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Abstract

For many years, the Taiwan government has been supporting e-business initiatives to
improve the infrastructure of information and communication technology (ICT). To justify
the performance of the proposed initiatives, this study provides a hierarchical performance
measure and metrics framework to analyze the relationships between information
technology investments and subsequent performance from firm level, industry level and
country level respectively. Results of the study indicate that firms investing in e-business
projects have significantly improved their operation capability, alone with increase on the
productivity. On the industry level, the impacts of information technology investments on
productivity are different among industries, and a three-year time lag effect has been
observed in manufacturing industry. While there is no sufficient evidence to demonstrate the
influence of information technology investments on macroeconomic performance indicators,
there is, however, a positive feedback effect on productivity and information technology
investments in both the industry level as well as the country level. 
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(Gibbs, Kraemer, & Dedrick, 2003)

(Pohjola, 2002; Elfring & Man, 1998)

(National Information and Communications Initiative NICI)

1997 (National Information

Infrastructure NII)

B2B 

(Strassmann, 1989) Shah Shin (2007) 

(Straub, Hoffman, Weber, & Steinfield, 2002)
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Zhu Kraemer (2002) 
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IT 

(Brynjolfsson & Hitt, 1996; Dewan & Min, 1997)
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(Resources Based View RBV) 

(Aral & Weill, 2007; Bharadwaj, 2000; Huang, Ou, Chen, & Lin, 2006) IT 

IT IT (IT Infrastructure) IT (Human IT

Resources) IT (IT-enabled Intangibles) 
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(Bharadwaj, 2000) IT 
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IT 

IT 

IT 

IT 

(Brynjolfsson & Hitt, 1996)

IT 

IT 

IT (Barua, Kriebel, &

Mukhopadhyay, 1995; Mooney, Gurbaxani, & Kraemer, 1996; Shah & Shin, 2007) IT 

IT Canova Rattazzi 

Webley (2005) 

(Walwyn,

2007) (Cheng & Cheng, 2005)

IT 

IT IT 

(Dewan & Min, 1997;

Dedrick et al., 2003) Bresnahan Brynjolfsson Hitt (2002) IT 

IT 

IT 
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IT 

(Srinivasan, Kekre, & Mukhopadhyay, 1994; Mukhopadhyay,

Kekre, & Kalathur, 1995) IT 

ROA ROE 

(Barua, et al., 1995; Rai, Patnayakuni, & Patnayakuni,

1996)

CEA (2001) 

IT 1995-1999 IT 

IT IT 

McKinsey Global Institute (2001) 38 ( GDP 70%)

Triplett Bosworth (2003) 27 

1995 

1995 IT 

IT 1990 

IT (Roach, 1991; Sichel,

1997) 1990 IT 1959~1995 

17% 1995~1999 32% (Jorgenson, 2001) IT 

IT 

1973-1995 1.5% 1995-2000 

3.1% GDP 3% 4.8% (Jorgenson &

Stiroh, 2000) GDP IT 

IT (CEA, 2001)

1995-1999 4.08% IT 

28% 2.11% IT 42% (Jorgenson, 2001) IT 

(Oliner & Sichel, 2000)

IT

(Litan & Rivlin, 2001)
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20 S1

(Straub et al., 2002) Barua Konana Whinston (2001) 

(Futla, Bodorik, &

Dhaliwal, 2002) e e

(Futla et al., 2002)

e 

(B2B) 

(Kalakota & Whinston, 1997)

(Choi, Stable, & Winston, 1997)

(Beamon, 1999; Gunasekaran, Patel, & Tirtiroglu, 2001)

1 

123

Rate of return on investment Beamon (1999)

Rate of return on asset Tam (1998)

Number of PCs Tam (1998)

Zhu Kraemer (2002)

Total purchase value of systems Zhu Kraemer (2002)

IT Intensity of IT investment Zhu Kraemer (2002)

Internet, Extranets, Percentage of enterprises using Colecchia (1999)

Intranets Internet, Extranets, Intranets Futla et al. (2002)

Inventory turnover rate Beamon (1999)

Zhu Kraemer (2002)

Number of enterprises using Futla et al. (2002) 
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(Canova et al.,

2005; Cheng & Cheng, 2005) WEF IMD EIU 

( 1 

)
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Number of enterprises with Wong Lam (1999)

websites Futla et al. (2002)

Fill rate Beamon (1999)

Employee productivity Futla et al. (2002)

Zhu Kraemer (2002)

E-business Percentage of employees using Colecchia (1999) 

e-business applications Futla et al. (2002)

B2B EC Number of firms using B2B EC Wong Lam (1999)

Educational level Futla et al. (2002)

Product development cycle time Bower Hout (1988)

On-time deliveries Beamon (1999)

Delivery lead time Beamon (1999)

Shipping errors Beamon (1999)

Persons with computer skills Colecchia (1999)

Futla et al. (2002)  

Intensity of Internet use Colecchia (1999)

Frequency of Internet use Colecchia (1999)

Manufacturing lead time Beamon (1999)

Gunasekaran et al.  (2001)

Percentage of Enterprises with Futla et al. (2002)

e-commerce capability
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2001 2003 1300 

300 9 34 280 
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(t) IT (t)
H1

(t) IT (t)
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(t) e (t)

IT (t-1) (t-1)

H4

D D 

D IT 

(Frohlich & Westbrook, 2002; Vickery, Jayaram,

Droge, & Calantone, 2003; Barua et al., 1995) IT 

Zhu Kraemer (2002) IT 

D

D 

(Barua et al., 2001; Hu & Quan,

2005) (Kudyba & Diwan,

2002)
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(Hitt & Brynjolfsson, 1996)

e 

GDP 

(Hu & Quan, 2005) GDP 

GDP 

1990 2006 

GDP GDP 

e 24 

32 

2001 

(Nonparametric Test) 

Wilcoxon Spearman D 

(Unit Root Test) Granger (1969) 

(Granger Causality Model)

D 

(H1) D IT 

D 

D D D 

(Wilcoxon 0.1) 

D 

(p-value 0.028 0.091

) D (H1) 

IT (Barua et al.,

1995; Rai et al., 1996)
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D 

(H2) D 

D 

D 

e 

D 

Spearman 

D 

(Spearman's rho 0.797 0.951)

0.1 Spearman p-value 0.002 0.000

(H2) D 

IT 

IT 

(Stationary)

(Granger & Newbold, 1974) ADF 

0

(Said & Dickey, 1984)

(Geweke, 1984)

Granger (1)

IT 

Granger (1969) x y x 

y y x 

x y 

(H3-1) 

(H3-2) IT 

(Hu & Quan, 2005) IT 
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2-3 IT 

(Brynjolfsson, 1993) x y 1 4 

xti = aj x(t-1)i + bj y(t-j)i + t

yti = cj x(t-j)i + dj y(t-1)i + t

xti = ( )ti

yti =             =

xti yti (

) i = 1, 2, 3 t 

j = 1, 2, 3, 4 1 4 

Gragner (t-1) (t-4) 

(Seemingly Unrelated Regression SUR) 

OLS 

SUR 

(t-3) 

( 2) (t-2) (t-4) 

( 3)

1 4 IT 

( 4)
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GDPti

EMPti

GDPti
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20 S1

IT 

Brynjolfsson (1993) Brynjolfsson Hitt Yang (2000) 

IT (Multifactor

Productivity MFP)

4 7 MFP (H3-1) 
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F  P value  F  P value  F  P value  F  P value

Intercept  0.0974    0.762066 0.7956  0.395645  0.8417  0.382831  0.0002  0.988355

ITti 0.9578  0.353322  3.8529  0.081267  18.3996  0.000000*  0.0378  0.850255

GDPti 134.0995  0.000001*  198.3668  0.000000*  394.8239  0.002022*  178.7490  0.000000*

Adjusted R2 0.963113  0.971422  0.986594  0.959358

*p < 0.05 ITti t IT GDPti t GDP

F  P value  F  P value  F  P value  F  P value

Intercept  1.5591  0.243301  8.236  0.018481*  2.9757  0.118610  7.5353   0.022660*

ITti 1.6004  0.237615  13.165  0.005500*  2.1962  0.172496  6.6853  0.029425*

GDPti 567.1817  0.000000  1460.824  0.000000*  685.3977  0.000000*  739.6275  0.000000*

Adjusted R2   0.984400 0.992539 0.985230 0.989458

*p < 0.05 ITti t IT GDP ITti t 

GDP

F  P value  F  P value  F  P value  F  P value

IIntercept  0.70624  0.422458  0.03810  0.849577  1.29870  0.283871  0.66021  0.437450

ITti 0.34781  0.569861  0.36430  0.561032  0.84944  0.380783  0.30669  0.593208

GDPtii  23.98723  0.000850*  39.27500  0.000147*  27.38052  0.000540*  31.61483  0.000325*

Adjusted R2   0.948013 0.948104 0.950660 0.947783

*p < 0.05 ITti t IT GDPti t GDP
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IT 

(Hu & Quan, 2005) IT 

IT 

Korpela Lehmusvaara 

Tuominen (2001) 

(Forwarder) IT 

(t-1) (t-2) (t-

3) (t-4) Shah Shin (2007) 

40 IT 

Croson Donohue (2003) IT ( EDI) 

(H3-2) IT 

t 

5 7 

( ) 

IT 

H3-2

134

F  P value  F  P value  F  P value  F  P value

Intercept  2.069729  0.184101  2.897454  0.122926  4.95583  0.053027  6.77935  0.028564*

GDPti 7.906281  0.020317*  9.983707  0.011556*  14.21751  0.004412*  17.51451  0.002358*

ITti 0.362122  0.562180  0.485619  0.503488  1.40870  0.265655  2.58343  0.142449

Adjusted R2   0.460016  0.519108  0.606800  0.655693

*p < 0.05 ITti t IT GDPti t GDP
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IT 

IT 

Carr (2003) IT 

IT IT 

IT 

IT 

Kohli Devaraj (2003) 

IT

e 

ADF e 

(Geweke, 1984)

135

F  P value  F  P value  F  P value  F  P value

Intercept  1.03111  0.336417  1.27759  0.287569  0.91567  0.363610  0.89545  0.368716

GDPti 31.85229  0.000316*  38.3629  0.000160*  28.13845  0.000491*  22.15771  0.001109*

ITti 1.07428  0.327026  1.66510  0.229080  1.38464  0.269495  0.70718  0.422160

Adjusted R2   0.751655  0.785793  0.726820  0.674383

*p < 0.05 ITti t IT GDPti t GDP

F  P value  F  P value  F  P value  F  P value

Intercept  11.29332  0.008382*  10.62086  0.009855*  6.788372  0.028482*  0.229118  0.643593

GDPti 14.04239  0.004574*  12.83713  0.005904*  8.519679  0.017064*  0.515884  0.490827

ITti 0.04551  0.835828  0.44001  0.523743  0.000747  0.978786  2.373267  0.157816

Adjusted R2 0.884335  0.877951  0.847874  0.719922

*p < 0.05 ITti t IT GDPti t GDP
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(H4-2) e 

xt = aj x(t-1) + bj y(t-j) + t

yt = cj x(t-j) + dj y(t-1) + t

xt = ( )

yi   = ( ) = 

xt yi t

j = 1, 2, 3, 4 1 4 

(t-1) (t-2) (t-3) (t-4) t
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UNCTAD (2003) IT 

(OECD) 

IT

(Dewan & Kraemer, 2000; Pohjola, 2002) IT 

GDP IT 

IT IT 
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IT IT (Indjikian & Siegel, 2005)
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20 S1

(H4-2) e 

9 (t-1) (t-2) (t-3) (t-4) 

e (H4-2) 

IT IT
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F  P value  F  P value  F  P value  F  P value

Intercept  6.2827  0.033501*  7.0147  0.026540*  18.1792  0.002100*  9.5584  0.012895*

ITt 0.1133  0.744151  0.3158  0.587886  2.4776  0.149930  0.8790  0.372948

GDPt 168.0229  0.000000*  223.2100  0.000000*  299.3132  0.000000*  352.6624  0.000000*

Adjusted R2 0.979878  0.980315  0.984023  0.981437

*p < 0.05 ITt t IT GDPt t GDP

F  P value  F  P value  F  P value  F  P value

Intercept  8.73346  0.016083*  9.52574  0.013005*  8.77310  0.015909*  3.781697  0.083681*

GDPt 15.04184  0.003741*  17.02053  0.002576*  17.67733  0.002292*  9.416559  0.013383*

ITt 0.69432  0.426258  1.80184 0.212366  1.81479  0.210871  0.627248  0.448737

Adjusted R2 0.747224  0.766446  0.772196  0.670014

*p < 0.05 ITt t IT GDPt t GDP
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