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Abstract By following the empirical setting of Sattinger (1980) and incorporating the labor 
quality index (SHH-LQI) developed by San et al. (2006), in this paper we examine whether or 
not an improvement in labor quality will result in changes in labor’s factor share ( ). Our study 
shows that, for the case of the manufacturing sector in Taiwan, the relationship between 
SHH-LQI and  is significantly negative before 1998, but that it becomes positive afterward, 
suggesting that high-quality labor and the capital intensity rate are not complementary but 
substitutive after 1998. The main reason for this drastic change may be either due to a significant 
slow down in capital accumulation since the late 1990s in Taiwan, which is indicative of the 
decline in the marginal productivity of capital, or the improvement in the marginal productivity 
of labor through the high growth rate of e-commerce activities in Taiwan. Therefore, an 
improvement in labor quality will not only improve the marginal product of labor, but will also 
enlarge its corresponding factor shares.  
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1. Introduction 
 
In 1996, the OECD announced the arrival of the knowledge economy and claimed that 
knowledge combined with the rapid technological improvements in the Internet, computers and 
telecommunications would not only reshape human livelihood as well as the business model, but 
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also redefine production and business operations. As such, knowledge itself has become one of 
the key elements within the factors of production. Relevant studies such as Tallman and Wang 
(1994), Gautam, Lakshmanan, and Anderson (2001) and Lall (1992) have all argued that human 
capital is the key factor affecting a country’s overall technological capability. In addition, 
Schwerdt and Turunen (2006) reported that in the euro area labor quality had over the period 
1983-2004 grown at an average rate of 0.6% per annum and that such labor quality growth 
accounted for one third of labor productivity growth in the euro area. Clearly, in the era of the 
knowledge economy, a country’s economic strength will not be measured merely by the physical 
amounts of her labor or capital, but will be critically dependent upon the quality of the 
manpower within the economy.  
 
The possible interaction between the labor share and other production factors as well as the 
quality of the labor is also important issues to note. Sargent and Wallace (1974) have shown that 
under the CES function the derivative of the labor share with respect to the straight-time real 
wage could be zero or negative which could possibly explain cyclical changes in the labor share. 
Krueger (1999) re-estimated the raw labor share for the U.S. economy and found that the raw 
labor’s share of wage and salary income increased between 1939 and 1959, stabilized between 
1959 to 1979 and then fell consistently in the 1980s and 1990s. Such a declining trend is 
consistent with the rise in the return to education and experience. Rudd and Whelan (2005) did 
not find any evidence of inflation Granger causing the labor share of income while the expected 
future labor shares generally explained very little of the empirical variation in inflation. Sattinger 
(1980) argued that if the elasticity of substitution between capital and labor is less than 1, then 
the accumulation of the physical capital will also increase the demand for labor and, 
consequently, we shall observe a complementary relationship between capital and labor. Under 
such circumstances, the factor share for labor ( ) will increase along with the accumulation of 
capital. In other words, labor income will be no worse during the capital accumulation process. 
Nevertheless, if the increase in the marginal productivity of capital is higher (lower) than that of 
the corresponding marginal productivity of labor due to the accumulation of capital along with 
the improvement in human capital, then the corresponding  will decline (increase) and the 
welfare of the labor will decrease (increase) along with the improvement in the quality of labor. 
As such, an improvement in labor quality does not necessarily guarantee an increase in . By 
using U.S. data for the period 1930-1970 and defining the quality of labor as the share of the 
labor force aged 25 and above with a college or high-school degree, Sattinger (1980) found that 
the improvement in the quality of labor in the U.S. had actually promoted a higher marginal 
productivity of capital relative to that of the marginal productivity of labor and, in turn, the 
improvement in the quality of labor in the U.S. had actually led to a decline in . 
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There are different ways of defining the quality of labor. Using the levels of education for a 
given labor force is the simplest and easiest way to proxy changes or improvements in the quality 
of the labor force.1 However, by fully utilizing official government statistics, San et al. (2006) 
have incorporated 7 major factors, namely, education, training, labor productivity, changes in the 
structure of the labor force, safety and health, the work ethic and industrial relations, 
labor-management models and the quality of the workers’ livelihood, with 25 sub-items being 
used to compile the quality of labor index for manufacturing sector workers in Taiwan (hereafter 
abbreviated as SHH-LQI). In this study, we would like to examine how the quality of labor 
changes and whether it will affect the  for the manufacturing industry in Taiwan. The 
significance of this study is twofold. First, in contrast to the studies that utilize simple education 
as an index to proxy for the quality of labor, in this study we incorporate a more comprehensive 
SHH-LQI to examine how it will affect the changes in  and the results of this study can thus 
shed light on the importance of the specification of the labor quality when we examine labor 
quality-related questions. Second, how factor shares change along with the development of an 
economy is an important but under-studied topic in the field of economic development as well as 
in factor production theory. It is hoped that this study can fill the gap in the literature in this 
regard.  

LS

LS

 
The remainder of this paper is organized as follows. In Section 2 we explain the empirical model 
used to examine the changes in  in the manufacturing sector. This is followed by a discussion 
of the empirical results in Section 3. Finally, we summarize our main findings and conclusions in 
Section 4.  

LS

 
 
2. The Data and Empirical Models 
 
In order to explicitly examine how the changes in labor quality affect the changes in , in 
this study we follow Sattinger (1980) and specify the production function which incorporates the 
quality of labor as one of the factor inputs as follows:2 

LS

 
}exp{ 74320 tataaaaekq +−−−∗= ρργρ }exp{ 651 taaa −−−∗ γρ    

}lnlnlnexp{ 65174320 ρργρρργρ taaatataaaaek −−−+−−−∗=                   (1) 
 
In equation (1), , ,k n ρ ,γ ,  and  denote capital, labor, the capital-labor ratio (k/n), the 
quality of labor, the time trend and aggregate annual output, respectively. It is also noted that 

t q
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since the factor share of labor  is the share of labor out of total aggregate output, it can be 
calculated as labor input  multiplied by its corresponding marginal product of labor (

LS
n nq ∂∂ ). 

In addition, total aggregate output will be affected by the capital labor ratio ρ , while ρ  itself 
is a function of . As such, the  can be expressed as: n LS
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Now we can substitute (1) into the above  equation and show that  LS
 

taataaaSL 621 ++++= a3 5 +4 γργρρ                                          (2) 
 
Clearly,  can be shown to be a linear function of LS ρ , γ , , and the empirical model for 
examining the changes in  for Taiwanese manufacturing industry can be specified as: 

t
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In equation (3), the variable  is the labor quality index for Taiwanese manufacturing 
industry and all the other variables are specified in the same way as the above. All of the data 
are from the Directorate-General of Budget, Accounting and Statistics (DGBAS) of the 
Executive Yuan, except for the SHH-LQI. Furthermore, the data period extends from 1990 to 
2004 and quarterly data are used in this study. The definitions and the sources of the data used 
in compiling the SHH-LQI are explained in San et al. (2006). We also update the original index 
to the year 2002 and it is shown in Table 1 for reference.3  

LQI Manu

 
In Table 2 we present the definitions of the relevant variables in our empirical study as well as 
their respective descriptive statistics. In addition, in Table 3 we list the data for  and K for 
the fourth quarter of each year so as to observe the trends for these variables. From Table 3 it 
can be shown that the real net capital K (after deducting depreciation) has increased steadily 
over the data period, but the data shows that it increased exponentially before 1999 and that the 
rate of accumulation slowed down after 1999. As for the labor-capital ratios, both the capital 
per worker ratio (

LS

1ρ ) and the capital per man-hour ratio ( 2ρ ) have been seen to increase over 
time. However, Table 3 shows that  increased from 0.5781 in the fourth quarter of 1990 to 
0.5960 in 1995 and then declined to 0.5102 in 2004.  

LS

3. Empirical Results 
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As we have shown in our empirical models, we examine two types of labor input in our 
empirical estimation, namely, real capital per employed worker 1ρ  and real capital per 
man-hour 2ρ . In addition, both the time trend and the quarterly dummy are also included in 
our empirical estimates. As for the labor quality SHH-LQI variable, we have converted the 
annual data into quarterly data and have incorporated the variable into our empirical estimation. 
Our empirical results are summarized in Tables 4 and 5 for reference.  
 
From Table 4, we try to examine how changes in  will be affected by capital per employed 
worker (

LS

1ρ ), and the Durbin-Watson (D-W) statistics in model 4.1 suggest that there exists a 
serial correlation problem within the model. We then utilize AR(1) to correct for the 
autocorrelation problem and the empirical results are then presented in Model 4.2. As we can 
see in Model 4.2, the D-W statistic is 1.8679 and it also has a higher 2R ( 2R =0.9006). More 
specifically, Model 4.2 shows that  will increase with the time trend variable LS T , while 1ρ  
and are both shown to have a significant negative impact on . In other words, our 

the quality of labor will reduce the factor share of labor S . Nevertheless, when a higher 

capital intensity per employed worker is compounded by an im ment in labor quality, i.e., 

for variable 

Manu

l re
LQI  

pirica su
LS

er orem lts suggest that bo igher capita tensity per work ovemen

prove

th the h l in  an impr t in 

L

1ρ ． , it will positively and significantly affect . In Model 4.4, we 

incorporate quarterly dum ies and the results are similar to those in Model 4.2. To sum up, our 
empirical results in Table 4 show that labor quality alone cannot improve the share of labor, 
and that labor quality will have to work with capital so as to improve the share of labor. In 
Table 5 we incorporate real capital per man-hour ( 2

ManuLQI

m

LS

ρ ) into our empirical model and from 

Model 5.2 and Model 5.4 it can be seen that 2ρ  and  can negatively affect . 

Nevertheless, the product of these two variables can also b

impact on S . The above results are similar to those in Table 4 and they are also consistent with 

those of Sattinger (1980) for the US economy.  
 

ManuLQI

e 

LS

shown to have a strong positive 

L

y following the above empirical estimations, we then examine how changes in labor quality in B
Taiwan affect the factor share of labor in the manufacturing sector. Our calculations are 
summarized in Tables 6 and 7. It is important to note that the calculations in Table 6 are based on 
the estimates of the 4th quarter in each year while the calculations in Table 7 are based on the 
annual averages of the data. These two Tables show that, when we take the joint effect of the 
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capital stock and the improvement in labor quality into consideration, the improvement in the 
labor quality on the factor share of labor, ManuL LQIS ∂∂ , rises over time and its upward trend 
can also be plotted in Figure 1. Nevertheless, ManuL LQIS ∂∂  was always negative before 1998. 
In other words, our study shows that before 1 ment in the quality of labor has a 
greater contribution to the marginal product of capital than the marginal product of labor, and as 
such, the share of labor actually decreases along with the improvements in the quality of labor. 
The above results are also consistent with Sattinger’s (1980) study for the US economy. Our 
calculations show that this negative relationship actually became positive around the year 1998 
which suggests that, since 1998, the improvement in the quality of labor has actually translated 
itself more into the productivity of labor rather than the productivity of capital.  
 

998 the improve

 is also worth mentioning that while ManuL LQIS ∂∂  It has been seen to shift from negative to 
 between 

between high quality manpower and physical capital has also shifted from a complementary to 

on of the capital data in Table 3, it is shown that in the 1990s 
e net accumulation of the capital stock increased very rapidly but that this rising trend 

positive, the corresponding relationship anu  and KS  has changed from positive 
to negative accordingly. Therefore, along with the industrialization in Taiwan, the relationship 

a substitutive relationship. The relevant question to ask is what the major reasons are that are 
behind these important changes. 
 
By examining the net accumulati

MLQI

th
drastically slowed down around the year 2000. These changes in the accumulation of the 
capital stock trend are really in accordance with the changes in ManuL LQIS ∂∂  as we have 
shown in Tables 6 and 7. In other words, as the speed of the accumulation of the net physical 
capital slowed down after 2000, correspondingly, the relationship Manu  and LS  
changed from negative to positive and the positive effect expanded rapidly. More specifically, the 
last column of Table 7 shows that the impact of ManuLQI  on LS  changed from  in 19  

1998-2004 period. As such, the slowdown in terms of the speed of net capital accumulation for 
the manufacturing sector in Taiwan after 2000 hance the positive relationship 

between ManuLQI  and LS

In addition, the improvement in labor productivity due to the rapid growth of e-commerce in 
Taiwan after 2000 could be another contributing factor. More specifically, before the year 2000, 
most of th facturing firm
(OEM) an ore focuse

 between 

to 0.1306 in 1998 and grew to 0.8002 in 2004 – a more than sixf

actually e

.  

e manu s in Taiwan were engaged in original equipment manufacturing 
d were m d on manufacturing itself, while sales and marketing were not 

LQI

 -0.3653
old increase during the 

90

may n

particularly emphasized. Nevertheless, the arrival of the age of the knowledge economy has 
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clearly shown that the service sector as well as supply-chain management have become key 
elements in meeting customer demand. As such, the ways in which businesses operate have 
changed. It is important to note that the Commerce Industrial Services Portal (CISI) of the 
Ministry of Economics Affairs’ 2003 survey on e-commerce in Taiwan has shown that over 
54% of the firms surveyed in Taiwan have engaged in at least some types of Internet 
applications to their business transactions. In addition, for those more traditional sectors such 
as the food supply industry, over 37.93% of the surveyed firms in this industry were already 
placing orders with their upstream suppliers through the Internet, while 28.05% of the surveyed 
firms in this industry were accepting orders from their downstream customers through the 
Internet. Clearly, the efficiency of the transactions has been greatly improved through the 
adoption of e-commerce. In addition, by examining the statistics on B2B, as shown in Table 8, 
the CISI reported that the period 1999-2000 experienced the highest rate of growth of 96.85% 
and, as shown in Table 9, this was also the period in which the annual growth rates for the 
Internet popularity ratios hit their highest level during 1996-2004 — as well as the period in 
which the corresponding ManuL LQIS ∂∂  turned from negative to positive and grew rapidly. 
The above results may provide some empirical support as to how the emergence of the 
knowledge economy and the prevalence of e-commerce may lead to an improvement in the 
labor productivity of the manufacturing sector in Taiwan.  
 
 
4. Conclusion 
 
In this paper we follow Sattinger’s (1980) empirical model by incorporating San et al.’s (2006) 

bor quality index to examine how an improvement in labor quality can have an impact on the 
r the manufacturing sector in Taiwan. Our empirical study shows that the real 

apital per employee or the real capital per man-hour are negatively and significantly related to 

la
factor shares fo
c
the changes in the factor share of labor. In addition, our empirical results also show that the 
factor shares of labor for the manufacturing sector in Taiwan are rising over time. In addition, as 
to the impact of labor quality on changes in factor shares, our empirical results show that, before 
1998, the Taiwan manufacturing sector’s labor quality measured using SHH-LQI was negatively 
correlated with the factor share of labor and this result is consistent with Sattinger’s findings for 
the US economy. Nevertheless, Taiwanese data show that such a negative relationship turned into 
a positive one and grew rapidly afterward, which is in accordance with the rapid emergence of 
e-commerce in Taiwan. Based on the empirical evidence above, it can be reasonably inferred that 
such a twist in the share of labor may also be observable in developed countries where 
e-commerce and the formation of the knowledge economy are more advanced as compared with 
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the case of Taiwan. As such, examining the changes in factor shares and how they will be related 
to the quality of labor as well as the emergence of e-commerce in the developed countries will 
therefore be an advisable extension in order to obtain a more in-depth understanding as to the 
interactions among the emergence of e-commerce, changes in labor quality and the 
corresponding changes in labor shares.  
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Table 1: Labor Quality Index for Taiwan’s Manufacturing Sector 1990-2002 

Category 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

1. Education              
V1:  Years of Education 5.61  5.63  5.70 5.72 5.76 5.83 5.95 6.02 6.14 6.22  6.26  6.54 6.68 

V2:  Training Ratios 1.94  5.32  5.04 5.47 5.80 4.35 6.03 6.03 6.93 5.28  5.94  7.60 6.71 

V3:  Education Budget Share 1.55  1.71  1.80 1.85 1.81 1.75 1.78 1.75 1.68 1.71  1.58  1.73 1.79 

V4:  Expenditure Per Student 0.95  1.18  1.36 1.55 1.67 1.78 1.99 2.13 2.19 2.30  2.17  2.32 2.46 

2. Manpower Training                           

V5:  In-Service Ratios 4.92  4.56  4.38 7.63 9.42 9.88 11.62 10.01 11.90 10.51  10.32  15.06 7.18 

V6:  Licensed Ratios 2.29  2.39  2.47 2.80 3.43 4.54 5.51 6.43 7.46 8.47  9.39  10.74 11.80 

V7:  Budget for Vocational Training (NT$ 
‘000) 2.80  3.37  3.64 3.54 3.52 4.40 5.01 4.96 4.88 5.56  5.51  6.92 6.86 

3. Labor Productivity                           

V8:  Fixed Capital Used (NT$ ’000) 1.70  1.87  2.17 2.36 2.80 3.43 3.73 4.40 4.95 5.20  6.63  4.40 4.16 

V9:  Skilled Workers’ Output Index 3.32  2.74  2.89 3.04 3.10 3.20 3.35 3.51 3.68 3.77  3.90  4.23 4.30 

4. Changes in Labor Force Structure                           

V10:  Skilled-Worker Ratios 4.02  4.12  4.26 4.11 4.10 4.46 4.89 4.78 5.12 5.24  5.51  5.76 5.89 

V11:  Ratios of Workers Aged 18-24 1.12  1.17  1.06 0.98 0.90 0.83 0.79 0.77 0.86 0.83  0.82  0.84 0.78 

V12:  Ratios of Workers Aged 25-49 3.67  3.71  3.80 3.87 3.94 3.99 4.08 4.08 4.06 4.11  4.11  4.10 4.18 

V13:  Ratios of Workers Aged 50-64 0.72  0.67  0.64 0.65 0.63 0.57 0.64 0.60 0.65 0.66  0.63  0.64 0.64 

5. Work Safety and the Health of 
Workers                           

V14:  Illness Ratios 
2.06  1.55  1.55 1.24 1.24 1.55 1.55 1.55 2.06 3.10  2.06  1.55 3.10 

V15:  Injury Ratios (per million) 4.52  4.44  4.98 5.12 4.68 5.68 6.09 6.50 6.93 6.96  7.10  7.50 7.87 

V16:  Bad Habit Ratios 1.89  1.89  1.89 1.89 1.89 2.32 2.32 2.32 2.32 2.32  2.32  2.32 2.32 

V17:  Work-Days Lost (days per million 
work hours) 3.23  3.20  3.82 3.52 2.72 4.10 3.14 3.27 4.48 5.47  5.75  5.84 8.50 

6. Industrial Relations and the Work                           

V18:  Work Ethic 8.26  8.26  8.26 8.26 8.67 8.67 8.67 8.67 8.67 9.91  9.91  9.91 9.91 

V19:  Years of Job Tenure (years) 
2.44  2.45  2.62 2.72 2.84 2.92 3.10 3.65 3.19 3.26  3.27  3.27 3.26 

V20:  Ratios of Workers in Dispute 2.00  5.70  4.45 3.88 1.79 2.12 2.85 7.01 5.88 2.72  2.25  1.41 1.25 

V21:  Labor Dispute Cases (cases) 3.56  3.73  3.82 3.82 3.66 3.61 3.26 3.07 2.24 1.86  1.40  0.99 1.09 

7. Labor-Management Models and the 
Quality of the Workers’ Livelihood                           

V22:  Ratios of Home Ownership 1.21  1.21  1.26 1.27 1.26 1.29 1.30 1.30 1.29 1.31  1.31  1.31 1.31 

V23:  Compliance Ratios 8.26  8.26  8.26 8.26 8.26 8.26 8.92 8.92 8.92 8.92  8.92  8.92 8.92 

V24:  Ratios of Job Searchers 1.87  1.96  2.30 3.76 3.72 3.68 2.35 3.48 2.27 2.62  2.77  1.89 1.95 

V25:  Labor-Management Ratios 7.32  7.32  7.32 7.32 8.20 7.99 7.99 7.99 7.99 9.22  9.22  9.22 9.22 

Labor Quality Index (SHH-LQI) 81.22 88.39 89.74 94.62 95.80 101.18 106.89 113.22 116.74 117.51 119.06 125.00 122.13 
Source of data: Updated from San, Huang and Huang (2006) calculation  
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  Table 2 Data Sources and Definitions 
 

Category Variable Definition Description (Note) Source 
Mean 
(Std) 

Dependent. 
Variable  

SL Labor Share 
Labor 
Earning/Total cost 
(nominal output) 

The Multifactor 
Productivity, 
2005, DGBAS, 
Taiwan 

0.5465 
(0.0308) 

C
apital 

K 

Net of the real 
fixed capital 
stock (exclude 
land stock) 

Unit: Million NT$ 
(Base year: 1990) 

The Multifactor 
Productivity, 
2005, DGBAS, 
Taiwan 

3563344.1875 
(1089116.0147) 

L1 
Numbers of 
employed 
workers 

Unit: persons 
(quarterly average 
is utilized) 

National 
Statistics, 
DGBAS, Taiwan 

2396805.6889 
(46622.3913) Labor 

L2 

Total working 
hours of 
employed 
workers  

Unit: hours 
 

National 
Statistics, 
DGBAS, Taiwan 

1420087830.5 
(80781128.545) 

ρ1 K/L1   1.4905 
(0.4674) 

C
apital- 

Labor R
atio ρ2 K/L2   0.002543 

(0.0009) 

Labor Q
uality 

Index (SH
H

-LQ
I) 

LQIManu 

Labor quality 
index of the 
manufacturing 
sector (See 
Table 1 for 
detail) 

SHH-LQI / 100 San et al. (2006)  1.0791 
(0.1450) 

Tim
e 

Trend 

T Time trend 
The 1st quarter of 
1990 is equal to 1. 
T=1 to 52. 

 30.5000 
(17.4642) 

Q1 The 1st quarter  Q1 = 1, 1st quarter 
Q1 = 0, otherwise  0.2500 

(0.4367) 

Q2 The 2nd quarter Q2 = 1, 2nd quarter 
Q2 = 0, otherwise  0.2500 

(0.4367) 

Independent Variables 

Q
uarter D

um
m

ies Q3 The 3rd quarter Q3 = 1, 3rd quarter 
Q3 = 0, otherwise  0.2500 

(0.4367) 
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Table 3 Data for the Fourth Quarter – from 1990 to 2004 
 

  SL Δ SL  K Δ K L1 Δ L1 L2 Δ L2 K/L1 Δ K/L1 K/L2 Δ K/L2 

1990 0.5781  2307692.0  2418310 1465448546 0.9543  0.001575 

1991 0.5595 -0.0186 2377164.5 69472.5 2419149 839 1475685016 10236470 0.9826 0.0284 0.001611 0.000036 

1992 0.5710 0.0115 2455556.5 78392.0 2411214 -7935 1478074026 2389010 1.0184 0.0357 0.001661 0.000050 

1993 0.5664 -0.0046 2547275.5 91719.0 2425993 14779 1487185264 9111238 1.0500 0.0316 0.001713 0.000051 

1994 0.5875 0.0211 2673896.0 126620.5 2446856 20863 1504768431 17583167 1.0928 0.0428 0.001777 0.000064 

1995 0.5960 0.0085 2845956.5 172060.5 2403092 -43764 1456243936 -48524495 1.1843 0.0915 0.001954 0.000177 

1996 0.5575 -0.0386 3076365.0 230408.5 2365521 -37571 1452447184 -3796752 1.3005 0.1162 0.002118 0.000164 

1997 0.5391 -0.0184 3384734.5 308369.5 2415663 50142 1480807186 28360002 1.4012 0.1007 0.002286 0.000168 

1998 0.5148 -0.0243 3746594.0 361859.5 2383523 -32140 1422942544 -57864642 1.5719 0.1707 0.002633 0.000347 

1999 0.5241 0.0093 4168635.5 422041.5 2441288 57765 1501453901 78511357 1.7076 0.1357 0.002776 0.000143 

2000 0.5245 0.0004 4598848.0 430212.5 2458897 17609 1463064771 -38389130 1.8703 0.1627 0.003143 0.000367 

2001 0.5639 0.0394 4862198.0 263350.0 2288961 -169936 1284109685 -178955086 2.1242 0.2539 0.003786 0.000643 

2002 0.5000 -0.0639 4991503.5 129305.5 2319718 30757 1340796472 56686787 2.1518 0.0276 0.003723 -0.000064 

2003 0.5051 0.0051 5180655.0 189151.5 2372158 52440 1385393882 44597410 2.1839 0.0322 0.003739 0.000017 

2004 0.5102 0.0052 5486430.5 305775.5 2436659 64501 1432752316 47358434 2.2516 0.0677 0.003829 0.000090 

Source: The Multifactor Productivity, 2005, DGBAS, Taiwan. 
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 Table 4 Empirical Results – with ρ1  

   
Model 1 

 

  
Model 2 

 
  (4.1) (4.2)  (4.3) (4.4) 
Variables  OLS 

 
MLE 

(with AR(1)) 
 OLS 

 
MLE 

(with AR(1)) 
Constant  2.8346 

(8.55)*** 
1.9661 

(7.98)*** 
 2.9218 

(8.47)*** 
1.9878 

(7.27)*** 

ρ1  -1.7938 
(-6.28)*** 

-1.1348 
(-5.39)*** 

 -1.8402 
(-6.27)*** 

-1.2118 
(-5.36)*** 

ρ1‧LQIManu  1.5875 
(6.51)*** 

1.0648 
(5.85)*** 

 1.6373 
(6.52)*** 

1.0816 
(5.64)*** 

ρ1‧T  -0.0073 
(-5.54)*** 

-0.0052 
(-3.64)*** 

 -0.0078 
(-5.43)*** 

-0.0046 
(-2.96)*** 

LQIManu  -2.2156 
(-6.68)*** 

-1.4015 
(-5.60)*** 

 -2.3193 
(-6.61)*** 

-1.3550 
(-4.77)*** 

T  0.0169 
(5.98)*** 

0.0093 
(3.75)*** 

 0.0180 
(5.83)*** 

0.0087 
(3.03)*** 

Q1     0.0031 
(0.51) 

-0.0026 
(-0.76) 

Q2     0.0036 
(0.63) 

-0.0008 
(-0.24) 

Q3     -0.0023 
(-0.41) 

-0.0029 
(-1.11) 

Adj-R2  0.7752 0.9006  0.7683 0.8986 
D-W  0.6465 1.8679  0.6296 1.8233 
F-Test of 
∂SL / ∂LQIManu = 0 

 F(2, 54)  22.59 
P-value  <.0001 

F(2, 53)  17.05 
P-value  <.0001 

 F(2, 51)  22.41 
P-value  <.0001 

F(2, 50)  16.62 
P-value  <.0001 

Notes: 1. Dependent variable: SL. 
     2. The t-statistics are in the parentheses. 
     3. ***, ** and * represent significance at the 1%, 5% and 10% levels, respectively. 
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 Table 5 Empirical Results –with ρ2   

   
Model 1 

 

  
Model 2 

 
  (5.1) (5.2)  (5.3) (5.4) 
Variable  OLS 

 
MLE 

(with AR(1)) 
 OLS 

 
MLE 

(with AR(1)) 
Constant  1.7880 

(6.50)*** 
1.4423 

(7.80)*** 
 2.4936 

(7.28)*** 
1.6661 

(6.26)*** 

ρ2  -472.3771 
(-3.48)*** 

-391.2804 
(-4.86)*** 

 -832.8730 
(-4.82)*** 

-515.6565 
(-4.31)*** 

ρ2‧LQIManu  488.4428 
(4.02)*** 

431.2738 
(4.95)*** 

 787.7912 
(5.29)*** 

500.9872 
(4.69)*** 

ρ2‧T  -3.2791 
(-3.90)*** 

-2.9695 
(-3.27)*** 

 -4.2361 
(-4.91)*** 

-2.7600 
(-2.92)*** 

LQIManu  -1.3466 
(-4.41)*** 

-0.9862 
(-4.25)*** 

 -2.0094 
(-5.62)*** 

-1.1387 
(-3.83)*** 

T  0.0104 
(3.65)*** 

0.0068 
(2.65)** 

 0.0155 
(4.86)*** 

0.0079 
(2.51)** 

Q1     0.0225 
(2.82)*** 

0.0079 
(1.24) 

Q2     0.0052 
(0.83) 

0.0002 
(0.06) 

Q3     -0.0033 
(-0.53) 

-0.0031 
(-1.02) 

Adj-R2  0.6877 0.8881  0.7232 0.8860 
D-W  0.5940 1.9016  0.5578 1.8429 
F-Test of 
∂SL / ∂LQIManu = 0 

 F(2, 54)   9.81 
P-value  0.0002 

F(2, 53)  12.17 
P-value  <.0001 

 F(2, 51)  15.90 
P-value  <.0001 

F(2, 50)  11.50 
P-value  <.0001 

 
Notse: 1. Dependent variable: SL. 
     2. The t-statistics are in the parentheses. 
     3. ***, ** and * represent significance at the 1%, 5% and 10% levels, respectively. 
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  Table 6 The Impact of  on   (The 4th quarter) LQI LS

 
(6a): calculated by 

the empirical 
result of (4.2)  

(6b): calculated by 
the empirical 
result of (4.4)  

(6c): calculated by 
the empirical 
result of (5.2)  

(6d): calculated by 
the empirical 
result of (5.4) 

 ∂SL / ∂LQIManu ∂SL / ∂LQIManu ∂SL / ∂LQIManu ∂SL / ∂LQIManu 
1990/04 -0.3854 -0.3229 -0.3071 -0.3498 
1991/04 -0.3552 -0.2922 -0.2915 -0.3317 
1992/04 -0.3171 -0.2535 -0.2697 -0.3064 
1993/04 -0.2835 -0.2193 -0.2475 -0.2806 
1994/04 -0.2379 -0.1730 -0.2198 -0.2485 
1995/04 -0.1405 -0.0741 -0.1434 -0.1596 
1996/04 -0.0167 0.0516 -0.0727 -0.0776 
1997/04 0.0905 0.1605 -0.0004 0.0064 
1998/04 0.2722 0.3451 0.1493 0.1804 
1999/04 0.4167 0.4919 0.2112 0.2522 
2000/04 0.5900 0.6679 0.3694 0.4361 
2001/04 0.8603 0.9425 0.6468 0.7583 
2002/04 0.8897 0.9724 0.6193 0.7264 
2003/04 0.9240 1.0072 0.6265 0.7347 
2004/04 0.9960 1.0804 0.6653 0.7797 

Note: ∂SK / ∂LQI = -(∂SL / ∂LQI) 

 
 
  Table 7 The Impact of  on  (annual average)  LQI LS

 
(7a): calculated by 

the empirical 
result of (4.2)  

(7b): calculated by 
the empirical 
result of (4.4)  

(7c): calculated by 
the empirical 
result of (5.2)  

(7d): calculated by 
the empirical 
result of (5.4) 

 ∂SL / ∂LQIManu ∂SL / ∂LQIManu ∂SL / ∂LQIManu ∂SL / ∂LQIManu 
1990 -0.4070 -0.3448 -0.3204 -0.3653 
1991 -0.3585 -0.2956 -0.2875 -0.3271 
1992 -0.3301 -0.2667 -0.2696 -0.3063 
1993 -0.2876 -0.2236 -0.2406 -0.2726 
1994 -0.2597 -0.1952 -0.2240 -0.2534 
1995 -0.1740 -0.1082 -0.1633 -0.1828 
1996 -0.0588 0.0089 -0.0848 -0.0916 
1997 0.0491 0.1185 -0.0152 -0.0107 
1998 0.2011 0.2729 0.1065 0.1306 
1999 0.3642 0.4386 0.2137 0.2552 
2000 0.5225 0.5994 0.3216 0.3805 
2001 0.7744 0.8553 0.6058 0.7107 
2002 0.8806 0.9631 0.6590 0.7724 
2003 0.9106 0.9936 0.6750 0.7910 
2004 0.9562 1.0399 0.6829 0.8002 

Note: ∂SK / ∂LQI = -(∂SL / ∂LQI) 
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Table 8 The Market Size of B2B Electronic Commerce (Unit: Hundred millions of NT) 

Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

$ 7,168 14,110 21,560 33,180 49,445 62,178 75,034 88,015 101,122 114,355 127,717

Growth 

Rate 

(%) 

--- 96.85 52.80 53.90 49.02 25.75 20.68 17.30 14.89 13.09 11.68 

Note: The data for 2005-2009 are forecasted values.  
Source: Department of Commerce, MOEA, 2005. 
 
 
Table 9 Internet Access Rate  

Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 

Popular rate 

(%) 
3 8 14 22 28 35 38 39 40 

Growth rate 

(%) 
--- 5 6 8 6 7 3 1 1 

Source: Department of Industrial Technology, MOEA, 2005. 
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Fig. 1   Changes in Factor Shares and SHH-LQI
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Source: From (7c) in Table 7. 

Note:  ρ(∂SL / ∂LQI , LQI) = 0.9126; ρ(∂SK / ∂LQI , LQI) = -0.9126 
 
 
 
 

 


