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ABSTRACT 

This study investigates the price discovery function of the Taiwan stock index 
option market. We examine the information transmission between the Taiwan stock 
index option and spot markets using the bivariate VAR model, impulse response 
function, and variance of forecast error methods. The empirical results show that the 
Taiwan stock index call market leads the Taiwan stock index spot and put markets, 
and that the Taiwan stock index put market leads the underlying spot market. Overall, 
there is evidence that the information flow from the Taiwan stock index option market 
to spot market is stronger than the reverse direction, suggesting that the index option 
market tends to play a more important role in price discovery. This is consistent with 
the trading cost hypothesis, but inconsistent with the separating equilibrium 
hypothesis proposed by Easley, O’Hara and Srinivas (1998). Our findings will provide 
the investors with inter-market trading practice. The understanding of the option 
market will help the investors gain the insight of price behaviors of the spot market 
and then help them adopt speculative or hedge strategies. 
 
Keywords: Stock index option, Price discovery, Information transmission, VAR 

model, Impulse response function. 
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; < = ?^ _ ³ ´  (informational content)µ	 ¶ · Q � � · b ¸ ?} 3 y
¹Eº »� � n¼ ½ � �¾?§ ¿ À Á Â 5 Ã d� Ä º »Å¢ v  *>?�Æ

ÇE; < = *>?È 
 � É Ê Ë ÌMÍ � � � 1 MÎ Ï Ð Ñ Ò Ó Ô Õ E¡ ^ _ �

� ! (informed traders)4 k ÖE× ¡ nµ¼ \ s Ø Ù ?� � Ú Û Ek Ü D Ý Þ z;

< = *>� � ß� B à^ _ F á (Black, 1975âMayhew, SarinY Shastri, 1995â
Fleming, Ostdiek YWhaley, 1996)d� ã ^ _ � � ! ä � z; < = *>� � Eå
æ ç è é ; < = ?^ _ Ì08 @ A B C D E� ê µë ì � Ä b  í î ï ?B Z 8

@ ?ð ^ _ ç i T U z; < = 8 @ n (Chakravarty, GulenYMayhew, 2004)d 
ñ k E� Ä º »x y B Z *>?^ _ ÌC D Eò ã ChiangY Fong (2001)9

ó ð ô �õ � ?; < = *>� � ç ö Í � ^ � ?� Q ÷ ø Ek ùú B Z *>?^

_ T U û ü Ü D Ô  ; < = *>âEasley, O’HaraY Srinivas (1998) x y ; < = *
>s Í u ý Ìþ E� � ç �� ^ _ Ô Õ � � ! �� � � ; < = Ek � ; < = *>

+À O � ó �E� � � u ý Ì� � ! (uninformed trader)z; < = *>� � Ek ^
_ � � ! zu ý � ?7 	 *>� � E
 ; < = *>� � z^ _ � � E� � � B

� ¢ “O � � � ” (separating equilibrium)d� � Ez; < = YB Z *>� ] Ê _

� � ? � ü µ¼ \ � o � ¹d 
�� º »nE� � � 	 !  4 5 ; < = Yàï ?B Z *>] ?^ _ ` a b �

ÌEßW « 8 @ A B � �E©� � ; < = *>+µ � � z^ _ � � ?� o � � e

fEò ã Manaster Y Rendleman (1982), Bhattacharya (1987), Varson (1989), 
Fleming, Ostdiek Y Whaley (1996), Cherian Y Weng (1999), Easley, O’Hara Y
Srinivas (1998), Boyle, ByounY Park (1999), PanY Poteshman (2003), Chakravarty, 
GulenY Mayhew (2004) Ó A B ; < = *>h i àï ?B Z *>E�� ; < = *
> � z^ _ � � E� � 8 @ A B C D E{ | ¼ \ } 3 ?^ _ Ì~ � âT � EStephan
YWhaley (1990), Diltz and Kim (1996), Chan, ChungY Johnson (1993), ChiangY
Fong (2001) � A B B Z *>h i ; < = *>EÜ D v   � º »?� � ¡ � M�
�Mæ ] Ó � � × ¾Eßú b   � ¼ *>T U ð ^ _ s �  ! � ¼ ú Ìe Ã d 
� 6 æ Z � � � " 1998 # � $ ßî E*>� % � û E & ' ( ) � � wn * + E
, # î Î Ã µ*>l m � � J M� � � Q - } Ó . / E0 1 2 t 3 4 � 5 6 ? �

7E 8 9 AsiaRisk : ; < ; ¢ 2004# ü = > � � �d ? p Ç & æ Z @ A ç FIA
� B C E� 6 æ Z � � � 2003 # l m *> D � � J E F G ¼ H I J K L M NE
zO · � � � ( )P 27 )Q2004 # l m *> D � � J E R G S H T J K L M
NEO · ( )P 20)Q2005# 7Uz V W ¼ H X J F \ Y � Ì Z [ � � �+E
( )\ ] ë V W P 18Eà2 ^ Z [ _ � 7 9:; < = `2001# 12U 24ab ó
cE  2005© 2006?# � � J £ z V W ; < = � � �n* 168 \ 9:; < = ¾
d Z [ e + ( )\ ] ë V W P 3E2 ê � t 9 F ? f ® E5ß¼ \ g � $ h i #?

9:; < = *>k ÖEà j B k l m n ©× e � � o j Ìd
 1 º Å¢ � ð ô �

7 9:; < = *>µ¼ \ × e p � � � ?¡ � d 
q ñ × ¡  \ 7 � � ! E9:� � ! s �Ü D r � 9:� s 7 ? t � ^ _ E

ñ k EPoteshman(2004)Å¢ O u 9:; < = *>Ü v w  x P *>� ^ � µ � r
� b  í î l m *> / (market-wide)?7 8 y ý ^ _ âTse (1999)Å¢ ^ _ �¡ �  

                                                        
4��������	
��������	
������(Cao, Chen, and Griffin, 2005)� 
5�� � � �� � � � ��� � 
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? z {  �÷ | z9: Z [ *>?� � ! � ^ _ ³ ´ âSchlag and Stoll (2005)9
ó v   } Ä � � ! zT U ~ � ^ _ (public information)?û ü s � E0! r � t
� ^ _ E�ßà� � � � � � ^ _ ³ ´ E� z9: Z [ E�åæ � � ! ç � \ 7

� � ¼ � r � t � ^ _ Es Ü D ?µE} Ä � � ! ¡ � � V m *>? ~ � ^ _ n

T U s � E
 2 � 9:� � ! ?^ _ Ô Õ µ� ¡ ~ � ^ _ ?T U û ü d� � E

� � � 1 � �åæ � s Í � � � 1 ?*>ç ¡ ð ^ _ T U s � û EFleming, 
Ostdiek, and Whaley (1996)9ó ê l m *> / ^ _ k ÖE� �9:; < = î � �
l \ *>?� 1 � � nµÍ  z9:� s 7 	 + � � ¼ � � 7 	 � � ?� 1 E�

ß9:; < = 8 @ I ý U � h i 7 	 *>8 @ I ý d� � E¾ Easley, O’Hara, and 
Srinivas (1998)Y Cao, Chen, and Griffin (2005)E1 º � } z; < = *>?8 @ A
B / E� � àD s � T � ð ?^ _ k � � år (foreshadows) � c?× b ï ?7 8
I ý E � X � � µ� ^ _ ³ ´ (informed)d 

& ³ � � b  � 9; < = � � ?æ ] � t �  n* � æ 2002Y 2003 X #E
v  zA � � æ E� ^ � ¡ � ð Z [ s � x P k � � �õ � E� � J  �� â�

� 2004 #ßcE*>� � J � � � % � « Eu ý Ì� ¢ � È � � � EU Ü s n
*� � � æ x P [ *>] ^ _ ` a � � � E� � 1 º Å¢ � � � ¤ � ¡ � ð ô �

u ý ÌÈ ?� 9; < = *>?8 @ A B C D � � £ t o p � � 3 ÌE � x W «

Easley, O’HaraY Srinivas (1998)?O � � � � �� � Eß � � [ *>8 @ ] � ý
� b c d 

�¾  & ³ à   � � � G = F � 8 @ O u � 9; < = YB Z 9:] � 8 @

ý � b � ÌE1 � � � � Manaster Y Rendleman (1982)MFleming, Ostdiek Y
Whaley (1996)MChakravarty, GulenYMayhew (2004) F G ; < = < 8 K L T b
¡ ó ¢ � B Z 8 @ (implied spot price)?��E4 5 � 9; < = Q B Z 8 @ ¡ *>
^ _ T U ?û ü µ � � zh i £ c b c ¤ � 9; < = µ � ¢ 2 ù^ _ A B ?*

>¤ 1 � � � f � Ü ¥ ¦ � �/ � � ?Ð z � � EÜ § ¨ x P [ *>] ?^ _ `

ùe © E¤ � ¡ *>� � ? ª « E� � � ^ � � *>� � � � �  � � � d 
l m nE1 � � e fA B s t ?^ _ v � 9; < = *>u wB Z *>E� z

; < = h i B Z ?B � Eq r � 9; < = *> � � s � ?8 @ A B D ^ E��

Fleming, Ostdiek, and Whaley (1996)?� � � 1 � �E� ��� Easley, O’HaraY
Srinivas (1998)?O � � � � �d1 � � e fx y � 6 ?9:� ^ � � � Ü � �
� 9; < = *>� � ?� � Ek � �  ¡ B Z *>8 @ � ¢ £ ¤ ¥ ¦ ?§ ¨ Eß

� � ª « £ � ¬  ?� ® Y¯ ° ± ² � � � d 
1 � � ¬ O ¢ S  s EP ¼  s ¢ ® Ã EP X  s ¢ º » ¯ ° EP F  s

¢ � � ��± ² Q ^ ³ � ´ EP S  s ¢ � o e fQ O u Eµ cP i  s ¢ e

Ã Q x y d 

 

��������� �  !� �  !� �  !� �  !  

�� b  ; < = Yï ?B Z *>] b � Ì?� � × e ¶ · Ee f�� ; < =

*>h i B Z *>?º »Eò ã Manaster and Rendleman (1982) ; ¸ 1973# 4U
26 a ë 1976 #U 6 U 30 a CRSP ^ ³ ¹ +?7 	 ©à; < = f h ?a ^ ³ ¨
� � o O u Eß B-S K º » b ¢ � 7 8 EO u àQ � ' 7 8 ?b c EßW X ; <
= 8 @ µ � � � å ¼ B Z 8 @ ?D ^ Ee fq r ; < = *>?8 @ I ý h i B Z

*>?8 @ I ý âAnthony (1988) � J ¼ *>?� � J µ � D ½ ý � ¼ *>?�
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� J I ¾ î 4 5 ; < = YB Z *>� ] ^ _ ` a ?h i £ c b c Eà ¿ ¡ 25 �
7 	 ©à; < = f h Eß 1982# 1U ë 1983# 6U?a ^ ³ ¨ � O u El m k
ÖE� o e fA B ; < = *>h i B Z *>âFleming, Ostdiek, and Whaley (1996)
ß 1988# 1Uë 1991# 3U? S&P 100 9:; < = a ³ � � ^ ³ ¨ � O u E
� o e fA B Ez À Ò k Á l � � (infrequent trading) ¡ 9:? � � � cEA B
S&P 100 7 8 9:; < = h i S&P 1009:B Z âCherian and Weng (1999) F G
1993#P X Â IBM 7 	 ©g = ?a ³ � � ^ ³ ¨ � O u Ee fq r g = � � J
� � å ¼ ï ?7 8 ?D ^ El m nE� ¢ ; < = *>Î j Ð Ñ Ò E
 r � å ¼ D

^ ?� � ! s � ¨ Ã ; < = *>ß Ä ¸ = ° Å Æ E2 � ; < = *>?^ _ Ô Õ â

Boyle, Byoun, and Park (1999) F G 1998# 8Uë 1998# 12U? S&P 5009:;
< = a ³ � � ^ ³ ¨ � O u EW « ¢ � Ç ý Ì8 È 6?I ý YB Z 8 @ I ý X !

] ?ý � b c E� 2 � e ; < = åæ B Z 8 @ É î n + þ Eg = ? ¢ � Ç ý Ì

n + Ej = ? ¢ � Ç ý Ì � ö Eùú ¢ � Ç ý Ì8 È n + ET � Ee ; < = åæ

B Z 8 @ É î � ö þ Eg = ? ¢ � Ç ý Ì � ö Ej = ? ¢ � Ç ý Ìn + Eùú ¢

� Ç ý Ì8 È � ö E� o e fA B Ç ý Ì8 È ?I ý Ü ßå ¼ B Z 8 @ I ý ?�

wE�� ; < = *>h i B Z *>â Chakravarty, Gulen, and Mayhew (2004) F G
Ç & 60�7 	 ©à; < = f h ? 1998# ë 2002# � � ^ ³ ¨ � ; < = *>?
8 @ A B C D O u E� � e fx y ; < = *>¡ àï ?B Z *>� 8 @ A B ? Ê

»E{ | ¼ \ } 3 ?^ _ ~ � d 
    T � E ! � A B ; < = 8 @ h i àï ?B Z 8 @ ?º »Eò ã Stephan and 
Whaley (1990) F G 1986# 1U 3a ë 3U 31az CBOE � � ? 43�7 	 g =
©àï ?7 	 ?a ³ ^ ³ ¨ � O u Ee fq r EË l 7 8 Ì Í × b 0g j 8 È ?

� � cEB Z *>� h i à; < = *>âChan, Chung, and Johnson (1993) Î ß 2
*! ~ Ï ?g j 8 @ +¿ o Ð � � 8 @ î ¨ � � o O u Ee fA B ; < = YB Z

*>� Î ´ q ?^ _ Ô Õ E� � ß� � 8 @ î O u E� B Z *>^ _ h i à; <

= *>âDiltz and Kim (1996) ; ¸ 1988# 8�7 	 ©àg = ?a ^ ³ ¨ � O u E
ß B-S K º » b ¢ � 7 8 E� ß Ñ È Ò , K L î W X ¢ � 7 8 Y� ' 7 8 ?h i
£ c b c Ee fA B X ! � z ¬ l Ó b c E� t :g = Yàï ?B Z *>?^ _

Ô � h i E
 � z ¯ Õ ¬ fâChiang and Fong (2001) � � Ö × Ø � 9:B Z Y;
< = � ] ?h i £ c b c Ee fA B Z *>h i ; < = *>E� Å¢ Ü D µ �

¢ à¢ ¼ ð ô ; < = *>E� � � Ù � (thinly traded)�ùú d 
q ñ � 	 ! � � � � � þ æ 0��?�¾Eùú B Z *>Yà; < = *>h

i £ c?e f�¼ ú E��EÚ p - ò Û � Ev ßnº » ¯ ° Ü A B E� � e f

Ü Ý s �� ; < = *> � � s � ?8 @ A B C D d 
 

""""������# $��# $��# $��# $  

Þ i E 1 º ß ß º Black-Scholes ; < = < 8 K L ¢ à á EF G â ã �
äNewton Methodå T b æ� ; < = � ¢ � B Z 8 @ (implied spot price)âñ cç
ß VAR K L MR S T U V :©I N :O P ��E4 5 ; < = ¢ � B Z 8 @ Q �
' B Z 8 @ � ] ?ý � b � ÌEß x P ; < = YB Z *>� ] ^ _ ` a ?h i £

c b c d 
 

                                                        
6 Boyle, Byoun and Park (1999)� � �  ! " # $ % & ' ( ��  ! " # ) * + ( ��  ! " # , % - � 
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3.1 � � �� � �� � �� � � ����	 
 �  ! � " �  # $ %	 
 �  ! � " �  # $ %	 
 �  ! � " �  # $ %	 
 �  ! � " �  # $ %  

   â ã �Eè � ¢ â ã éê ë ì ��äNewtoníRaphson MethodåEµ � µ
v î ï ð éâ ã   1736 #z Method of Fluxions+�� ó Ek ñ � n��ò z
1690#ó Á v Joseph Raphsonz Analysis Aequationum+�� ó EQ â ã � × b
? ô õ £ µz 1671#öó Æ � x d 

â ã �µ¼ ÷ z� : ø Y ù : ø n , Ü æ P �� ?��E��� G V :

( )f x ? ú û ü : ý � º î þ ��� º ( )f x �0 ? Ú d Þ i ; < ¼ \ � , V :
( ) 0f x = ? 0x E C ¡ × U ? 0( )f x Y � � �  0( )f x′ ä � � f ′ j r V : f ?ù
:ådñ cæ�¿ ä 0x , 0( )f x åE 	 �  ¢ 0( )f x′ ?½ � Q x 
 ?� ¿ ? 0x � ï E
æ� 

               0 0 0( ) ( )( )y f x f x x x′− = −                    (1) 

  � ½ � � Ú 1x £ z 0y = nE 
 � 

                   0 0 1 00 ( ) ( )( )f x f x x x′− = −                   (2) 

1 0 0 0 0( ) ( ) ( )x f x x f x f x′ ′⇒ = −  

ö 

            0 0 0 0
1 0

0 0

( ) ( ) ( )
( ) ( )

x f x f x f x
x x

f x f x

′ −= = −
′ ′

              (3) 

  ? � a � n�E� 

                     1

( )
( )

n
n n

n

f x
x x

f x+ = −
′

                      (4) 

ó Á o ´ Eã f f ′µ� � ?E 	 � æ P ? � ¿ xµ � $ ?E� � z � ¿ x
� � � z¼ \ � ø E� 3 � � p 0x $   � \ � , � ø ³ E� � â ã �� « � � d
 	 Eã f ( )f x′ �¢ 0E � � â ã �É � � � � � � ?ÌD E � ² ?�E � ÷
| � � o Ã ¼ � ð ? p E â ã � e f?� ¬ : � É § ¤ ¼ � E É ã �  �r � 
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 1Mâã� r  

 

1 º cß Chakravarty, Gulen, and Mayhew (2004)?K º ã (5)º  ¢ 2 3 �

�Eß âã� P �ß T b ¡ ó ¢ � B Z 8@ E 

      )];(;[]ˆ;[ 11
11

1
1

−−

−−

−

−
== tttvttvt CSfCfCfI σσ            (5) 

 
º + � :tI tæ ¢ � B Z 8@  

:vf ß º Black-Scholes ; < = < 8K L  
:tC tæ� ' g =8@  

 
Ú p Stephan and Whaley (1990)QChakravarty, Gulen, and Mayhew (2004)Eb  (5)
º + ?7 8 Ç ý Ì ! C p E�G t-1 æ?� ' g =( 0 j =)8@ ©7 8 o Ã B-S
K º + C ¡ ó t-1æ ¢ � Ç ý Ì (implied volatility)E � F G tæ� ' g =( 0 j =)
8@ Q t-1 æ ¢ � Ç ý Ì C ¡ ó t æ? ¢ � B Z 8@ d µ cÉ ; < = ¢ � B Z 8
@ ©B Z 8@ ¸ " ñ ¡ : c¼ " È O Eß 9 � [ *> ?# Æ  : Í ¨ � c� ?�

o O u d 
 
3.2 ���������������� 

v  1 º ?� � ^ ³ µ $  þ ] : Í Ì � E� ß z ¨ � � o O u �E% i ä

Å ^ ³ ¢ « � (stationary)cE � F G C J K L ¨ � ! C W « Eã � � 9 � ?e f
& � �÷ ' d1 � � �G Dickey and Fuller (1981)? ADF # Ú W « � W « � 1 #
Æ : Í µ � « � E� � : Í ( B k « � E� F G È O / ) � Ì E½ é � ^ ³ � ¢

« � E � Ü * � ¨ � ß � � VAR ( Vector Autoregressive) W « d 
    1 � � 2 3 µ ß H I J  (bivariate)VAR K L E4 5 �9 g =Mj =QB Z [
[ *> �] ?ý � b � Q^ _ ` a ¬ fEK ºj r ã � �  
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tktj

p

k
kkti

p

k
kti RcRbaR 1,

1
1,

1
11, ε+++=

−
=

−

=

∑∑                   (6) 

t

p

k
ktjk

p

k
ktiktj RcRbaR 2

1
,2

1
,22, ε+++= ∑∑

=

−

=

−
                   (7) 

 
º + E tε ¢ l � O + � � ® , - 3 (white noise)d« ' itR QO . j r / W X �[
\ *> ?# Æ  : Í âi ¢ �9 g =*> M�9 j =*> MB Z *> Ej ¢ �9 g
=*> M�9 j =*> MB Z *> â� kc1 q � N   0E	 kb2 �q �E j r j *
> h i i*> E÷ | j*> � �8@ A B C D âT �E� kb2 q � N   0E	 kc1 �

q �E� j r i*> h i j*> Ei*> � �8@ A B C D â� kc1 © kb2 0 q � N

  0E j r X ! � �H w ¯ Õ (feedback) b cda 0 æ: 1 v G AIC (Akaike 
Information Criterion) 2 � 3 « �dK L ? 4 È 3 � / E1 º ß Ljung-Box Q B C
J 5 « 4 È 3 µ � 6 Ó Î Ì Í × b ? 7 8 9 (white noise)d 
 

µ c F G R S T U V : (impulse response function, IRF)QI N : O P
(variance decomposition) O u *> ] × Ô � � ? � ü Eß x P �9 ; < =Y B Z
�] ^ _ : � ©` a ?B � dR ST U V : j r e K L ³ } ¼I : A � " A Ì I

¾ cE; A à   I : � þ ] ?T U � < E��   = P � ¡ I : z�¾ þ ¿ þ ?b

cE1 º F GR ST U V : § ¨ ¼# $ î " ; < =0 B Z ?R S (shock)E¡ [
\ *> O . ? � � � ü E> ? # ¼I : ?R S¡ � B ? � � EÜ � J ^ _ zX*

> ] ` a ?û ü dI N : O P v w  x P \ . I : å ¼ Ñ È ?I N : (variance of 
forecast error)�t ì - ò î "   " A Ì ?R SEt ì - ò µ î "  à � I : ?R
SE@ v § ¨ R Sî A ? - ò EÜ ß ª « � � � \ I : ? µ q � î A µ î "   "

A Ì 0 µ à � I : Eß x P \ . I : z� B ³ ?} 3 Ì Q � � � ü d 

 
3.3 � � � �� � � �� � � �� � � �  

1 � � ß �6 æZ � � � (TAIFEX) A � ? ß º_�6 o B � � � 7 89 :
; < = f h `( C � �9 ; < =) ¢ � � ¡ � Eà B Z ï ?¢ �6 o B � � � A �
J ¤ =7 89 : ( C � �7 9 : )E; ¸ �9 g =M�9 j =M�7 9 : ? a ³ i
O D 8@ ^ ³ Ev  �6 æZ *> s �6 7 * ò 15 O D � E  F 15 O D � E E
¢ x ^ ³ + ¡ EG �G 9:00ë 13:30 [ *> � � þ H } I ?^ ³ E�7 9 : ^ ³
î A ¢ o B J æZ A ý à � ç ^ _ K E�9 ; < =^ ³ î A ¢ �6 æZ � � � d

Î = ° F  � L Gµ Z @ 1 	 � ü *> 30 M æ?F  E^ ³ î A ¢ �6 Á N ð
#dv  �6 n * ~ O ?7 P A Ï L � QÇ & �� × ¾ E � # � Q � A ¼ � 7

PE Ú p �6 o B � � � B C ^ ³ Eq r 7 F A Ï � t R +   i ~I Uæ] E�
´ q ? Â õ Ì E¢ ¯ S B-S K L + ?7 F � T E � � 1 � � � 1 æ] ; ¸ 2005
# 1Uë 2005# 4UE7 F  Ü U ¢ 0d 
v  8 � Y 8³ ?; < = Q ç �È ! V � Ç ý  ?B � E	 � ' ?� � J �

t R + z8 � ; < =Eà u ý Ì s � E� � E8 � ? ¢ � Ç ý Ì × s  8 � M8

³ ; < =? ¢ � Ç ý Ì E£ D � o j Ì 	 � � s ¢ , ä ? Ç ý Ì ! C p E� t º

»Eò ã Beckers (1981)MJorion (1995)MFleming, Ostdiek, and Whaley (1996), 
Claessen and Mittnik (2002)MLi (2002)MW á A Ó (2003) 0 � � L G8 � ; < =?
¢ � Ç ý Ì E� ß z1 � � X EG ¿ ¡ 8 � ?; < = ¨ � � � E1 º L G Draper 
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and Fung (2002)?O d � ºEß ï ?^ : 8@ � ß Y h 8@ î « ' 8³ � � ü E

É 05.1)(95.0 ≤≤
����

� � ��

K
S

?; < = f h « ' ¢ 8 � ; < =d� � EZ l , U

s ; < =?� � µ õ � Mu ý Ì s � E� µ � �8@ A B ?D ^ EW á A Ó (2003)
A B , Us ; < =? ¢ � Ç ý  ! C Ñ È Y à   [ Us ?× s � s \ E
 1 º G

ß , U© , 8 � ; < = f h ¢ � � � 1 dFleming, Ostdiek, and Whaley (1996), 
Gwilym and Buckle (1999), Nofsinger and Pbucyk (2003) ] 9 ó Ez � , f h é æ
a þ E*> � ^ � / ^ à r �  $ ö É é æ? _ ^ È Ü D z � þ ç �s � Ó Ø

?g j � � : � E0 ! / a M� a Ó � ¢ EÜ D 2 � 8@ Y Ç ý Ì ?N l b c E

� � ; < =8@ ?^ _ ³ d E� � E1 º ?� � � 1 É e � f é æ a ì   3 M ?
; < = Ó h E/ ) é � ¼\ , Us ?; < = Ó h d 

 

��������� � � � � �� � � � � �� � � � � �� � � � � �  

Þ i ¿ ¡ 1 � � L G? � # Æ : Í ¨ � # Ú W « Ej ¼¢ �7 9 : M�9 g

=M�9 j = ¢ � B Z # Æ  ?# Ú W « Ee fz 1g q � h 2 � EQ i j k Î
� � Eq r � � z# Ú B � E � 1 : Í � � � Ø « Ì d 
 
j ¼  �9 B Z M�9 g =Q�9 j = ¢ � B Z # Æ  � ADF # Ú W « e f 

 �9 B Z # Æ   �9 g = ¢ � B Z # Æ   �9 j = ¢ � B Z # Æ   
τ  -22.11862*** -30.38986*** -22.35762*** 

µτ  -22.12080*** -30.39209*** -22.35883*** 

tτ  -22.12221*** -30.39430*** -22.35985*** 
1.τ j r Î l : 3 ©þ ] l Õ 3 d µτ j r � l : 3 � Î þ ] l Õ 3 d 

tτ j r � l : 3 ©þ ] l Õ 3 d 
2. � : Í ? µ m £ cæ: 1 Ú p AIC 2 � ; ¸ d  
3. *** j r z 1% n ¸ h 2 � q �d 
 

�9 g =Mj =Q�9 B Z [ [ *> ] ý � b c?H I J VAR K L ! C e
fã � Ej X ¢ �9 g =Q�9 B Z *> � VAR ! C e fEA B ß �9 B Z *
> ¢ U I : þ E ö � o � à " p �æ# Æ P q 1 æ# Æ ?  s cEz 1% q � h
2 � E�¼MXMFMi æ?�9 g =*> # Æ  ¡ �9 B Z *> � q � , × b E

q r � r æ�9 g =*> # Æ  ��  å ¼ e æ?�7 9 : B Z *> # Æ  d�

ß �9 g =*> ¢ U I : þ Eo � à " p �Xæ# Æ ?q �� � cE�9 B Z *

> �¼æ# Æ z 1% n ¸ h 2 � ( B q �Eq r �9 g =*> ç s é �9 B Z *
> �¼æ?, w � � dl m n EA B �9 g =h i �9 B Z 4æEk �9 B Z h
i �9 g = 1æEq r �9 g =*> z[ ! Ô ý + �s � ?h i b cE� �s Ô
?8@ A B D ^ E©s t ?^ _ v �9 g =*> ` a w �9 B Z *> d 

j F ¢ �9 j =Q�9 B Z *> � VAR ! C e fEß �9 B Z *> ¢ U I
: þ E ö � o � à " p �æ# Æ P q 1 æ# Æ ?  s cEz 1% q � h 2 � E�
¼MFMS æ?�9 j =*> # Æ  ¡ �7 9 : B Z *> � q � , × b Eq r �

r æ�9 j =*> # Æ  ��  å ¼ e æ?�7 9 : B Z *> # Æ  d� ß �9
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j =*> ¢ U I : þ E�7 9 : B Z *> �Fæ# Æ z 1% n ¸ h 2 � ( B q
�Eq r �9 j =*> ç s é �9 B Z *> �¼æ?, w � � dl m n EA B �

9 j =h i �9 B Z 3æEk �9 B Z h i �9 j = 1æEq r �9 j =*> z
[ ! Ô ý + �s � ?h i b cE� �s Ô ?8@ A B D ^ E©s t ?^ _ v �9

j =*> ` a w �9 B Z *> dj S ¢ �9 g =Q�9 j =*> � VAR ! C e
fEA B [ *> ? � æ ! C c: 0 �q �Eq r �9 g =Q�9 j =*> �]  

� � z ´ q ?ý � b cd  
 

j X  �9 g =Q�9 B Z *> � VAR ! C e f 

 t����   t��� �   

1−t����  -0.134385*** 
(-7.37426) 

0.043089*** 
(2.25437) 

2−t����  -0.056999*** 
(-3.10865) 

0.005888 
(0.30613) 

3−t����  -0.094272*** 
(-5.16334) 

-0.024535 
(-1.28120) 

4−t����  -0.097293*** 
(-5.31714) 

-0.021674 
(-1.12934) 

5−t����  -0.047568*** 
(-3.01563) 

0.004327 
(0.26152) 

1−t����  0.570315*** 
(32.7600) 

0.006370 
(0.34886) 

2−t��� �  0.053117*** 
(2.62205) 

-0.043631 
  (-2.05348)** 

3−t��� �  0.066671*** 
(3.28587) 

-0.018729 
(0.88008) 

4−t��� �  0.036772 
(1.81627) 

-0.007595 
(-0.35766) 

5−t��� �  0.050801*** 
(2.52454) 

0.016528 
(0.78309) 

C -4.22E-06 
(-0.24745) 

-9.16E-06 
(-0.51244) 

1. ***©** O .j r z 1%© 5% n ¸ h 2 � q �d   
2. t u ³ � p ¢ t B C J d 

 

jF M�9 j =Q�9 BZ* >� VAR ! C e f  

 t����  t��� �  

1−t��� �  -0.099859*** 
(-5.45807) 

0.024407 
(1.56626) 

2−t����  -0.038377** 
(-2.09354) 

-0.09288 
(-0.59487) 

3−t����  -0.091131*** 
(-4.99122) 

    -0.041131**** 
(-2.64487) 

4−t����  -0.085215**** 
(-4.64837) 

-0.018877 
(-1.20895) 
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5−t����  -0.041645**** 
(-2.46044) 

-0.000902 
(-0.06259) 

1−t��� �  0.484851**** 
(22.5471) 

-0.015083 
(-0.82352) 

2−t��� �  0.017691 
(0.75950) 

-0.014137 
(-0.71255) 

3−t��� �  0.080605**** 
(3.45983) 

0.028234 
(1.42286) 

4−t��� �  0.064173*** 
(2.75186) 

0.025555 
(0.01986) 

5−t��� �  0.028681 
(1.23458) 

-0.016624 
(-0.84014) 

C -7.78E-06 
(-0.42570) 

-4.87E-06 
(-0.31301) 

1. ***©** O .j r z 1%© 5% n ¸ h 2 � q �d 
2. t u ³ � p ¢ t B C J d 

 

jS   �9 g =Q�9 j =* >� VAR ! C e f  

 t��� �  t��� �  

1−t����  0.008802 
(0.39089) 

0.029042 
(1.47989) 

2−t��� �  -0.028772 
(-1.27753) 

-0.009542 
(-0.48613) 

3−t��� �  0.003171 
(0.14079) 

-0.016513 
(-0.84127) 

4−t��� �  -0.039149 
(-1.73831) 

-0.025691 
(-1.30885) 

5−t��� �  0.018910 
(0.083958) 

0.018733 
(0.95429) 

1−t��� �  0.011359 
(0.43962) 

-0.027906 
(-1.23930) 

2−t��� �  0.015710 
(0.60770) 

0.000133 
(0.00589) 

3−t��� �  0.022720 
(0.87898) 

0.024404 
(1.08328) 

4−t��� �  0.028074 
(1.08592) 

0.020180 
(0.89563) 

5−t��� �  -0.026033 
(-1.00746) 

-0.036892 
(-1.63808) 

C -9.24E-06 
(-0.51644) 

-4.64E-6 
(-0.29799) 

1. ***©** O .j r z 1%© 5% n ¸ h 2 � q �d 
2. t u ³ � p ¢ t B C J d 
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I N : O PÜ É VAR � B � \ . I : ? å ¼ Ñ È I N : O P� ¢ î " �9

; < =? innovation ©î " �7 9 : ? innovationE ö Ü x P; < =QBZ\ .

¡ � B ? � � � üdji ë jK ? I N : O Pq r z 10 æ³ E\ . 8 @ å ¼ Ñ

È ? I N : î " [ \ ³ � I : ? - òdji ¢ �9 BZ? 8 @ å ¼ Ñ È I N : O

PEq r �9 BZ Ñ È I N : z\ . / ¡ �9 g =Q�9 j =þEs é " A Ì ?

, - P q ? -  s � E� � h 74%Q 85%î " 1 p ? innovationE� � h � 25%
v w A " �9 g =Ek � h 14% v w A " �9 j =E�j r �9 BZ � x ç s é

" p � � � E� ç s é �9 g =M�9 j =? � � E	�9 g =¡ �9 BZ? �

� 3 �  �9 j =¡ �9 BZ? � � djR ¢ �9 g =? 8 @ å ¼ Ñ È I N : O

PEq r �9 g = Ñ È I N : z\ . / ¡ �9 BZQ�9 j =þEs é " A Ì ?

, - P q ? -  × e È E � � h 95%Q 99.9%î " 1 p ? innovationE � � h �
4% v w A " �9 BZEk � h 0.1% v w A " �9 j =E�j r �9 g = µ 2 3

s é " p � � Es é �9 BZQ�9 j =? � �  � � djK ¢ �9 j =? 8 @

å ¼ Ñ È I N : O PEq r �9 j = Ñ È I N : z\ . / ¡ �9 BZQ�9 g =

þE s é " A Ì ? , - P q ? -  x s È E � � h 95%Q 63%î " 1 p ?

innovationE� � h � 5% v w A " �9 BZEk � h 37% v w A " �9 g =E�

j r �9 j = � x ç s é " p � � � E� ç s é �9 BZQ�9 g =? � � E	

�9 g =¡ �9 j =? � � 3 �  �9 BZ¡ �9 j =? � � d 
    µ c ¡ �9 BZM�9 g =Q�9 j =* > ¨ � RST UV : O u EO u e
KL³ } ¼ ³ � I : I ý ¼ # $þEKL³ à � ³ � I : T U� _ P � û üQ �

üdjI ¢ �9 BZ # Æ ¡ �9 BZM�9 g =Q�9 j = # Æ I ý ¼ # $� T

UEz A s ? KL³ EA B�9 BZ # Æ / ¡ ¼ # $ï 2 È ? " p I : RS

(innovation)þEP ¼ æ? T U¢ 0.000936E� c y û � ö Eh ë PK æþ l ,  

�Ek z / ¡ ¼ # $ï 2 È ? �9 g =RSþEP ¼ æ? T U¢ 0Eë PX æþ
T U � ¢ 0.000586EPF æI z û Ò , E { c h ë PR æþ l ,  �dz B 
s ? KL³ EA B�9 BZ # Æ / ¡ ¼ # $ï 2 È ? " p I : RSþEP ¼ æ?

T U¢ 0.001022E� c | y û � ö Ek �9 BZ # Æ / ¡ ¼ # $ï 2 È ? �9 j

=RSþEP ¼ æ? T U¢ 0Ek PX æþ � ¢ 0.000413E PF æþ z û Ò , E

 PR æþ } } l ,  �d~ º �  (2002) 9 ó \ . * >? innovation Ü X ¢ A "

� * >? 8 @ A BEinnovation ¡ à   * >? RS � µ � * > � � ^ ? j � E�

�EjI e f q r �9 g =* >¡  �9 BZ* >? � � ^ s �9 j =* >¡ �

9 BZ* >? � � ^ î � � djT ¢ �9 g = # Æ ¡ �9 BZM�9 g =Q�9

j = # Æ I ý ¼ # $� T UEz A s ? KL³ EA B�9 g = # Æ / ¡ ¼ #

$ï 2 È ? " p I : RSþEP ¼ æ? T U¢ 0.00098E � c | � ö E � � l ,

 �Ek z / ¡ ¼ # $ï 2 È ? �9 BZRSþEP ¼ æ? T U¢ 0.000197Ez
PF æ � � � � � Ò , l ,  �dz B s ? KL³ EA B�9 g = # Æ / ¡

¼ # $ï 2 È ? " p I : RSþEP ¼ æ? T U¢ 0.001000E� c | y û � ö E

k �9 g = # Æ / ¡ ¼ # $ï 2 È ? �9 j =RSþE Î s � � ? T UEv �

Ü � �9 g =  � ç s é �9 j =? � � djJ ¢ �9 j = # Æ ¡ �9 BZM�

9 g =Q�9 j = # Æ I ý ¼ # $� T UEz A s ? KL³ EA B�9 j =
# Æ / ¡ ¼ # $ï 2 È ? " p I : RSþEP ¼ æ? T U¢ 0.000851EzPR æ
� � � � � Ò , l ,  �Ek z / ¡ ¼ # $ï 2 È ? �9 BZRSþEP ¼ æ?

T U� 0.000184Eé PR æþ l ,  �âz B s ? KL³ EA B�9 j = #

Æ / ¡ ¼ # $ï 2 È ? " p I : RSþEP ¼ æ? T U¢ 0.000693E� c | y û
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� ö Ek �9 j = # Æ / ¡ ¼ # $ï 2 È ? �9 g =RSþEP ¼ æ? T U¢

0.000529EPX æ c � � Ò , E PF æþ l ,  �Ev � Ü � �9 g =  � ç

s é �9 j =? � � d 
    I N : O P©RST UV : O u ? e f q r �9 g =* >? � � ^ �  �
9 j =* >E� Ü D µ v  1 � � � 1 æ] E�9 g =? � a � � J 0 È  �9

j =� � J � b E� � h ¢ 1.5 �EÚ p 
 � n ? � � J × b Ø Ã º » EZ l �

� J I ¾ X ¢ × b _ P ? ` a Eà� \ T � � � � ¢ � ^ _ J � t � (òã
Clark ,1973; Harris, 1987)â � � A B�9 j =* >? � � ^ � �  �9 BZ*
>E� ß h i £ c b c 0 ^ _ T Uû ü? i c � Ì ¢ �9 g =��9 j =��9

BZEx y �9 g =8 @ µ l \ � B + s � � � ^ ? îAd 
 
 

ji   �9 BZ? 8 @ å ¼ Ñ È I N : O P 
 A. R S î A B. R S î A 

æ]  �9 BZ �9 g = �9 BZ �9 j = 
1 100.0000 0.000000 100.0000 0.000000 
2 74.41430 25.58570 85.98971 14.01029 
3 74.39764 25.60236 85.92225 14.07775 
4 74.46884 25.53116 85.78677 14.21323 
5 74.60855 25.39145 85.83237 14.16763 
6 74.61580 25.38420 85.83597 14.16403 
7 74.59179 25.40821 85.78135 14.21865 
8 74.59477 25.40523 85.78301 14.21699 
9 74.59766 25.40234 85.78363 14.21637 
10 74.59722 25.40278 85.78374 14.21626 

 
 
jR   �9 g =? 8 @ å ¼ Ñ È I N : O P 

 A. R S î A B. R S î A 
æ]  �9 BZ �9 g = �9 g = �9 j = 

1 3.880299 96.11870 100.0000 0.000000 
2 4.052123 95.94788 99.99381 0.006194 
3 4.051818 95.94818 99.98299 0.017707 
4 4.098228 95.90177 99.95877 0.041134 
5 4.152823 95.84718 99.92260 0.077398 
6 4.154782 95.84522 99.88778 0.112217 
7 4.155019 95.84498 99.88778 0.112218 
8 4.156308 95.84369 99.88775 0.112249 
9 4.157043 95.84296 99.88762 0.112383 
10 4.157043 95.84296 99.88762 0.112383 
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jK   �9 j =? 8 @ å ¼ Ñ È I N : O P 

 A. R S î A B. R S î A 
æ]  �9 BZ �9 j = �9 g = �9 j = 

1 4.448083 95.55192 36.78280 63.21720 
2 4.509027 95.49093 36.78169 63.21831 
3 4.529488 95.47051 36.78907 63.21093 
4 4.703171 95.29683 36.77627 63.22373 
5 4.729139 95.27086 36.78451 63.21549 
6 4.727458 95.27254 36.75129 63.24871 
7 4.728124 95.27188 36.75126 63.24874 
8 4.730448 95.26955 36.75128 63.24872 
9 4.731665 95.26833 36.75127 63.24873 
10 4.731689 95.26831 36.75127 63.24873 

 

jI   �9 BZ # Æ ¡ �9 BZM�9 g =Q�9 j = # Æ I ý ¼ # $� T U 

 
A. ¼ # $ï 2 È ?  

innovation A "  
B. ¼ # $ï 2 È ?  

innovation A "  
æ]  �9 BZ �9 g = �9 BZ �9 j = 

1 0.000936 0.000000 0.001022 0.000000 
2 -2.06E-05 0.000586 -1.30E-05 0.000413 
3 7.99E-06 -1.56E-05 -2.39E-05 -3.24E-05 
4 -5.32E-05 -9.80E-06 -8.13E-05 5.49E-05 
5 -6.83E-05 -5.69E-05 -8.17E-05 2.12E-05 
6 -3.96E-05 -5.66E-05 -3.00E-05 -9.85E-06 
7 1.28E-05 -1.09E-06 1.12E-05 -2.84E-05 
8 9.83E-06 8.03E-06 1.25E-05 -1.48E-06 
9 8.73E-06 9.10E-06 1.13E-05 -3.48E-06 
10 2.57E-06 6.41E-06 4.50E-06 1.33E-06 

 

jT �9 g = # Æ ¡ �9 BZM�9 g =Q�9 j = # Æ I ý ¼ # $� T U 

 
A. ¼ # $ï 2 È ?  

innovation A "  
B. ¼ # $ï 2 È ?  

innovation A "  
æ]  �9 BZ �9 g = �9 g = �9 j = 

1 0.000197 0.000980 0.001000 0.000000 
2 4.23E-05 6.24E-06 1.48E-05 7.78E-06 
3 -3.39E-06 -1.86E-05 -2.02E-05 1.07E-06 
4 -2.24E-05 2.04E-05 1.47E-05 1.53E-05 
5 -2.42E-05 -1.91E-05 -2.34E-05 1.91E-05 
6 4.57E-06 2.96E-06 3.84E-06 -1.87E-05 
7 1.70E-06 3.04E-06 8.58E-07 -1.10E-07 
8 3.71E-06 -2.46E-06 -1.34E-06 5.56E-07 
9 2.78E-06 1.03E-06 8.48E-07 -1.16E-06 
10 -1.44E-07 7.32E-07 -2.06E-07 -4.66E-09 
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jJ �9 j = # Æ ¡ �9 BZM�9 g =Q�9 j = # Æ I ý ¼ # $� T U 

 
A. ¼ # $ï 2 È ?  

innovation A "  
B. ¼ # $ï 2 È ?  

innovation A "  
æ]  �9 BZ �9 j = �9 g = �9 j = 

1 0.000184 0.000851 0.000529 0.000693 
2 2.22E-05 -1.28E-05 1.43E-05 -1.93E-05 
3 -1.27E-05 -1.77E-06 -9.44E-06 8.60E-07 
4 -3.75E-05 1.96E-05 -4.08E-06 1.71E-05 
5 -1.45E-05 5.79E-06 -1.42E-05 1.32E-05 
6 -3.03E-06 -2.13E-05 -1.18E-06 -2.63E-05 
7 2.33E-06 -1.50E-06 1.02E-07 7.77E-07 
8 4.32E-06 -1.46E-06 -4.64E-07 2.80E-07 
9 3.12E-06 -5.55E-07 6.15E-07 -8.90E-07 
10 4.59E-07 6.09E-07 -2.93E-08 -1.75E-07 
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