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Abstract 
 

Using Taiwan’s industry-level panel data from 1988 to 1999, this paper examines 
the wage-gap between skilled and unskilled workers and the skill upgrading of 
industries by considering both underlying demand and supply factors.  Regression 
results show that both demand and supply side factors matter.  The closing of wage 
gap is from demand side by market-oriented production and trade structures that 
stabilize the relative demand for unskilled workers and from supply side that a 
widespread education in Taiwan for the past forty years has tremendously changed the 
quality structure of labor supply.  The composition of lower education workers has 
dropped significantly, while that of higher education workers has increased.  As for 
the skill upgrading, engaging more R&D activities and trading with more 
technologically advanced countries together with the increasing size of the supply of 
high skilled workers contribute to technology transfer and spillovers which ultimately 
lead to skill-upgrading of the domestic economy.  The results of the paper also shed 
light on policy implications that help to close the wage gap and at the mean time 
upgrade domestic production skills. 
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Wage Gap and Skill Upgrading in Taiwan: An Industry-Level Analysis 

I. Introduction 

Since 1980s the wage gap between skilled and unskilled workers in the 

developed countries have been widening, at the mean time the share of wage bill of 

skilled workers are also increasing, see for example, Krueger (1993), Haskel (1997), 

Freeman and Katz (1995), Stephen and Reenen (1998), and Berman, Bound, and 

Machin (1998).  Most of researches pointed out that the demand side factors are the 

driving force behind the widening of wage gap.  For example, the skilled-bias 

technological change, see, e.g. David Haltiwanger (1991), Berman, Bound, and 

Griliches (1994), Bartel and Sicherman (1999), Agenor and Aizeman (1995), and 

Allen (2001); international trade, see, e.g. Murphy and Welch (1989, 1991, 1992), 

and Forbes (1998).  The increasing wage share of the skilled worker represented 

the skill upgrading of the industries and was consistent with the rising of wage gap 

due to skill-bias technological change.  Researches showed that this skill-upgrading 

may come from, for example, foreign direct investment (FDI), see, e.g. Blonien and 

Slaughter (2001), Akitken, Harrison, and Lipsey (1996), Feenstra and Hanson 

(1997); research and development or the age of the technology, see, e.g., Bartel and 

Lichtenberg (1987), Gera, GU, and Lin (2001), Krueger (1993); or international 

trade, see, e.g., Bernard and Jensen (1997). 



  Taiwan has experienced a rapid economic growth and structure change for the 

past forty years.  From 1970 to 1999 the average annual growth rate of real GDP 

was 8.1%, the share of industry in GDP reached its peak of 47.1% in 1986 and then 

gradually declined to 33.1% in 1999 while the share of services started from 47.3% 

in 1986 and then increased steadily to 64.3% in 1999.  It is clear that after 1986 the 

structure of the Taiwan economy is shifting toward more service-oriented economy 

like other developed countries did.  During this structural change period, contrary 

to the experience of the developed countries wag gap between skilled and unskilled 

workers is actually declining from 1.58 in 1988 to 1.33 in 1999.  Figure 1 

represents the trend of the wage gap in Taiwan.  However, consistent with the 

developed countries’ experience that during the same period the share of the wage 

bill of skilled workers is increasing signifying a process of skill-upgrading.  Figure 

2 shows the trend of the share of skilled workers’ wage bill in Taiwan.  How can 

we reconcile these seem contradictory phenomena?  Apparently, demand side or 

structural change cannot be the whole story.  This paper intends to tackle the 

question by looking at both demand and supply side factors jointly. 

The paper is organized as follows.  Section 2 presents the empirical models 

for wage-gap regression and Skill-upgrading analysis.  Section 3 contained data 

description and estimation method used.  Estimation results are shown in Section4.  



Concluding remarks is in Section 5.   

 

II. The Empirical Model 

Assume a production function with capital and heterogeneous labor inputs and 

expressed as 

)A;K,L,L(FY us= ,                                             (1) 

where K is the capital and LS and LU stand for skilled- and unskilled workers 

respectively.  Under cost minimization, optimality requires that price of factor input 

is equal to the value of its marginal product, which results in the conditional labor 

demand curve shown as 

u,si      ),A*;y,r,W,W(fL usi == .                               (2) 

Suppose the production function has the constant elasticity of substitution (CES) 

property, then Y)W(L ii σ−α= , whereσ is defined as the elasticity of substitution 

between the two types of the labor inputs.  In this case the relative wage of the two 

labor input can be expressed as 
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where D denotes relative demand shift, and（ us L/L ）stands for the relative labor 

supply.  Hence, our empirical model for the wage gap analysis is expressed as 
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where X stands for the demand shifter such as technological factor or international 

trade including variables like R&D intensity, FDI, computerization or automation, and 

trade intensity.  Z stands for supply side factor like demographic structure. 

Empirically, we test X and Z variables to examine factors that may affect the 

relative wage of skilled /unskilled workers. 

As for the test of skill-upgrading, assume that capital K is a quasi-fixed factor 

and suppose that total cost function )A;Y,K,W,W(fC us= has a translog functional 

form and let Z denotes for K, Y, and A, then total cost function can be express as  

+α+α+α+α+α+α= )W)(lnW(ln)Wln()W(ln)W(ln[
2
1WlnWlnCln us

21
us

12
2s

11
u

2
s

10       

∑
−

β+β+β+α
4

1j
j

u
j

s
j1jj

2u
22 )]Z)(W(lnj2)Z)(W(lnZ[])W(ln .                 (5) 

Note that the square and interaction terms of jZ variable disappear automatically 

under first-order condition of optimization.  Applying Shepherd’s lemma, first-order 

condition for cost minimization renders 
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where iS is the cost share of the i  type workers.  By symmetry and homogenous 

property of degree one, the wage share for skilled worker can be obtained as 
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If we consider any possible fixed effect of specific factors such as time, region, or 

industry effect, equation (7) can be further modified in the form of first difference as 
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The Z variable includes capital-output ratio and variables of demand and supply 

sides such as R&D, FDI and technology adoption, and demographic change.  

Empirically, we test the effect of different Z variables on skill upgrading, the 

estimated coefficients j1β .  These results will enable us to answer the following 

questions.   Are capital and skilled labor complements?  Are there any advantages, 

particularly in what industries, of applying or adapting new technology for the skilled 

labor over the unskilled labor?  Are FDI and computerization beneficial to skill 

upgrading of the industries? 

 

III. Data description and estimation method 

We utilize 1988-1999 Taiwan’s manufacturing industry panel data for the 

analysis.  Consider the purpose of our study and the limitation of data availability, 

the manufacturing industries was classified into 18 industries.  Engineers and 

professionals are classified as skilled workers and elementary occupations and 

production laborers are classified as unskilled workers.  Demand side factor includes 

R&D intensity or average R&D expenditure per researcher, subcontracting ratio, 

index of total factor productivity, trade volume with the US or Japan (the Taiwan’s 

two largest export and import partner of the developed countries).  Supply side factor 



includes unemployment rate and labor participation rate for different educational 

attainments.  See Appendix for definition and sources of all variables used in this 

study.   

Table 1 provides basic statistical summary for the relevant variables by industry.  

In 1988-1999, the average total output value of the whole manufacturing industry was 

NT$6501.6 billion, among them electronic and electric machinery is the largest 

industry (NT$1440.6 billion), followed by Basic metals (NT$522.3 billion), textiles 

(NT$515.9 billion), and transportation equipment (NT$ 456 billion).  During the 

period, 50% of manufacturing products trading with the US and Japan were 

machinery and electronic and electric machinery.  Non-metallic mineral had the 

highest capital output ratio of 1.687, followed by petroleum and coke products (1.544) 

and chemical products (1.422).  Average proportion of subcontracting for the whole 

manufacturing industry was 3.5%, among them metal products (7.1%), machinery 

(6.5%), Cloth and apparel (6.5%), and Precision machinery (5.2%) were above the 

average.   

Average R&D intensity was 1.1% for the whole manufacturing industry, with 

most of industries’ R&D intensity below 1% and only electronic and electric 

machinery had a R&D intensity above 2% (2.4%), followed by precision industry’s 

1.8%.  Technology level measured by total factor productivity index shows that 



electronic and electronic machinery, food and beverage, and chemical materials and 

products were industries with higher technological level.   

Equations (4) and (7) are our empirical models for wage-gap analysis and 

skill-upgrading test.  As data are panel of eighteen industries from 1988 to 1999 and 

unobserved industry-specific characteristics may exist, hence we use fixed effect 

model to perform our panel data estimation.1 

 

IV. Estimation results 

Table 2 shows the estimation results for wage-gap regression.  The effects of 

capital-output ratio, output scale, and proportion of subcontracting on relative wage 

are insignificant.  However, R&D intensity has a negative and significant effect on 

relative wage,2 which implies that the more R&D-oriented production will increase 

the demand for more unskilled workers rather for skilled workers.  This result seems 

to imply the type of technological change in Taiwan was in some sense more 

unskill-bias oriented than skill-bias oriented as found in most studies of the developed 

countries.  This is partially supported by finding a negative and significant effect of 

the total factor productivity index.  Trade also plays a significant role in determining 

                                                
1 We also tried random effect model for panel data estimation, the results are similar to what we report 
here for the fixed effect model. 
2 We also try to use other variable like the average R&D expenditure per research employee, the 
estimated results are similar. 



the wage differentials, trading with the developed countries (e.g., the US and Japan) 

will reduce the wage gap in Taiwan.3  This is consistent with the international trade 

theory that according to the principle of comparative advantage, Taiwan exports more 

labor-intensive goods to and imports more capital-intensive goods from the advanced 

countries, which increase the demand for the unskilled workers relative to the skilled 

worker thus mitigates the wage differentials of the two groups.   

Asides from demand factors, supply side factors seem to play an important role 

in affecting the wage-gap too.4  The labor participation rate of people with higher 

education has a negative and significant effect, while that of those with junior high 

school and under has a positive and significant effect.  During the 1990s, the labor 

participation rate of higher education attainment increased significantly from 66.3% 

to 68%, while that of junior high school and under dropped significantly from 56.5% 

to 50.2%.  Therefore, the increase of labor supply of the skilled workers together 

with the decrease of labor supply of the unskilled workers explains the drop in the 

wage–gap of Taiwan during 1988 to 1999.   It is clear from our study that both 

demand and supply factors work to determine the wage gap in Taiwan for the 1990s. 

The widespread of education in Taiwan nurtures an army of higher quality 

                                                
3 As the trade with the US and Japan are highly correlated (0.93), hence we test each of the trade 
variable separately.  
4 As the three variables of labor supply are highly correlated, between -0.79 and -0.85, hence we test 
each of the supply factor separately.  



human capital and the market-oriented production and trade structure stabilize the 

relative demand for the unskilled workers.  These demand- and supply- side 

structures help to mitigate the wage-gap in Taiwan for the 1990s. 

Table 3 shows the estimation results for the skill-upgrading analysis.  The 

relative wage has a positive and significant effect implying the increase in the wage of 

skilled workers relative to that of unskilled workers stimulates skill upgrading.  Both 

capital-output ratio and production scale have positive and significant effect on wage 

gap.  These results imply that capital and skilled workers are complements as more 

capital is used more skilled workers will be hired given the relative wage, and 

increasing in production scale will enhance skill upgrading.  The proportion of 

subcontracting does not have significant effect on skill grading.  R&D intensity has a 

positive and significant effect on skill upgrading as the increase in R&D activity 

generates the need for more skilled workers holding the relative wage constant.  

Trading with the developed countries significantly improves the skill upgrading either 

because of technology transfer or technology diffusion (see, e.g., Coe, Helpman, 

Hoffmaister, 1997) and learning by doing (see, e.g., Chuang 1998).   

As for the supply side factor, labor participation rate of people with higher 

education attainment has a positive effect on skill upgrading and that of junior high 

school and under has negative effect.  However, the unemployment rate of higher 



education also has a positive and significant effect on skill upgrading.  These results 

support the theory of human capital investment that a reservoir of high quality of 

reserve army will help the skill upgrading of the economy.   

As a whole, our empirical study finds that both demand and supply factors 

affect the industry’s skill upgrading in Taiwan.  Other things been equal, engaging in 

more R&D activities, trading with more developed countries, and investment in 

human capital will facilitates the process of technology adoption and assimilation, 

which in turn helps skill-upgrading of the domestic economy. 

 

V. Concluding remarks 

During late 1980s and the 1990s, the wage gap between skilled and unskilled 

workers in Taiwan had significantly reduced, while the wage share of skilled labor 

had increased persistently.  In contrast to the advanced countries in the 1980’s, wage 

gap and skilled labor’s wage share both had increased notably.  Taiwan’s distinctive 

phenomenon deserves further investigation and suggests that both demand and supply 

factors are at work. 

Using Taiwan’s industry-level panel data from 1988 to 1999, this paper 

examines the wage-gap between skilled and unskilled workers and the skill upgrading 

of industries by considering both underlying demand and supply factors.  Demand 



factor includes technology and trade, while supply factor contains labor supply and 

unemployment rate.  Regression results show that both demand and supply side 

factors matter.  The closing of wage gap is from demand side by market-oriented 

production and trade structures that stabilize the relative demand for unskilled 

workers and from supply side that a widespread education in Taiwan for the past forty 

years has tremendously changed the quality structure of labor supply.  The 

composition of lower education workers has dropped significantly, while that of 

higher education workers has increased.   

As for the skill upgrading, engaging more R&D activities and trading with more 

technologically advanced countries together with the increasing size of the supply of 

high skilled workers contribute to technology transfer and spillovers which ultimately 

lead to skill-upgrading of the domestic economy.  This demand-supply analysis 

framework helps us to understand the change in wage structure and the sources of 

skill upgrading in Taiwan.   

The results of the paper also shed light on policy implications that an upcoming 

supply of higher quality human capital through widespread degree of education to 

meet the demand generated from trading with more technologically advanced 

countries by gaining the access of new technology and from changes in production 

involved more R&D activities will help to close the wage gap and at the mean time 



upgrade domestic production skills. 
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Table 1 Summary Statistics of Basic Variables 
Total Outputs Trade CompositionCapital-output Ratio Subcontracting R&D Intensity TFP index

 with the US

(NT$ million) (%) (%) (%)

Manufacturing 6501595 100 1.214 3.5 1.1 99.692

Food & Beverage 472842 1.469 1.328 0.8 0.5 105.031

(52629)  

Textiles 517851 1.986 1.201 3.9 0.3 98.256

(33611) 

Wearing Apparel 126682 8.290 0.808 6.5 0.1 95.69

(14618) 

Leather Products 76023 1.543 0.891 3.5 0.4 95.822

(17346)  

Wood Products 132861 4.805 0.823 4.4 0.2 97.47

(3023)  

Paper & Printing 211469 1.644 1.308 2.2 0.2 98.135

(23054)  

Chemical Materials 412272 4.460 1.283 0.6 0.6 101.468

(59832)   

Chemical Products 161929 1.975 1.422 1.1 1.3 101.468

(18436)  

Petrolium & Coke 296173 1.644 1.544 0.2 0.5 100.974

(31526)  

Rubber & Plastics 490210 5.113 1.118 3.2 0.7 99.835

(27583)  

Non-metallic Minerals 232187 2.200 1.687 1.1 0.1 100.589

(35754)  

Basic Metals 522331 6.573 1.282 2.3 0.3 100.783

(87491)  

Fabricated Metal 417673 2.303 1.066 7.1 0.3 98.493

(62809)  

Machinery 321359 24.966 1.208 6.5 0.8 100.853

(91088)  

Electrical machinery 1440642 24.529 1.161 4.4 2.4 102.178

(488953)  

Transport Equipment 455964 7.632 1.084 3.5 1.3 97.853

(63241)  

Precision Instruments 57646 4.213 1.079 5.2 1.8 100.747

(2876)  

Misc. Manufactured 155472 3.745 0.978 5.6 1.1 98.804

(14272) 

Notes: Figures in the parenthesis are standard deviation.



 
 

 

Table 2. Estimation Results of Wage-Gap Regression
(1) (2) (3) (4) (5) (6)

LSLU 0.0004 -0.0003 -0.0003 0.0004 -3.30E-04 3.00E-04

(0.72) (-0.59) (-0.51) (0.72) (-0.59) (0.52)

KY -0.0392 0.019 -0.0296 -0.0391 0.0191 -0.0294

(-0.83) (0.42) (-0.63) (-0.83) (0.42) (-0.63)
Y -0.0907 0.008 -0.0739 -0.0906 0.0081 -0.0738

(0.31) (0.20) (-1.46) (-1.31) (0.20) (-1.26)
SUBC 0.0132 0.0175 0.0069 0.0132 0.0175 0.0069

(0.47) (0.67) (0.25) (0.47) (0.67) (0.25)

TFP 4.64E-06 -4.69E-05 -1.05E-05 4.64E-06 -4.69E-05 -1.05E-05

(0.28) (-2.62) ** (-0.61) (0.28) (-2.62) ** (-0.61)
R&D -0.0455 -2.50E-02 -0.0428 -0.0455  -2.50E-02 -0.0428

(-2.24) ** (-1.29) (-2.12) ** (-2.24) ** (-1.29) (-2.12) **
TRDU -0.0001 -8.33E-05 -1.14E-04  

(-5.08) *** (-4.22) *** (-5.29) ***   
TRDJ -0.0001 -8.34E-05 -1.14E-04

(-5.09) *** (-4.22) *** (-5.29) ***
LPRC -1.3034  -1.3047

(-2.27) ** (-2.27) **
LPRH 1.02501 1.02488

(5.79) *** (5.79) ***
URC -0.0535 -0.0535

(-2.96) *** (-2.96) ***
R2

0.405 0.4521 0.4107 0.405 0.4521 0.4108

Notes: Figures in the parenthesis are t-values.

           *, **, *** stand for statitically significant at 10%, 5%, and 1% level,respectively.



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Estimation Results of Skill-Upgrading Regression
(1) (2) (3) (4) (5) (6)

WSWU 0.0652 0.0785  0.0696 0.0653 0.0785 0.0696

(3.40) *** (3.85) *** (3.62) *** (3.40) *** (3.85) *** (3.62) ***

KY 0.038 0.0317  0.0358 0.038 0.0316 0.0358

(3.06) *** (2.48) ** (2.89) *** (3.06) *** (2.48) ** (2.89) ***

Y 0.0311 0.0243 0.0278 0.0311  0.0243 0.0278

(3.01) *** (2.21) ** (2.67) *** (3.01) *** (2.21) ** (2.67) ***

SUBC -0.00684 -0.0067 -0.0057 -0.0068 -0.0067 -0.0057

(-0.92) (-0.90) (-0.77) (-0.92) (-0.90) (-0.77)

TFP -3.55E-06 2.45E-06 -4.73E-07 -3.55E-06 2.45E-06 -4.72E-07

(-0.81) (0.48)  (-0.10) (-0.81) (0.48)  (-0.10)
R&D 0.0179 1.61E-02 0.0172 0.0179  1.61E-02 1.72E-02

(3.39) *** (3.00) *** (3.27) *** (3.39) *** (3.00) *** (3.27) **
TRDU 1.80E-05 1.43E-05 1.88E-05  

(3.11) *** (2.59) ** (3.29) ***   
TRDJ 1.80E-05 1.43E-05 1.89E-05

(3.11) *** (2.58) ** (3.29) ***
LPRC 0.2348  0.2349

(1.55)  (1.55)  
LPRH -0.1185 -0.1185

(-2.31) ** (-2.31) **
URC 0.0107 0.0107

(2.23) ** (2.23) **
R2 0.7854 0.7959 0.7881 0.405 0.7958 0.7881

Note: See notes in Table 2.



 

Appendix Definition of the variables and Sources of the data

Variable Description Sources

WSWU Relative wage of skilled to unskilled workers Report on Occupational wage, Taiwan Area, R.O.C.

WSSH Wage share of skilled workers Report on Occupational wage, Taiwan Area, R.O.C.

LSLU Relative employment ratio of skilled Report on Occupational wage, Taiwan Area, R.O.C.

to unskilled workers

KY Capital output ratio Report on Industry Survey, Taiwan, R.O.C.

Y Total ouput Report on Industry Survey, Taiwan, R.O.C.

SUBC Proportion of subcontracting Report on Industry Survey, Taiwan, R.O.C.

TFP Index of total factor productivity The Trends in Multifactor Productivity, Taiwan Area, R.O.C.

R&D R&D expenditure/ total revenue Indicators of Science and Technology, Taiwan, R.O.C.

TRDU Trade volume with the US Monthly Statistics of Imports and Exports, Taiwan, R.O.C.

TRDJ Trade volume with Japan Monthly Statistics of Imports and Exports, Taiwan, R.O.C.

LPRC Labor participation rate of workers Manpower Utilization Survey, Taiwan, R.O.C.

 with higher education

LPRH Labor participation rate of workers Manpower Utilization Survey, Taiwan, R.O.C.  

 
 


