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� Å 3 4 5 . / » 6 7 ¾ u ô � � � � ñ û � � � � 6 þ 3 4 5 0 1 � 


. / u � Ç � ¿ ¡ , » 2% � � , ­ À Á � u Ð � ½ � « ÷ Â Ã Æ ¯ �

£ £ ¢ � � � å 6 þ � 3 4 5 . / 0 1 È 6 . / � Ç � 1975� u 69% ¢ }

� � , ¢ 1990� t « � � � � » 60% � � � � � å 6 þ � 3 4 5 . / 0 1 �

Å . / , � 1975 � u 6% ¾ ² ¢ 1999 � u 18%, � � 0 1 � 6 . / £ Ï » 4–

6% ã ä ; 0 1 � � å 6 þ � . / � Ç £ » 15–20%ä Ä ` ; 0 1 y � × 5 6
. / � ô , ª è 0 1 	 
 . / } � � � . / �

£ £ ê � � Å ï u � � 6 þ , y � 6 þ 3 4 5 . / 0 1 ý ð Æ ß � ¯ � � �

3 4 5 . / 0 1 È 6 . / u � Ç » 1990 � � Å » 50%–90%ä ¯ � Æ ß , �

³ 1990 � � � Ç È ¸ É Ê , Ï } 50% � � � � � 3 4 5 . / 0 1 � Å . /
� � ñ û , � ¤ � u � Ë � , � 90 � t � � � Ì � 24% � � � � � 3 4 5 .
/ 0 1 � � Å 6 . / � Ç Í } , � 1999� � 12%� 1996� ã � � � 3 4 5 .
/ 0 1 	 
 . / � Ç ö 4.6%÷ } � � 6 . / � Ç ö 2.7%÷ �

£ £ 	 
 3 4 5 . / 0 1 È 6 . / � Ç � 1993� ö 42%÷ � ò ¡ � 0 1 � Å

. / ö 46%÷ ; ¼ è 90 � t � � ö 19982 1999� ÷ , 0 1 È 6 . / � Ç Î � Ï ²

u � � , 1999� 1 46%,ê � � 0 1 � Å . / � Ç ¹ � 37%� 	 
 3 4 5 . /
0 1 	 
 Å 6 . / � 1992 � Ð Ç ñ û ö Ñ Û 1%÷ , � 1999 � � 4% � � � �
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: , 	 
 » 90 � t � � Ð Ç 0 1 � � . / , ¼ è � Ç Æ   , Ï 1–2%,0 0 1 �

¹ 200–300ò � � 
 î y � × 5 6 þ 3 4 5 . / Ò � � Ó , � å ± � � 6 þ

� Ô � � Õ ¶ è ¬ Ö � u � � � � 
 ¤ � u 3 4 5 . / 0 � � , � � ¬ ­ ×

| ¤ � 0 1 ß ý u Æ ß � § � ¯ �

£ £ � 3 ¢ � 8 Ø Ù × Ì � 0 1 Ä Ú ö citation frequency÷ � Ã 0 1 . / ä ¥

0 1 . / u s ä Û Â ö citation time lag÷ ° � ~ Ì Ü � 6 þ ö Ï 6 þ � � ÷ .
/ ¥ Ü 6 3 4 5 . / 0 1 u ý ð � 0 1 Ä Ú u - ¯ } 0 1 � x � ö ¥ 0 1 .
/ � . / 0 � Ü 0 Ý . / � . / 0 � ÷ � Ç   , È 6 1999� 3 à � � Ô . /
� 19,693� ; È 6 1975� . / } 44,280� ; È 6 1999� 3 à � � Ô . / 0 1
È 6 1975� . / u 0 0 1 ò � } 1,210� ö { Þ x v w 0 1 u � ° ÷ , £ å �

ß u 0 1 Ä Ú Ï } 1.39× 10−6ö ó 1, 210/(19,693× 44,280)� � å � 3 ¢ � 8

} à ¸ 0 1 . / ä ¥ 0 1 . / á â � Â Ã � , Ì 6 3 4 í 5 . / u Ì � 0 1
Ä Ú , Ç   0 1 s ä Û Â } 35 � ö lag 35 � ÷ u 0 1 Ä Ú Ø � 1999 � . / 0
1 1964� . / 2 1998� . / 0 1 1963� u . / 2 î � � 0 1 Ä Ú Ì � � �

£ £ y � 3 ¢ � 8 ¬ ` Ì , � ã � � , È 2 � 2 � ä � � å 6 þ � î � � 6 þ

. / ¥ Ü 6 3 4 5 . / 0 1 ½ Ç | Ì � � Ô Õ u | ç , ³ è » 0 1 s ä Û Â

� ä s , ¥ 0 1 Ä Ú Ç ñ û � � , ¯ ¶ » ¥ 0 1 . / á ¦ � � å � 1 � � }

ü , ã � � � ª � � � æ Å 6 3 4 5 . / 0 1 Å 6 . / u 0 1 Ä Ú � ¿ ½ }

� å 6 0 1 Ä Ú , ç ª ³ è Jaffe and Trajtenbergö 1999÷ � è u é ê � u ¨ é

| ç � � � 6 þ . / ¥ Å 6 3 4 5 . / 0 1 u Ä Ú � } � ¶ ë � 10 ¢ 15×
10−6 ã ä , ¥ å 6 3 4 5 . / 0 1 u Ä Ú ¶ ë � 5× 10−6 � � � ¼ è � Å .
/ ¥ Å 6 3 4 5 . / 0 1 u Ä Ú � } � } 1 30×10−6, ¥ å 6 3 4 5 . / 0
1 u Ä Ú ª } 1 10× 10−6 � ¾ � ¢ � � � 6 þ . / ¥ � 2 
 3 4 5 . / 0
1 u Ä Ú Ä ` ¯ , æ « ÷ � o 0 1 s ä Û Â u ñ û � � � � Ç   � Å . / ¥

	 
 3 4 5 . / 0 1 u Ä Ú » 0 1 s ä Û Â } � µ � � u � { » 2 × 10−6

� � , ¼ » 0 1 s ä Û Â } ì � s , í Ì | � � î � 11.4×10−6� � � Å . /
¥ � � 3 4 5 . / 0 1 u Ä Ú » 0 1 s ä Û Â } � � s { ¡ � 2× 10−6, ¼

» 0 1 s ä Û Â } � / � s , Î Ì | � ¯ � 29.5× 10−6� ç � ½ ­ À � � 6
þ . / ¥ � 2 
 3 4 5 . / 0 1 u Ä Ú Æ ï � Æ ¯ , ª ³ è ´ � 2 
 3 4 5
. / � ¬ ­ ó 0 1 � � � t � � ¼ � � ô � � Æ ë ð u � � 6 þ . / � ñ

� ç � | ç , Å ± � � 5.4 ò � ó ö ô u ° ´ �
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£ £ � 7 ä � 8 ° � è � 2 
 . / ¥ Ü 6 3 4 5 . / 0 1 u ý ð , Ó Å ï �

å � � 6 þ . / ¥ 0 1 � Ç | u � ð � ï , µ ¶ � � � £ ¬ � � � 
 . / ¥

� � 6 þ 3 4 5 0 1 u Ä Ú � ¡ � å : , � 2 
 . / ¥ Å 6 3 4 5 . / 0 1
u Ä Ú ¬ ­ ï � ¥ å 6 3 4 5 . / 0 1 u Ä Ú � Ç   � � . / ¥ Å 6 3 4
5 . / 0 1 u Ä Ú » 0 1 s ä Û Â } Á � Ã � � s Ì | ³ 150.8 × 10−6 Ó

149.8 × 10−6, 
 6 . / ¥ Å 6 3 4 5 . / 0 1 u Ä Ú � ¢ » 0 1 s ä Û Â

} � / � Ì | ³ � ¯ � 4,082.5 × 10−6, Ó ¥ å 6 3 4 5 . / 0 1 u Ä Ú Ë

� 0 ¢ 100×10−6 ã ä Â ï � ¯ � å � ­ À � 2 
 Á � � ê � Û � 6 þ ã .
/ Î 	 u 
 ï � � ¯ �

4.� � � 
 �

Å ï � 3 ò { ° � ³ 1975–1999� � ä È 6 2 � Å 2 � 6 2 � � 2 	 
 � Ã

� � å 6 þ � 3 4 5 . / 0 1 ç Ü 6 ö Ï 6 þ � � ÷ . / u ° � ý ð , � Ã ç

Ü 6 ö Ï 6 þ � � ÷ . / ¥ ç Ü 6 ö Ï 6 þ � � ÷ 3 4 5 . / 0 1 u ý ð , �

� � � u z - ° ´ � ÷ � 6 Ó 6 3 4 5 . / ã ê � 0 1 , � �   å � � u Á

6 � ` , � è � � u ¶ 6 ä � ` � � � Ú Û ó � � u - ú � � ° ´ , � ­ �

� � ½ u 6 7 ä 8 9 : ; | ç � Caballero and Jaffeö 1993÷ � � � � + ã 0 1
 � v ! - 8 9 : ; :

a(t, s) = δ · exp
(
− β · (Nt −Ns)

)
·
[
1− exp

(
− γ(t− s)

)]
, (1)

£ £ � é , t } y 8 9 ¦ ¬ u s ä , s } " 8 9 ¦ ¬ s ä ,Nt −Ns è y " 8 9
Î 	 u Â ï , t − s è y " 8 9 ä # u s ä ~ § � δ · exp(−β · (Nt − Ns)) t ú

" $ % � y $ % u � � ¦ § , δ ¬ ° } s s u " í Î Å & � � u ¦ § , � Ã t

s y í Î u ' É ­ � � [1−exp(−γ(t− s))] è � ( ) Ä Ú u ð ñ , * � " 8 9
¥ � v 8 9 $ + � u Ä Ú , � å ! - Ø � γ , ¯ £ : ; u - § , . , γ � ü

� � / ¯ s , * 0 8 9 : ; , ó s � � ã , γ � ü 1 s , * 2 3 4 " $ % � y

$ % � � 5 ² , ª ³ è ´ y 8 9 u ¦ ¬ 6 � è 7 ÷ u , Ó ã Å u ¦ ¬ � ë �
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£ £ Jaffe and Trajtenbergö 1996÷ } ³ ° ´ . / 0 1 � } , 8 9 ¾ ï Caballero

and Jaffeö 1993÷ u � � , � y " 8 9 u : % À ß } . / 0 1 , à á » T � á

¦ u . / K 0 1 t � á â u . / k ã Ä Ú } :

p(K, k) = α(K, k)exp
[
− β1(K,k)(T − t)

][
1− exp

(
− β2(T − t)

)]
, (2)

� é , (T − t) } . / T Ó . / t ã á â � Â Ã ö citation lag÷ �

£ £ ¾ ñ ú À 0 1 Ä Ú ã p(K, k) Ñ ; � 0 1 . / Å & (K) ä ¥ 0 1 . / (k)
< � ö Ç   Ð � Ø Ù 2 á â � · · · · · ·î ÷ Ï è � 0 1 = Ç > Æ � Æ ` � α ? } ,

ú À » � � 0 1 s ä Û Â � ö at all lags÷ u Ì � 0 1 ò � ? ¶ � ! - Ø � β1

t ú . / A " - Ú ö the rate of obsolescence÷ � α ä β1 � ¬ ­ ; � . / K Ó .
/ k Å & � 	 B C , � α(K, k) ä β1(K, k) ú À � ! - Ø � β2 � � . / � �

- Ú ö the rate of diffusion÷ , Ô ñ (2) � · ¸ � � . / u : ; - Ú ê Ú , « ; .
/ K Ï . / k Å & < � u B C �

£ £ Å ± D õ ö y � × 5 6 þ Ó � � 6 þ ã ä 3 4 í 5 8 9 : ; u ý ð �

E F Jaffe and Trajtenbergö 1999÷ ä Hu and Jaffeö 2003÷ u � � , ¸ � ñ � F

ú ò Å u < � ö ó 0 1 . / } G 6 3 4 5 , � ¥ 0 1 . / } G 6 . / ÷ , w {

� � + ã . / 0 1 Ä Ú  � , v ° ´ 3 4 . / 8 9 : ; u - § , Ó 3 4 . /
H " Ú � 0 1 Ä Ú u B C , � � � � � ° . / Å & < � Ó ¥ 0 1 . / < � u

Â ï � 0 1 Ä Ú ¬ I J } 0 1 . / � é 3 � . / o Ä 0 1 ¥ 0 1 . / � é

u . / ã Ä Ú � 0 1 Ä Ú ¬ � � + Ô ñ ú À :

p(K, k) = αL,lαTαt exp
[
− β1,L,l(T − t)

][
1− exp

(
− β2(T − t)

)]
, (3)

� é p(K, k) ú À 0 1 . / (K) � T � 0 � t � á â ã ¥ 0 1 . / (k) u Ä

Ú � Å ± F K u 0 1 . / ¬ ­ B C 0 1 Ä Ú ã � L } T ä L, T } 0 1 . /
(K) u . / á â � , L } 0 1 . / (K) u ¦ ¬ 6 þ � � : , ¥ 0 1 . / ¬ ­ B

C 0 1 Ä Ú u ã � L } t ä l, t } ¥ 0 1 . / (k) u . / á â � , l } ¥ 0 1
. / (k) u ¦ ¬ 6 þ � � å � (3) ñ é u αL,l, αT , αt v ú À � 0 1 . / ä ¥
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0 1 . / u 6 � ª Ñ B C β1 � u ¯   , � å (3) ñ é � β1,L,l� β1,L,l } . /
8 9 H " u - § , β1,L,l1 � ? ¡ , H " Ú ? ¡ , * 2 » . / á â � q Û � M �

� � u s ä , « � N ¶ u 0 1 ò � � å : , (1/β1,L,l) O ¬ � P J } . / á â

� » � (1/β1,L,l) � ¬ 1 � ¥ 0 1 Ä Ú u � } ü ,4 Jaffe and Trajtenbergö 1999÷
i 3 R � � g “modal lag”;

a a � v (3) M β2 g K L Z 6 7 8 M � � , � � P Q ~ W ½ J E U , K L @ V

n M N , a b � W � , t Ð 4 S K L M X õ ß � E 2 ; [1−exp(−β2(T − t))] g

P Q K L Y Z . � P Q � � M @ Q � � , 2 3 P Q ~ W ½ J E U , � P Q �

� E ã ä � Y Z . ; Ô K L R � � � � 7 8 � � : ° C � S T R J \ (T−t)
� � � � � ; Ð � Q d G ~ , ¶ [ (3) v ð p(K, k) c C þ v ð P Q � � S �

� :

p(K, k) =
CT,L,t,l

Nt,l ×MT,L , (4)

û � Nt,l g a Ü � P Q M K L � � � , MT,L g a Ü P Q K L � � � , CT,L,t,l

g � V ¶ M � P C � � � ) � R b P Q M , d ; ÷ ø , 6 7 1999 R H P í

G ( K L ö # 934 ; , g (4) v � M MT,L÷ P C � E 1995R K L ö # 55,739; ,

g (4) v � M Nt,l÷ M � V P Q � � g 1,876� ö g (4) v � M CT,L,t,l÷ , å 6 7

1999R H P í G ( K L P C � E 1995R K L M P Q � � � g (1, 876/(934×
55, 739)) = 0.00000876;

a a c � 4 5 ð � d Ü T U @ < E æ � | y E æ ð W H I J Z 6 7 8 M 9

: , b � M � Q ` { � 4 j � þ : ; ; � z ; � 4 g � E � 4 , � e f 1990–

1999 R � W � E ö US÷ > ê 4 ö JP÷ > � E ö DE÷ > 8 E ö KR÷ � 6 7 ö TW÷
� � E H I J K L N O P Q 9 � E Ð 1981–1998R � W � ç K L ö g f H I

J � k H I J � � j K L ÷ M F R ; 4 5 i D û ~ E æ E 9 ; � � À @ T F

R � h � , � y h 2 g i g f à j k � � | y E æ > � l m � @ � n � @ <

E æ > � û ~ ¤ S × E æ , [ d o K , i p q n ù ä Ù r Þ b 	 Z 6 7 8 Ó

\ S R s t ; 3 7 ¦ Ð 6 7 � 8 E H I J ð X Y � § S ½ 4 � > ê > � �

| y E æ k ö , 2 3 6 7 H I J K L P Q | y E æ K L M � Ï T é , � 4 °

4 Q R v S T 2 ~ ¹ « Z
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P Q u ° M � ÷ å v ù f w ; 3 ¦ u ò � 3 x M y { d G A c ¥ . z Q ; b

� ` � � Q { � � � i ù ä � { � ` { 	 | y E æ H I J P Q 6 8 K L M

Z 6 7 8 Õ � ; 2 3 , Ü � � � b ~ , 4 � 4 ) � à � > ê � � E H I J K

L P Q 6 8 K L M N � P Q F R , ß � h 5 j c � 6 7 � 8 E H I J K L =

� P Q � > ê � � E K L M 9 : ; | } P Q K L M E F > X Y H I ö H I J

K L g f H P í G ( q H I H � ( K L ÷ > K L S T R , � � P Q K L M E

F > K L S T R M ù � � � : [ à 4 � 4 ð Y Z % , ~ � a Ü � P Q K L

� � a Ü P Q K L � K L � g � M Y Z % , 2 3 z # � [ à 4,050; Y Z % ;

¦ B 1 c y z < � 	 9 ; � 4 M F R � n ; 2 g a Ü P Q K L � � a Ü �

P Q K L M K L � � � ù O Ð � , { � P Q � � ~ ] j ' c , � � a Ü � P

Q K L � � � � a Ü P Q K L � � � â O % � g 1; D E 1990R –1999R �

R H I = J � M H P í G ( � H I H � ( M B C K L � g 3,858; � � ; D

; � � � , P Q � � â O g � , P Q � � â � % g 22,498� , � Ü ~ � R b P

Q ð 4 , P Q � � â � % g 19,348� ; R b P Q K L P Q � G P Q � � N �

s � M � ÷ , 2 3 Ü � � Z 6 7 8 ó s � , � ù i R b P Q ) � , c ® x j £

� M 9 : 	 � ;

a a ¦ Ð u [ � � E � 4 ` { M � E H I J K L P Q { � � � � , ) � à

� > ê � � E H I J K L P Q 6 8 K L M Õ � , 2 3 � ù h z ; � � M � �

K L P Q è g d G ; � ¶ g à � � 6 8 H I J Ð 1990R ( � � ] � Z M c

� , û � 4 � W u � , 5 j e f 1990–1999R � W ; 4 5 � � � � E M � 4 ,

� 1975–1999R � W � > ê > � ë D û ~ E æ E ö g � � > 8 � û ~ E æ ÷
� � ; E æ � � M H I J K L P Q F R , S d G 9 � E H I J K L : : N O

P Q 9 � E K L M E V Z 6 7 8 è g ; C u [ { � � z ; � 4 Y Z % � L

M ( ) ñ t , c ¥ 	 � � ; � 4 z # j 19,200; Y Z % ë û N � M ­ � y {

� ö � B 1÷ ;
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� 1� � � � � �

� � � � � � � �   ¡ ¢ £ � ¢ ¤ �
¥ ¦ § ¨ © ª « ¬ ­ ® ¯ °
± ² ³ ´ µ ¶ · ¸ (t) 1987.556 4.375 1981 1998

¹ º ± ² ³ » ´ µ ¼ ½ � (N) 22312.44 16941.86 5467 80291

² ³ ´ µ ¶ · ¸ (T ) 1995.111 2.807 1990 1999

¹ º ² ³ ´ µ ¼ ½ � (M) 3858.215 4590.436 38 19693

² ³ ½ � ö ¾ ¿ À Á ² ³ ÷ (C) 497.5189 1270.502 0 19348

² ³ ½ � (C ′) 572.328 1493.909 0 22498

² ³ Â Ã ö ¾ ¿ À Á ² ³ ÷ (P (K,k)) 4.32E-06 3.46E-06 0 0.0000243

² ³ Â Ã (P (K, k)′) 4.93E-06 4.44E-06 0 0.0000354

¶ · ¸ ¡ Ä (T − t) 7.556 4.375 1 18

Å ¦ § ¨ © ª « ¬ ­ ® ¯ °
± ² ³ ´ µ ¶ · ¸ (t) 1975.583 8.529 1963 1998

¹ º ± ² ³ » ´ µ ¼ ½ � (N) 25177.71 31969.93 407 240873

² ³ ´ µ ¶ · ¸ (T ) 1989.167 6.878 1975 1999

¹ º ² ³ ´ µ ¼ ½ � (M) 5385.964 6407.172 357 59079

² ³ ½ � ö ¾ ¿ À Á ² ³ ÷ (C) 222.683 650.560 0 19348

² ³ ½ � (C ′) 248.096 760.685 0 22498

² ³ Â Ã ö ¾ ¿ À Á ² ³ ÷ (P (K,k)) 2.18E-06 2.82E-06 0 0.000037

² ³ Â Ã (P (K, k)′) 2.52E-06 3.82E-06 0 5.37E-05

¶ · ¸ ¡ Ä (T − t) 13.583 8.529 1 36

5.� Æ o Ç È r s

£ £ Å ± � û É u � É � �   Ì � Ê ö weighted nonlinear least square method÷ ,

° � � Ë 6 ä � 6 î Á � ò Å v ! - Ô ñ (3) ã . / 0 1 Ä Ú � � � � � Ì

6 Ì » ¥ 0 1 u . / É 0 � (Nt,l) ä Ì » 0 1 . / É 0 � (MT,L) º » � ¯

u Â ï , � å Í Î Ï ê � Ð Â Ñ Æ ï u Ò Ó , � ­ > Ô ! - ï Ú � w { E F

Jaffe and Trajtenbergö 1999÷ u Õ Ê , · , Ô ñ (3) ã Ð Â Ñ Æ ï � Ó (Nt,l ×
MT,L) Ç � Ç ë Ø , � å � ! ñ ã � � Á í u Ö � Æ � � 1/

√
Nt,l ×MT,L ×
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� û É , Ø � ! - , ó ¬ I Ù Ð Â Ñ ï � � u Ò Ó � ç Á � ò Å u 6 Ú ! -

Û ¡ + � ø ù ã ø ú 2 ä ø ú 3� w { � å ! - Û ¡ u ô ü Ú ê � ± ¤ ã ú

2 ä ú 3, � ö Ü   � :

5.1Ý Þ ß à á â ß ã ä å æ ç è é ê

Ú $ � � , Å � � ã ! - Ø � Û ¡ ê ë ì , ¯ � ° ! - Ø � � � z - ­ p � ,

æ � adjustedR2 } 1 0.746� � Ì ! - Ø � � ã � � Â · � < � ¯ , Ì I J Æ

� ã ä u ê ë Ø � í « ¯ , � å î · � Î É � ö multicollinearity÷ u Ò Ó � å

: , å ! - � � ã Durbin-Watson� } 1.793, t � “zone of indecision”,� Ê

1 ¬ Ð Â Ñ ä � ¬ ­ u v w ê ë � Å � � � ! - Ì u 6 þ � 0 1 Ä Ú ï ¡

(αL,l), 0 1 . / � ï ï ¡ (αT ), ¥ 0 1 . / � � ï ¡ (αt), ä . / H " Ú ï

¡ (β1,L,l) ° � è � αUS−US , α1900, α1981−1985, ä β1,US,US } � ð � ö ñ { u �

� , ¸ } 1÷ , � � � � � � � � , � 	 
 � � α 
 � � � � � � , � � � �

� 2� ò ó ô õ ö ÷ ø ù ú û ü ý : þ ò

² ³ �

α � � � � � � � � � � �

± ² ³ �

� �
1.000 0.454 0.478 0.753 0.658

(N.A.) (0.355) (0.196) (0.277) (0.238)

� �
0.939 1.709 0.891 2.530 1.186

(0.397) (0.642) (0.319) (0.892) (0.418)

� �
0.313 0.294 0.858 0.397 0.339

(0.159) (0.160) (0.304) (0.142) (0.121)

 ! ± ² ³ Â
Ã ¢ " # ¸ � � � � � � � � � � �

� �
3.944 3.627 3.939 2.771 3.296

(0.820) (1.452) (0.495) (0.180) (0.180)

� �
3.799 3.180 3.646 2.526 2.878

(0.500) (0.232) (1.165) (0.045) (0.069)

� �
4.573 3.660 3.512 3.319 3.127

(1.062) (0.892) (0.126) (0.146) (0.143)

$ : % & ' » � ( ) asymptotic standard error.
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� 3� ò ó ô õ ö ÷ ø ù ú û ü ý : * ò

² ³ �
α � � � � � � � + , � -

± ² ³ �

� �
1.00 0.692 0.591 0.306
(N.A.) (0.112) (0.073) (0.107)

� �
1.084 3.172 1.503 0.548

(0.126) (0.344) (0.163) (0.074)

� �
0.414 0.583 0.736 0.228

(0.568) (0.068) (0.080) (0.043)

+ , � -
0.149 0.156 0.172 0.103

(0.058) (0.044) (0.028) (0.058)
 ! ± ² ³ Â
Ã ¢ " # ¸ � � � � � � � + , � -

� �
4.457 3.820 4.412 4.069

(0.306) (0.087) (0.077) (0.200)

� �
3.815 3.160 3.583 3.419

(0.661) (0.048) (0.055) (0.060)

� �
4.796 4.359 4.671 4.136

(0.091) (0.071) (0.072) (0.105)

+ , � -
6.302 5.562 5.700 5.397

(0.330) (0.021) (0.126) (0.393)

$ : % & ' » � ( ) asymptotic standard error.

. / 0 1 2 3 4 5 � . 6 . 2 3 � 7 8 , . 9 . : : ; < � = > 4 5 7 8


 � ? A αJP−US B , C D E F 	 
 � � > G H 
 I J K � L � M N (3) O P

Q K R S , T U E V H 
 I J K � W X I J Y � 1� � W 2 � 	 
 Z @ � [ ,

αJP−JP � 
 \ 1.709, T ] W X ^ _ a b c d � e d ; f , g 6 / 0 1 2 3

4 5 g 6 6 . 2 3 � = > 7 8 \ � . / 0 1 2 3 4 5 � . 2 3 � 1.709 h �

i j k O l g 6 / 0 1 � . m 4 5 � � � � . / 0 1 � . m 4 5 F � n �

o p q r K � Jaffe and Trajtenbergö 1999÷ s Hu and Jaffeö 2003÷ � . t u ö e

O v � w x y 1 ÷ 2 3 4 5 � z ` Z @ j { | g 6 F T } ~ � o p q r K �

� � αDE−DE � 
 � O 0.858, T ] W X � . / 0 1 4 5 � . 6 . 2 3 � =

> 4 5 7 8 � F � . / 0 1 4 5 � . 6 . 2 3 7 8 � 85.8%� � �

� � ^ b � � α 	 
 
 � � , � � 
 � � � � � � O � � s � � � � � . t
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/ 0 1 4 5 � � . t 2 3 � 7 8 W | � � W 2 � 	 
 Z @ � [ αKR−JP s

αKR−US � u \ 2.539s 0.753� i � Z @ I X � � � / 0 1 2 3 4 5 g 6 2

3 � 7 8 � n , � F αUS−US � 2.539h � � ; � � � / 0 1 4 5 � . / 0 1

2 3 � 7 8 � � � � � , � F � � � αUS−US � 75.3%� j k O l � � / 0 1

2 3 �   4 5 g 6 2 3 � = > 7 8 \ b 4 5 � . 2 3 = > 7 8 � 3.372h ;

¡ � � � � � / 0 1 2 3 4 5 � ¢ g 2 3 � 7 8 , L αTW−JP s αTW−US �

u \ 1.186s 0.658� [ , j £ | 9 � � / 0 1 ¤ ¥ � 4 5 R N � j k O l �

� / 0 1 2 3 �   4 5 g 6 2 3 � = > 7 8 n � 4 5 � . 2 3 � = > 7 8 ,

¦ § ¨ � F © ¨ � 1.802 h , � � � � � 3.372 h � ª � , 6 « E { | � i �

� � s � � / 0 1 4 5 � � . t 2 3 � R N ¬ 9 Hu and Jaffeö 2003÷ � z `

Z @ e ­ ® � c ¯ � ° � � 9 � � 2 3 ö ± k . u , � P y 1 u ÷ 4 5 � . s

g 6 2 3 � ² \ { | , � � 9 g 6 F � � . ³ ´ µ � B � ¶ · s � � ¸ ¹ º

� � � » ¹ ¼ � , ½ T � g : . ; < F � } ~ � [ ¾ B ¿ | À ; � � � j ½

9 � . F � \ µ Á � » Â Ã Ä ¼ � , Å Æ � � / 0 1 2 3 4 5 � . 2 3 � 7

8 Ç ¡ � 4 5 g 6 2 3 � ª � � Hu and Jaffeö 2003÷ � . t È É z ` Ê Ë 6

« ³ G Ì � y 1 È É � [ ¾ B ¿ � ° , Í ¯ { | y 1 Î Ï Ð Ñ � � � Ò Ó �

Ô Õ O Ö × . 9 . ; < [ ¾ B ¿ Ø   � Ö Ù ½ Ú � L � Û Ü Ý Þ � ö ß 6 à

6 E á â � ã < , 1990–1999÷ , g 6 / 0 1 � Î Ï z { Ð Ñ � � ä å æ , ç è

Ï é © � . ê � ¢ � ë �   4 5 � ¡ � g 6 2 3 �

� � T B , � W 2 ; 	 
 Z @ j � � � � � . � / 0 1 4 5 g 6 2 3 � 7 8

ì í n � 4 5 � . � 2 3 � � � . / 0 1 2 3 4 5 g 6 2 3 � 7 8 j � î

n , b αUS−JP 
 n ï 0.939� i ð | À ñ � l ò g 6 / 0 1 2 3 ^ . ó < /

0 [ ¾ B ¿ � ô Ù K � ª � , õ ö ÷ . / 0 1 ø � 4 5 g 6 2 3 , g 6 / 0

1 2 3 4 5 u . 2 3 � 7 8 ¬ ù ú ñ û � , αJP−US � 
 � F 0.454,αJP−DE
\ 0.294� ½ T , Í ¯ { | 1990–1999Þ ã < ü . / 0 1 2 3 � ý 4 5 E y þ

� . ó < B ¿ | À � � � | ê Jaffe and Trajtenbergö 1999÷ � G5 . t � Ð 5

z ` E � � � . 9 . < � [ ¾ Ø Ä £ �   B ¿ ö bi-directional diffusion flows÷ ,

� O £ | ­ � � � �   4 5 g 6 2 3 �

� � � � W 2 � 	 
 Z @ � � � � � � 4 5 2 3 Þ ã � @ (αt) s 4 5 2 3

Þ � � @ (αT ) � 	 
 � � 
 � � � � α1981−1985 \ αt � � � � , b 
 	 \ 1�

^ _ a b c d � e d ; f , � � � 1981–1985Þ ã < � 4 5 2 3 � = > 4 5
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 ø ` 33 : 1 (2005)

7 8 \ 1� ª � 
 J � < � � , � b © Õ � 
 � � 2 3 , ½ � � � < � � , �

4 5 � = > 7 8 , � � � f Ê , α1986−1990¢ α1991−1995 s α1996−1998 � 	 
 


� u � F 0.980¢ 0.850 s 0.764� � � 4 5 2 3 Þ � � @ (αT ) � � � � � \

α1990, b 
 	 \ 1� ^ _ a b c d � e d ; f , � � � 1990 Þ 
 � � / 0 1

2 3 ; 4 5 7 8 \ 1, b c Þ 
 � � / 0 1 2 3 � 4 5 7 8 > I J Y � 1, ¦

£ | e � � � � d � , � α1998 � 	 
 
 Û n , \ 1.290, � α1991 � 	 
 
 Û

� , \ 0.948�

� � � � W 2 ; 	 
 Z @ � [ β1 � 	 
 � � I J Y � � , b 
 \ 0.254, T

] W X = > � � , � . / 0 1 2 3 4 5 � . 6 . 2 3 � � � 8 \ 25.4%� 9

Jaffe and Trajtenbergö 1999÷ s Hu and Jaffeö 2003÷ � . t È � z ` � Z @ �

� , � { | c ¯ � β1 	 
 
 � u O 0.19 s 0.20, í � 6 « � 0.25 \ � � i 9

­ � � ã � � , ß � n Î Ï  ! � / 0 1 2 3 � � � 8 ë � " Ì # Å 1 2 3

� = > � � 8 � � n � ê � $ 2 � M N E X , 1/β1 � 
 � � % & \ � . /

0 1 2 3 4 5 � . 6 . 2 3 � 4 5 7 8 � � . 2 3 ' � 3.944Þ © ï Ë Û n

( � b c : : . 9 . ; < � β1,L,l 	 
 
 , � W X � � � � � � β1,US−US \

1 ; f � 2 3 � � 8 � Í ¯ ) i ð 	 
 
 ­ ­ * + Æ ï Ë 4 5 7 8 Û n (

� � < , � ö � Þ 
 ÷ , - � W 2� Í ¯ { | ? A � . ; B , 6 . / 0 1 4 5

b . m 2 3 � . / 0 1 � � 4 5 c . 2 3 , 2 ê g 6 ± 3 3.180 Þ , � . 3

3.512Þ ß � ï 4 5 7 8 Û n ( � � . / 0 1 2 3 4 5 � . 6 . 2 3 � 7 8

3 4 3.944Þ Õ ï Ë n ( , ¦ O � . / 0 1 2 3 4 5 g 6 2 3 � 7 8 � ± 3

3.799 Þ k � ï Ë Û � 
 , T ] W X � . / 0 1 { ò � 4 5 g 6 2 3 � . /

5 � � � 4 5 � . 6 . 2 3 �

� � � � W 2 ; 	 
 Z @ � � { | ­ � F 6 � | À , k O � � 7 � � � β1,L,l

	 
 
 > í n � � . ¢ g 6 s � . � � ÷ . / 0 1 2 3 4 5 � . 2 3 \ 2

� l ò , ^ _ a b c d � e d ; f , � � 7 � � � / 0 1 2 3 �   4 5 � �

� � . 2 3 ; � � 7 � � � / 0 1 2 3 ± � u 8 4 2.771Þ s 3.296Þ k � ï

Ë 4 5 7 8 Û n ( , í � � . ¢ g 6 s � . � / 0 1 2 3 \ � � � � 7 � �

� / 0 1 2 3 4 5 g 6 2 3 ö 9 � . ÷ � j � | � : ² \ , ß � � 7 � � �

/ 0 1 2 3 4 5 g 6 2 3 � . / � \ ; . � i � | À � Ô 5 < A Ï é © �

¨ ö ê � � 7 � � � / 0 1 ÷ = > � ? A B C � � ¨ ö ê � . s g 6 ÷ � } ~

D E F �
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5.2Ý G ß à á â ß ã ä å æ ç è é ê

� � 6 ò Å ! - u Û ¡ + � ø ú 3� � � ! - Ø � � � z - ­ p � , � ad-

justed-R2 � Ë 6 ò Å ö Ë 6 3 4 5 . / 0 1 u ò Å ÷ u ! - Û ¡ O H , } 1

0.763� Ú Û ê ë Ø � ä Durbin-Watson� u I J Û ¡ , � Ê Ý ¬ Å � � � ¬

­ u É � ô ß Ï v w ê ë î - ú Ò Ó º » � � Ì 6 3 4 5 . / 0 1 Å 6 .
/ u Ä Ú v ` , αJP−JP u � � } , 1 3.172,� ò ° � } αUS−US 2 αDE−DE ä

αOTHER−OTHER u 12 0.736ä 0.103� Ó Å ï Ë 6 ò Å u ! - Û ¡ � � , w {

¦ | � Å 3 4 5 . / u é � ¨ é � ó û K L �

£ £ » Ì 6 . / Á Á ê � 0 1 u ë Ø é , � 0 M N * u è Ì 6 3 4 5 0 1 �

Å . / u ý ð � » O Å � å Æ � « Æ ã � , È 6 3 4 5 0 1 � Å . / u Ì �

Ä Ú } � Å 3 4 5 . / 0 1 È 6 . / Ä Ú u 1.566 P (αUS−JP = 1.084 V.S.

αJP−US = 0.692)� Ô Õ u ¯ Ê , � 6 3 4 5 ö Ï � � å 6 þ � 3 4 5 ÷ 0 1
� Å . / u Ä Ú } � Å 3 4 5 0 1 � 6 . / ö Ï � � å 6 þ � . / ÷ Ä Ú u

2.578 P ö Ï 3.513 P ÷ � ç � ½ 1 Û ¡ Ø ò J 1 ³ � Å u Ð � ½ � Ã � . /
» 6 7 3 4 5 8 9 : ; � Q R u ô � � , Ú s ª ´ ¬ ñ { u 0 1 Ù ± « è

Jaffe and Trajtenbergö 1999÷ � è u S ± Ù ± , Ð � 8 9 è � ¥ ¦ ½ � � K u

� � Ù ± ½ � � T u � � � ç � � ± � # u | ç ª Ì | » � 6 3 4 5 . /
0 1 È 6 . / , Ï � � å 6 þ � 3 4 5 . / 0 1 È 6 . / u ë Ø é , � è È

6 . / u � # � « U Å ï � Å . / V W K L � { �

£ £ y ø ú 3 u ! - Û ¡ , O ¬ � ` Ì ¥ 0 1 . / � � ï ¡ (αt) ä 0 1 .
/ � ï ï ¡ (αT ) u ! - � � α1963−1965 } αt u � ð � , � � , } 1� ¬ ­ �

� � 6 ò Å u ò Å s ä � ~ ö } 1963–1998� ÷ � ! - Ì v u Ö Ë � u αt !

- � Ç | Ì o s ä R � � X ñ u | ç , Ó Å ï Ë 6 ò Å u αt ! - Û ¡ « Ú �

α1966−1970 u � } 0.857,� ³ α1996−1998 £ ñ ¢ 1.188� å � ú À » O Å � å Æ

� « Æ ã � , ¤ � á â u . / ö Ç   1966–1970� � ä ÷ , � � y Y � Ï x y

� « Z , ¥ 3 4 5 . / 0 1 u Ä Ú � ü � á â u . / ö Ç   1996–1998� �

ä ÷ } ¡ �

£ £ Å � � ã αT u � ð � } α1975, � � , } 1� � � αT u ! - � � ­ p ï

� 1, æ Ç | Ì � £ � Æ ß � y α1976 ã 1.014,@ � � � ¢ α1992 u 0.768ã � ,
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 ø ` 33 : 1 (2005)

� À Æ } @ � ñ û , ¢ α1998 1 � } � 1.041� ª ³ è ´ 3 4 5 . / u 0 1 Ä

Ú } [ ° � Ì | » 1970 � t � � ä 1990 � t � � , å Ï N Ó ë ð 3 4 Ð �

ã \ ] s ä ü � § ^ u ë Ø �

£ £ � � 6 ò Å � ! - Ì v u β1,L,l ê ë ! - � £ Ó Ë 6 ò Å u ! - Û ¡ «

_ ê Ú � . / 0 1 u 6 ¤ é ê ¨ é � | ç � � Ì | » � Å , � a » � u 6 þ

­ | Ì v , ª ³ è � � � Å 3 4 5 . / 0 1 � Å 6 . / u - § . � 0 1 å 6
. / � � Ì 6 ö è Þ È 6 2 � 6 ä � å 6 þ ÷ 3 4 5 . / 0 1 � Å . / u Ä

Ú b � 0 1 � Å 6 . / Ä Ú ó . 1 � } [ , å � ú À Ì 6 3 4 5 ¦ ¬ M 0 1
� Å . / u - § ½ . � 0 1 � Å 6 . / � ç � | ç » ! - Ë 6 ò Å s , � �

Ì | » È 6 3 4 5 , � » � 6 ò Å ! - Û ¡ £ ó û K L ³ �

£ £ y ¾ ï 5.1 ò ä 5.2 ò u ½ 1 Û ¡ , w { � Ì Á � Û ó ± ² a í ¦ | u

| ç : c Ì 6 3 4 5 . / 0 1 � Å . / u Ì � Ä Ú � } � 0 1 È 6 . / ; d

� � Û � 6 u . / 0 1 � } � ï � � � 6 þ � ñ � ç � ¦ | , e M « f � Ò

� � Á � Ò Ó : c ü � v � Å . / Î 	 è g { . - h i , 	 j È 6 . / k d

� 
 3 4 5 . / 0 1 A " È � . / u l u 4 » k ç � . / u < � } 4 k �

� Á   ò ° � ³ ç Á � Ò Ó � � ö Ü :

5.3Ý m ß n o p q r s t u v w

w { Ö × Hall et al.ö 2001÷ � h u � Ê , v ù ú � � È 6 ä � Å . / Î 	 � å

{ î � Ì 6 » È 6 � Í . / u 0 1 ß ý , - ¯ Ö � . / u Æ x � ö originality÷
ä � ã � ö generality÷ �   ¡ G � . / i 0 1 ã Å u . / Ø ° � � Ì Ø Ù , £

ú À ! . / Û ß � ¶ � Å ( ) u x y , � Æ x � } � î � HHI ¨ é § � � u

: % , � Ö � . / ã 0 1 ß ý v - ¯ Æ x � � �   � :

Oi = 1− J
S
j=1

(
Nij
Ni

)2

, (5)

� é Oi è � . / i u Æ x � � � , Ni è . / i 0 1 � å . / 0 ò � , � Nij
è � . / i 0 1 � � ° Ô j é u . / ò � , SJj=1(Nij/Ni)

2 ¬ ù ú . / i 0 1
� å . / u ¨ é § , 1− SJj=1(Nij/Ni)

2 ³ è ù ú . / i 0 � « Ú � � Ø Ù .
/ u ¦ § � � Ô Õ u � Ê , z | ¥ � M 0 1 u ò � , ¬ ù ú G � . / i u � ã
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� � � ã � , } , ú À ! . / ¥ � � ` Ü Ì Ø Ù u . / � 0 1 , £ � � � v

u ¥ æ B C Ø Ù , { , . / u Î 	 � � , } �

£ £ y � 9 ¬ ` Ì 1975–1999� � ä , Ì � � � , � � È 6 . / u Æ x � � |

� � Å . / } } , å Ó Hirschey and Richardsonö 2001÷ u ¥ æ Û ¡ � } � Hir-

schey and Richardsonö 2001÷ ñ � 1989–1995� � ä u È � . / û � � � , ¦

| � Å . / u Æ x � � ÷ � È 6 } ¡ , ¼ � � � � ~ s ä ö technology cycle

time÷ ê ë ä , ª ³ è � Å . / ¬ � . - u � o È 6 ê ë ¦ ¬ , ¦ � Ì Ô Õ ¼

� � > � u . / � y � 9 w { ª ` Ì È 6 . / u � ã � ö ¥ � v . / 0 1 u

ý ð ÷ « ÷ } � � Å . / , � è � 1995 � � Á � u Â Ã { @ © �   � 0 ã ,

Ö × Å ï Á Ñ . / Î 	 � � , w { ` « Ì � Å u . / Î 	 � � ¾ È 6 . /
u � ç , ó � Ê I J } 4 Ì 6 3 4 5 . / ° ± 0 1 � Å . / � � È 6 . / u

| ç � Ï N a v w { î É ¨ ó ¶ ê ë ß � , Ç   È � Á 6 . / u ½ � � � � ,

� ­ � � ° ´ , � Ì Æ � � » �

76 78 80 82 84 86 88 90 92 94 96 98 65 70 75 80 85 90 95
0.00.25

0.30

0.35

0.40

0.45

0.1

0.2

0.3

0.4

_ 9a ¸ c � ÷ ø i j � � � � �

5.4Ý � � � � ß u � � � �

¢ � � ë Å ï � h � 
 3 4 5 . / 0 1 � � 6 þ . / u � } < � , w { � �

� ä 	 
 3 4 5 . / ö Ý Þ 3 à ä � � Ô . / Ã 3 4 ä 3 ð Ô . / ÷ 0 1 �

Å . / } Ç , � � � 0 1 Ä Ú � � y � 10 ¬ 8 , « U � � 6 þ . / ê � 0 1
u � } � ñ ö ª ³ è » 0 1 s ä Û Â , ä s , ¥ 0 1 Ä Ú , ¯ ÷ , � � u 3 à
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_ 10a ý � d e f ¹ º ÷ ø i j » ¼

ä � � Ô . / Ó � Å . / ã ä , � . / 0 1 Û Â } 10–14� s ö � Ã 19–21�

s ÷ , « � � } u 0 1 Ä Ú ; � � u 3 4 ä 3 ð Ô . / Ó � Å . / ã ä , � .
/ 0 1 Û Â } 11–13� s , ª � Æ } u 0 1 Ä Ú � Ô Õ u ý ð , 	 
 u 3 à ä

� � Ô . / Ó � Å . / ã ä , � . / 0 1 Û Â } 4–5 � ä 23–25� s , � Æ }

u 0 1 Ä Ú ; 	 
 u 3 4 ä 3 ð Ô . / Ó � Å . / ã ä , � . / 0 1 Û Â }

11–13� ä 18–21� s , ª Ì | Æ } u 0 1 Ä Ú � v � i ð � � 
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� 4� � � � � � ö �   ¡ ¢ £ ¤ ÷ ¥ ¦ § ¨ © ª « ¬ ¥ ¦ ­ ® ¯ ° ±

� � ² ³ � � , ² ³ ´ ¡ ) 10–14¸
´ µ µ ¶ ± ² ³ · � ´ µ ¶ · ¸ ´ µ ¸ ¹ º » ¼ ½ ¾ ¿ » ¼ À Á ¿
4963002 6 1990 Sharp 2.471 0.910

4893196 6 1990 Toshiba 1.979 –

4806917 6 1989 Alps Electric 0.777 2.011

5050125 4 1991 Toshiba 0.888 –

4974098 4 1990 Fuji Pho – 1.264

4897638 4 1990 Hitachi 0.817 –

4891711 4 1990 Ricoh – –

4879604 4 1989 Toshiba 1.903 –

4870505 4 1989 Dainippo Screen Mfg. 1.427 –

4831457 4 1989 Toshiba 1.744 1.248

� � ² ³ � � , ² ³ ´ ¡ ) 19–21¸
´ µ µ ¶ ± ² ³ · � ´ µ ¶ · ¸ ´ µ ¸ ¹ º » ¼ ½ ¾ ¿ » ¼ À Á ¿
4132975 2 1979 NEC 2.041 1.524

4135186 2 1979 Hitachi, Ltd. 2.143 2.144

4139803 2 1979 Fujitsu 1.219 0.750

4157222 2 1979 Minolta Camera 0.878 1.401

4170360 2 1979 Sony 0.878 0.952

4183093 2 1980 Hitachi 1.826 2.054

4231024 2 1980 Toshiba 1.229 1.232

4240150 2 1980 Citizen Watch 1.902 1.051

4264906 2 1981 Wakatake Yoshimasa 1.367 1.822

4293927 2 1981 Casio Computer 1.165 2.161

� � ² ³ � � , ² ³ ´ ¡ ) 4–5 ¸
´ µ µ ¶ ± ² ³ · � ´ µ ¶ · ¸ ´ µ ¸ ¹ º » ¼ ½ ¾ ¿ » ¼ À Á ¿
5600587 14 1997 NEC – –

5508953 12 1997 NEC – –

5590051 12 1996 NEC 2.091 –

5457473 10 1995 Hitachi 1.967 1.601

5487029 10 1996 Hitachi 0.818 0.662

5615144 10 1997 NEC – –

5521878 10 1996 Mitsubishi Denki 1.380 –

5457650 8 1995 Toshiba 1.063 –

5522076 8 1996 Toshiba 3.657 1.281

5583527 8 1996 Fujitsu 0.897 1.281
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� 4� � � � � � ö �   ¡ ¢ £ ¤ ÷ ¥ ¦ § ¨ © ª « ¬ ¥ ¦ ­ ® ¯ ° ± Â Ã Ä

� � ² ³ � � , ² ³ ´ ¡ ) 23–25¸
´ µ µ ¶ ± ² ³ · � ´ µ ¶ · ¸ ´ µ ¸ ¹ º » ¼ ½ ¾ ¿ » ¼ À Á ¿
4044349 6 1977 Fujitsu – –

4115809 4 1978 Victor Company of Japan 1.029 –

4111533 2 1978 LC Chemical – 2.322

4068018 2 1978 NEC 1.037 –

4052739 2 1977 Matsushita 1.725 2.447

4047228 2 1977 Oki Electric 0.755 1.779

3999193 2 1976 Nippon Kogaku 1.170 1.618

3973088 2 1976 Kokusai Denshin Denwa – –

3920314 2 1975 – 0.549 2.146

3872381 2 1975 – 1.466 –

A � ¼ � g 6 2 3 � � ° b w K , Å Ô � r Æ Ç � � � / 0 1 2 3 4 5 � �

. t 2 3 � Ä 7 � W 4 s 5 - � ^ e : 2 3 4 5 È É � ã f � § Ý � � ¼ �

g 6 2 3 � Ê Ë · Ì , Í â 2 3 Î Ï ¢ 2 3 
 � Þ ¢ 2 3 Ð F � ¢ Ñ � � ­

� K 
 Ò s Ñ � � Ó Ô K 
 Ò � Û © : � d � O 2 3 Õ Ö × Ø , j k O Ù �

2 3 � Õ Ö � � � Ú Þ Ú ¤ Ï é  ! � Û ÷ . ^ � E Ü E F 2 3 � = > 2

3 Õ Ö Ý Þ � � ° i ð 2 3 � ¼ · Ì , Í ¯ { | � ¯ G F � f C � ß : w à :

á 2 3 E F � ¡ \ g 6 Ö Ù ; � S · Ì / 0 M â , ê Toshiba, Hitachi, NEC�

M â ; ã i ð 2 3 � Õ Ö ¡ ^ � Û = > Ý Þ ; C � L T � [ , Ï é È © . ö ê

� � ÷ \ A ? A B C � � . t � Î Ï Ý Þ , ë ä L 4 5 ­ ð å � ¦ Ï é K æ

¼ ç � � � . t 2 3 E y þ � . ó [ ¾ B ¿ , � è é ê ë � Î Ï � ­ ì í

î T è é ï ð , c ¯ ) ³ ñ º å æ b Î Ï Ð Ñ , ò ' ³ � ó ¢ ³ � � � � Î

Ï �
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� 5� � � � � � ö � � ¡ � ô ¤ ÷ ¥ ¦ § ¨ © ª « ¬ ¥ ¦ ­ ® ¯ ° ±

� � ² ³ � � , ² ³ ´ ¡ ) 11–13¸
´ µ µ ¶ ± ² ³ · � ´ µ ¶ · ¸ ´ µ ¸ ¹ º » ¼ ½ ¾ ¿ » ¼ À Á ¿
4740480 8 1988 NEC 1.611 –

4536949 7 1985 Fujitsu 1.477 1.778

4818911 6 1989 ASMO 1.071 –

4742386 6 1988 Sony 1.704 0.916

4743121 5 1988 Terumo 1.446 1.631

4717684 5 1988 Hitachi 0.292 1.374

4978310 4 1990 Hosiden Electronics 1.098 –

4980676 4 1990 IBN Japan 1.946 1.264

4936795 4 1990 Hirose Electric 0.578 –

4935379 4 1990 Toshiba 1.590 0.911

� � ² ³ � � , ² ³ ´ ¡ ) 11–13¸
´ µ µ ¶ ± ² ³ · � ´ µ ¶ · ¸ ´ µ ¸ ¹ º » ¼ ½ ¾ ¿ » ¼ À Á ¿
5021719 10 1991 Hitachi 2.121 –

5004702 10 1991 Toshiba – –

4916365 6 1990 Anritsu 1.406 –

4900989 6 1990 Matsushita 1.464 1.264

4900885 6 1990 Toshiba 0.447 1.053

4870329 6 1989 Nippon Gijutsu Boeki 1.771 –

4814287 6 1989 Matsushita 1.517 1.179

4737687 6 1988 Fujitsu 1.947 0.916

4651406 6 1987 Hitachi 0.586 1.749

4742018 5 1988 Hitachi 1.615 –

� � ² ³ � � , ² ³ ´ ¡ ) 18–21¸
´ µ µ ¶ ± ² ³ · � ´ µ ¶ · ¸ ´ µ ¸ ¹ º » ¼ ½ ¾ ¿ » ¼ À Á ¿
4332993 6 1982 Toshiba 0.761 1.973

4369347 4 1983 Sharp 1.071 –

4340908 4 1982 Sony 1.532 1.403

4283614 4 1981 Matsushita 1.043 1.181

4191876 3 1980 Matsushita 1.535 1.841

4121078 3 1978 Matsushita 0.208 –

3891792 3 1975 – 2.104 2.189

3761848 3 1973 – 1.821 –

4420933 2 1983 Honda Giken Kogyo 0.761 0.867

4410290 2 1983 Pilot Ink – –
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6.� Ç õ

Å ± � � � 1963� ¢ 1999� � ä � � Ì 6 » È 6 � Í . / ß ý , � Ã 1975

� ¢ 1999� � ä u . / 0 1 ß ý , v � � �  ö è Þ È 6 2 � Å 2 � 6 2 �

� 2 	 
 ä � � å 6 þ � î Ü 6 ÷ 3 4 5 . / 0 1 u � � z - ° ´ � w { �

Ì � � µ Ñ � ö u | ç : c x ³ � Å 3 4 5 ã : , È 2 � 2 � 2 
 ä � � å

6 þ � î Ì 6 3 4 5 . / 0 1 È 6 . / u ò � � Ç � } � } , � å Ñ � Ç �

@ � ª � u � � � � ã , Ì 6 3 4 5 . / 0 1 � Å . / u � Ç £ � ¬ ­ ñ û

u � � � ¢ � Ì � � 6 þ 3 4 5 . / 0 1 � 
 . / u � Ç � ¿ ¡ , ½ » 2%

� � , å � ­ À � � 6 þ ã ß � 3 4 5 � � Ó � 
 u Ð � ½ � « � � M Æ ¯

u Â Ã � d È 2 � 2 � ä � � å 6 þ � î � � 6 þ . / ¥ � � 6 þ 3 4 5
. / 0 1 s , 0 1 s ä Û Â , ä , ¥ 0 1 Ä Ú , ¯ , ¯ ¶ » ¥ 0 1 . / á ¦ �

� å � u Ä Ú 1 � � } ü � � æ Å 6 3 4 5 . / 0 1 Å 6 . / u 0 1 Ä Ú

� ¿ ½ } � å 6 0 1 Ä Ú , ç ³ è Jaffe and Trajtenbergö 1999÷ � è u é ê �

u ¨ é | ç � ÷ � � � 6 þ . / ¥ � 2 
 3 4 5 . / 0 1 u Ä Ú £ « ÷ �

o 0 1 s ä Û Â u ñ û � � � � Å ± ¦ | � 
 3 4 5 . / x ³ 0 1 � y Y

u � � 6 þ . / : , O 0 1 ³ � � � t � | ¼ Æ ë ð u � � 6 þ . / � å {

Í Î � Ñ ç � ÷ ø u Ð � , � ­ Ü Û © ù , ' É ó � � Ð � � ç � � � Û �

6 u � Ô © ù | ç , è Û ó ê ë ± ² y a ¦ | Û u �

£ £ Å ± 
 p � � � ° � � Ë 6 ò Å ö È 2 � 2 � 2 � 2 
 ÷ ä � 6 ò Å ö È 2
� 2 � ä � å 6 þ ö è Þ � 2 
 ä � å 6 þ » ¤ ÷ ÷ , v ! - . / 0 1 Ä Ú ã

- ú � � � Å ± ã ½ 1 Û ¡ � � + � � ¦ | :

c » O Å � å Æ � « Æ ã � , � Å 3 4 5 . / 0 1 � Å Å 6 . / u Ì � Ä

Ú } È 6 3 4 5 . / 0 1 È 6 . / u 1.709P � Jaffe and Trajtenbergö 1999÷
ä Hu and Jaffeö 2003÷ u 6 þ � ö « è ñ � < ¸ í 5 ÷ . / 0 1 u ¥ æ Û

¡ ª ¦ | � Å � å K L u é � ¨ é � �

d � 6 2 	 
 ä � � 3 4 5 . / 0 1 � Å . / u Ì � Ä Ú � } � 0 1 È 6
. / , � é � 
 ó } ¬ ­ � ÷ � , Å ± � ¦ | u ç � | ç b Ó Hu and Jaffe

ö 2003÷ u ¥ æ Û ¡ « � } � å { ¦ | 	 
 Ó � Å � � È 6 ó ú § u q æ
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ë Ø , � å 
 � Á 6 � 
 È ã ä � � K L u 8 9 : ; | ç ; � � � ª � Ó

È 6 � � } § ^ u q r z ` , × | � � 3 4 5 . / 0 1 È 6 . / u Ä Ú

¢ ¶ � 0 1 � Å . / � w { û } í 5 Ð � ½ � u ê � ü � ¬ ­ � è � #

6 Ó 6 ã ä 8 9 : ; Ù ± u � � � L �

ý þ Á Ì 6 3 4 5 � ê 0 1 � Å . / , � Å 3 4 5 . / 0 1 å 6 . / u Ä

Ú � � ½ ¡ � � å , w { ¦ | 1990–1999� � ä Ë 6 3 4 5 . / ê � 0 1
� í î u 6 7 ä : ; | ç � a Ì |   Jaffe and Trajtenbergö 1999÷ � G5 6
þ u ½ 1 ¥ æ � � Ì u 6 Ó 6 ä u 8 9 Ù ` Ç S ± : ; , � è Ç | � ¥

¦ ½ � � K u � � Ù ± � T u � � � Ô Õ u � ± � # | ç ª Ì | » È 6
V.S. � 6 � Å ± � � 6 ò Å ó ° ´ , í � Ì ê Ú u Û ¡ �

� Å 6 3 4 5 0 1 � 6 ¤ . / u - § � ¿ ¯ � 0 1 å 6 . / , ¼ » ! - Ë

6 ò Å s , w { ¦ | È 6 3 4 5 ¦ ¬ M 0 1 � Å . / u - § � � ¯ � 0
1 È 6 Å 6 . / � ç � | ç » ! - � 6 ò Å s , ó û K L , Ì 6 3 4 5 ¦

¬ M 0 1 � Å . / u - § ½ . � 0 1 � Å 6 . / �

� � � , w { O ¦ | � � � ö u | ç � » O Å � å Æ � « Æ ã � , 	 
 Ã �

� u 3 4 5 . / ° ± 0 1 � y u � Å ä È 6 . / , ª ³ è 	 
 Ã � � u

3 4 5 . / 0 1 � Å ä È 6 . / u - § � � È 2 � 2 � v � . - , ç ¬ ­

� � ³ � � � � � � � � � � ¾ � � � u K L Ý � 	 �

£ £ � . / 0 1 v t ú 8 9 : ; u 
 t Æ � , � ½ � � � � Å , Ç   : . / �

� t ú u � � � « ­ 6 � � � 8 9 u � � 2 . / u Î 	 Ö � � | ¤ Ý Ã �

� í � Â ï 2 Ö � . / » Ö � s ü � t ú u � � « Ú î � Å ± ã ½ 1 � �

� a � ç � � Å 
 � F ú � a v u ê ë ¥ æ Ï ¬ � å � ± û � > � �
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� � 1
� � 1� � � � � � NBER ° ¤ � � ò ¥ ¦ ° ¤ �

� � � � · � � ´ µ � � µ

� � � � � �

21 178, 333, 340, 342, 343, 358, 367, 370, 375, 379,
385, 455

22 341, 380, 382, 395, 700, 701, 702, 704, 705, 706,
707, 708, 709, 710, 712, 713, 714

23 345, 347

24 360, 365, 369, 711

25 349, 359, 382, 399, 430

 � ! � " �

41 174, 200, 327, 329, 330, 331, 332, 334, 335, 336,
337, 338, 392, 439

42 313, 314, 315, 362, 372, 445

43 73, 324, 356, 374

44 250, 376, 378

45 60, 136, 290, 310, 318, 320, 322, 323, 361, 363,
388, 429

46 257, 326, 438, 505

49 191, 218, 219, 307, 346, 348, 377, 381, 386

� � 2

£ £ } ³ 1 ¬ 1/β1,L,l } . / á â � » � 1/β1,L,l � 1 � ¥ 0 1 Ä Ú u � }

ü max
(T−t)

p(k,K) = αL,lαTαt exp[β1,L,l(T − t)][1− exp(−β2T − t)], # $ � % & °

δp(k,K)/δ(T − t) = 0, ó :

−αL,lαTαt exp
[
− β1,L,l(T − t)

]
£ + αL,lαTαt(β1,L,l + β2)exp

[
− β1,L,l + β2)(T − t)

]
= 0.

¾ ñ ¬ ú À | :

β1,L,l = (β1,L,l + β2)exp(−β2(T − t)).

ó :

ln

(
β1,L,l

β1,L,l + β2

)
= −β2(T − t).
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¾ ñ ¬ � � � ú À | :

(T − t) = 1
β2

ln

(
1+

β2

β1,L,l

)
∼= 1
β2
× β2

β1,L,l
=

1
β1,L,l

.

� � 3
� � 2� ¥ ¦ § ¨ ' ( ø ù ) * � ü ý : þ ò + ¬

� � , - . � / 0 1 2
�   ¡ � � , - . � / 0 1 2

�   ¡
αUS−US 1.000 N.A. α1992 1.044** 0.026

αJP−US 0.454 0.355 α1993 1.000** 0.032

αDE−US 0.478** 0.196 α1994 1.140** 0.041

αKR−US 0.753** 0.277 α1995 1.135** 0.048

αTW−US 0.658** 0.238 α1996 1.122** 0.054

αUS−JP 0.939** 0.397 α1997 1.128** 0.061

αJP−JP 1.709** 0.642 α1998 1.290** 0.081

αDE−JP 0.891** 0.319 α1999 1.032** 0.081

αKR−JP 2.539** 0.892 β1 0.254** 0.053

αTW−JP 1.186** 0.418 β1,US−US 1.000 N.A.

αUS−DE 0.313** 0.159 β1,JP−US 1.087** 0.489

αJP−DE 0.294** 0.160 β1,DE−US 1.001** 0.241

αDE−DE 0.858** 0.304 β1,KR−US 1.423** 0.308

αKR−DE 0.397** 0.142 β1,TW−US 1.197** 0.255

αTW−DE 0.339** 0.121 β1,US−JP 1.038** 0.228

± ² ³ ´ µ ¸ 3 β1,JP−JP 1.240** 0.271

α1981−1985 1.000 N.A. β1,DE−JP 1.082** 0.228

α1986−1990 0.980** 0.030 β1,KR−JP 1.561** 0.324

α1991−1995 0.850** 0.047 β1,TW−JP 1.390** 0.289

α1996−1998 0.764** 0.078 β1,US−DE 0.862** 0.267

² ³ ´ µ ¸ 4 β1,JP−DE 1.078** 0.344

α1990 1.000 N.A. β1,DE−DE 1.123** 0.235

α1991 0.948** 0.022 β2 0.71E-05** 0.250E-05

5 6 � � 4,050

Adjusted-R2 0.746

7 : 8 9 : ; ** 9 < = 0.05 > ? A B C D E F G H I
J 9 : > K A L M N O P Q β1 R β2 M S F G T U 0, O V W X Y E Z @ M S F G

T U 1I
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� � 3� ¥ ¦ § ¨ ' ( ø ù ) * � ü ý : * ò + ¬

� � , - . � / 0 1 2
�   ¡ � � , - . � / 0 1 2

�   ¡
αUS−US 1.000** N.A. α1984 0.837** 0.026
αJP−US 0.692** 0.112 α1985 0.833** 0.029
αDE−US 0.591** 0.073 α1986 0.822** 0.030
αOTHER−US 0.306** 0.107 α1987 0.792** 0.033
αUS−JP 1.084** 0.126 α1988 0.798** 0.035
αJP−JP 3.172** 0.344 α1989 0.817** 0.038
αDE−JP 1.503** 0.163 α1990 0.792** 0.039
αOTHER−JP 0.548** 0.074 α1991 0.770** 0.041
αUS−DE 0.414** 0.057 α1992 0.768** 0.042
αJP−DE 0.583** 0.068 α1993 0.807** 0.046
αDE−DE 0.736** 0.080 α1994 0.783** 0.047
αOTHER−DE 0.228** 0.043 α1995 0.816** 0.051
αUS−OTHER 0.149** 0.058 α1996 0.816** 0.053
αJP−OTHER 0.156** 0.044 α1997 0.913** 0.060
αDE−OTHER 0.172** 0.028 α1998 1.041** 0.073
αOTHER−OTHER 0.103* 0.058 α1999 0.736** 0.059
± ² ³ ´ µ ¸ 3 β1 0.224** 0.015
α1963−1965 1.000 N.A. β1,US−US 1.000 N.A.
α1966−1970 0.857** 0.016 β1,JP−US 1.166** 0.119
α1971−1975 1.104** 0.031 β1,DE−US 1.010** 0.078
α1976−1980 1.127** 0.045 β1,OTHER−US 1.096** 0.240
α1981−1985 1.137** 0.059 β1,US−JP 1.169** 0.083
α1986−1990 1.163** 0.077 β1,JP−JP 1.411** 0.096
α1991−1995 1.177** 0.094 β1,DE−JP 1.244** 0.084
α1996−1998 1.188** 0.127 β1,OTHER−JP 1.304** 0.102
² ³ ´ µ ¸ 4 β1,US−DE 0.930** 0.078
α1975 1.000 N.A. β1,JP−DE 1.022** 0.074
α1976 1.014** 0.015 β1,DE−DE 0.955** 0.065
α1977 0.968** 0.015 β1,OTHER−DE 1.077** 0.122
α1978 0.944** 0.017 β1,US−OTHER 0.707** 0.165
α1979 0.904** 0.017 β1,JP−OTHER 0.801** 0.135
α1980 0.888** 0.020 β1,DE−OTHER 0.782** 0.077
α1981 0.924** 0.022 β1,OTHER−OTHER 0.826** 0.268
α1982 0.834** 0.022 β2 5.184E-06** 0.584E-06
α1983 0.822** 0.024
5 6 � � 19,200
Adjusted-R2 0.763

7 : 8 9 : ; ** 9 < = 0.05 > ? A B C D E F G H I
J 9 : > K A L M N O P Q β1 R β2 M S F G T U 0, O V W X Y E Z @ M S F G

T U 1I
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ABSTRACT

a a This paper examines patterns of international knowledge diffusion in the IT industry

among the US, Japan, Korea and Taiwan using patent citation as an indicator of knowledge

flow. We estimate a knowledge diffusion model using a data set of the patents granted

in the US to inventors residing in these four countries during 1990–1999. We find (1) the

patterns of international knowledge diffusion are not bidirectional as found in the existing

literatures, whereas patents whose inventors reside in technology latecomer country are

more likely to cite the patents owned by the country of the technology generator; (2) for

all of the countries, patents in the IT area are more likely to cite Japanese patents than

American patents.
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