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Scale Efficiency and Total Factor Productivity: An Empirical Study of 
Taiwan’s Credit Cooperatives 

 
Kuei-Chui Lee 

 
ABSTRACT 

 
In this study we use a Data Envelopment Analysis (DEA) to calculate the scale 

efficiency, and the Malmquist Index to measure the total factor productivity for 
Taiwan’s credit cooperatives over the 1995 to 2005 period. The determinants of the 
scale efficiency and the total factor productivity of Taiwan’s credit cooperatives are 
investigated, using the panel Tobit regression. Empirical results show that 15 out of 
28 credit cooperatives have scale efficiency. Similarly, under the Asia Financial Crisis 
during 1997 through 2001, 12 credit cooperatives exhibited scale efficiency. In 
addition, over the period between 1995 and 2005, 9 credit cooperatives had total 
factor productivity changes greater than 1. Increased productivity observed during 
1995, 2001, 2004 and 2005 suggest that Taiwan’s credit cooperatives had survived the 
Asia Financial Crisis by increasing productivity. 

Based on the results of the panel Tobit regression, loan to total assets ratio, stocks 
to total assets ratio, return rate of assets, scale of assets, and the environmental 
dummy variable are the key determinants of scale efficiency for Taiwan’s credit 
cooperatives. The key determinants of the total factor productivity for Taiwan’s credit 
cooperatives are the return rate of assets, net profit rate, and the environment dummy 
variable. Regression results also show that even though the productivity of the 28 
credit cooperatives have increased, they increased at a decreasing rate, and the 
capability for profit appeared to be lower over the 1997~2001 period. 
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��������� � � �� � � �� � � �� � � �  
LMX Y OZ� , [\ ] ^28_`W' a b � c *d e f g ] ^h[f �

`%[f i `%[f j `%k l �`%k l m`%n o `W%n o �`%p q `

W%r s `W;t g ] ^hu v �`%u v w`%v x `W%[t m`%y z �
`%y z i `%y z { `%y z | `%} ~ `W%� � w`%� � � `; x g ]
^�� � � ^�h[x w`%� � �`%� � m`%� � �`%� � m`%� �

`W%� � m`%� � w`� 5h� `W' a b 28_G H � � � � 1995��2005
��� � `W' a b E � �G H �panel data�� � 5� " �� � 
� � � �K 

�%� �   ¡ 	<=¢£ K 

`W' a b � 1995�~2005�¤? ¥28_h15_�� �   ¡ 	<=� � 15¦
§ h53¨�© , � �`W' a b ª h� �   ¡ 	<*� t « ¬	<=0.942*
® 	<=0.990*h9_¯ � � � ° ± ² ³ ; h4_¯ � � � ° ± ² ´�µ § ��5
¥28_`W' a b � �   ¡ 	<=¶ · � 1*¸ � ¹ t � t g ] ^*º » ¼ `W
' a b ½ ¾ ¿ À � Á Â Ã ÄÅ Æ Ç � � Á Â Ã �È É Ê Ë �*Ì Í ¥28_`W'
a b *�h� Î � �Ï =*Ð Ñ Ò Ó Ô Õ Ö × ¥28_`W' a b Ç � � Á Ø Ù Ú
Û5 

Ü Ý � Þ # � 94� 12 ß u à á â`W' a b �ã ä å æ ¦z çÆ è *âé
� 94� 10êë ì *í Å � h 30_`W' a b *® �î ï ð <� 2.75¨*ñ
ò ó ô õ ö <� 47.41¨*� G ÷ ø ù � ú � û � LÅ ü ý *g þ `W' a b �
h � � � � 	§ æ 5…ç*â � ¤ � � � ���`W' a b 	 
 Wæ 7 � � �½ 
� ù *, æ ¦z �Ø Ù ½  / 0 *� � � � ã ä ] / � M�½  � ù *� � � ]

�%� �� � *� � b � � � � *O] /  ! ' a  " �b ^ # � 5ç10 � º $

%*`W' a b ; O� Á & ' �È z � ( ' Ð Ñ Ð ) *Ù , * ¬î ï ð � , + ,

� Æ g � - å � ù 5 

m%Malmquist . / S 0 ÷ 1 È É 2 �¢£ K 

3 `W' a b 1995�~2005��� G H » ¼ 1995%2001%2004~2005� . / S
0 ÷ 1 È É 2 � 4 � � 5 � � �1*§ ¼ � 0 ÷ 1 h � � 6 æ 7 8 �æ Z5
1996~1997�%1999�%2001~2002�Ä2004�`W' a b   ¡ 	<h  9 *1995
�%2003�~2005� : O`W' a b � 0 ÷   ¡ h 7 8 �µ § m�5 
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§ �  1995~2005�`W' a b � �   ¡ 	<= ; < 

 
FIRM             CRSTE           VRSTR          SCALE                                    

 
[f �`            0.947            0.977           0.969  drs 
[f i `            1.000            1.000           1.000 
[f j `            0.940            0.971           0.968  drs 
k l �`            1.000            1.000           1.000 
k l m`            0.959            0.960           0.999  drs 
n o `W            0.988            0.992           0.997  irs 
n o �`            0.998            1.000           0.998  drs 
p q `W            0.998            1.000           0.998  irs 
r s `W            1.000            1.000           1.000 
u v �`            0.981            0.997           0.984  drs 
u v w`            1.000            1.000           1.000 
v x `W            1.000            1.000           1.000 
[t m`            0.963            1.000           0.963  drs 
y z �`            1.000            1.000           1.000 
y z i `            1.000            1.000           1.000 
y z { `            1.000            1.000           1.000 
y z | `            1.000            1.000           1.000 
} ~ `W            1.000            1.000           1.000 
� � w`            1.000            1.000           1.000 
� � � `            1.000            1.000           1.000 
[x w`            0.982            1.000           0.982  drs 
� � �`            1.000            1.000           1.000 
� � m`            1.000            1.000           1.000 
� � �`            0.958            0.976           0.982  irs 
� � m`            0.964            0.972           0.993 
� � `W            1.000            1.000           1.000 
� � m`            0.955            1.000           0.955  drs 
� � w`            0.942            1.000           0.942  drs 

 
®                0.985            0.994           0.990 

 
G H � = KLM ,  5 
¢£ KCRSTE � � � � � ° ± �  ¡ 	<=; VRSTE � È É � � ° ± �  ¡

	<=;SCALE � � �   ¡ 	<=*> ? drs § ¼ � � ° ± ² ³ ;irs § ¼
� � ° ± ² ´5 
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§ m  1995~2005� � `W' a b Malmquist . / S 0 ÷ 1 È É 2 � ; < 
 

� �         effch       techch       pech        sech       tfpch 
 

1995        0.989       1.026       0.994       0.995      1.015 
1996        1.003       0.953       0.999       1.003      0.955 
1997        1.000       0.998       0.998       1.001      0.997 
1998        0.999       0.992       1.001       0.998      0.991 
1999        1.013       0.962       1.004       1.009      0.975 
2000        0.995       0.997       0.999       0.996      0.993 
2001        1.003       1.080       1.000       1.003      1.083 
2002        1.005       0.830       1.007       0.998      0.834 
2003        0.973       1.022       0.986       0.987      0.994 
2004        1.010       1.024       1.007       1.003      1.034 
2005        0.997       1.023       0.996       1.001      1.019 

 
®         0.999       0.989       0.999       1.000      0.988 

 
G H � = KLM ,  5 
¢£ Keffch �   ¡ 	<È É ;techch � 0 ÷   ¡ È É ;pech � @ A   ¡ 	<È É ; 

       Sech � � � 	<È É ;tfpch � . / S 0 ÷ 1 È É 5 
 

B C D E 1995�~2005�¥28_`W' a b *h10_�36¨� . / S 0 ÷ 1
È É 2 � 4 � � 5 � � �1*¢£ ¥11�� 0 ÷ 1 h 7 8 æ Z5h17_�61¨�
  ¡ 	<È É �effch� 4 � � 5 � � �1*§ ¼ �   ¡ 	<h  9 *h9_�31
¨� 0 ÷   ¡ È É �techch� 4 � � 5 � � �1*§ ¼ 0 ÷   ¡ h 7 8 5h20_
@ A   ¡ 	<È É �pech� 4 � � 5 � � �1*§ ¼ h71¨`W' a b � R @ A
  ¡ 	<È É  9 *h22_� � 	<È É �sech� 4 � � 5 � � �1*§ ¼ h79
¨ F G H · � � � � ° ± * I  C · J K `W' a b F G L M ¤« N � � O ·

�µ § w�5 

D E 1995~2005�æ Î `W' a b P Q C R S � ½ T Ê Ë *� U 0 Î  9 �
V W 1 *X Y # � ø ù *Z ) `' b N Õ 1 X Y *`W' a b � � R [ \ %' \

5 � È � ] Ù ü ý ¸ ^ 0 � � ½  *̧ � 3 �� G H » ¼   ¡ 	<È É =%@ A

  ¡ 	<È É %� � 	<È É � � � � �® h� � 7 8 �æ Z*� F G _ L M ¤

« N � � � O � 5 
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§ wK1995~2005� � � _`W' a b Malmquist 0 ÷ 1 È É 2 � ; < 
 

Firm       effch       techch       pech        sech       tfpch                                    
 

 � � �     1.004       0.995       1.002       1.002      0.998 
 � � �     1.000       1.018       1.000       1.000      1.018 
 � � �     1.001       1.011       1.000       1.001      1.012 
� � � �     1.000       1.000       1.000       1.000      1.000 
� � � �     0.999       0.978       0.999       1.000      0.976 
� � � �     0.998       1.005       0.998       1.000      1.003 
� � � �     0.996       0.988       1.000       0.996      0.984 
� � � �     1.000       0.984       1.000       1.000      0.985 
� � � �     1.000       1.043       1.000       1.000      1.043 
� � � �     1.002       1.011       1.000       1.001      1.012 
� � � �     1.000       1.018       1.000       1.000      1.018 
�  � �     1.000       0.981       1.000       1.000      0.981 
 ! � �     0.999       1.015       1.000       0.999      1.014 
" # � �     1.000       0.978       1.000       1.000      0.978 
" # � �     0.996       0.956       0.997       0.999      0.952 
" # $ �     1.000       0.976       1.000       1.000      0.976 
" # % �     1.000       0.967       1.000       1.000      0.967 
& ' � �     0.991       0.997       0.991       1.000      0.988 
( ) � �     1.000       0.973       1.000       1.000      0.973 
( ) * �     1.000       0.983       1.000       1.000      0.983 
  � �     1.000       0.995       0.998       1.000      1.009 
+ , � �     0.998       1.011       0.998       1.000      1.009 
+ , � �     0.999       0.996       1.000       0.999      0.995 
- . � �     0.992       0.970       1.002       0.990      0.962 
- . � �     0.992       0.947       0.996       0.996      0.940 
�/ � �     1.000       0.971       1.000       1.000      0.971 
0 1 � �     0.995       0.962       0.994       1.000      0.957 
0 1 � �     1.001       0.985       1.000       1.001      0.986 

 
2 3         0.999       0.989       0.999       1.000      0.988 

 
4 5 6 7 89 �: ; < 
= > 8effch ? @ A B C D E ;techch ? F G @ A D E ;pech ? H I @ A B C D E ; 

            Sech ? J K B C D E ;tfpch ? L M N F G O D E < 
 

w%Tobit E F G H � � ` a  

LMNOPQ	<RS�TUVWIJ	
 Tobit � � 5 
     3 È � iY b Ì d e hK 
            EFFCIK� �   ¡ 	<=5 

            TFPCHKMalmquist . / S 0 ÷ 1 È É 2 �=5 

     � È � kx b Ì d e hK 
DEBAK§ ¼ Î c d e =ð ;8 . � hG L C f g h 5 
INCOMAK§ ¼ e = d ï c ð ;¦§  Ù Â i 5 
ASSEAK§ ¼ ï c d . G ÷ ð ;j � � - ��5 
ASSEBK§ ¼ k � d . G ÷ ð ;j � � - ��5 
ASSETK§ ¼ G ÷ ° ± <;l 9 G � m G ÷ $ ÷ 0 � n Í e o 5 
NETINCOMK§ ¼ @ p <;8 . l q r  Ù s : 5 
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INFLOWK§ ¼ t É ð 5 
            LOADK§ ¼ ï c K M <5 
            ASSECK§ ¼ G ÷ . u � O�*¦§ `W' a b G ÷ � � 5 
            ASSEC2K§ ¼ G ÷ . u � O�/ 5 
            D1K§ ¼ 1997�~2001�� & ' v w È �5 

B , � �   ¡ 	<=� 3 È �� � x . 1997�~2001� v w & ' È �RS
�*� y z æ PQ { � `W' a b �RShÎ c d e =ð <%e = d ï c ð <%

ï c d . G ÷ ð <% k � d . G ÷ ð <%ï c K M <ÄG ÷ � � � �µ § j �*

| } ï c d . G ÷ ð < 6 æ ~ : � S *� � PQRS�� � � � � » � � � *¢

£ Î c d e =ð � �   ¡ 	<=# � ¬*� � Î c O� `W' a b ¸ � *C � �

� � � � � � b � o � *̧ � · ¶ �`W' a b C R 4 � � � � � �PQ*Î c

. u h� * O � ; e = d ï c ð < � � # * ¬`W' a b �� �   ¡ 	<*º �
R� Ð Ñ / U `W' a b � � * ¬î ï ð � � � `W' a b ó ô *$ � � e = *

¬*� K e = d ï c ð < F G h� * O � *̧ � · ¶ � � `' b ï c OZ� � �

: Ò � � *ï c . u h� * O � *Q ¸ ï c C `' b �� /  Ù s : � = ��*

@ ¸ � K e = d ï c ð < � � *� � �   ¡ 	< � ¬; � �*e = d ï c ð < �
¬*� � �   ¡ 	< � � ; ï c K M < � � # * ¬`W' a b �� �   ¡ 	<*
¸ � · ¶ �`W' a b ï c K M <h O � æ Z*$ � ï c K M <�� � � �» �

� � 5ú C ï c d . G ÷ ð <�� � � �» � � ~ *¢£ ï c d . G ÷ ð < � �

� #  � `W' a b �� �   ¡ 	<*� � ï c C `' b �� /  Ù s : � = *

B C `W' a b î ï ð ¾ � �*� ï c � � O`W' a b : O½  � o *ú C �

î ï ð * ¬� � � �* � ï c � u O`W' a b ½  � � � h o *3 � � Á  

¡ G H » ¼ *95� � `W' a b î ï ð ® 1.55¨*Ù 7 ¬� �- ü ý î ï ð ð
<115k � d . G ÷ ð � ¬ � #  � `W' a b �� �   ¡ 	<*º � R k � C

b � 9 : `W' a b �� / G L � = *3 ' a b 0 ¢22 £ � � *`W' a b B h
¤ � � � z ï 10¨, �� k � ¥ b � *h ¦ `W' a b B C z ï � § k � ¥ b �
�* ¨ ¨ # � K b � t © ª � � � � Á J - « ¬ �æ Z; G ÷ � � � � � �» �
� � *¢£ G ÷ � � � 4 # $ � `W' a b �� �   ¡ 	<# * ¬5� � `W'

a b C R 0  �D ® *� � ¯ ° ± ² ` � b *P Q $ � ³ ´ µ ¶ ´ X ` � b *·

I � Ò ] �`W' a b ¸ ° *X � h ¦ `W' a b K ¹ � º » ¼ ½ ¾ *O� ` �

b � ¿ À | } � L Á � Â ° � S *� �� ; Ã a � I h� Ä y � 5Rº *k � æ

Å Æ 0  Ä�� & ' � �D ® *`W' a b Ì Í G ÷ � � � p Ç È ± É 5·B ï

Ê `W' a b 0  D ® $ � ± É Ù � Ë Ì W � 	 h ´ X ` b � ± Í �*5 Î G ÷

� � å � �   ¡ 	< Ï Ð ? $ 	 � ) � 6 æ � : � 5 

B , � �   ¡ 	<=� 3 È � � X : 1997 �~2001 � v w & ' È ��*�
� � 
 z æ PQ { � `W' a b �RShï c d . G ÷ ð <% k � d . G ÷ ð

<%G ÷ ° ± <%G ÷ � � Ä 1997�~2001� & ' È �� �µ § � �*ï c d .
G ÷ ð <Ä 1997�~2001� & ' È �� � � � � » � � ~ *k � d . G ÷ ð <%
G ÷ ° ± <å G ÷ � � � � � � �» � � � *¢£ ï c d . G ÷ ð < � � #  �

`W' a b �� �   ¡ 	<; k � d . G ÷ ð < � ¬#  � `W' a b �� �  
¡ 	<;G ÷ � � � 4 # * ¬`' b � �   ¡ 	<;LM � Ñ z æ 1997�~2001�
v w & ' È �+ � � � �» � � ~ *¢£ `W' a b P Q C R S � ½ T Ê Ë �*

� U 0 Î # + , � Æ g � ù * � � � ½  � - �  9 � V W 1 5 

                                                        
11 P Q 4< 
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LM I o WMalmquist . / S 0 ÷ 1 È É 2 �� 3 È � ` a *� 
G H » ¼
PQ { � `W' a b . / S 0 ÷ 1 �RSh @ p <Ä 1997 �~2001 �� & ' È
��µ § i �* @ p < � � § ¼ � Ò o 	 1 � Ó 5 3 �� G H » ¼ 1997�~2001
�¥ 28 _`W' a b 0 ÷ 1 � ¸ Ô h K M 5� } Õ Ö `' b É × M ¤ 0 ÷ 1 ;
<*LMVWMalmquist . / S 0 ÷ 1 2 � Ø Ù �¤� � È ���*3 É × M ¤
Ú E TU� � � 
 z æ *PQ`W' a b M ¤ 0 ÷ 1 K M �RShG ÷ ° ± <%

@ p <Ä 1997 �~2001 �� & ' v w È �*Malmquist . / S 0 ÷ 1 2 � Ø Ù
�¤È �å G ÷ ° ± <� � � �» � � � *¢£ `W' a b � G ÷ $ Ò s p � 	

1 * ¬� 0 ÷ 1 K M h � � � � æ Z5�µ § { �5 
 
§ �   `W' a b � �   ¡ 	<TU� Û �� & ' v w È ��� Ü �  

� È � TU� � t= » � = 

1 � 1.061 31.949 0.000** 
Î c d e =ð �DEBA� -0.001 -1.310 0.191 
e = d ï c ð �INCOMA� -0.112 -1.152 0.250 
ï c d . G ÷ ð �ASSEA� 0.060 2.370 0.018** 
k � d . G ÷ ð �ASSEB� -0.492 -4.404 0.000** 
G ÷ ° ± <�ASSET� -1.187 -1.852 0.065* 
@ p <�NETINCOM� 0.037 1.628 0.105 
t É ð �INFlOW�   0.010 1.025 0.306 
ï c K M <�LOAD� -0.021 -1.553 0.121 
G ÷ � � �ASSEC�     -0.004 -3.237 0.00*** 
1997�~2001� v w È ��D1� 0.007 2.765 0.006** 

N= 308                 
2R = 0.157                     
+ , Ý 2R =0.129        

F==5.532 
P==0.000*** 
Durbib-Watson=1.844 

ÞK* § ¼ P<0.1; ** § ¼ P<0.05;*** § ¼ P<0.0015 
                                              

§ i K`W' a b Malmquist . / S 0 ÷ 1 È É 2 �TU� Û � Ü �  
� È � TU� � t= » � = 

1 � 1.272 0.545   0.586 
Î c d e =ð �DEBA� 0.005 1.088 0.277 
e = d ï c ð �INCOMA� 0.244 1.457 0.648 
ï c d . G ÷ ð �ASSEA� 0.178 1.271 0.205 
k � d . G ÷ ð �ASSEB� 0.288 0.459 0.646 
G ÷ ° ± <�ASSET� -5.781 -1.632 0.104 
@ p <�NETINCOM� 0.249 2.015 0.045** 
t É ð �INFlOW�   0.000 -0.005 0.996 
ï c K M <�LOAD� 0.079 1.071 0.285 
G ÷ � � �ASSEC�     -0.071 -0.247   0.805 
G ÷ � � / �ASSEC2� 0.002 0.280 0.780 
1997�~2001� v w È ��D1� 0.044 3.232   0.001*** 

N= 308           
2R = 0.064                     
+ , Ý 2R =0.029        

F==1.839 
P==0.047** 
Durbib-Watson=1.400 

ÞK* § ¼ P<0.1; ** § ¼ P<0.05;*** § ¼ P<0.0015 
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§ {  `W' a b Malmquist 0 ÷ 1 È É 2 �TU� Û �� 0 ÷ 1 Ø Ù �¤��
Ü �  

� È � TU� � t= » � = 

1 � 1.504 0.666   0.506 
0 ÷ 1 Ø Ù �¤�tfpch-1� -0.267 -4.616 0.000*** 
Î c d e =ð �DEBA� 0.004 0.910 0.364 
e = d ï c ð �INCOMA� 0.135 0.260 0.795 
ï c d . G ÷ ð �ASSEA� 0.183 1.352 0.177 
k � d . G ÷ ð �ASSEB� 0.275 0.453  0.651 
G ÷ ° ± <�ASSET� -7.244 -2.105 0.036** 
@ p <�NETINCOM� 0.341 2.819 0.005** 
t É ð �INFlOW�   0.005 0.104 0.917 
ï c K M <�LOAD� -0.021 0.465 0.642 
G ÷ � � �ASSEC�     -0.066 -0.239   0.811 
G ÷ � � / �ASSEC2� 0.002 0.279 0.781 
1997�~2001� v w È ��D1� 0.038 2.873   0.004** 

N= 308                 
2R = 0.127                     
+ , Ý 2R =0.092        

F==3.578 
P==0.000** 
Durbib-Watson=1.479 

ÞK* § ¼ P<0.1; ** § ¼ P<0.05;*** § ¼ P<0.0015 
 

��������� �� �� �� �  
    `W' a b � 1995�~2005�¤? 28_h 15_�� �   ¡ 	<=� � 15
¦§ h�© , � �`' b ª h� �   ¡ 	<*� t « ¬	<= 0.942*® 	<
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