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Direct and Spillover Effects of Foreign Direct Investment on Labor Productivity in Taiwan 

Chien-Yin Kuo; Yi-Chia Wang 

 

Abstract 

In this paper we investigate the direct and spillover impacts of foreign direct investment 

(FDI) on the labor productivity in Taiwan, a small open economy. We utilize the yearly panel data 

from 1993 onwards with nine cross industrial sectors. Through Hausman test, Hausman 

endogeneity test and Sargan test, we find that the two-way fixed effect model using two-stage 

least squares estimation with first-differenced and first order lagged regression variables as 

instruments can best fit our panel data. Our empirical evidence shows that the number of 

employment, physical capital stock and human capital stock can positively contribute to the 

sectoral labor productivity. Although FDI is found to have direct and negative impact on the 

productivity, with sufficient stock of physical capital, FDI can not only produce positive effect on 

labor productivity but physical capital can also generate higher levels of contribution to labor 

productivity. Abundant empirical evidences such as Borensztein et al. (1998), Alfaro et al. (2004), 

Ford et al. (2008), and Wang and Wong (2009) argued that sufficient stock of human capital is a 

key threshold for FDI to positively boost economic growth; however, this paper does not support 

this argument in the case studies of the nine major industrial sectors in Taiwan. 

Keywords: FDI; Human capital; Physical capital; Spillover effects; Fixed effects 

JEL Code: C50; O19; O32
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 ( )

FDI  

(equity capital)  (reinvested earnings)  (intra-company loans)

 ( ) 

 ( )  

1
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14% 2009 FDI 14.5% 2010  FDI 

1.2 2011 UNCTAD FDI 1.3 1.5 FDI
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1 FDI  

 
  ( ) 

1990 2005 2008 2009 1991–1995 1996–2000 2001–2005 2008 2009 

FDI  208 986 1,771 1,114 22.5 40.0 5.2 –15.7 –37.1 

FDI  2,082 11,525 15,491 17,743 9.3 18.7 13.3 –13.9 14.5 

GDP 22,121 45,273 60,766 55,005 5.9 1.3 10.0 10.3 –9.5 

 1,477 4,327 6,163 5,812 6.8 7.0 13.9 –4.3 –5.7 

 24,476 57,799 78,957 79,825 5.5 9.8 6.7 –3.7 1.1 

 5,099 9,833 13,822 12,404 5.4 1.1 11.0 11.5 –10.3 

UNCTAD 2010  (World 

Investment Report)  
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Ngugi and Nyang'oro (2005) 
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 FDI 

Gwenhamo (2009) FDI FDI

Gwenhamo (2009) 

FDI GDP GDP

FDI  

2.3 FDI  

Hermes and Lensink (2003) 1970 1995 67  ( 37

) FDI

37 FDI

FDI
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FDI Alfaro et al. (2004) 

FDI  ( )
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2.5 FDI  

FDI FDI

FDI

Borensztein et al. (1998) 69 20

FDI FDI

FDI 

 ( ) Ford et al. (2008) 

FDI FDI Ford et al. (2008) 
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Xu (2000) 
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(intermediate goods) Barro and Sala-i-Martin (1995) 

 (constant return to scale) Cobb-Douglas  

� = ����� �               (2.1) 

� � 

 (TFP) � 

�  R&D  

� = !∫ #($)� �%
& '$*

+
+,-

             (2.2) 

 .  #($)  

Barro and Sala-i-Martin (1995)  x($) 

 /($)  #($)  #($) 

 #($)  (012(3))   

012(3) = 45
42(3) = �(1 − 8)��#($) � = /($)         (2.3) 

 (2.3)  

#($) = � !9(� �)
:(3) *

+
-

             (2.4) 

 #($) 1  [/($) − 1] 
 (markup)  #($) 

1
2

 #($) 

 (2.2)  .  ; = ;(.)
 #($)  

<($) = −;(.) + ∫ [/($) − 1]#($)? @AB
& 'C  

4D
4% < 0 G  (2.5) 

 (2.5)  #($)  

 /($) = �
� �                (2.6) 

                                                 
2  (set-up cost)  
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 /($)  #($)  (by symmetry)

 #($)  <($)  (2.6) 

 

G = H
D(%) �+

-8(1 − 8)I,-
-             (2.7) 

∫ JK+,L
� M N ? OA'CB

&
P Q R 

Hamiltonian  (

)  

ST = K̇
K = �

M (G − P)              (2.8) 

 (2.8)  G 

 (2.7)  (2.8)   

ST = �
M ! H

D(%) �+
-8(1 − 8)I,-

- − P*           (2.9) 

 (2.9)  (P)

 (Q)  (�)

 Q 

 � (2.9) 

 � 

 #($)  . 

 ;(.)  

2.7  

 Barro (1999) 

TFP Solow  (Solow 

residual) TFP TFP

 TFP
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� = ��VWXVY               (2.10) 

� �  � X Z\  Z^ 

 (2.10) 

 

 ln J5
^N = ln� + Z\ln J\

^N + (Z^ + Z\ − 1)lnX        (2.11) 

(2.11)  (Z^ + Z\) = 1
 J5

^N  J\
^N

Solow  ln�  �  FDI 

 Borensztein et al. (1998) 

 Ford et al. (2008) FDI

 TFP Wang and Wong (2009)

 

2.8   

 FDI FDI 

1993 2007  FDI

FDI

 

 

 

 

 

 

 



 

10 

 

 (2.9) 

 (P)  (Q)  (�)

 Q 

 � 

(2.9)  � 

 

#($)  .  

;(.)  

FDI  .  . 

 _  _∗

 (amplifying 

factor) a . = _ + _∗ + a__∗  Barro and Sala-i-Martin (1995) 

  

%
% = b

% + b∗
% + a bb∗

%  a > 0     (3.1) 

 .  

. = . Jb
% + b∗

% + a bb∗
% N             (3.2) 

 (3.2)  (2.5)  
4D
4%  

4D
4Jd

eN < 0 4D
4Jd∗

e N < 0  
4D

4Jfdd∗
e N < 0           (3.3) 

 (3.3)  FDI 

 _  _∗  FDI 
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 (3.3)  (

g =  8(1 − 8)I,-
- )  

S = �
M i�+

-g; Jb
% , b∗

% , ., %∗
% , a bb∗

% N � � − Pk         (3.4) 

 
%∗
%  (3.4) 

3
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3.  

(multi-collinearity) 

 

 

 

 !" = #! + $" + ∑ &'
(
')* ,'!" + -!"           (4.1) 

 /  / 0  0  !" $" 

 (time-specific factors) #!   /   (sector-specific 

factors)  &'  1  ,'!" -!" 

 (pure white noise)  (4.1) 

 (endogeneity)  

4.2.1  (panel data model)  

 ��

 (fixed-effect model)  (random-effect 

model)  

 

(sector-specific fixed effect)

(time-specific fixed effect)
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 (least squares dummy variable (LSDV) 

model)

 

        !�" = ∑ �$%$
&
$'( + ∑ )*

,
*'( -*�" + .�"           (4.2) 

(4.2)  (one-way fixed effect model) 

 (region constant term)  / �$  0 
 %$  

 (two-way 

fixed effect model)  (4.3)  

!�" = ∑ �$%$
&
$'( + ∑ 1"2"3

"'( + ∑ )*
,
*'( -*�" + .�"        (4.3) 

 4 1"  2"  

 (error component model)

 

!�" = �� + ∑ )*-*�"
,
*'( + 1" + .�" = � + 5� + ∑ )*

,
*'( -*�" + .�"     (4.4) 

�  ( ) 5�  

 

4.2.2 Hausman  (Hausman test)  

 Hausman (1978) 
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Hausman

 67 8��-*�"9 = 0
Hausman

 ℍ  

ℍ = 8<>?@ − <>B@9CDEFG8<>?@ − <>B@9HI(8<>?@ − <>B@9~JK(M)      (4.5) 

(4.5)  ℍ  <>?@ 

<>B@ M  (

)  <>?@   <>B@  (4.2)  (4.4) 

8��-*�"9 = 0 

 <>?@   <>B@  ℍ > JK(M) 

 ℍ < JK(M) 

Hausman

 

4.2.3 Hausman  (Hausman endogeneity test) 

Hausman

 

Q�" = )7 + )(R�" + S�"             (4.6) 

 R�"  Q�"  S�" 

 R�"  

R�" = TUV′XY + Z�"               (4.7) 

 TUV′  ( ) XY 

 TUV′  (4.7)  RY�" = TUV′XY
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 Z�"  Q�" RY�"  Z�"  

Z�"  R�"  Q�"  

4.2.4 Sargan  (Sargan test) 

 (  (4.7)  R�")  (4.6)  Q�"  S�" 

Sargan  H7 

 TUV  (4.6)  (two-stage 

least squares (2SLS)) TUV 

 RK  N  

RK  ℎ  (ℎ )

N × RK~χK(ℎ)  N × RK < χK(ℎ)  H7
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Cobb–Douglas  

`%a�," = cd�,"
ef2g�,"

ehij%k�,"
elmn`(∙)�,"           (5.1) 

 `(∙)�,"  TFP  FDI 

FDI
5

FDI 
6

 (5.3) 

   (5.2)  

pqrs
tu v

�,"
= c p w

tuv
�,"

ef pxry
tu v

�,"

elmn (2g)�,"
ehizefzelmnI(`(∙)�,"      (5.2) 

   (5.2)  

 ln pqrs
tu v

�,"
= )7 + )(ln p w

tuv
�,"

+ )Kln pxry
tu v

�,"
+ )}ln2g�," + ln`(∙)�," + S�,"   (5.3) 

 ln`(∙)�," = )�6/�," + )�6/�," × ln pxry
tu v

�,"
+ )�ln p w

tuv
�,"

× ln pxry
tu v

�,"
)(  �w

)K  �xry  FDI )}  �tu + �w + �xry −
1  �tu )� 

)� FDI )� FDI 

 

 (5.3)  ln`(∙)�,"  � FDI

FDI  d  6/ ( ) 

S�," 

1 = Δln pqrs
tu v

�,"
 (3.4) 

 ln pqrs
tu v

�,"
  

                                                 

5
 FDI  FDI  

6 FDI  FDI  
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7  

7

 (

)

Anderson and Hsiao (1981) 

12

Δln(2g)�," Δln p w
tuv

�,"
Δ ln pxry

tu v
�,"

  Δ6/�," 

 ln pqrs
tu v

�,"I(
ln(2g)�,"I( ln p w

tuv
�,"I(

ln pxry
tu v

�,"I(

6/�,"I( ln(6/)�,"I( × ln pxry
tu v

�,"I(
 ln p w

tuv
�,"I(

× ln pxry
tu v

�,"I(
7

Hausman 

 Sargan  Hausman 

 

                                                 

7
Sargan  

 

 

Anderson and Hsiao (1981) 

 

 

Hausman 

 

 

 

Sargan 12

 

 

Hausman  

- FDI

 

- FDI

FDI  
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12  

(5.3) 4   

4  ln(`%a/2g)�," 

 Model (1) 

Fixed Effect 

Model (2) 

Random Effect 

Model (3) 

2SLS Fixed Effect 

Model (4) 

2SLS Random Effect 

 
–2.2166

**
 –0.4729 –1.0334 2.3478

**
 

(0.7874) (0.7715) (1.4046) (1.0826) 

ln(2g)�," 
0.3765

***
 0.2287

***
 0.2674

**
 0.0149 

(0.0525) (0.0533) (0.1028) (0.0765) 

ln (d/2g)�," 
0.2131

***
 0.2785

***
 0.1457

*
 0.1367

*
 

(0.0495) (0.0463) (0.0778) (0.0709) 

ln(j%k/2g)�,"  
–0.1056

***
 –0.1340

***
 –0.1751

***
 –0.2354

***
 

(0.0209) (0.0247) (0.0510) (0.0460) 

6/�," 
1.0255

***
 0.8837

***
 1.5565

***
 1.4556

***
 

(0.2103) (0.1476) (0.2544) (0.2397) 

6/�," × ln(j%k/2g)�," 
0.0127

*
 0.0299

*
 –0.1999 –0.0622 

(0.0382) (0.0422) (0.1341) (0.1235) 

ln(d/2g)�," × ln(j%k/2g)�," 
0.0205

***
 0.0214

***
 0.0656

***
 0.0601

***
 

(0.0055) (0.0058) (0.0144) (0.0137) 

Hausman  J7.7�
K (6) = 30.2469 J7.7�

K (6) = 14.1856 

* 10% * 5% 1% ** ***  

* Hausman 6 5% 12.59  

 Model (1)  Model (2) Hausman 

 (5.3) 

FDI 

 Hausman 

FDI FDI

 Model (3)  Model (4)  

Model (3) 20

5  
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5  ln(���/��)�,  

 Model (5) 

2SLS Fixed Effect 

 
–1.6514 

(1.2134) 

ln(��)�,  
0.3186

***
 

(0.0810) 

ln ("/��)�,  
0.1821

**
 

(0.0626) 

ln(#�$/��)�,  
–0.1595

***
 

(0.0355) 

%&�,  
1.3188

***
 

(0.3267) 

%&�, × ln(#�$/��)�,  
0.0255 

(0.0987) 

ln("/��)�, × ln(#�$/��)�,  
0.0344

***
 

(0.0115) 

* 10% * 5% 1% ** ***  

5 FDI

FDI

Borensztein et al. (1998) Ford et al. (2008)  Wang and Wong (2009)  FDI 

FDI

FDI FDI

FDI

 (3.1)  (')  

5  FDI 

103.45 ( ) FDI 

2000

 (S3)  (S9) 

 FDI  (S3) 

2007  (S1)  FDI 

FDI

FDI
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8  

8 5  (S1)

 (S3)  (S7)  (S9) 
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2007  

 Xu (2000) de 

Mello (1999) 

FDI FDI

5  FDI 

FDI  Borensztein et al. (1998)  

Balasubramanyam et al. (1999) FDI

 

 Borensztein et al. (1998) Ford et al. (2008)  

Wang and Wong (2009) 6  
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6  

 
Borensztein et al. (1998) Ford et al. (2008) 

 1970–1979, 1980–1989 1978–1997 

 69  48  

 

(Growth Effect) 
  

FDI  (–4.1850
**

)  (–0.0490
*
) 

  (–0.0104)  (0.1007
***

) 

FDI   (3.5432
***

)  (0.0192
**

) 

  (0.1493
**

) N/A 

 FDI  N/A N/A 

 
Wang and Wong (2009)  

 1970–1979, 1980–1989 1993–2007 

 69   

(Level/TFP Effect) 
  

FDI  (–2.4814
**

)  (–0.1595
***

) 

  (0.0031)  (1.3188
***

) 

FDI   (2.2923
**

)  (0.0255) 

 N/A  (0.1821
**

) 

FDI  N/A  (0.0344
***

) 

1 S1 S5 1993–2007 S1 FDI 1993 1995 2002

S6 S9 1993–2000  

2 Borensztein et al. (1998) 132 4 4.9 Ford et al. (2008) 103 1 LSDVc

Wang and Wong (2009) 707 3 SUR8 Alfaro et al. (2004) 106 7 1

23 5 5  

 Borensztein et al. (1998)

 Ford et al. (2008)

Wang and Wong (2009)  Borensztein et al. (1998) 

FDI TFP 6

FDI FDI

FDI
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FDI
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 (backward linkages)
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Sargan Sargan  

H� 

7  

7 Sargan 5 Model (5)  = 93 !" = 0.07 

   

# –0.1355 0.1684 

Δ[ln(%&)]',* –0.1314 0.1926 

Δ[ln(+/%&)]',*  0.0104 0.0609 

Δ[ln(-12/%&)]',*  –0.0007 0.0063 

Δ(45)',* –0.2559 0.2113 

ln (81:/%&)',*;< 0.0197 0.0232 

ln(%&)',*;< 0.0060 0.0084 

ln (+/%&)',*;< –0.0062 0.0078 

ln(-12/%&)',*;< 0.0067 0.0156 

45',*;< 0.0154 0.0792 

45',*;< × ln(-12/%&)',*;< –0.0486 0.0326 

ln (+/%&)',*;< × ln(-12/%&)',*;< 0.0057 0.0040 

                      * !" = 6.51 < 11.07 = B"
�.�C

(5) Sargan  

7 7

Anderson and Hsiao (1981)  
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4 Model (1)  Model (2) 

 Hausman 

8  

8 Hausman  ln(81:/%&)',* 

   

ln(%&)',* –8.2281  

ln (+/%&)',*  1.8878  

ln(-12/%&)',* 4.6363  

45',* –2.1947  

45',* × ln(-12/%&)',*  –0.1208  

ln (+/%&)',* × ln(-12/%&)',* –0.1404  

* 8 (1) 7

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

 ln(81:/%&)',* 8  t 

 

8 FDI

Model (1)  Model (2)
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