » § Ê � * ; T r 
 D 5 Ç ¨ ¿ / ¬ ` Harmon et al., 2003; Holmlund et al.,

2011j : ) � � � _ É � � I _ É ` proxy variablej , S > � � ¿ 0 / � 5 � �

2 ¿ w � ` unobserved abilityj , � � ¿ � r � * / 0 ¿ � � � 	 Á 5 � � 2

¿ w � , & � 
 � Ï e f ¬ � ; , � � � ¿ 
 L _ É � �   _ É ` instrument

variablej , � � ¿ 0 / � Ê � = � ½ ¾ # 8 ¿ _ 9 � � � ½ ¾ # É ¿ �   _

É ; � B � u s o � ` natural experimentj , 0 � Ê � � � � P � ¢ /  ¿ �

� � � = ¦ � x � - ) T r , * À ¥ � � º ¼ Ç É Ê ¡ ¢ 
 � À ` talentj , �

� ¼ Ç 5 � � � 
 É Ê ¡ ¢ ` > È � � j ¿ � I _ É , © ¶ � Å � � _ É �

� ¿ / ¬ � e f � * � (3) ± � :

outcomei = β0 + β1skilli + β2scorei + γtalenti + δXi + schoolj + ηi, (3)

" Ã ] É Ê ¡ ¢ ` P > È � � � I _ É j m Ð ¦ � � _ É 
 ; , ¡ ¢ É Ê \

� ! (β1) Å � 	 8 ­ \ � ! (β2) ³ � � ¼ Ç t ¡ ¡ ¢ É Ê Å � - w � º ½

¾ 8 - ¿ P Q �

H H � � ¬ � & 5 	 ¥ ¡ ¢ É Ê Ó � 	 8 ­ w " ~ ® 7 ¤ � " » ¼ § ¨ X

¼ ] ^ ; , ¼ k q � £ ¤ X ¼ $ , ¤ 	 Á � � ¼ � 	 � · , v Z " ¦ ¼ Ç " k

¼ ¨ Å © ¼ ¨ ± � ` � Á Â Å R m É Ê ± � j � F ¶ � (4) W X ¡ ¢ É Ê Ó �

	 8 ­ ~ ® ¦ ` skill × scorej :

14 i 0 l # , $ ó õ é ê ÷ ? % & J - ö ÷ f ô E õ é ê ` simultaneous biasj û L J - P æ ÷ ã
` measurement errorj X ] ^ m í î É � ' P ã Ø , ï ? A A B � I J K N O X ò Ü ò ` K ô E õ é
ê j � ÷ ø õ Z ê X , ? A A B J - ó ô P æ ÷ ã , ( Y (2) � ? A A B ) e 0 Í s î ê ) X
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outcomei = β0 + β1skilli + β2scorei + β3skilli + scorei + γtalenti

+ δXi + schoolj + ηi, (4)

* ¡ ¢ É Ê � 0 , ¡ ¢ É Ê  Å 5 ¡ ¢ É Ê  y » ¼ £ ¤ 
 � � � β0 + β3

score, e f � É (β3) I ± t � 	 8 ­ V W 1 � , ¡ ¢ É Ê  Å 5 ¡ ¢ É Ê  

y » ¼ £ ¤ 
 � � � t β3 > 0 $ , ¡ ¢ É Ê  � 	 8 ­ V W º y » ¼ 
 � U

P Q � % Ï 5 ¡ ¢ É Ê  � � � , " * Í β3 > 0 
 ; , È � � Z + ¹ , F ¡

¢ É Ê ; - 
 , " * Í β3 ≤ 0 ! � � Z ¹ , F ¡ ¢ É Ê � » ¼ § ¨ X ¼ ] ^

¿ o p V W 3 β3 > 0 ¿ ³ w ¨ �

4.2� . / n o 0 ÷ 1 2

â ¢ � É Ê / 0 , - C S T Y Z , � � � J Í ¸ u � 4 Ì � 5g � 4 Í ¸ /
0 , - Ì / 0 , - K ® S T Y Z , Ö × (1) t (3) Ì Ö × (4) t (6) C \ � ) ø

® É   ^ / 0 , - Ì / 0 , - K ® g / 0 , - q / 0 , - K ® C Ö × ô �

% c V }   Ì o Í � � , , - W � . 5 ¡ � Á 3 ¥ . � r 8 r � � b Â Ì �

÷ , - , � � 5 ¡ 8 ä C ê T I J g

� � � Ö × (1) t (3) C å T * , � � }   C 8 r � / 0 , - C Ô u ~ ; ¦ á

N ± � C ­   g o Í � � ø ® ¡ R ¥ � Ù ÷ 1 2 � ® � ë O i 8 r , - W

� . � Á 3 ¥ . � r 8 r � � b Â . � ÷ , - Ì 5 ¡ 8 ä C ê T I J * ,
� � á N ± � C Î l I J g , - W � . � r 8 r � � b Â ` § B � � . § B

¢ ë � . a x � � j . � ÷ , - Ì / 0 , - ô Í ¸ Î l ± � C � � , � Ö ×

(3) ^ u , � � ° N 3 É   ^ 23.5%. 12.9%. 8%. 17.1% Ì 8.9%g � õ , � Á 3
¥ q / 0 , - � ¬ ë � � ± � C � � g | } � � , � O i 8 r }   . , - W

� . � Á 3 ¥ . � r 8 r � � b Â . � ÷ , - � � 5 ¡ 8 ä C ê T I J * ,

É T o Í � � � « ^ 0 ¤ 4 ­ C F 3 ô � $ � � ± � } g

� � � · , � Ö × (4) t (6) C � É , , - W � K ® q / 0 , - K ® Í Î l ±

� � � , � ° N 3 ^ 0.183, � � õ , - W � K ® b c 1 K , K L / 0 , - K ®

� ¹ w ~ ? 0.183 K g â ª � ¸ � � æ � � ) ø ® C ° N � J q Ö × (1) t

(3) ú [ W 5 , � 6 7 ô B C 8 � � » ¼ ü ì � Õ Ö × Ø � $ % � ¹ Ý Þ ã
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� 4� � � � � 9 ^ : ;

< = > ? @ A B A B C D E @ = 0.25j A B A B F @ C D E @ = 0.29G
(1) (2) (3) (4) (5) (6)

A B H I 0.240*** 0.235***
(0.026) (0.028)

A B H I F @ 0.183*** 0.183***
(0.021) (0.025)

J K L M 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000)

N O P Q 0.135*** 0.129*** 0.167*** 0.161***
(0.020) (0.020) (0.023) (0.024)

N O R S T 0.070** 0.080*** 0.098** 0.116***
(0.028) (0.027) (0.037) (0.038)

U V P Q 0.188*** 0.171*** 0.269*** 0.254***
(0.057) (0.061) (0.085) (0.089)

W X A B 0.104*** 0.089*** 0.116*** 0.099***
(0.025) (0.025) (0.027) (0.027)

Y Z −0.034 −0.028 −0.027 −0.053 −0.030 −0.028
(0.022) (0.021) (0.021) (0.028) (0.024) (0.025)

] ^ _ ` a @ 0.004 0.000 0.001 0.004 −0.001 −0.001
(0.005) (0.004) (0.004) (0.006) (0.006) (0.006)

b ^ _ ` a @ 0.010** 0.003 0.003 0.014** 0.004 0.004
(0.004) (0.004) (0.004) (0.005) (0.005) (0.005)

a b c d e : 5–8 f 0.021 0.030 0.032 0.032 0.045 0.047**
(0.021) (0.018) (0.017) (0.027) (0.023) (0.022)

a b c d e : 8–12 f 0.053 0.042 0.038 0.062 0.048 0.044
(0.034) (0.033) (0.030) (0.041) (0.039) (0.036)

a b c d e : 12–15 f 0.093 0.045 0.049 0.155 0.097 0.104
(0.070) (0.061) (0.064) (0.093) (0.075) (0.078)

a b c d e : 15 f g h 0.041 −0.008 −0.004 0.085 0.018 0.018
(0.046) (0.041) (0.044) (0.071) (0.064) (0.066)

i j F @ 0.017 0.008 0.005 0.017 0.008 0.003
(0.011) (0.011) (0.011) (0.012) (0.013) (0.013)

] b k l m n o 0.005 −0.011 −0.020 −0.009 −0.030 −0.053
(0.036) (0.034) (0.036) (0.043) (0.040) (0.044)

] m b p q 0.033 0.036 0.019 0.090 0.090 0.068
(0.057) (0.053) (0.054) (0.086) (0.082) (0.082)

r @ s 0.055 −0.026 0.103 0.044 −0.048 0.126
(0.071) (0.067) (0.070) (0.090) (0.087) (0.091)

t u v w x y z } no no yes no no yes

~ y a b � � � � � @ � � � 0:

F � � � 2.88 0.63 1.32 3.01 0.87 1.58

p � 0.011 0.768 0.259 0.008 0.561 0.156

� � @ 2,047 2,047 2,047 2,047 2,047 2,047

R2 0.015 0.162 0.200 0.019 0.178 0.215

� : a b � � � ] b ^ _ ` a @ � a b c d e � i j F @ � ] b k l m n o � ] m b p q , � u a
b c d e � � � � 5 f g � � � � � � � � � , g t u v w � � � � � � � � ***   p < 0.01,
**p < 0.05�
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� 5� � � ¡ ^ � � 9 ^ : ;

¢ £ �

� � ¤ ¥ � �

� � ¥ ¦ ¢ £ § ¨ © ª � � � �

0.134 0.071 0.068

(1) (2) (3)

¦ §
0.042*** −0.041*** −0.032**

(0.015) (0.010) (0.012)

� � ¥ ¦ ¨ ©
0.283*** −0.021 −0.003

(0.031) (0.021) (0.017)

¢ £ § ¨ © ª ¨ ©
−0.096*** 0.284*** 0.010
(0.022) (0.039) (0.027)

� � � � ¨ ©
0.020 −0.046 0.228***

(0.033) (0.040) (0.051)

ª « ¬ ­
−0.000** 0.000 0.001***
(0.000) (0.000) (0.000)

® ¯ ¾ » ° ± ² ³ ¤ � � � � yes yes yes

´ µ ¶ · yes yes yes

Á Ã ¾ ¸ ¹ º » ¼ yes yes yes

½ º ´ µ ¶ · ¾ ¿ À � Á Â £ 0:

F Ã ´ Ä 1.16 1.80 1.28

p Å 0.345 0.099 0.277

¤ ¥ � 2,047 2,047 2,047

R2 0.183 0.166 0.188

� : ® ¯ ° ± ² ³ Æ Ç � È ° ± ¤ � È Â É Ê Ë Ì Í ° ± ; ´ µ ¶ · £ Î Ï Ð Ñ Ò Ó � ¤
´ µ Ô Õ Ö ¤ × Ø Ù � ¤ Î Ï Ú Û Ü � Ý ¤ Î Ü Ï Þ ß ¦ Ç à á £ â ã ä , ° Á Ã ¾
¸ £ å æ ´ ± ç è ¦ ***   p < 0.01, **p < 0.05¦

ä � å æ � � ³ Ó Ô � é ½ ê Y ë 0 ÷ , ï ð � � Ô ½ ï ð ñ ò ó Ð 5–8 õ

6 1 2 ì ( ) í Ð 1 2 ( ) , î ô = ì U ï L ´ = ð , ô B C Ò 6 � � � »

¼ ü ì � Õ Ö × Ø � $ % � ¹ Ý Þ ã ä � å æ � � ö Ï Ó Ô � é ½ ê Y ë

0 ÷ , V Y ï ð � � ñ � Ð 0 ò ' I ó ì ( ) > V Y / 0 ´

� � ô 5 V W 
 � Á Â Ã Ä � Å Æ Ç È É Ê Ï Ë Ì Í Î � � ½ X Y < Z ´ Ð

8 N õ ô ö ÷ ø , ô 5 ù � � Ò 6 � � � » ¼ ` Á Â Ã Ä � Å Æ Ç È É Ê ³

Ë Ì Í Î » ¼ j Ï Õ Ö × Ø ½ ú û / 0 ´ 15 ¶ · , � ´ µ � � � � e f £ ¤ ,

15 H w J - � ) e ñ ò � u 4 ü Ï (3) è ý t i X þ ì l # , � � K ó � d 	 U f g @ A B _ �
� ? A u G A B � Þ ) U � � � Ú A õ , H � = � � d � ? A Ð Ñ � 	 f C ^ 
 � � ) U Ú × , =
� Ê � 
 � ? A b c d Ò e ì f C ^ 
 � � ) U Ú × , l ß � � d 	 U j � ? A Ð Ñ � 	 � ) U Ú
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â ã ä å æ ç è é ê ë ì í î TYP ï ð ñ ò ` ó ô õ j

� = � » � ¶ � ® S 
 L _ É Ó ¡ ¢ 8 9 � � Æ � � : � 
 r m � = ; <

É Ê ¿ � � �

H H � � , ' � Ï  ¨ , � ¨ ¡ ¢ 8 9 � � É Ê ¿ / 0 � % , , � ¡ ¢ � �

: � 
 r Å � = ; < É Ê ¿ / 0 � x , Í � � ¨ � � � ¡ ¢ 9 Õ � É Ê , �

 ¨ � � � ¡ ¢ Ê � � É Ê � � � £ ¤ Å � � � Ó � � � ` 2005j m � � �

` 2007j ¿ � � S � �

H H � � , 8 9 � � ¡ ¢ Æ � = ; < ¡ ¢ � Ó ¡ ¢ 8 9 � � Æ � = ; < É Ê

� � � � � � � � � : � 
 r ¡ ¢ ¤ Ó ¡ ¢ � � : � 
 r � � � � � 
 · ,

¶ ¦ ¡ ¢ ~ Ó ¡ ¢ 8 9 � � É Ê � � � � � , F ¶ � ¹ Ê � � ¡ ¢ ¿ > O ³

w � � � � ¡ ¢ 9 Õ � É Ê �

H H �  , r s ± 4 Í � � 	 8 ­ Ó ¡ ¢ É Ê Å ¡ ¢ É Ê > É 5 � Í � � � ,

, ± 5 ½ 
 � 	 8 ­ Ó ¡ ¢ 8 9 � � � � � � � , Ó ¡ ¢ � = ; < � � � �

� � , Ó ¡ ¢ � � : � 
 r 5 � Í � � � � F ¶ � - w � Ó ¡ ¢ 8 9 � � É

Ê � ³ w � � I � � , � Ó ¡ ¢ � = ; < É Ê � ³ w � � Ò � � � �  ³ w

� F Ï 8 9 � � i Ì  � � ! � � " # $ Æ / Ë , & � � � � , � � � ² r

� Ä d § $ K Å � � " ¼ j ± � x , F ¶ � � � 	 8 ­ Z / � x � � ¡ ¢ �

= ; < É Ê ¤ ³ � y À � = w � 
 · , ~ ³ w V [ © � - w � , 0 � �  >

È R ! w � , � � § � º V [ > È � - w � Î Z ¹ � U ¿ 7 ¤ �

H H @ · , ± 5 ; T Í � , " Ã ] Ð ¦ � � _ É ; , » l 9 : " ¡ ¢ 8 9 � �

Å � = ; < ¬ � ; Ì �   ¹ Í � ¨ , � " ¡ ¢ � � : � 
 r ¬ � ; � " # Í

� ¨ ` p ! 1 10%j �

4.3� . / n o $ % & ' ( p ) * + , - . OLS + / {

â ¢ � É 0 / 0 , - q ? 7 8 � ¬ C � � g ? 7 8 ² ³ ~ ± � i 7 8 Ì 5
6 7 8 . 9 : 7 8 � ° í 7 8 g ¢ u 5 6 7 8 C Ô u � u 18%, â ª 0 5 6
7 8 ^ Æ 7 8 0 � 5 u õ u 1 2 g � 6 Í ¸ ? 7 8 S T Y Z , Ö × (1) t (4)

Ì Ö × (5) t (8) C \ � ) ø ® ô � % ^ ~ 7 8 . 5 6 7 8 . 9 : 7 8 Ì °

í 7 8 , É   � 3 / 0 , - Ì / 0 , - K ® q ? 7 8 � J C � � g � 7 É 0

× X g @ A B Ô � ? A Ð Ñ � 	 f b c d Ò e ì � ) U Ú × , � c � ? A C ^ 
 � � Þ � � � Ú A
õ X
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/ 0 Î T , - q ? 7 8 � ¬ C � ï } g � � Ö × ô O i }   . � Á 3 ¥ .
� r 8 r � � b Â . � ÷ , - . o Í � � � 5 ¡ 8 ä 
 � ø ® g

� � â ª � ¸ � 6 Ö × (1) t (4) Ì Ö × (5) t (8) æ � � ) ø ® C ° N � J

ô ú [ � 4 g 5 � * ¨ 6 7 / 0 , - Ì / 0 , - K ® q ? 7 8 � J � ¬ C

� � , $ W W } � Ö × (1) t (4) æ � � ) ø ® q ? 7 8 � J C � ï } g

� � � ¨ , � Õ = Å ± ° � / 0 , - å / 0 , - K ® , � � � J ô ± � / 0
, - q ~ 7 8 ¦ ± � C � ï , ½ q ¤ V Æ 7 8 Í Î l ± � C � � g � Ö ×

(2) t (4) ^ u , / 0 , - ß 5 6 7 8 . 9 : 7 8 Ì ° í 7 8 � ° N 3 É  

^ 5.5%. 3.2%. 4.2%g

� � � · , }   . � Á 3 ¥ . � r 8 r � � Ì � ÷ , - C � J � É g º } ~

7 8 C Ô u � u Ü } , ½ � 4 � 5 6 7 8 Ì 9 : 7 8 C Ô u   u Ü } , � Ó

� 4 � 5 6 ° í 7 8 C Ô u ~ ¦ ± � ­ ® g ¢ @ ý ù , � » [ Ñ Ü } C 1 2
� ® ê   u º } g � K � J q ² ° ³ ` 2001j Ì ´ µ ¶ ` 2007j ¯ ° ë m 1 2
3 4 C }   ­ ® � \ 8 W 5 g

� � � Á 3 ¥ Ï   , ~ 7 8 � � ¤ V Æ 7 8 C � ó R Ï   , ± � £ ¤ 3 ¥ ` å

x ù ü à j ù = S T ? 7 8 � J C W � X E Y Z g � r æ 1 8 r � � C b

Â q ~ 7 8 � ¤ V Æ 7 8 � ¬ ; ¦ W 5 } C � � g § B � � q ~ 7 8 Í ¸

Î l � � , ø § B ¢ ë � Ì a x � � q ~ 7 8 Í Ñ l ± � Ì � ± � � � � ;

� � r 8 r � � b Â ¡ , Â ¥ � § B � � b Â q ¤ V Æ 7 8 Í ¸ Ñ l �

� g 16 @ · , À ¥ Ò ° É Ê & 9 ¹ P Q > È 
 t y » ¼ ¿ £ ¤ �

H H �  , » l 9 : ¥ m o ½ ¾ # É Ó x » ¼ Å À t u v » ¼ � � � Í � �

� , � n o ½ ¾ # É & 5 Ó y » ¼ £ ¤ � Í � ¿ � � � » l p q X » � Ó y

» ¼ £ ¤ � � � � � , � ¥ » l p q X " 5–12 :  � Ó » l p q X " 5 :

* ;  " y » ¼ ¿ / 0 x w " � � Í � � � , � » l p q X " 15 : * x  

. À t u v » ¼ Å  w » ¼ ¿ / 0 % 
 » l p q X " 5 : * ;  ¹ 8.9% Å

8.4%� * ¬ � (3) � 	 8 ­ Å m o ½ ¾ # É \ � ! ; c , ¶ I ± » l p q X

" 5 : * ;  
 � 	 8 ­ Å m o ½ ¾ # É � � / ï ð ñ ò ó ô 15 õ ö ø �

16 ] ^ t Þ c í î ' P ã Ø è ^ , � � K ó � d 	 U � I J K f ï ð É ø J K f : ; J K � H <
J K f � Þ ) t Ú , Ó í î ' P ã Ø í , � � K ó � d 	 U � I J K � ï ð B J K � Ú × ( ù < K
_ , = ë � > t Ú X Ý Þ ñ ò � ? ' P ã Ø l è � � K ó � d 	 U A î ý þ I J K � ï ð B J K �
Ú Û Ü Ý X
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� 6� � � � � A � � � � B � a C D � E F G

H I J K L I J M N I J O P I J H I J K L I J M N I J O P I J
Q R S 0.77 0.176 0.059 0.043 0.77 0.176 0.059 0.043

(1) (2) (3) (4) (5) (6) (7) (8)

T U V W −0.004 0.055*** 0.032** 0.042***
(0.017) (0.018) (0.013) (0.011)

T U V W X S −0.010 0.048*** 0.036*** 0.039***
(0.015) (0.014) (0.013) (0.013)

Y Z −0.032** 0.051*** 0.022+ 0.010 −0.033** 0.052*** 0.022* 0.010
(0.015) (0.018) (0.013) (0.010) (0.015) (0.018) (0.013) (0.010)

@ [ \ ] 0.003*** 0.003*** 0.002*** 0.001*** 0.003*** 0.003*** 0.002*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

^ _ a b 0.051** −0.030* −0.027** −0.020* 0.052** −0.030* −0.029** −0.021**
(0.021) (0.017) (0.012) (0.010) (0.021) (0.017) (0.012) (0.010)

^ _ c d e −0.052** 0.006 0.023 0.015 −0.051** 0.004 0.021 0.013
(0.021) (0.023) (0.017) (0.013) (0.021) (0.023) (0.017) (0.014)

f g a b −0.024 −0.028 −0.035 −0.031 −0.021 −0.031 −0.039 −0.034
(0.046) (0.042) (0.029) (0.025) (0.045) (0.041) (0.030) (0.025)

h i V W −0.028 0.011 0.001 0.005 −0.027 0.011 −0.000 0.005
(0.019) (0.018) (0.009) (0.009) (0.020) (0.019) (0.009) (0.009)

j k l m

n o p q r s S 0.005* 0.002 0.005** 0.003 0.005* 0.002 0.005** 0.003
(0.003) (0.003) (0.002) (0.002) (0.003) (0.003) (0.002) (0.002)

n t p q r s S 0.002 0.001 0.000 0.002 0.002 0.001 0.000 0.002
(0.003) (0.004) (0.003) (0.002) (0.003) (0.004) (0.003) (0.002)

j k u v w

n 5–8 x 0.059** −0.008 0.002 0.002 0.059*** −0.009 0.002 0.002
(0.022) (0.018) (0.010) (0.008) (0.022) (0.018) (0.010) (0.008)

n 8–12 x 0.051* −0.000 −0.003 −0.005 0.051* −0.000 −0.004 −0.005
(0.026) (0.024) (0.015) (0.013) (0.026) (0.024) (0.015) (0.013)

n 12–15 x −0.012 0.041 0.023 0.038 −0.011 0.039 0.021 0.037
(0.046) (0.058) (0.039) (0.042) (0.046) (0.058) (0.039) (0.041)

n 15 x y H 0.045 0.055 0.089*** 0.084** 0.045 0.054 0.088*** 0.083**
(0.037) (0.041) (0.032) (0.035) (0.037) (0.041) (0.032) (0.035)

z ` X S −0.007 −0.001 0.007 0.002 −0.007 −0.001 0.007 0.002
(0.010) (0.009) (0.005) (0.004) (0.010) (0.009) (0.005) (0.004)

o t { | } ~ � −0.075** 0.006 −0.024* −0.011 −0.075** 0.007 −0.023* −0.010
(0.035) (0.034) (0.013) (0.011) (0.035) (0.033) (0.013) (0.011)

o } t � � −0.075* 0.011 0.033 0.047 −0.075+ 0.009 0.031 0.045
(0.045) (0.037) (0.029) (0.028) (0.045) (0.037) (0.029) (0.028)

� S � 0.149** −0.424*** −0.318*** −0.252*** 0.149** −0.420*** −0.316*** −0.250***
(0.060) (0.050) (0.048) (0.040) (0.059) (0.050) (0.048) (0.040)

K � J � � � � � yes yes yes yes yes yes yes yes

� � S 2,047 2,047 2,047 2,047 2,047 2,047 2,047 2,047

R2 0.274 0.229 0.213 0.176 0.275 0.229 0.216 0.179

� : 1. K L M N I J � � � I J � � � I J � � � I J � � � I J � \ � I J � � � I J � � � I J � � � I
J � � O I J � � � � � I J ; K L O P I J � � � I J � � � I J � � � I J � � � I J � \ � I J �

2. j k u v w   ¡ ¢ � 5 x y £ � ¤ ¥ ¦ � § ¨ © , y K � J � � ª « ¬ ­ ® ¯ � *** ° p < 0.01, **p <
0.05, *p < 0.1, + p < 0.105�
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� 7� � � ± ² ³ ´ µ ¶ · ¸ ¹ º » µ ¼ ½ ¾ ¿ � � a C D � E F G

± À ¾ Á Á À ¾ Â Ã À ¾ Ä Å À ¾
¢ £ � 0.77 0.176 0.059 0.043

(1) (2) (3) (4)

� � ¤ ¥ � � :

� � � ¥ ¦
0.022 0.031 0.023 0.035**

(0.021) (0.023) (0.014) (0.015)

� ¢ £ § ¨ © ª
0.005 0.022 −0.006 −0.019

(0.028) (0.038) (0.022) (0.017)

� � � � �
−0.062** 0.110** 0.089** 0.103***
(0.029) (0.044) (0.035) (0.033)

ª « ¬ ­
0.003*** 0.003*** 0.002*** 0.001***

(0.000) (0.000) (0.000) (0.000)

§ ² ¤ ® ¯ ¾ » ° ± ¤ � � � � yes yes yes yes

´ µ ¶ · yes yes yes yes

Á Ã ¾ ¸ ¹ º » ¼ yes yes yes yes

¤ ¥ � 2,047 2,047 2,047 2,047

R2 0.276 0.231 0.219 0.188

� :   á Æ Ç È � É   6 Ê Á ¦ Ç à á £ â ã ä , ° Á Ã ¾ ¸ £ å æ ´ ± ç è ¦ ***   p <
0.01, **p < 0.05¦

 J 40 Ù ³ Ë J 16 ë , � E Ì ù ï ð ò ó � � @ Í ó Ó � � � � � ½ [ \ ´

Î Ï ü ì . � � � / 0 � � ( ) 3 4 ; Ð & ï ð � ` Ó þ � ç è � � � Ù �

³ ç � è � � j ø � � ½ ¾ ¿ ¾ Ñ & ï ð � Ò , " ú û Ó ' Ð 7.5%; ç è �

� � Ù � � ø Ó � � � � � ½ ¾ ¿ ò ¾ Ô Ò ´ Õ Ö × > , ã Ø Ù Ú ¹ Û 	 ø

� � ½ Ü Ý Ô Ò , = / 0 Þ E µ < ! ã Ø Ù Ú ¹ ½ � ß × Ø ô � Ô � , î Û

	 � � ½ Þ E Ò à ¾ Ô Ò ` á â ã . ä å æ , 2010j ´ = ð , ï ð � � . Ó �

� � � � ³ � � � � ; ô 1 2 3 4 ½ / 0 , ç è é � ê ` 2002, 2018j ë ì J

� í  î é ê � ï å ð ñ S � ò ó ô õ Ù ö > ÷ ´

� � ø ù ú û (1) ü (4) ½ / 0 , O Ì ¾ Ô 
 � � � ³ Õ Ö × Ø @ ý þ � � ½

[ \ ´ 
 � � � � ý Ó � � � � � � � � ³ � � � � ½ ¾ ¿ ¾ � 
 � � �

�  J 5.5%� 3.2%� 4.2%, À Õ Ö × Ø � � 1 Ù @ ø Ó � � � � � � � � ³

� � � � ½ [ \ Ð 0.3%� 0.2% ³ 0.1%´ � Õ Ö × Ø � � 18 Ù � 16 Ù ³ 42 Ù

� , " @ ý þ � � ½ ë 0 . 
 � � � � ñ ´ 6 = � > , 
 � � � ³ Õ Ö × Ø

� � 20 Ù @ Í ó Ó � � � ³ � � � � ½ 1 2 ë 0 Ô Ð � � , 5 � � @ Í ó

Ó � � � � � ½ 1 � [ \  ! 	 � ´
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â ã ä å æ ç è é ê ë ì í î TYP ï ð ñ ò ` ó ô õ j

� � ô 7 � 	 ô 
 � Á Â Ã Ä � Å Æ Ç È É Ê Ï Ë Ì Í Î � � ³ ø � � Ï

Í ó þ � � > 
 ½ 3 4 ´ 6 ! 9 ú û � � 
 D ì > ú û / 0 ' . ô 6 � ñ ,

Ð N õ ÷ ø 7 � J 
 � � Y � � D ì ³ Õ Ö × Ø ½ ú û / 0 ´ / 0 ( � , 


� Á Â Ã Ä � � 7 . Ó � � � � � � � 1 2 ( ) 3 4 , " ú û Ó Ð 3.5%´ 


� Å Æ Ç È É Ê � � . � � � / 0 � ( ) ½ 3 4 ´ 
 � Ë Ì Í Î � � ³ ø

� � > 
 � ) � 2 3 4 ; � � � = , � : � � . Í ó þ � � � 1 2 3 4 , " @

Ó � � � � � � � � ³ � � � � > ú û Ó í î Ð 11%� 8.9%� 10.3%´ 6 =

Þ � , 
 � Ë Ì Í Î � � . Í ó þ � � ½ 3 4 � � H ´

� � � ) , O Ì � 
 ô 7 / 0 ½ Þ E � < ´ � � , � ß È � � � ` Á Â Ã Ä �

Å Æ Ç È É Ê j , 7 Á Â Ã Ä � � . ý Ó � � � � � � 3 , = / 0 Þ E . � ê

� � C � � 3 ` �  ! , 2003j ´ � ê Ø " � ¹ # A $ ô � ß ³ � ê × Ø Ë J

% & , ' ( ) % � ê × Ø * Ô # + ½ / 0 ´ = , . ô 5 - � Õ Ö × Ø ³ 
 �

Á Â Ã Ä � � 2 3 4 þ . ´ / 0 � ¹ � � 1 $ ½ í 2 Ð ¾ 3 × Ø , " 4 ¾ 3

× Ø ½ � Ù C � Þ E * µ . 
 � Á Â Ã Ä � � . Ó � � � � � � 1 2 3 4

½ � < > þ ´

� � " # , 
 � Å Æ Ç È É Ê � � � E 5 � Í Ó � � � ½ Ü à , Þ E µ < !

O Ì 6 7 ½ 8 C , � Ê 9 < ! Ó � � � � � Ü à � : ´ ; � < Ó Ö û � 14 ë

* ö Å Æ Ç È + = ½ Ó � � � ´ 17 J E � � É Ê 
 K § ¨ , � = � « � � ¥ ,

¡ ¢ � � É Ê ¿ / 0 d � ` � 1.7%j , ³ w � � � � : � 
 r É Ê Ó À t »

¼ ² r � � � � � � ¿ � F 
 S �

H H � t , � = ; < É Ê Ó x » ¼ � � � � � , � Ó [ X ¡ » ¼ � � � � � �

� Ï . À ½ ¾ � $ � � À � = w � , L � M . w � Ó 	 ¬ 8 ­ N O � � , "

¶ T U ¹ � *  " y ¼ ¿ � � ¥ � ³ w P Ë ¡ ¿ y ¼ £ ¤ � 18 S 0 � T , �

= ; < É Ê w V W ¼ Ç º ¬ Q ¿ � 
 � Æ § ª w ¹ ¼ j ¿ R ! w � * m V

[ À � = ¿ ± 6 w � � � ¶ É Ê Ó [ X ¡ » ¼ � � � � � ª U * Í , , Ó x

17 N L l # , 13 � É ø J K ? b c t Ú b N , 7 � É ø J K ? d Ò t Ú b N X Ý 13 � É ø K ó ?
= ò q r B Ò J K f q > B Ò J K f q r 
 ? J K f ô A 
 ? J K f q P z â J K f q � z â J
K f B C J K f q P Q ø J K f D B J K f q > J K f � E J K f F B J K f q B J K ; G ? d Ò
t Ú b N � 7 � J K ò q r 
 ? J K f H Ü 
 ? J K f ô A 
 ? J K f q r B Ò J K f q � z â J
K f D B J K f q > J K X > H Ü 
 ? J K , H I 6 � J K ô E G ? d Ò � b c t Ú b N X

18 Ì k 2001–2005 p Ã É � ì K Ö × N E C ^ , Ó ô 2006 p Q R C ^ Ö × , � ô 2007 p h ð ì K
ã Ø X
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» ¼ � � � � � & � a ª * Í � � = � � " Ã ] � 	 8 ­ t , ¡ ¢ � = ; <
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x » ¼ ¿ � # F G � @ · ,   V � = ; < É Ê  W © ª [ X = X Y � Æ Z @
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 · , � = ; < É Ê ~ 3 S 4
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§ ¨ x ¿ � � � � � w � , W 6 ¼ Ç ½ ¾ 8 - D E F G ¿ X Y " Ï ² r Z @

Ã ] ¼ Ç 5 � � � 
 > È � � ¿ P Q � � = © � Ã ] ¼ Ç É Ê ¡ ¢ ` > È �

� � I _ É j , � Å � � _ É � � ¿ / ¬ �   O � T , � = / � � � Ã ] É Ê

¡ ¢ º x � \ � £ ¤ ¿ P Q , © ¶ 3 
 \ � £ ¤ ¿ q r ¨ � � � � « � Í �

É Ê ¡ ¢ Å ¡ ¢ É Ê w " � ' � � s É Ê ¡ ¢ Ó > È � t 	 Á 
 _ É � �

� � � � , � � � _ É Ó ½ ¾ 8 - � � � � � , ! Ã ] É Ê ¡ ¢ t , � ¡ ¢ É

Ê \ � ! Z � ; u � ; - 
 , ! � x u � � S n � T , � ¡ ¢ � Ó � t 	 Á 


¼ ° w � ` � 9 Y Æ u � w � j � � � � � , � � � ¼ ° w � � [ X ¡ » ¼

¿ � # � � , F ¶ � � e f � « ³ w % \ 3 ¡ ¢ É Ê º [ X ¡ » ¼ ¿ P Q �

H H ± 8 � � Ã ] É Ê ¡ ¢ 
 ; , ¡ ¢ É Ê º y » ¼ ¿ P Q � Panel (A) z (C)

» � ? A " ¡ ¢ É Ê Æ ¡ ¢ É Ê > É m ¡ ¢ § E É Ê Ó y » ¼ ¿ � � � 


L _ É Ì Å ± 6 ' ( � ¶ · , � 3 T v / � , ± 8 ~ � � � ¡ ¢ É Ê \ � ! 5


 �

H H � � , Panel (A) Í � É Ê ¡ ¢ Ó x » ¼ � � � � � , Ó À t » ¼ 5 � Í

� � � , Ó À t u v » ¼ Å  w » ¼ � � � � � � � � \ � £ ¤ x \ ¡ ¢ É

Ê º x » ¼ ¿ P Q , % \ ¡ ¢ É Ê º À t u v » ¼ Å  w » ¼ ¿ P Q � Ã ]

É Ê ¡ ¢ , ¡ ¢ É Ê º x » ¼ Æ À t » ¼ Æ u v » ¼ Å  w » ¼ ¿ \ � ! u

� � 0.7%Æ 5.2%Æ 2% Å 3.3%� Ó � � £ ¤ ' w , " Í � x y 10% ; , ¡ ¢ É

Ê � º x ¡ » ¼ ¹ Í � ¿ P Q � � � , Panel (B) ½ 
 É Ê ¡ ¢ > É � Ó x ¡

» ¼ Ì � � � � Í � � � , � Ã ] É Ê ¡ ¢ > É t , 
 � � � ü ì @ ø þ �
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� 8� � � � � a C D � E F G z ` { | } ~ � � � � � � � �

± À ¾ Á Á À ¾ Â Ã À ¾ Ä Å À ¾
¢ £ � 0.77 0.176 0.059 0.043

(1) (2) (3) (4)

Panel (A):

� � � � � � ´ Å
−0.004 0.055*** 0.032** 0.042***
(0.017) (0.018) (0.013) (0.011)

Æ Ç � � ¨ ©

� � � � �
0.007 0.052** 0.020* 0.033***

(0.018) (0.020) (0.012) (0.011)

� � � � � ¨ ©
−0.052** 0.011 0.053*** 0.041***
(0.024) (0.025) (0.018) (0.014)

R2 0.277 0.229 0.220 0.182

Panel (B):

� � � � � Ù � � ´ Å
−0.010 0.048*** 0.036*** 0.039***
(0.015) (0.014) (0.013) (0.013)

Æ Ç � � ¨ © Ù �

� � � � � Ù �
−0.007 0.037** 0.024* 0.030**
(0.016) (0.014) (0.012) (0.012)

� � � ¨ © Ù �
−0.010 0.032* 0.036*** 0.027**
(0.013) (0.017) (0.012) (0.011)

R2 0.275 0.232 0.226 0.187

Panel (C):

� � � � � ¥ ¦ � � � ´ Å
0.022 0.031 0.023 0.035**

(0.021) (0.023) (0.014) (0.015)

� � � ¢ £ § ¨ © ª � � � ´ Å
0.005 0.022 −0.006 −0.019

(0.028) (0.038) (0.022) (0.017)

� � � � � � � � � � ´ Å
−0.062** 0.110** 0.089** 0.103***
(0.029) (0.044) (0.035) (0.033)

Æ Ç � º � � ¨ ©

� � � � � ¥ ¦
0.041* 0.034 0.013 0.027*

(0.023) (0.024) (0.014) (0.015)

� � � ¢ £ § ¨ © ª
0.000 0.012 −0.009 −0.014

(0.028) (0.038) (0.023) (0.017)

� � � � � � �
−0.068** 0.085* 0.061* 0.075**
(0.029) (0.043) (0.032) (0.030)

� � � ¥ ¦ ¨ ©
−0.069** −0.014 0.031 0.021
(0.033) (0.027) (0.019) (0.016)

� ¢ £ § ¨ © ª ¨ ©
0.018 0.011 −0.014 −0.037

(0.027) (0.031) (0.027) (0.023)

� � � � � ¨ ©
0.021 0.105** 0.127*** 0.135***

(0.029) (0.048) (0.038) (0.031)

R2 0.278 0.235 0.235 0.209

� : Æ Ç È � Á   6, ¤ ¥ � £ 2,047¦ Ç à á £ â ã ä , ° Á Ã ¾ ¸ £ å æ ´ ± ç è ¦ ***
  p < 0.01, **p < 0.05, *p < 0.1¦
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� ½ [ \ 2 ÷ � 1 , 5 ô ( ) � � 10% ÷ , 
 � � � ü ì @ ø þ � � ½ [ \

? ( ) � ! 0́ U � , Panel (C) ô � Á Â Ã Ä » ¼ 7 . ø � � � � 2 3 4 , À

Ë Ì Í Î » ¼ 7 . ø þ � � � 1 2 3 4 ´ < = , Á Â Ã Ä � � @ � � � ½ ú

û Ó 2 ø � 1 ü 4.1%, í Ð � � ( ) ; Ë Ì Í Î � � @ ø þ � � ½ ú û Ó �

2 ÷ � 1 Ð 8.5%� 6.1%� 7.5%, 5 ô ( ) � � 6% ÷ ? ' ( ) � ! 0́ � × > ,

ô 8 ( � , B C � � » ¼ D ì , 
 � � � ú û Ó ³ ( ) Ò à 2 ÷ � 1 , � À , ô

( ) � � Ð 10% > ÷ , 
 � � � . ø þ � � ½ 3 4 � � < = À � ë � D ´

4.3.2� � � � � � � � � � � � � � �

� L Ù � Ô , O Ì � �   ¡ 
 � � � . Õ Ö × Ø 
 ; ô ¢ £ ë 0 ´ ô � � Ë

¤ ó � C � ÷ , ¥ ¦ § ¨ ½ ó � í 2 © � � � Ö × Ø ð , ª à « ¬ � ¹ ô é

� ß ³ ­ � ß ô � , < = ô 9 ® 9 Ù � ¯ ó 
 � � � D ì . Õ Ö × Ø ¢ £ : ´

© � � » ¼ � 
 � � � . Õ Ö × Ø ¢ £ : ð , ô 9 9 : � 
 D ì ' ³ ô 6 �

ñ ´ Panel (A) ü (C) � 	 ô 
 � � � � 
 � � � ü ì ³ 
 � � Y � � . Õ Ö

× Ø ¢ £ : @ � � � ½ [ \ ´ � ¢ £ : 4 ì Ð 1 2 ( ) � , ô � 
 � � � �

Õ Ö × Ø � � @ � � � ½ 1 2 [ \  ! � 
 � � � � ´

� � � � , Panel (A) . Panel (B) ( � , � � 
 � � � Ï 
 � � � ü ì . Õ Ö ×

Ø ¢ £ : ' ³ ø � � � � 2 3 4 , 5 / 0 ¢ £ : ' ³ ø þ � � � 1 2 3 4 ´

° ô 
 � � � � Õ Ö × Ø � � @ ø � � Ü Ý ½ 1 2 [ \ Ò ! � 
 � � � � ,

5 � � Õ Ö × Ø � � @ ø þ � � ½ 1 � [ \  ! 	 � ´ ö Panel (A) Ð ¿ , 


� � � . Õ Ö × Ø ¢ £ : @ ø � � ³ ø þ � � ½ ú û Ó í î Ð −0.07%�

0.08%� 0.12%� 0.13%´ � Õ Ö × Ø � � 10 Ù , 
 � � � � ø � � Ü Ý ½ 1 2

[ \ ¾ � 
 � � � � Ò J 0.7%, À � � ø Ó � � � � � � � � Ï � � � �

Ü Ý ½ 1 2 [ \ ¾ 	 �  J 0.8%� 1.2% Ï 1.3%´

� � " # , Panel (C) ì J , 
 � � Y � � . Õ Ö × Ø ¢ £ : ³ ø þ � � ' �

1 2 3 4 ´ Á Â Ã Ä � � . Õ Ö × Ø ¢ £ : ³ Ó � � � � � Ï � � � � �

1 2 3 4 � Å Æ Ç È É Ê � � . Õ Ö × Ø ¢ £ : ³ Ó � � � � 1 2 3 4 �

Ë Ì Í Î � � . Õ Ö × Ø ¢ £ : ³ Ó � � � � � � � � Ï � � � � � 1 2

3 4 ´ 6 = Þ � , 
 � Ë Ì Í Î � � � Õ Ö × Ø � � @ Í ó þ � � ½ 1 � [

\ � Ð � H ´ ± ð , ô � ó 
 � Å Æ Ç È É Ê � � . Õ Ö × Ø ¢ £ : 	 , Å

Æ Ç È É Ê � � . Ó � � � � ( ) 3 4 , = . � L Ù � / 0 ì ñ ´
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� 9� � � � � a C D � E F G z ` { � � � � a ² ³ ´ µ ¶ · ¸

h ¹ v t º ¹ v » ¼ ¹ v ½ ¾ ¹ v
D E @ 0.77 0.176 0.059 0.043

(1) (2) (3) (4)

Panel (A):

A B A B 0.1332* −0.0776 −0.1811*** −0.1848***
(0.067) (0.060) (0.040) (0.039)

J K L M 0.0037*** 0.0028*** 0.0012*** 0.0008***
(0.000) (0.000) (0.000) (0.000)

A B A B × J K L M −0.0007** 0.0008** 0.0012*** 0.0013***
(0.000) (0.000) (0.000) (0.000)

~ y A B A B � ¿ ¹ v À Á = 0: F � 2.7 5.3 10.3 13.0
C p � G (0.077) (0.010) (0.000) (0.000)

R2 0.278 0.231 0.235 0.205

Panel (B):

A B A B F @ 0.0890 −0.0880* −0.1732*** −0.1668***
(0.059) (0.046) (0.034) (0.035)

J K L M 0.0036*** 0.0027*** 0.0012*** 0.0008***
(0.000) (0.000) (0.000) (0.000)

A B A B F @ × J K L M −0.0005* 0.0007** 0.0011*** 0.0011***
(0.000) (0.000) (0.000) (0.000)

~ y A B A B F @ � ¿ ¹ v À Á = 0: F � 3.3 4.8 13.1 11.4
C p � G (0.048) (0.013) (0.000) (0.000)

R2 0.276 0.235 0.246 0.213

Panel (C):

A B Â Ã Ä Å A B 0.0778 0.0383 −0.1135* −0.1383**
(0.087) (0.077) (0.057) (0.058)

A B Æ Ç È É Ê Ë A B −0.0065 −0.0886** −0.0314 −0.0262
(0.065) (0.036) (0.031) (0.021)

A B Ì Í Î Ï A B 0.1606 −0.3351** −0.5044*** −0.5183***
(0.170) (0.138) (0.137) (0.136)

J K L M 0.0035*** 0.0027*** 0.0012*** 0.0008***
(0.000) (0.000) (0.000) (0.000)

A B � Ð A B Ñ J K L M Ò Ó s

Ô Â Ã Ä Å × J K L M −0.0002 −0.0000 0.0008** 0.0011**
(0.000) (0.000) (0.000) (0.000)

Ô Æ Ç È É Ê Ë × J K L M 0.0000 0.0007** 0.0002 0.0001
(0.000) (0.000) (0.000) (0.000)

Ô Ì Í Î Ï × J K L M −0.0011 0.0020*** 0.0027*** 0.0028***
(0.001) (0.001) (0.001) (0.001)

~ y Õ A B � ¿ ¹ v À Á = 0

Ô A B Â Ã Ä Å A B : F � 1.8 1.1 2.1 3.4
Ô Ô Ô Ô Ô Ô Ô Ô Ô C p � G (0.186) (0.355) (0.138) (0.045)
Ô A B Æ Ç È É Ê Ë A B : F � 0.01 3.3 0.6 1.2
Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô C p � G (0.989) (0.046) (0.531) (0.313)
Ô A B Ì Í Î Ï A B : F � 13.2 5.3 8.0 9.7
Ô Ô Ô Ô Ô Ô Ô Ô Ô C p � G (0.000) (0.010) (0.001) (0.000)

R2 0.279 0.241 0.257 0.243

� : Ö A B H I ? @ × A B A B Ñ J K L M Ò Ó s Ø ,   9 � Ù Õ s Ú Û ? @ Ü ×   6 Ý � � �
� @ � 2,047� � � � � � � � , g t u v w � � � � � � � � ***   p < 0.01, **p < 0.05,
*p < 0.1�
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q / 0 ] ª � � , - Í Î l � � g ê � � , x ù ü à Õ ý ü q ß z � � , -
Í � Ñ � � , q ] ª � � , - Í � � � � g , - W � . � r 8 r � � b Â q

/ 0 , - ø ® ô Í ¸ Î l ± � � � g � � }   C 8 r ¥ � / 0 Î T , - ~


 � ­ ® ; � Õ u Ü } , º } / 0 ß z � � , - C Ô u Õ   , � / 0 � � � x

« è Ì ] ª � � , - C Ô u Õ � g ë Q , O i æ � � � ø ® : , o Í � � q

/ 0 , - � ¬ ; ë � ° ± C � � g

� � � · , â ª É 0 / 0 , - Ì ? 7 8 � J C � ï } g ^ m � ´ â þ � Ý Þ

­ ® ß ° N � J C I J , â ª O i 8 r , - W � ` K L Ý Þ � Ñ ø ® j g � O

i , - W � Ì æ � � � ø ® � * , / 0 , - Ì � Á 3 ¥ ô q ¤ V Æ 7 8 Í Î

l � � , ± � : W / 0 , - Ì x ù ü à ô = S T ë m 1 2 3 4 C X E Y Z g

� ¡ ß z � � , - q ¤ V 5 6 ° í 7 8 Í Î l � � , ] ª � � , - q ¤ V 5
6 7 8 . 9 : 7 8 Ì ° í 7 8 ô Í Î l � � g ê � � , ] ª � � , - q ¤ V

Æ 7 8 � Î l � � ´ ^ ° ì g � � }   C 8 r � ~ 7 8 . 5 6 7 8 � 9 :
7 8 
 � ­ ® g º } ~ 7 8 C Ô u � u Ü } , ½ � 5 6 7 8 Ì 9 : 7 8 C Ô

u   u Ü } , � Ó � � 5 6 ° í 7 8 C Ô u í � ­ ® g 5 ¢ t 5 ¡ � r 8 r

� � b Â ; ë >   ~ Æ 7 8 C � w g o Í � � Õ Ê Ó ~ 5 6 9 : 7 8 Ì °
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í 7 8 C ý ü } Õ   g

� � @ Q , � 7 8 � � V 8 i j � * , 8 ä î Ô ï O  ä V 8 H £ ð 8 Á 3
¥ Q , R w w ñ 8 r C | } � ¸ , Y @ ´ � þ 3 Ö × R ò V / 0 , - ø ® q

� Á 3 ¥ � ó � g � J � ¸ , / 0 , - ø ® q � Á 3 ¥ � ó � Ì ¤ V Æ 7 8
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  u ë / 0 , - Ó , � ¡ � / 0 ] ª � � , - Ó � Á 3 ¥ b c ß ¤ V Æ 7 8
C Î k I J ´ ^ ° ì g @ � J Ð Ñ � 7 8 � � V 8 � � � * , � « � � ¸ Ò
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} ¤ � 8 � C � ø ü à � � 5 � ª C � ô ü à C W 1 � ¸ g � q Q � 1 2
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ABSTRACT

H H With the expansion of higher education, the public attention on educational attain-

ment has shifted from entering college to entering a good college. The implementation of

the multi-channel admission program raises the impact of non-test scores on college out-

comes. Using the Taiwan Youth Project, this paper examines determinants of cultivating

art and talent skill (cultivating skill), and effects of cultivating skill on college outcomes.

In analyzing determinants of cultivating skill, the paper finds that basic competence test

scores (BCT scores) are negatively correlated with cultivating sport-and-dance-related skills,

and positively correlated with cultivating writing-and-speech-related skills. These findings

suggest that the relationship between cognitive ability and sport-and-dance-related skills

is substitutional, while the relationship between cognitive ability and writing-and-speech-

related skills is complementary. Moreover, after controlling for inherent talent and other

characteristics, results indicate that cultivating skills and BCT scores both are positively

correlated with entering a good college. Among all skills, the positive correlation between

writing-and-speech-related skills and entering a good college is the clearest. Furthermore,

the interaction between cultivating skills and BCT scores is positively related to entering a

good college, which implies that students who have both decent art and talent performance

and good BCT scores may get a better result under the multi-channel admission program.
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