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ABSTRACT 

It is clear that within the APEC economies there are patterns of industrial specialization 

and national idiosyncrasies, and that the development and influences of ICT are multi- 

dimensional. In an attempt to shed light on industrial-related policies, this study focuses on 

macro- and economic-oriented aspects as a means of evaluating the impacts of ICT. In 

embarking upon this project, our intention is to quantify the differences in ICT development 

for the APEC economies. In our efforts to reveal the effects of the ICT revolution on these 

economies, we employ an empirical study, involving principal component and growth 

accounting techniques, in order to explore the relationship between ICT and non-ICT 

industries. We intend to tackle a number of questions relating to the ability of ICT to 

accumulate national wealth, increase overall total productivity levels, boost industrial 

transformation and improve resource allocation. 

We recognize, however, that there are also disparities in the development of ICT amongst 

different APEC economies; whilst some economies are already at an advanced state, others 

are still desperately trying to catch up. For the digitizing economies within APEC, the 

contributions of ICT development are complicated; therefore, our focus will remain on certain 

specific digitizing economies as our samples, these being the US, Australia, Canada, Japan 
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and Chinese Taipei. As we review the development of ICT in Chinese Taipei, we find that 

resources and budgets are mainly focused on the government sectors, with the private sector 

seldom relating to the public sector. Both the WMRC e-government ranking, and the EIU 

e-readiness ranking, indicate that the competitiveness of Chinese Taipei, in terms of its 

establishment of the appropriate e-environment, was downgraded in 2003 (the EIU ranking 

was the same as 2002, but this had already taken a backward step as compared to 2001). 

When checking the WMRC profiles for Chinese Taipei, it also becomes clear that the 

weaknesses are in the disability accessibility and security policy, whilst the EIU’s report 

indicates that the defects for Chinese Taipei, in terms of the e- environment, are in the area of 

support for e-services, as well as social and cultural areas. It is clear therefore that Chinese 

Taipei has to strengthen its e-power by establishing a strong consensus for cooperation.  

Extracting the IMD’s indicators on technological and scientific infrastructure by principal 

components analysis, we find that Chinese Taipei ranked sixth amongst the seventeen APEC 

economies, behind the US, Japan, Canada, Singapore and Australia. We also find that Chinese 

Taipei has advantages in general ICT development, R&D spirit, and ICT infrastructure but 

that there is room for improvement in R&D inputs and the necessary incentives for 

information and technology. This signifies that the government needs to allocate a greater 

budget, or other incentives (such as tax reductions, subsidies or appropriate supporting 

policies), for information and technology in order to improve R&D expenditure levels by both 

the public and private sectors so as to stimulate the overall development of ICT.  

Our empirical study, using growth accounting techniques, shows that the increase in TFP 

has contributed significantly to economic growth in Chinese Taipei, but that the greater part of 

the contribution made by TFP is nevertheless derived from intra-industry technological 

progress effects. The tests for inter-sector externalities from ICT using cross-economy data 

show a positive sign with statistical significance. The policy implications from our empirical 

findings are that the APEC economies may be placing too much emphasis on ICT 

development, per se, whilst the use of information and communications technology still lags 

behind. It is therefore necessary to determine how to utilize ICT, from a universal perspective, 

and how best to use the digital dividends, not only for domestic rural areas, low income 

households and the disabled, but also on an international scale for the less-developed 

economies.  

 

Keywords: Information communication technology (ICT), digitizing, economy, growth 

accounting, productivity. 
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I. Motives  
 
_____________________________________________________________________ 
 
 
INTRODUCTION 
 
Although US consumers have been spending considerable sums of money on IT products over 

the past three decades, the available statistics on productivity levels show no signs of any 

resultant gains prior to 1995. Huge investment in computer hardware, the use of new 

databanks and Internet information products during the 1972-1995 period, did not help to 

resolve the issue of falling productivity in the US, which has been a general trend since the 

1970s. There is, therefore, some discussion as to whether the US economy has fallen into the 

‘Solow paradox’ (Solow, 1987), or the ‘Information productivity paradox’ (IPP). As Solow’s 

most famous quote goes: “You can see the computer age everywhere, but in the productivity 

statistics”. The development and influence of information communication technology (ICT) 

also have some constraints on APEC. In a study of twelve Asia Pacific economies by Kraemer 

and Dedrick (1994), a significant positive correlation was found between growth in IT 

investment, and growth in both GDP and productivity, over a seven-year period, between 1984 

and 1990. This finding was consistent with the notion of IT-led development and challenged 

the so-called ‘productivity paradox’, or the notion that investment in IT has not paid off in 

terms of productivity improvements. 

There are in fact many projects involving ICT in the APEC economies, such as the 

‘Framework for Global Electronic Commerce’ in the US, the Japanese ‘e-Japan’ project, South 

Korea’s ‘Cyber Korea 21’, the ‘Infocomm 21’, otherwise referred to in Singapore as 

‘Singapore One’, and the ‘Green Silicon Island Plan’ in Chinese Taipei. All of these projects 

aim to improve the application and development of ICT to accumulate national wealth and to 

improve the quality of life, but the impacts brought about by the application of digital 

technologies still need to be discussed. There are also differences in the needs and capabilities 

of the various APEC economies for advancement towards a KBE, including innovation 

structures, mechanisms and incentives, and clearly, such disparities must be taken into 

consideration. Therefore, in this study, we attempt to evaluate the development and influence 

of ICT on the APEC economies. 

 
Objectives and Research Framework 
 
The general objectives set for APEC by the Osaka Action Agenda (OAA) were: (i) to provide 

key inputs for science and technology (S&T) policymaking, allowing APEC economies to 

advance in the KBE and narrowing their knowledge disparities; and (ii) to build up 
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constructive dialogue amongst APEC economies that will allow continuous communication 

and learning in the S&T policymaking process. 

It is clear that amongst the APEC economies, there are patterns of industrial specialization 

and national idiosyncrasies, and that both the development and influences of ICT are 

multi-dimensional. This study focuses on a number of topics as a means of evaluating the 

impacts of ICT so as to shed some light on industry-related policies. Our intention is that this 

project will enable the quantification of the differences in ICT development for the APEC 

economies. The research areas focus on macro- and economic-oriented aspects, with the aim 

of tackling questions relating to whether ICT has the ability to accumulate national wealth, 

increase total productivity levels, boost industrial transformation and improve resource 

allocation. We recognize, however, that there are also disparities in the development of ICT 

amongst APEC economies; some economies are already at a very advanced state, whereas 

others are still desperately trying to catch up. The contributions from ICT development for the 

APEC digitizing economies are complicated, and in order to avoid confusion of the results 

from biased inputs, our focus will remain on certain specific digitizing economies as our 

samples, these being the US, Australia, Canada, Japan and Chinese Taipei.  

In line with the agenda of the STPAR-APEC round of December 2000, the objectives of 

this paper are: (i) to develop a consistent framework as a means of understanding the 

advancement of the APEC economies within the KBE and to narrow their knowledge 

disparities; (ii) to establish constructive dialogue between the APEC economies that will help 

in evaluating the impacts of ICT in these economies whilst allowing continuous 

communication and learning in the S&T policymaking process; (iii) to distinguish between the 

patterns of industrial specialization and national idiosyncrasies within the APEC economies so 

as to enable the coordination of related policies; (iv) to confirm the relationship between ICT 

investment and GDP growth through growth accounting or panel data regressions in order to 

guide the development of ICT and evaluate its side effects; (v) to communicate the experiences 

of ICT within the APEC economies in order to secure gains, avoid losses and accumulate a 

learning effect; and (vi) to engage in foresight and assessment of the development of ICT so as 

to improve budget allocation. The conceptual basis of this study can therefore be plotted as 

follows: 
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Figure 1.1  Conceptual research framework 

Principal  
Components Analysis 

Growth Accounting 
(Case Study) 

1.  to compare the differences in various empirical studies on APEC 
2.  to analyze the possible reasons and policies 
3.  to discuss the relationship between the investment in ICT and 

economic growth 
4.  to evaluate the side effects from the development of ICT  
5.  to analyze the impacts of the evolution of ICT  

 
1. to consider and revise policy implications such as: 

(i)  industrial specialization and national idiosyncrasies 
(ii)  the ‘Knowledge-Based Economy’ project 
(iii) STPRC-APEC  

2. to achieve collaboration and network enhancement in APEC 
3. to communicate the experience of ICT-related development 
4. to present the academic results 

1.  to compare the development of ICT and related policies in APEC 
2.  to determine the evolution and impacts of ICT 
3.  to discuss the methodology and framework 
4.  to collect and mine the panel data in the APEC 

Inter-sector Externality 
Analysis 

Macro and 
economic–oriented aspects 
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II. Literature Review 
 
_____________________________________________________________________ 
 
 
INTRODUCTION 
 
Even in the US, the economic effects of IT investment were not particularly discernible for a 

considerable period of time. With Solow (1987) having expressed doubts at to whether 

investment in computers had any contribution to productivity growth, Baily and Gordon (1988) 

and Oliner and Sichel (1994) subsequently attempted to examine the ‘Solow paradox’ by 

analyzing output and productivity data at industry level. However, with the expansion of the 

US economy and accumulation of such economic data, it became clearly evident that IT 

investment had contributed greatly to productivity growth within the US economy. Jorgesen 

(1999), and others, reported that growth in productivity in the US during the 1990s was 

achieved through capital deepening induced by the rapid fall in IT product prices. 

Since the conclusions drawn from the various examples within the literature were 

multifarious, it is clear that in our review of the literature, we need to focus on the data 

definitions, treatment of such data, and the sample periods used. 

 
Kraemer and Dedricks (1994) 

Research Samples: Asia-Pacific economics including Japan, Australia, New Zealand, South 

Korea, Chinese Taipei, Hong Kong (China), Singapore, Indonesia, India, Malaysia, the 

Philippines and Thailand. 

1. Sample Period: 1984-1990 

2. Data definition: The study defined the IT sector as including hardware, software and 

related services, and treated telecommunications, semiconductors and other electronics 

industries as part of the IT resources which supported and complemented the production and 

use of computer products and services. 

3. Methodology: Pearson correlation test 

4. Conclusions: The study examined the environmental factors influencing investment in 

information technology, and the payoffs - in terms of productivity and economic growth - from 

investment in IT usage. The examination revealed a significant positive correlation between growth 

in IT investment, as well as growth in both productivity and overall GDP, over the seven-year 

sample period. Economies with higher IT investment growth rates achieved consistently higher 

GDP and productivity growth rates, a finding which was consistent with the notion of IT-led 

development, and which challenged the so-called productivity paradox, or the notion that 

investment in IT had not paid off in terms of productivity improvements.   
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Jorgenson and Stiroh (1999) 

1. Case study:  US 

2. Sample period: 1958-1996 

3. Data definition and source: The Bureau of Economic Analysis (1998) provided detailed 

investment data for 35 types of producers’ durable goods, 48 types of residential assets and 22 

types of non-residential structures. The investment data included a breakdown of computer 

equipment into mainframe computers, personal computers, direct-access storage devices, 

printers, terminals, tape drives and storage devices. For each asset, including computers, this 

study calculated capital stock using the perpetual-inventory method and depreciation rates 

from Fraumeni (1997).  

4. Methodology: The study employed a Christensen and Jorgenson (1973) framework to 

distinguish between investment and consumption goods outputs, and the input of capital and 

labor services. The output of investment goods (I), consumption goods and services (C) and 

flow of services from consumer durable goods (S) were created by the inputs of capital 

services (K), consumer durable services (D), labor input (L) and technology (T). In order to 

isolate the impact of computers the study decomposed C, S, K and D into computer and 

non-computer segments. 

5. Conclusions: The study estimated the sources of growth for the US private domestic 

economy for 1948-1996, broken down into three sub-periods, 1948-1973, 1973-1990 and 

1990-1996. For the entire period, output grew by 3.4 per cent per year, with capital and 

consumer durable services being the most important sources of growth, accounting for 43 per 

cent of the total, whilst labor accounted for 32 per cent. The total factor productivity (TFP) 

residual accounted for the remaining 25 per cent. The growth in both output and TFP slowed 

sharply after 1973, with a subsequent, smaller decline, from 1990 onwards. The output growth 

rate for 1990-1996 was 2.4 per cent per year, around half a per cent less than the annual 

average of 2.9 per cent for the period 1973-1990. By contrast, the growth rate for 1948-1973, 

at 4.0 per cent per year, had been over 1.0 per cent greater. 

 

Klein, Duggal and Saltzman (2000) 

1. Case study: US Motor Vehicles and Parts and the Transportation Equipment sectors. 

2. Sample period: 1972-1996 

3. Data definition 

(1) The ‘Stock of Information Technology Capital’ comprised of the following asset 

classes: mainframes, personal computers, direct access storage devices, computer printers, 
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computer terminals, computer tape devices, computer storage devices, other office 

equipment, communications equipment, instruments, photocopiers and related equipment, 

and telecommunications. 

(2) The ‘Information Technology Services B2B’ input comprised of the following asset 

classes: computers and office equipment, audio, video, communications equipment, 

communications equipment (other than TV and radio), computer and data processing 

services. 

4. Methodology: 

(1) The study incorporated all intermediate inputs from the six I-O tables in 1972-1996, 

and interpolated linearly between successive tables to construct a ‘pseudo sample’ of 

annual data. 

(2) The study employed the KLEMI production function to examine the statistics for the 

degree of returns to scale. Capital stock (K) was divided into information technology capital 

stock (ITS) and K0 (other capital). Labor inputs, energy inputs, non-information materials 

and services, and information services were respectively denoted as L, E, M and I. 

(3) The study considered technological change as having both disembodied and embodied 

elements, with the disembodied change being proxied by the time trend, and the embodied 

change being inherent in an increasing K/L ratio, whilst labor was weighted by 

information technology capital stock.  

(4) The empirical model: 

8
5

4
6

321 )(lnlnlnln 7 C
IITS
LC

IITSC
LITS

KC
tMCLCKCX C +

⋅
⋅

−⋅+
⋅
⋅

++++=  

5. Conclusions:  In order to observe where, and how, any unusual technical progress had 

occurred, the focus of the study was at industry level, rather than at the macro level. A 

principal finding was that the target sectors were significantly affected by IT (stocks and flows, 

final and intermediate) and that they appeared to be operating under conditions of increasing 

returns to scale. The results revealed that if adequate demand existed, an annual industry 

output growth stream of 6 to 8 per cent could be sustained by the auto sector alone. For the 

larger sector, transportation equipment, growth of 4 to 6 per cent could be sustained if 

sufficient demand existed.  
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Klein and Kumasaka (2000) 

1. Case study: US 

2. Sample period: 1978-1997 

3. Data description: 

(1) Classification of industrial sectors employing non-farm private sectors as the sample, 

these were: 

a. Construction 

b. Manufacturing, decomposed to durable goods and non-durable goods 

c. Transportation and public utilities 

d. Communications 

e. Whole trade and retail trade  

f. Finance, insurance and real estate 

g. Services  

(2) The ‘Stock of Information Technology Capital’ comprised of the following asset 

classes: mainframes, personal computers, direct access storage devices, computer printers, 

computer terminals, computer tape devices, computer storage devices, other office 

equipment, communications equipment, instruments, photocopiers and related equipment, 

telecommunications. 

(3) Non-IT capital stock: The aggregate capital stock minus the stock of IT capital. 

(4) Rental Price: The Bureau of Labor Statistics (BLS) calculated the rental price of 

capital stock for each industry, with the derivation being: 

    ct =
( )( )

tt
t

ttttttt xp
u

pdppeZu
t +
−

−+−−

1
1 &γ

 

where ct is the rental price; tu  is the corporate income tax rate; tZ  is the present 

value of $1 of tax depreciation allowances; te  is the effective rate of investment tax 

credit; tγ  is the nominal rate of return on capital; td  is the average rate of return on 

capital; tp  is the deflator for new capital goods; tp& is the reevaluation of assets due to 

inflation in the price of new goods; tx  is the rate of property taxation in wealth.  

(5) Real Gross Product originating for each industry: US Department of Commerce, 

Bureau of Economic Analysis (BEA) 
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(6)  Labor Input for each industry: The following data for each industry was available 

from the BLS: (i) epw: total number of production workers; (ii) awe: average weekly 

earnings of production workers; (iii) awh: average weekly hours of production workers; 

(iv) awo: average weekly overtime hours of production workers; and (v) epw: total 

number of production workers.  

The study created labor input data for white-collar workers by subtracting the data on 

production workers from the total labor data. 

4.  Methodology: The study used the non-linear econometrics technique assuming the 

following production function: 

pteLkAky γβα
21=  

where, y: real gross product originating; k1: real net information capital stock; k2: real 

net non-information capital stock; L: labor input in terms of man-hours; p: disembodied 

technical progress rate; t: time; P: price deflator of y; r1: rental cost of k1; r2: rental cost of 

k2; and W: wage rate. 

By dual theorem, the cost function form would be: 

γβα
γ

γβα
β

γβα
α

γβα
ρ

γβα
γ
ω

β
γ

α
γ

γβα ++++++++++ ++= )()()()1)(( 21
11

tAe
yc  

In the assumptions of minimum cost, scale economics (SCE) was defined as: 

 y
c

log
log1

∂
∂

−
, 

thus,  1
11 e

y
kr α
ρ

= ,  2
22 e

y
kr β
ρ

= ,  3e
y
L γ
ρ
ω

= , with e1, e2 and e3 referring to the error terms 

Taking the logarithm and calculating the average of both sides during the sample 

period: 

                    log1exp
11

22 ⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= ∑ k

k
n γ

γ
α
β               log1exp

11
⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= ∑ k

L
n γ

ω
α
γ  

where, n refers to the number of samples. 

A new variable, Ẑ , was then created:  

( ) ( ) ( )LkkZ logloglogˆ
21 ⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛+=

α
γ

α
β  

so: ( ) ( ) tutZAy ++⋅+= ρα ˆˆˆloglog  
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To calculate Ẑ : 

the value of )
ˆ
ˆ

(
α
β

 was calculated from ⎥
⎦

⎤
⎢
⎣

⎡ ∑
11

22log
n
1exp  

k
k

γ
γ

 

and the value of )
ˆ
ˆ(
α
γ  was calculated from ⎥

⎦

⎤
⎢
⎣

⎡ ∑
11

log
n
1exp 

k
L

γ
ω

 

thus:      ( ) ( ) ( )LkkZ logloglogˆ
21 ⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛+=

α
γ

α
β   

The equation, ( ) ( ) tutZAy ++⋅+= ρα ˆˆˆloglog , was then regressed to obtain the 

estimated value of α̂ , and subsequently, to calculate β̂ and γ̂ . Using α̂ , β̂ , γ̂  the 

value of SEC could then be calculated.    

5. Conclusions: From the estimation results of the CD production, and two- and three-level 

CES production function, the study found that the US non-farm private sector had increasing 

returns to scale of 10 to 15 per cent, implying that the IT economy knowledge base displayed 

characteristics of the endogenous growth model, i.e., that knowledge bears knowledge. 

 

Miyagawa and Harada (2002) 

1. Case study: Japan 

2. Sample Period: The study aimed to determine the spillover effects from the IT economy on 

the ‘by-industry’. The industrial classification comprised of thirteen (two-digit) manufacturing 

and nine (one-digit) non-manufacturing industries. 

3. Data definition and treatment: The Japanese government does not publish IT capital stock 

series; instead, it publishes capital stock series of all assets for the ‘by-industry’. The study 

therefore constructed ‘by-industry’ original IT and non-IT capital stock series. 

(1) The non-IT capital stock series was constructed as follows: 

a. Other industry benchmark stocks were set based on the National Wealth Survey 

1970.  

b. Using the ‘by-asset’ aggregate investment series of the National Account and the 

Fixed Capital Formation Matrix, a ‘by-industry’ investment series was constructed. 

c. Using the perpetual inventory method and the depreciation rate of Fraumeni (1997) 

and Hulten and Wykoff (1981) a ‘by-industry’ capital stock series was then 

constructed. 
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(2) The IT capital stock series 

a. The study obtained the investment series of IT assets from the Fixed Capital 

Formation Matrix (since this matrix is published only every five years, we construe 

data for the intervening years using a linear trend).  

b. The study calculated benchmark stock from the IT investment series. Assuming a 

constant investment growth rate, the benchmark stock ( 1, −tITk ) was expressed as: 

δ+
≅− g

I
k tIT

tIT
,

1,  

where, tITI ,  is IT investment at period t, g is the growth rate of IT investment, 

and δ  is the depreciation rate of IT assets. The benchmark stock of IT capital for 

1974 was then calculated using IT investment data from 1975 to 1998, and the IT asset 

depreciation rate of Fraumeni (1997).      

c. Having calculated the benchmark stock, this was then used to construct a 

‘by-industry’ IT capital stock series using the perpetual inventory method. 

4. Methodology: The productivity growth rate was decomposed into the contributions of 

labor input, capital input and TFP.  

(1) Labor productivity growth G(y) was decomposed into the contribution, in terms of 

growth, in the non-IT capital/labor (K/L) ratio,(G(k)) , the contribution of growth in the IT 

K/L ratio, ( )ZG , and growth in total factor productivity(G(T)). 

( ) ( ) ( ) ( )TGZGkGyG ++= βα  

where, α  refers to the share of non-IT capital; and β  refers to the share of IT 

capital. 

(2) The study decomposed each K/L ratio into intra-sectoral K/L ratio and the reallocation 

effect of labor. 

( ) ( ) ( )∑ ∑ −
+=

i i
ii

i
ii LSGLS

k
kkkGkSkG   

( ) ( ) ( )∑ ∑ −
+=

i i
ii

i
ii LZGLS

Z
ZZZGZSZG  

where, ( )LSG i  represents the growth in the proportion of labor in industry i, whilst 

the second term shows the increase in aggregate capital deepening by labor movement 

from a lower K/L ratio sector to a higher K/L sector. 
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   The study then rearranged the equations to obtain: 

( ) ( ) ( )∑ ∑ ⎟
⎠

⎞
⎜
⎝

⎛ −
−

−
−

−
+=

i i

iii
i LSGLS

Z
ZZ

k
kk

y
yyTGySTG

iii

βα  

( ) ( )∑ ∑ ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
+

i i
iiZ

Zi
iik

ki ZGZS
r

rZrkGkS
r

rkr αα  

where, the first term on the right hand side is sectoral growth in TFP; the second term 

is growth in aggregate TFP through reallocation of labor; and the third and fourth terms 

represent efficient resource reallocation of each capital stock. 

In summary, the study decomposed labor productivity growth as:   

( ) ( ) ( )∑ ∑+=
i

i
i

iii ZGZSkGkSyG βα     

( ) ( )ii
i z

Zi
ii

i k

ki ZGZS
r

rZrkGkS
r
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⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
+

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
+  

( )LSGLS
Z

ZZ
k
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y
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Z
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k
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i
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i

i

i

i
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
−

−
−

−
+

−
+

−
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( )∑+

i
ii

TGyS
 

where, the first and second terms on the right hand side represent intra-sectoral k 

deepening effect; the third and fourth terms represent the efficiency effect of k deepening; 

the fifth term represents the efficiency effects of labor shifts; and the last term represents 

intra-sectoral TFP growth rate. 

5. Conclusions: The study found that intra-sectoral capital deepening effects was the 

dominant factor in productivity growth; however, the recent slowdown in productivity was 

caused by the absence of the reallocation effects of labor. The study further estimated the 

production and TFP growth functions, examining the network externalities of IT capital. As a 

result, both inter-industry and intra-industry spillover effects were found on the input side.  

 

Peng, et. al. (2001) 

1. Case study:  Chinese Taipei 

2. Sample period:  1981-1999 

3. Data definition: In order to calculate the contribution to productivity stemming from ICT 

development, the study decomposed the economy into ICT manufacturing industries, ICT 

service industries and non-ICT industries. The ICT manufacturing industries included 

computer products, computer peripherals, data storage media, computer components, 
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electronic video and radio products, communications apparatus, electronic tubes, 

semiconductors, opto-electronic components and materials, and electronic components and 

parts. The ICT service industries included telegram and telephones, and data processing and 

information services. The non-ICT industries were treated as residuals. 

4. Methodology: Growth accounting was undertaken by estimating the production function. 

The calculation of TFP (λ ) was decomposed into intra- and inter-industry technical change.  
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where the first term is industrial-weighted TFP, with the weight being the share of 

industrial output to aggregate GDO; and the second to fifth terms were treated as the resource 

reallocation effect. At the equilibrium level, reallocation was almost zero. The second term 

was denoted as the capital reallocation effect; the fourth term was the imported intermediate 

inputs reallocation effect; and the fifth term was the domestic intermediate inputs reallocation 

effect. 

5. Conclusions: According to the empirical results, the estimate for economy-wide TFP was 

3.30 per cent for the whole period, and the contribution to GDO growth was around 28 per 

cent. TFP in the ICT industries was higher than in non-ICT industries; the contribution to TFP 

made by intra-industry technical change was 96.39 per cent for the whole period; the 

remainder accounted for by inter-industry technical change was almost zero. These results 

suggest that there was no significant effect on the redistribution of resources during the sample 

period. 
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III. The Contribution of ICT to the APEC Economies 
______________________________________________________________________ 
 
 
INTRODUCTION 
 
Since IT products can serve as intermediate products, consumer durables or investment goods, 

there are two channels through which they may have an impact on the economy as a whole. 

The first of these is the changes which they can cause in the allocation of capital and labor 

inputs, and the second is the effect of stimulating changes in technology. In order to investigate 

the impact of the development of ICT within APEC, we begin by calculating the contribution of 

ICT to economic growth, and then compare the digital environment, using the e-readiness 

rankings provided by several organizations, such as the EIU and the WMRC. 

 
The Contribution of ICT to the APEC Economics 

The real GDP growth rate within APEC, achieved an average of 3.67 per cent between 1995 

and 2000, with the Asian economies enjoying the highest growth. As Table 3.1 shows, during 

that period, despite the ravages of the Asian financial crisis in 1997-1998, mainland China 

achieved a growth rate of 8.24 per cent, the highest in the region, whilst Vietnam, Singapore 

and Chinese Taipei registered 6.7 per cent, 6.35 per cent, and 5.76 per cent respectively. 

Indonesia and Thailand, the main victims of the financial crisis, saw growth of less than 1 per 

cent, whilst Japan and Russia, dogged by weak domestic demand, were also hit by the crisis, 

with their average growth rates being less than 2 per cent. Although South Korea was also hit 

severely, the country’s economy quickly began to get back on track in 1999. Mexico was the 

only APEC member outside of the Asian region with a growth rate higher than 5 per cent, and 

this was mainly because of the benefits from the North American Free Trade Agreement 

(NAFTA). The economies of Australia, Canada and Chile all grew moderately, at around 3.5 to 

4.5 per cent, whilst the US economy grew at an average rate of 4.19 per cent, an historical high 

since the Kennedy Administration of the early 1960s. 

According to neoclassical theory, capital and labor inputs are the main factor inputs for 

economic growth. Looking at the third and fourth columns of Table 3.1, although most 

economies with high investment-output ratios and high employment growth rates enjoyed high 

economic growth rates within APEC, it is clear that there are some exceptions. The US and 

Canada, for example, invested less than 25 per cent of their GDP into the economy, in contrast 

to most of the Asian economies, which committed more than 30 per cent of their GDP into 

economic investment.  
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Table 3.1 Real GDP growth, investment output ratio, and employment growth rate in the APEC 
economies, 1995-2000 

Unit: % 

 Real GDP growth rate Investment/GDP Employment growth rate 
Australia 4.00 23.60 1.79 
Brunei 2.86 - 3.34 
Canada 3.66 20.70 1.75 
Chile 4.54 27.20 0.61 
China 8.24 38.20 0.96 
Hong Kong 3.40 34.50 2.07 
Indonesia 0.68 31.80 2.00 
Japan 1.45 28.70 0.04 
Malaysia 4.67 42.80 3.13 
Mexico 5.51 25.90 3.49 
New Zealand 2.29 21.10 1.33 
Papua New Guinea 0.61 21.10 2.62 
Peru 2.53 24.00 2.62 
Philippines 3.55 24.80 2.19 
Singapore 6.35 38.90 1.87 
South Korea 4.77 34.20 1.40 
Chinese Taipei 5.76 22.76 1.00 
Thailand 0.24 33.30 0.93 
US 4.19 19.50 1.84 
Vietnam 6.70 28.30 1.73 
Russia 1.14 22.80 -0.24 
Average 3.67 28.21 1.74 

 
Sources:  World Bank, World Development Indicators (2002); Chinese Taipei data is provided by the Directorate 

General of Budget, Accounting and Statistics (DGBAS). 
 

As for labor force inputs, employment grew by over 3 per cent only in Brunei, Malaysia 

and Mexico, whilst Japanese employment grew by a mere 0.04 per cent and Russia experienced 

a decline in the total number of employed persons. Therefore, it is clear that investment capital 

and labor inputs, in isolation, cannot sufficiently explain economic growth. 

There is considerable variety within APEC, in terms of economic structure, as shown in 

Table 3.2; indeed, some of the APEC economies are still dominated by their agricultural and 

industrial sectors. Many of the Asian economies, such as China, Malaysia, Indonesia, the 

Philippines, Thailand and Vietnam, and those of Chile, Mexico, and Peru in America, still 

derive more than 10 per cent of their GDP from their agricultural sectors. More than 50 per cent 

of GDP is derived from the industrial sectors of both China and Thailand, largely because these 

economies are still engaged in catching up with the advanced economies, and thus, this reflects 

their different stages of economic development, whereas Australia, Canada, Hong Kong, Japan, 

New Zealand, Singapore, Chinese Taipei and the US derive a higher proportion of their GDP 

from the service sector. However, the development of information and communication 

technology (ICT) industries is scattered throughout the APEC economies, irrespective of which 

stage they are at in terms of economic development (see Table 3.3).  
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Table 3.2 Industrial structure in the APEC economies, relative to GDP, 1997 
Unit: % 

 Agriculture Industry Services Total GDP 
 Australia 3.9 29.4 66.7 100.0 
 Canada 3.3 37.2 59.5 100.0 
 Chile 10.4 36.5 53.1 100.0 
 China 20.9 51.0 28.2 100.0 
 Hong Kong 0.9 27.4 71.8 100.0 
 Indonesia 19.6 42.4 37.9 100.0 
 Japan 1.7 32.6 65.7 100.0 
 Malaysia 14.5 42.7 42.8 100.0 
 Mexico 10.2 40.1 49.7 100.0 
 New Zealand 7.0 26.9 66.2 100.0 
 Peru 10.8 51.3 37.9 100.0 
 Philippines 21.9 26.2 51.9 100.0 
 Singapore 1.1 41.3 57.6 100.0 
 South Korea 5.5 41.5 53.0 100.0 
 Chinese Taipei 3.1 33.8 63.1 100.0 
 Thailand 10.3 54.5 35.1 100.0 
 US 1.3 27.7 71.0 100.0 
 Vietnam 14.5 27.6 57.9 100.0 
 Russia 3.3 40.8 55.9 100.0 
 Average 8.6 37.4 53.9 100.0 
 
Source: GTAP database, version 5. 
 

Table 3.3 GDP share of ICT 

Unit: % 

 
Electrical and 

Electronic  
Machinery (A) 

Communications ICT/(A) 
Information and 
Communication 

Technology (ICT)
Australia 0.3 2.8 51.1 3.0 
Canada 0.7 2.3 62.9 2.7 
Chile 0.1 2.5 0.0 2.5 
China 1.9 1.7 57.4 2.7 
Hong Kong 1.1 2.1 64.9 2.9 
Indonesia 2.7 1.3 47.7 2.6 
Japan 3.6 2.1 68.8 4.5 
Malaysia 6.4 0.6 78.4 5.6 
Mexico 1.4 2.6 49.5 3.3 
New Zealand 0.3 2.6 43.4 2.8 
Peru 0.9 2.5 0.0 2.5 
Philippines 1.0 1.1 93.1 2.0 
Singapore 7.0 1.7 86.1 7.7 
South Korea 2.2 2.5 75.8 4.1 
Chinese Taipei 5.3 2.0 70.6 5.8 
Thailand 9.4 0.9 71.1 7.6 
US 1.4 2.0 70.3 3.0 
Vietnam 0.5 0.4 0.0 0.4 
Russia 0.6 3.3 0.0 3.3 
Average 2.5 1.9 52.2 3.6 

 
Source: GTAP database, version 5. 
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Singapore, Chinese Taipei, Thailand, and Malaysia derive more than 5 per cent of their 

GDP from ICT-related manufacturing products, whilst Australia, Canada, Chile, Hong Kong, 

Russia and the US place greater emphasis on ICT software, i.e., communications products. 

Although Singapore, Chinese Taipei, Thailand and Malaysia are placing more than 5 per cent of 

their GDP into the ICT industries, after taking away ICT manufacturing from electrical 

machinery, the difference in ICT development amongst the APEC economies is relatively small; 

only Vietnam places significantly less emphasis on ICT development. In fact, as Table 3.4 

shows, when compared to the average growth rate of 5.98 per cent for 1995-1999, and 11.14 

per cent for 1990-1999, the growth rate for ICT products has been rather slow. Whilst China 

and the Philippines maintained parallel growth paths for the first half of the 1990s, Indonesia, 

South Korea, Malaysia, Singapore and Thailand grew at only half this pace. 

Table 3.4 ICT production growth, 1990-1999 

 1995-1999 1990-1999 
Australia 2.30 3.00 
Canada 1.40 4.00 
China 20.10 19.80 
Hong Kong -4.80 -0.40 
Indonesia 6.50 19.40 
Japan -4.00 2.30 
Malaysia 9.00 20.10 
Philippines 22.00 18.40 
Singapore 0.70 11.90 
South Korea 4.20 10.80 
Chinese Taipei 9.00 12.70 
Thailand 6.90 17.00 
US 4.40 5.80 
Average 5.98 11.14 

 
Source:  OECD, Information and Communication Technology Outlook, 2002. 

 

Nevertheless, the incremental rate of growth of ICT products, in terms of imports and 

exports, is higher than that of other products, as indicated in Table 3.5, which reflects the 

growth in economic trading activities on an international scale. The US is the only exception, 

since it has maintained an identical pace of growth for both total imports and ICT imports. This 

may reflect the fact that the US is still quite conservative in terms of allowing foreign goods 

into the US market, and also the more advanced stage of the economy’s level of technology, not 

just in its ICT industries. 
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Table 3.5 Average growth rates of import and export products, 1997-2000 

 Total 
Imports 

Imports of 
Electrical and 

Electronic 
Products 

Imports of 
ICT Products

Total 
Exports

Exports of 
Electrical and 

Electronic 
Products 

Exports of 
ICT 

Products 

Australia 4.8 4.7 7.4 0.5 -5.5 -6.0 
Canada 6.8 9.3 10.7 8.7 12.9 14.9 
Chile -2.8 -4.8 3.3 3.0       -  - 
China 16.5 28.8 36.0 10.9 24.6 27.8 
Hong Kong 0.1 6.5 10.2 2.5 9.3 12.7 
Indonesia -7.0 -23.9 -35.0 5.1 34.2 47.3 
Japan 3.9 11.6 13.2 4.4 4.7 4.4 
Malaysia 1.2 8.1 10.8 7.7 33.8 14.8 
Mexico 19.4 23.5 26.8 14.7 19.8 24.7 
New Zealand -1.4 -0.3 3.3 -2.0 0.1 2.3 
Peru -4.7 -7.5 -8.4 0.5      - - 
Philippines -4.3 -2.8 -1.3 14.7 21.5 22.3 
Singapore 0.5 4.5 6.6 3.3 4.3 6.0 
South Korea 3.5 12.0 17.0 8.2 17.6 20.3 
Chinese Taipei 7.0 17.3 19.7 6.7 11.8 15.4 
Thailand -0.5 3.4 7.9 5.7 9.9 12.1 
US 11.9 12.0 12.2 2.6 3.9 4.7 
Vietnam 7.7 -1.2 -5.1 33.5 32.7 2.6 
Russia -12.4 -19.3 -19.1 5.6 10.7 - 
Average 2.6 4.3 6.1 7.2 14.5 14.2 

 
Source:  UNCTAD, 2000 
 

ICT DEVELOPMENT ENVIRONMENTAL READINESS  

It is clear that across the globe there are patterns of industrial specialization and national 

idiosyncrasies, and that both the development and influence of ICT are multi-dimensional. It is 

also difficult to employ certain indicators or criteria as a means of grouping the level of ICT 

development; they may only be treated as a guide to whether an economy’s environment is 

conducive to digital-based opportunities. Since these indicators can span a wide range of 

factors, from the sophistication of the telecommunications infrastructure, to the security of 

credit card transactions and literacy of the population, we review some of these indicators and 

report on the general environmental readiness. The e-readiness rankings provide a guide to the 

relative preparedness of the world’s main markets for the e-business era. These rankings are 

useful, not only for executives keen on using the Internet to expand into new markets, but also 

as a means of providing an invaluable benchmark for the economies themselves. 

ICT Industry Classification  

The US government revised the North America Industry Classification System (NAICS) in 

order to better fit the needs of the future. According to the ‘Second Annual Report - Towards 

Digital eQuality’, compiled by the US Government Working Group on E-Commerce in 1999, 
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ICT industries were defined as including computer hardware manufacturing, software services, 

telecommunications equipment manufacturing and telecommunications service industries. 

Furthermore, according to the report ‘Measuring Electronic Business Definitions, Underlying 

Concepts and Measurement Plans’, compiled by the US Bureau of Consensus in 1999, the 

digital economy includes infrastructure, e-business and e-commerce.  

Measurement of Environmental Readiness 

The indicators used to measure global ICT development, may be classified into two types, the 

first of which is cardinal indicators, such as internet users, mobile phone subscribers, and so on 

(Table 3.6 provides an overview of ICT development for several economies showing, for 

example, that Chinese Taipei ranked second in mobile phone subscribers, providing a clear 

signal of a competitive mobile phone market). The second type is ordinal indicators, which are 

certain kinds of reports on national competitiveness rankings produced by the Inside Politics 

Organization or the Economist Intelligence Unit (EIU). In these types of indicators, certain 

criteria or categories are fed into the rankings using specific steps or methodologies, which 

thereby provide an overall index to determine the current situation within an economy. 

Since the former type is more restricted and partial, they are little used these days, whereas 

the latter type are more general; therefore, we employ the e-government rankings reported by 

the Brown University Taubman Center for Public Policy (funding for this project was provided 

by the World Market Research Centre of London, England), and the report on e-readiness by 

the EIU/Pyramid Research. We begin by discussing e-government rankings. An examination of 

Table 3.7 demonstrates that the rankings for 2002 and 2003 are significantly different from 

those for 2001. There are, however, four economies which have consistently maintained their 

place in the top ten, Chinese Taipei, Canada, the US and Singapore, which seems to reflect the 

high level of competitiveness of their digital economies.  

The report, which placed significant emphasis on the features available online through 

national government websites, found that many economies had not made much progress in 

placing their official government services online; indeed there were wide variations across 

different economies and regions of the world, with regard to the extent to which citizens could 

gain access to government services through the Internet. Only 12 per cent of government 

websites provided a single entry point to help citizens to acquire national government 

information through ‘one-stop’ online services, with portals providing integration of 

e-government service offerings across different agencies. Such portals reduce the need to log on 

to different agency websites to order services or to gain information. In this regard, Chinese 

Taipei was ranked second in 2001, first in 2002, and fifth in 2003, which reveals that the efforts 

of the government have been worthwhile.  
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Table 3.6 ICT development indicators 

Countries

Mobile
Telephone
Subscribers
(per 1,000
people)

Computers
Per Capita
(per 1,000
people)

Internet
Users

(per 1000
people)

Internet
Telephone

Access
Charges  ( $
per 30 off-

peak hours)

Suitable
Internet
access

Total
Expenditure

on R&D
(US$ million)

Total
Expenditure

on R&D
(% of GDP)

Year 2001 2001 2001 2001 2002 2000 2000
Australia 610.3 585 464.85 2.60 8.52 5,617 1.55
Austria 820.8 429 389.90 17.21 8.92 3,399 1.801
Belgium 694.3 455 348.31 27.52 8.17 4,921 1.961
Canada 345.2 604 534.82 - 9.24 12,881 1.811
Chile 324.0 103 173.40 - 8.63 426 0.603
China 116.0 22 26.27 0.14 6.19 10,844 1.004
Denmark 719.5 609 541.24 - 9.31 3,627 2.086
Finland 831.3 614 512.52 10.62 9.77 4,013 3.319
France 610.0 419 208.61 - 7.29 27,787 2.143
Germany 651.7 436 308.76 - 8.56 45,921 2.46
Hong Kong 846.4 389 427.37 - 8.98 761 0.481
Iceland 731.0 603 545.01 13.96 9.16 218 2.556
Indonesia 29.3 12 14.88 0.20 5.78 187 0.092
Ireland 753.5 461 289.47 16.45 6.00 1,109 1.608
Italy 862.4 347 307.03 17.62 6.33 12,265 1.04
Japan 528.4 430 383.95 27.67 6.75 148,566 3.118
Korea 608.9 399 510.04 - 8.98 12,249 2.653
Malaysia 328.8 127 99.28 0.24 7.77 440 0.491
Mexico 216.8 76 52.63 - 6.59 1,939 0.401
Netherlands 730.8 510 448.53 16.40 8.53 8,060 2.024
New Zealand 190.6 517 412.99 - 8.63 734 1.136
Norway 751.4 610 532.01 20.64 9.08 2,606 1.697
Philippines 141.3 28 17.46 - 6.48 51 0.078
Russia 52.5 77 68.29 0.14 5.80 2,723 1.084
Singapore 687.9 580 468.95 0.12 8.81 1,746 1.883
Spain 731.4 231 199.25 - 6.09 5,033 0.897
Sweden 792.0 626 554.18 21.35 9.22 9,176 3.782
Switzerland 767.0 600 466.85 30.87 8.88 8,083 2.731
Taiwan 881.0 394 351.53 - 7.71 6,326 2.045
Thailand 126.8 40 58.17 0.75 6.43 317 0.26
United Kingdom 754.8 492 401.75 - 7.64 26,964 1.849
United States 435.0 639 522.10 3.50 9.13 265,322 2.687  

Sources:  World Bank (2001), World Development Indicators; Statistical Abstract of Transportation and 
Communication (2002), ROC. 

 



-20-  

 

Table 3.7 WMRC global e-government rankings 

 

2003 
(198 Economies, 
2,166 Web-Sites) 

2002 
(198 Economies, 
1,197Web-Sites) 

2001 
(196 Economies, 
2,288 Web-Sites) 

Rank Economy Score Rank Economy Score Rank Economy Score
1 Singapore 46.3 1 Chinese Taipei 72.5 1 United States 57.2 
2 United States 45.3 2 South Korea 64 2 Chinese Taipei 52.5 
3 Canada 42.4 3 Canada 61.1 3 Australia 50.7 
4 Australia 41.5 4 United States 60.1 4 Canada 49.6 
5 Chinese Taipei 41.3 5 Chile 60.0 5 Great Britain 47.1 
6 Turkey 38.3 6 Australia 58.3 6 Ireland 46.9 
7 Great Britain 37.7 7 China 56.3 7 Israel 46.2 
8 Malaysia 36.7 8 Switzerland 55.4 8 Singapore 44.0 
9 Vatican 36.5 9 Great Britain 54.8 9 Germany 40.6 

10 Austria 36.0 10 Singapore 53.5 10 Finland 40.2 
11 Switzerland 35.9 11 Germany 52.6 11 France 40.1 
11 China 35.9 12 Vanuatu 52.0 12 Lesotho 40.0 
12 New Zealand 35.5 12 Bahrain 52.0 12 St. Kitts 40.0 
12 Finland 35.5 12 Qatar 52.0 12 Vatican 40.0 
12 Philippines 35.5 12 Vatican 52.0 15 Bahamas 39.7 
12 Denmark 35.5 12 Japan 52.0 16 Malaysia 39.0 
13 Maldives 35.2 12 Mexico 52.0 17 Iceland 38.3 
14 St. Lucia 35.0 12 Togo 52.0 18 Belgium 38.0 

 
Sources:  http://www.insidepolitics.org/PressRelease02int.html 
         http://www.brown.edu/Departments/Taubman_Center/polreports/egovt01int.html 
 

Indeed the government sectors have demonstrated admirable preparedness for the Internet 

era.1 The first round of the EIU e-readiness rankings, published to mark the May 2000 launch 

of the EIU e-business forum, combined the EIU business environment rankings (which 

encompassed 70 indicators) and the Pyramid connectivity scores. The new model, from 2001 

onwards, was more robust, tallying the scores for six categories (including the business 

environment rankings) and 19 additional indicators (see Table 3.8). 

 

                                                 
1  For detailed information, refer to the following websites: http://www.insidepolitics.org/PressRelease02int.html,  
and http://www.brown.edu/Departments/Taubman_Center/polreports/egovt01int.html) 
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Table 3.8 EIU e-readiness rankings 
 
 EIU E-Readiness Rankings  

2003 2002 2001 
Rank Economy Score Rank Economy Score Rank Economy Score

1 Sweden 8.67 1 US 8.41 1 US 8.73 
2 Denmark 8.45 2 Netherlands 8.40 2 Australia 8.29 
3 Netherlands 8.43 3 UK 8.38 3 UK 8.10 
3 US 8.43 4 Sweden 8.32 4 Canada 8.09 
3 UK 8.43 4 Switzerland 8.32 5 Norway 8.07 
6 Finland 8.38 6 Australia 8.30 6 Sweden 7.98 
7 Norway 8.28 7 Denmark 8.29 7 Singapore 7.87 
8 Switzerland 8.26 8 Germany 8.25 8 Finland 7.83 
9 Australia 8.25 9 Canada 8.23 9 Denmark 7.70 

10 Canada 8.20 10 Finland 8.18 10 Netherlands 7.69 
10 Hong Kong 8.20 11 Norway 8.17 11 Switzerland 7.67 
12 Singapore 8.18 12 Singapore 8.17 12 Germany 7.51 
13 Germany 8.15 13 Austria 8.14 13 Hong Kong 7.45 
14 Austria 8.09 14 Hong Kong 8.13 14 Ireland 7.28 
15 Ireland 7.81 15 Ireland 8.02 15 France 7.26 
16 South Korea 7.80 16 Belgium 7.77 16 Austria 7.22 
17 Belgium 7.78 17 France 7.70 17 Chinese Taipei 7.22 
17 New Zealand 7.78 18 New Zealand 7.67 18 Japan 7.18 
19 France 7.76 19 Italy 7.32 19 Belgium 7.10 
20 Chinese Taipei 7.43 20 Chinese Taipei 7.26 20 New Zealand 7.00 
21 Italy 7.37 21 South Korea 7.11 21 South Korea 6.97 
22 Portugal 7.18 22 Spain 7.07 22 Italy 6.74 
23 Spain 7.12 23 Greece 7.03 23 Israel 6.71 
24 Japan 7.07 24 Portugal 7.02 24 Spain 6.43 
25 Israel 6.96 25 Japan 6.86 25 Portugal 6.21 
26 Greece 6.83 26 Israel 6.79 26 Greece 5.85 
27 Czech Republic 6.52 27 Czech Republic 6.45 27 Czech Republic 5.71 
28 Chile 6.33 28 Chile 6.36 28 Hungary 5.49 

 
Sources:  http://www.ebusinessforum.com/index.asp?layout=rich_story&doc_id=367,         
         http://www.ebusinessforum.com/index.asp?layout=rich_story&doc_id=3331. 

 

Each variable is scored on a scale from 1 to 10, with the six categories being as follows:    

1. Connectivity (25 per cent). Connectivity measures the access which individuals and 

businesses have to basic fixed telephone and mobile phone services. Affordability and 

availability of services also figure as determinants of connectivity. 

2. Business environment (20 per cent). This screens 70 indicators covering criteria such as 

the strength of the economy, political stability, the regulatory environment, taxation and 

openness to trade and investment. 

3. Consumer and business adoption (20 per cent). Payment and logistics systems form the 

backbone of this set of criteria. 

4. Legal and policy environment (15 per cent). The legal framework governing e-business is 

a vital factor than can either enhance or inhibit the development of electronic trading. This 

category considers the extent of legal support for vital transactions and digital signatures. 
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5. Social and cultural infrastructure (15 per cent). These services include portals and other 

online intermediaries, web-hosting firms, application service providers (ASPs), as well as 

website developers and e-business consultants. 

6. Supporting e-services (5 per cent). The resultant rankings offer a proxy for judging an 

economy’s relative preparedness for the Internet era, dividing the 60 economies into four 

groups as follows:  

(i)    E-business leaders. These economies already have most of the elements of 

e-readiness in place; they include Sweden, Denmark, the Netherlands, the US, the UK, 

Finland, Norway, Switzerland, Australia, Canada, Hong Kong (China), Singapore and 

Germany. 

(ii)  E-business contenders. Although these economies have both satisfactory 

infrastructures and good business environments, parts of the e-business equation are 

still lacking. These economies include Austria, Ireland, South Korea, Belgium, New 

Zealand, France, Chinese Taipei, Italy, Portugal, Spain, Japan and Israel. Chinese 

Taipei ranks in just twentieth place. 

(iii)  E-business followers. These economies, which include Russia, India, and so on, 

have a great deal of work still to do. 

(iv)  E-business laggards. These economies face major obstacles to e-business growth, 

primarily in the area of connectivity. They include economies such as China and 

Indonesia. 

Although the contents of the indicators have been revised, after comparing the rankings in 

the 2002 and 2003 reports to those in the 2001 report, we find that Chinese Taipei has 

experienced a decline from sixteenth to twentieth place. This indicates that some of the other 

economies have managed to overtaken Chinese Taipei, which has itself made no significant 

improvements in the development of its e-environment. Nevertheless, through a comparison of 

the WMRC e-government rankings and the EIU e-readiness rankings, and as we consider here 

the e-readiness performance of the government and private sectors, we find that the budgets and 

the overall application of the related projects or policies continue to be concentrated largely on 

government sectors. Clearly the private sector will not take off unless the government moves 

boldly and firmly towards gearing up the necessary regulatory regime. 
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IV. Empirical Results and Analysis 
______________________________________________________________________ 
 
 
INTRODUCTION 

There are clearly defined patterns of information communications technology (ICT) 

development strategies and industrial specialization within the various APEC economies. In 

this chapter, in order to shed light on their industrial-related policies, we evaluate the influence 

of ICT development on the competitiveness of these economies, by first of all referring to the 

IMD annual report 2002. Our examination of the data provided within this report focuses 

specifically on technical and scientific infrastructure. In order to extract and summarize the 

information that is of importance to our examination, we will employ a principle components 

analysis for 17 of the economies within APEC. Important data was missing on Brunei, Papua 

New Guinea, Peru and Vietnam; therefore, these economies are excluded from our analysis. 

Following the global estimates, using the APEC economies as our sample and Chinese 

Taipei as a case study, we continue with an analysis of ICT development in an effort to 

determine its impacts on Chinese Taipei at both macro and industry levels. Since ICT products 

can serve as intermediate products, consumer durables, or investment goods, there are two 

channels through which they may have an impact on the economy as a whole. The first of these 

is the changes which they can cause in the allocation of capital and labor inputs, whilst the 

second is the effect that they may have in terms of stimulating changes in technology, so that 

total factor productivity (TFP) rises along with the development of information technology (IT). 

In order to undertake a complete evaluation of the influence of ICT development, we employ 

growth accounting to estimate the overall impact, stemming from the ICT sector, on 

productivity within the Taiwanese economy.  

 

GROWTH ACCOUNTING 

Empirical Model 

Growth accounting is undertaken by estimating the production function. The calculation of total 

factor productivity (TFP) is based upon the conceptual framework of the decomposition of the 

growth rate of real GDP, or gross domestic output (GDO), into the contribution from changes in 

capital and labor, with the remainder termed as TFP under the assumption of constant returns to 

scale. Here, we refer to the analysis of Lin (2000) and Jorgenson and Stiroh (1999) 

Total factor productivity for the aggregate economy (λ ) 

Since we take into account both imported and domestic intermediate inputs in our empirical 

model, this leads to the use of gross domestic output (GDO) as opposed to gross domestic 
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product (GDP) as our study object. The production function is therefore assumed as: 

( )tMLKFY tttt ,,,=                            (1) 

where Y is real GDO, K represents real capital inputs, L represents labor, M is imported 

intermediate inputs, and t is a proxy for time. Considering the form of growth rate, Equation (1) 

can be rewritten as: 

λ+++= MMYLLYKKYY gsgsgsg                    (2) 

where, g is a proxy for the rate of growth and s is treated as the share, which means that:  

Y
dt
dYgY /⎟
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where, λis the aggregate TFP, which can be regarded as the residual. 

Total factor productivity for industries ( )jλ   

The j industrial production function is assumed as: 

( )tDMLKFX jtjtjtjtjjt ,,,,=
                      

(3)
 

where Xj are the j industrial real outputs, Kj are the j industrial real capital inputs, Lj is the j 

industrial labor, Mj are the j industrial imported intermediate inputs, and Dj are the j industrial 

domestic intermediate inputs. If considering the form of growth rate, Equation (1) can be 

rewritten as: 

jDjjDjX
jMjMjXjLjLjXjkjKjXjX gsgsgsgsg λ++++=

     

(4)

 

Similarly, g is a proxy for the rate of growth and s is treated as the share. 

TFP linkage for the aggregate economy (λ ) and industries ( )jλ  

It is to be assumed that aggregate nominal output equals the sum of industrial nominal output; 

that is: 

( )∑ ∑ −==
j j

jtjtjtjtjtjttt DPXPYPYP
                   

(5)
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where P is the price for the real aggregate outputs, and Pj is the price for the j industrial 

outputs, so that ji
j

jijj DPDP ∑=  is the j industrial output as the sum for the other industrial 

intermediate inputs. The above equation can be rewritten as: 

∑ ∑ ∑ −−−=
j j j

PPjYjYDjDjYXjXjYY ggsgsgsg
  

(6)
 

where, XjYs , DjYs , YjYs  are denoted as the share for jj XP , jjDP and jjYP  to PY, 

so 1=∑ YjYs . 

If we take Equation (4) into Equation (6), then: 

∑ ∑ ∑++=
j j j

jMjXjMYjXLjjXjLYjXjKjXjKYjXY gssgssgssg ∑∑ −++
j

PjPYjY
j

jXjY ggss λ
  

(7) 

which can be linked to the aggregate TFP (λ ) and the industrial TFP ( )jλ  as: 

⎟
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(8)

 

The right hand side of Equation (8) includes five items. The first item is the industrial 

weighted TFP, with the weight being the share of industrial output to aggregate GDO. The 

second to fifth items are treated as the resource reallocation effects. At the equilibrium level, 

these effects are almost zero. The second term is denoted as the capital reallocation effect; the 

third term is the labor reallocation effect; the fourth term is the imported intermediate inputs 

reallocation effect; and the fifth term is the domestic intermediate inputs reallocation effect. If 

resources move from the less productive industries to the more productive industries, the 

outcome will be positive, otherwise it will be negative. We can rearrange Equation (8) as: 

∑ +=
j

jYjX TREs λλ
                          

(9)
 

here, TRE = ⎟
⎟
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Syrquin (1984) established ∑ jXjYs λ as the TFP-weighted growth rate of intra-industry 

technical change, and TRE as the total reallocation effect of inter-industry technical change. In order 

to evaluate the contribution of ICT in Chinese Taipei, we divide the aggregate outputs into three 

industries, ICT manufacturing industries, ICT service industries and non-ICT industries, with the 

sample covering the period from 1981 to 1999. The results are divided into 10-year periods, 

representing the 1980s and the 1990s. In order to avoid any distortion caused by the business cycle, 

estimates were also produced using the whole sample period (1981-1999). 

EMPIRICAL RESULTS AND ANALYSIS 

Economic Growth Sources and their Contribution  

In order to evaluate the contribution of ICT, we divided the aggregate outputs into three 

industries, ICT manufacturing industries, ICT servicing industries, and non-ICT industries, with 

the sample covering the period from 1981 to 1999. 

The ICT manufacturing industries are included as numbers 096 to 105 in the input-output 

tables for 1996, covering items such as computer products, computer peripheral equipment, 

data storage media, computer components, video and radio electronic components and 

materials, electronic components and parts. The ICT servicing industries are included as 

numbers 133 and 142, in the categories of telegrams and telephones, and data processing and 

information services. The non-ICT industries serve as residuals. 

We begin by considering the rate of change in TFP. As Table 4.1 shows, in the 1980s, this 

was 3.43 per cent, giving a contribution rate of 30.70 per cent; however, in the 1990s, the 

respective rate of change in TFP and contribution rate were lower, at 1.48 per cent and 24.28 

per cent. As to changes in factor inputs, in the 1980s, imported intermediate inputs had a higher 

contribution rate, at 34.29 per cent, whereas in the 1990s it was capital inputs that had a higher 

contribution rate, at 41.79 per cent.  

Looking at the industry-specific data in Table 4.2, it is clear that in the 1990s, the rate of 

change in TFP for the ICT manufacturing industry had a contribution of 30.01 per cent, higher 

than in the 1980s. Over the course of the whole period covered by the sample, the contribution 

made by TFP to the GDO growth rate in the ICT manufacturing industry was approximately 

25.15 per cent, slightly lower than the figure for the economy as a whole, which was 28.33 per 

cent. As to the contribution made by different factor inputs, the contribution rate of imported 

intermediate inputs was highest, at 36.43 per cent. This shows just how important imported raw 

materials are to the ICT manufacturing industry.  
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Table 4.1 Sources of aggregate GDO growth 

Unit: % 

 Sample  
Period  

Real     
GDO 

Imported 
Intermediate 

Inputs 

Labor    
Inputs a 

Capital   
Inputs b 

Total Factor 
Productivity

1981-91 8.82 11.77 1.24 8.45 2.71 
1991-96 6.72 6.97 1.72 10.56 1.19 
1996-99 5.28 6.34 -0.10 6.31 1.85 
1991-99 6.08 6.69 0.91 8.67 1.48 

Rate of    
Change c 

1981-99 7.52 9.36 1.08 8.56 2.13 
1981-91 100.00 25.68 44.29 30.03      - 
1991-96 100.00 24.66 46.92 28.42      - 
1996-99 100.00 24.37 44.95 30.68      - 
1991-99 100.00 24.56 46.14 29.30      - 

Share d 

1981-99 100.00 25.16 45.09 29.75      - 
1981-91 100.00 34.29 6.23 28.78 30.70 
1991-96 100.00 25.59 12.02 44.67 17.73 
1996-99 100.00 29.23 -0.88 36.65 35.00 
1991-99 100.00 27.02 6.91 41.79 24.28 

Contribution e  

1981-99 100.00 31.33 6.50 33.85 28.33 
 
Notes: 
a   Labor inputs uses the number of hours worked during a year.  
b   Capital inputs uses capital stock deflated by capacity utilization rate. 
c  The rate of change is treated as the average growth rate. 
d  Share is calculated from the percentage of inputs to GDO 
e  Contribution is estimated by rate of change multiplied by share, giving the rate of change in real GDO. 
   
Source:  Calculated by the authors. 

 

Table 4.2 GDO growth sources, by industry 

Unit: % 
Intermediate Inputs 

 Sample  
Period  

Real    
GDO 

Labor   
Inputs a 

Capital  
Inputs b Imported Domestically 

produced 

Total  
Factor 

Productivity
ICT Manufacturing Industries 

1981-91 14.55 3.22 16.17 16.48 15.74 3.23 
1991-96 13.91 2.43 14.50 14.86 13.13 3.87 
1996-99 8.54 2.01 9.60  6.52  6.32 3.02 
1991-99 11.52 2.24 12.32 11.15 10.10 3.46 

Rate of  
Change c 

1981-99 13.11 2.76 14.35 13.96 13.07 3.30 
1981-91 100.00 37.45 10.32 30.29 21.94 - 
1991-96 100.00 36.34 9.07 39.06 15.53 - 
1996-99 100.00 30.51 13.47 37.62 18.41 - 
1991-99 100.00 34.11 10.62 38.73 16.54 - 

Share d 

1981-99 100.00 35.82 10.56 34.23 19.40 - 
1981-91 100.00 8.29 11.46 34.33 23.74 22.18 
1991-96 100.00 6.35 9.46 41.73 14.66 27.80 
1996-99 100.00 7.17 15.14 28.73 13.62 35.34 
1991-99 100.00 6.64 11.36 37.49 14.51 30.01 

Contribution e  

1981-99 100.00 7.53 11.55 36.43 19.33 25.15 
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Table 4.2 (Contd.) 
 Unit: % 

Intermediate Inputs 
 Sample  

Period  
Real    
GDO 

Labor   
Inputs a 

Capital  
Inputs b Imported 

Domestically 
produced 

Total  
Factor 

Productivity

ICT Servicing Industries 
1981-91 13.53 4.07 12.71 24.66 15.82 0.42 
1991-96 11.11 3.03 14.23  5.32 12.10 0.81 
1996-99 10.49 4.87 8.13  5.89  5.89 4.12 
1991-99 10.83 3.85 11.52  5.57  9.34 2.29 

Rate of  
Change c 

1981-99 12.25 3.97 12.15 15.62 12.75 1.14 
1981-91 100.00 18.95 34.60  6.73 39.72 - 
1991-96 100.00 18.58 30.75 11.43 39.25 - 
1996-99 100.00 20.31 30.52 10.62 38.54 - 
1991-99 100.00 19.09 30.76 11.16 39.00 - 

Share d 

1981-99 100.00 19.09 33.03  8.43 39.44 - 
1981-91 100.00 5.70 32.50 12.26 46.44  3.09 
1991-96 100.00 5.07 39.40  5.47 42.75  7.30 
1996-99 100.00 9.44 23.64  5.97 21.65 39.31 
1991-99 100.00 6.78 32.71  5.74 33.62 21.14 

Contribution e  

1981-99 100.00 6.18 32.75 10.75 41.04  9.28 
Non-ICT Industries 

1981-91 8.52 1.09 8.19 11.04  9.06 1.28 
1991-96 6.15 1.66 10.34  5.34  6.46 0.53 
1996-99 4.87 -0.30 5.54  6.30  6.33 0.57 
1991-99 5.58 0.79 8.21  5.77  6.40 0.52 

Rate of  
Change c 

1981-99 7.13 0.95 8.20  8.54  7.80 0.95 
1981-91 100.00 24.49 16.11 13.33 46.07 - 
1991-96 100.00 28.08 16.81 12.48 42.63 - 
1996-99 100.00 28.36 18.28 12.37 40.98  
1991-99 100.00 28.10 17.35 12.43 42.12 - 

Share d 

1981-99 100.00 25.99 16.72 12.94 44.36 - 
1981-91 100.00 3.14 15.49 17.28 49.01 15.09 
1991-96 100.00 7.58 28.26 10.84 44.77  8.56 
1996-99 100.00 -1.73 20.79 16.00 53.20 11.74 
1991-99 100.00 3.98 25.50 12.84 48.29  9.39 

Contribution e  

1981-99 100.00 3.46 19.22 15.51 48.54 13.26 
 
Notes: 
a   Labor inputs uses the number of hours worked during a year.  
b   Capital inputs uses capital stock deflated by capacity utilization rate. 
c  The rate of change is treated as the average growth rate. 
d  Share is calculated from the percentage of inputs to GDO 
e  Contribution is estimated by rate of change multiplied by share, giving the rate of change in real GDO. 
 
Source:  Calculated by the authors. 
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The contribution rate of domestically-produced intermediate inputs was almost 20 per cent; 

clearly, this is also very important. The contribution made by labor inputs to GDO growth in the 

ICT manufacturing industry was the smallest, at just 7.53 per cent for the whole sample period, 

from 1981 to 1999.  

Within the ICT service industry, the disparity between the rate of change in TFP in the 

1980s and the 1990s was significant. In the 1980s, the contribution rate was less than 5 per cent, 

but during the 1990s, it rose to 21.14 per cent. Over the whole sample period, the contribution 

rate was 9.28 per cent; only the labor input contribution rate was lower, at 6.18 per cent. 

Amongst the various factor inputs, domestically-produced intermediate inputs had the highest 

contribution rate, at over 40 per cent, and capital inputs had the second highest contribution rate, 

at 32.75 per cent, whilst the contribution rate of imported raw materials was relatively low, at 

around only 10 per cent. 

When comparing the contribution made by different factor inputs in the ICT manufacturing 

industry and the ICT service industry, it is clear that the ICT manufacturing industry is most 

dependent on imported raw materials, followed by domestically-produced raw materials, whilst 

the importance of capital inputs and labor inputs is relatively low. In the ICT service industry, 

the emphasis is on domestically-produced raw materials and capital inputs; the contribution 

made by imported raw materials and labor inputs is relatively low. 

As to the rate of change in TFP in the non-ICT industries, over the whole period covered by 

the sample, the average contribution rate was only 13.26 per cent; the impact of the rate of 

change in TFP was thus relatively limited. This figure seems very low by comparison with the 

contribution from the rate of change in TFP for industry as a whole (28.33 per cent), or for the 

ICT manufacturing industry (25.15 per cent), although it is relatively high when compared to 

the figure for the ICT service industry (9.28 per cent). As to the contribution made by the 

various factor inputs, domestically-produced intermediate inputs had the highest contribution 

rate, at 48.54 per cent; the contributions rates for other factor inputs were all under 20 per cent, 

indicating that their contribution was relatively limited. In particular, the contribution rate for 

labor inputs was less than 5 per cent, a very low figure. 

Connectivity Analysis 

By inference from the model, the sources of output growth can be divided into the contribution 

made by the rate of change in factor inputs, and the contribution made by the rate of change in 

TFP. As Table 4.3 indicates, on average, the former accounts for around 71 per cent, whilst the 

latter accounts for slightly less than 30 per cent. This means that both are of considerable 

importance. 
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The rate of change in TFP can also be broken down into the rate of change in TFP in 

different industries. This represents the effects of improvements in technology within the same 

industry, and the effects of improvements in technology between industries resulting from the 

shifting of resources. Since the 1980s, the main source of TFP growth in Chinese Taipei has 

been technological progress within the same industry, with a very high contribution rate of 

96.39 per cent. The contribution of technological progress between industries is quite small, at 

less than 5 per cent. This shows that the technological progress effect as a result of the 

reallocation of resources between the IT sector and non-IT industries has been relatively small. 

Whether in terms of labor, capital or intermediate goods, transfer between the IT sector and the 

non-IT sector has been minimal. 

If we examine inter-industry technological progress in terms of production factor inputs 

and the final output reallocation effect, it is clear that the replacement effect is greatest in the 

case of imported intermediate inputs wherein transfer can be facilitated more efficiently. The 

second highest reallocation effect is found in capital inputs. In the case of labor inputs, the 

reallocation effect is actually negative, which indicates that the allocation of labor inputs 

between the IT and non-IT sectors has been inappropriate, i.e., labor inputs have not been 

allocated efficiently. Analysis applying an empirical model to the existing data thus indicates 

that the rapid development of Chinese Taipei’s IT sector has had no substantial impact on other 

industries; the spillover effect is neither marked nor widespread. 

Inter-Sector Externality Test 

In this section, we hypothesize the existence of beneficial externality effects of production for 

ICT industries over non-ICT industries. Within the literature, it is widely believed that ICT 

sectors tend to be more productive than non-ICT sectors, with one of the reasons being that 

competition in the international markets induces innovation, adaptability and efficient 

management. A further reason is that the ICT sector is usually free of constraining regulations 

in areas such as foreign exchange and credit rationing. 

In order to determine the externality effects of ICT industries over non-ICT industries, 

suppose that the production functions of the non-ICT industries can be written as follows: 

Q F K L Qn n n e= ( , , )                            

),( eee LKGQ =  

where nQ  = output from the non-ICT industries, eQ  = output from the ICT industry 

processing zones, nK = the capital stock of the non-ICT industries and nL  = employment 

within the non-ICT industries. 
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Suppose that the ICT industries affect the production of the non-ICT industries with a 

functional form of constant elasticity, i.e.: 

),( nnen LKHQQ ⋅= θ  

where θis a parameter representing the externality effects. Apart from such externality, it 

is proposed that productivity differences exist between the ICT and non-ICT industries, and 

that the ratios of their marginal factor productivities deviate from unity by a factor, δ, i.e.: 

( / ) ( / )G F G FK K L L= = +1 δ  

where the subscripts denote partial derivatives. It is hypothesized that marginal 

productivities are likely to be lower in the non-ICT industries, i.e., δ>0. 

Following the lines of Feder (1983), it is assumed that a linear relationship exists between 

the real marginal productivity of labor in a given sector and the average output per laborer 

within the economy as a whole: 

)/(* LYFL β=  

where Y denotes gross domestic product (GDP), and by definition: 

Y Q Qn e= + . 

After some manipulation, we have: 

Y
Q

Q
Q

L
L

Y
I

Y
Y e

e

e

⋅

−
+

++= )
1

(
..

θ
δ

δβα , 

where I is the total investment within the economy. This is the empirical model adopted in 

the following regression analysis, with the regression results being shown in Tables 4.4 and 

4.5.  

Table 4.4 tests the externality effects of ICT within the APEC economies. The coefficient 

of 
Y
Q

Q
Q e

e

e

⋅

is 0.213, showing a positive spillover effect from the ICT sector to the economy; 

however, the coefficient is statistically insignificant with a t value of only 0.131. The adjusted 

R square is also as low as 0.226. The limited sample size is one of the reasons for statistical 

insignificance and the lack of goodness of fit. We extend the sample to include India and 

OECD economies such as Finland, France, Germany, Italy, the Netherlands, Sweden and the 

United Kingdom, as shown in Table 3.7. Although the adjusted R square is raised to 0.522, the 
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coefficient of 
Y
Q

Q
Q e

e

e

⋅

is still insignificant. Inter-sector externality may exist, but it is not 

strongly supported by Feder’s approach. 

Table 4.4 Regression results of externality effects of ICT within APEC 

Explanatory Variables Coefficients t-Statistics 
 Constant -0.016 -0.536 
 I/Y 0.167 1.756 

L L
.
/  

0.728 0.954 

)/)(/(
.

YQQQ eee  0.213 0.131 

2R   0.226 

No. of observations  15 
 
Note:  The dependent variable is Y Y

.
/  

 

Table 4.5 Regression results of externality effects of ICT with eight additional economies 

Explanatory Variables Coefficients t-Statistics 
 Constant -0.014 -1.038 
 I/Y 0.156 2.548 

L L
.
/  

0.805 2.026 

)/)(/(
.

YQQQ eee  
0.289 0.262 

2R   0.522 

No. of observations 23 
 
Note: The dependent variable is Y Y

.
/  

Principal Components Analysis 

Principal components analysis is widely used in signal processing and has proven to be a 

useful tool for the categorization of data since it can separate the dominating features of a 

dataset. We apply the principal components analysis to the IMD competitiveness report in an 

effort to investigate the characteristics of ICT development and its influence on national 

competitiveness. The IMD national competitiveness rankings are multi-dimensional; therefore, 

in order to focus on ICT development, we consider the indicators that are grouped into the 
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categories of technological and scientific infrastructure. As a result of missing data, some of 

the indicators are dropped, leaving 37 indicators in the dataset. 

The sample data is reviewed prior to embarking on the empirical study, and when plotting 

the per capita GDP (RY) with investment in telecommunications, as a proportion of GDP (ICT), 

if we ignore some outliers such as China, we find that the per capita GDP is directly 

proportional to the ICT investment ratio. This means a higher income level will result in the 

input of much greater ICT investment (see Figure 4.1). 
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The overall results of the principal components analysis are shown in Table 4.6, with the 

figures for the APEC economies being shown in Table 4.7. We can see that the first principal 

component can explain 48 per cent of the variance, and if we choose five principal 

components, the explanatory ability is below 92 per cent, which provides a good signal. We 

find that the first component can be treated as a measure of overall ICT development since the 

first eigenvector shows approximately equal loadings for all variables. This may be regarded 

as ‘General ICT Development’. 

Figure 4.1 Comparison of 2000 investment in telecommunications and 2002 per capita GDP
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Table 4.6 Principal components analysis results 

Components General ICT 
Development

R&D 
Inputs 

R&D 
Spirit 

ICT 
Infrastructure 

ICT 
Incentives 

Eigenvalue 17.90 7.072 3.215 2.578 1.690 
Proportion 0.484 0.191 0.107 0.080 0.056 
Cumulative 0.484 0.675 0.782 0.862 0.917 
Eigenvectors      
2002 per Capita GDP (US$) 0.218 0.052 0.011 -0.083 -0.101 
2000 Investment in Telecoms (% of GDP) 0.027 -0.011 0.052 0.388 0.115 
2001 Fixed Telephone Lines per 1000 people 0.216 -0.034 0.087 -0.147 -0.132 
2003 International Fixed Telephone Costs 

per 3 min peak hours to USA (for US to 
Europe) (US$) 

-0.146 0.151 0.059 0.092 -0.356 

2002 Mobile Telephone Subscribers per 
1,000 people 0.155 -0.121 0.070 0.083 -0.321 

2001 Mobile Telephone Costs per 3 min 
peak hours (local) (US$) 0.023 -0.072 0.094 -0.492 0.226 

2003 Adequacy of Communications 0.194 -0.169 -0.100 0.022 -0.101 
2003 New Information Technology 0.204 -0.165 -0.062 0.055 -0.035 
2002 Global share of Computers in Use 0.143 0.249 -0.188 0.039 0.163 
2002 Computers per Capita per 1,000 people 0.217 -0.050 0.031 -0.134 -0.030 
2002 No. of Internet Users per 1000 people 0.213 -0.079 0.068 -0.090 -0.185 
2003 Suitable Internet Access 0.191 -0.157 -0.122 0.004 -0.173 
2003 Information Technology Skills 0.184 -0.149 -0.062 -0.108 0.133 
2003 Technological Cooperation 0.218 -0.102 -0.050 -0.009 0.073 
2003 Development and Application of 

Technology 0.197 -0.175 -0.069 0.091 0.068 

2003 Funding for Technological 
Development 0.214 -0.104 -0.031 0.153 -0.040 

2001 High-tech Exports (US$ millions) 0.158 0.220 -0.092 0.229 0.041 
2001 Proportion of High-tech Manufactured 

Exports  0.032 -0.084 -0.055 0.390 0.132 

2003 Data Security 0.179 -0.222 -0.047 -0.043 0.061 
2001 Total Expenditure on R&D (US$ 

millions) 0.154 0.259 -0.153 0.018 0.087 

2001 Total Expenditure on R&D per capita 
(US$) 0.197 0.173 0.056 -0.006 -0.103 

2001 Proportion of GDP Expenditure on 
R&D (%) 0.180 0.126 0.208 0.005 -0.136 

2001 Business Expenditure on R&D (US$ 
millions) 0.153 0.258 -0.160 0.020 0.093 

2001 Business per Capita Expenditure (US$) 0.187 0.203 0.039 0.025 -0.091 
2001 Total R&D Personnel Nationwide -0.020 0.228 0.388 0.004 0.171 
2001 Total R&D Personnel Nationwide per 

1,000 people 0.146 0.090 0.341 -0.195 0.100 

2001 Total R&D Personnel within enterprises -0.010 0.233 0.396 -0.022 0.143 
2003 Basic Research 0.207 -0.013 0.115 0.049 0.168 
1998 proportion of Science and Engineering 

Degrees (%) 0.019 0.011 0.281 0.424 -0.130 

1999 Scientific Articles Published 0.152 0.240 -0.177 -0.006 0.183 
2003 Science in Schools 0.130 -0.184 0.248 0.089 0.301 
2003 Interest in Science and Technology 0.096 -0.199 0.211 0.211 0.273 
2002 Nobel Prize Awards 0.134 0.202 -0.262 0.016 0.238 
2000 No. of Patents Granted 0.132 0.273 0.065 -0.012 -0.140 
2003 Patent and Copyright Protection 0.212 -0.098 0.010 -0.059 0.059 
2000 Number of Patents in Force Per 

100,000 people 0.195 0.014 0.208 -0.060 -0.248 

2000 Patent Productivity 0.143 0.177 -0.110 0.000 -0.159 
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Table 4.7 Principal components analysis for APEC economies 

Economies 
General ICT 
Development

R&D Inputs R&D Spirit 
ICT 

Infrastructure 

ICT 
Development 

Incentives 
US 9.133 5.294 -3.566 0.313 1.471 
Japan 4.607 4.739 2.604 -0.273 -1.613 
Canada 4.249 -3.334 1.942 2.929 0.310 
Singapore 3.622 -2.055 0.799 -0.910 -0.024 
Australia 2.803 -2.561 0.690 -2.487 0.592 
Chinese Taipei 2.104 -0.974 0.804 0.732 -1.026 
Hong Kong 1.528 -2.893 -0.472 -0.223 -1.191 
South Korea 1.071 -2.162 -0.403 -2.391 0.450 
New Zealand 0.438 0.649 0.277 0.147 -2.321 
Malaysia -0.493 -2.431 -0.811 2.174 1.470 
Chile -1.735 -1.487 -1.168 -0.686 -0.344 
Russia -3.474 -0.881 -1.892 0.678 1.308 
China -3.825 0.032 -1.544 0.071 -0.116 
Philippines -4.164 2.547 3.404 -2.092 2.553 
Thailand -4.171 2.400 1.760 2.736 0.756 
Mexico -4.956 1.134 -1.620 -1.185 -0.948 
Indonesia -6.736 1.984 -0.804 0.467 -1.327 

 

The second eigenvector demonstrates high positive loadings on number of patents granted, 

business expenditure on R&D, total expenditure on R&D and the global share of computers in 

use, so the second component may be referred to as the ‘R&D inputs’. The third component 

has high positive loadings on total R&D personnel within enterprises, total personnel 

nationwide, total R&D personnel nationwide per 1,000 people and the proportion of science 

and engineering degrees, so this may be regarded as ‘R&D spirit’. The fourth component has 

high negative loadings on mobile telephone costs and positive loadings on the proportion of 

science and engineering degrees, the proportion of high-tech manufactured exports and 

investment in telecoms (as a proportion of GDP), so we may regard this component as ‘ICT 

Infrastructure’. The fifth component has negative loadings on international fixed telephone 

costs and mobile telephone subscribers and positive loadings on science in schools and interest 

in science and technology, so we may refer to this as ‘ICT Development Incentives’. 

If we rank the APEC economies by the first component, we find that the US is in first 

place and Chinese Taipei is ranked sixth. Chinese Taipei’s score is positive in components 1, 3 

and 4, and negative in components 2 and 5, so we may conclude that Chinese Taipei is well 

positioned in general ICT development, R&D spirit and ICT infrastructure, but could improve 

on R&D inputs and ICT development incentives. In order to provide a form of reference, we 

plot the principal components analysis results for selected economies in Figure 4.2. 
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Figure 4.2  Selected economies plot using the principal components analysis results 
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V. ICT Development Policies  

_____________________________________________________________________ 
 
 
ICT development involves not only innovation in computer-related products, but also an 

historic transformation of society, which requires considerable backup in terms of 

infrastructure and regulations. The US, European and Asia-Pacific economies are, therefore, 

aggressively developing both their IT infrastructure and related policies. Figure 5.1 

demonstrates that the ICT programs within the US, such as the ‘National Information 

Infrastructure’ (NII) and ‘Global EC framework’, may be regarded as navigators of the global 

knowledge-based society now being followed by many economies. Indeed, there have been 

many projects and policies involving ICT in recent years, such as the Japanese ‘e-Japan’ 

project, the ‘Infocomm 21’ project in Singapore, the ‘UK online’ project, South Korea’s 

‘e-Korea’ and Chinese Taipei’s related policies. All of these projects aim to improve the 

development and application of ICT so as to accumulate economic development and to 

improve the overall quality of life. The strategies and frameworks may differ significantly in 

different economies; for example, the view of the US government is that in the early stages of 

development, the private sector should lead. Indeed, the private sector does play an active role 

in the policies and regulations concerning the knowledge-based economy in many economies; 

however, in Korea, Japan, Singapore and Chinese Taipei, it is the government which plays a 

more active and dominant role in the establishment of the e-society policy environment.2 

ICT Development in Chinese Taipei 

Chinese Taipei has recently implemented two policies related to ICT development. They are 

‘The Plan to Develop the Knowledge-based Economy in Chinese Taipei’ and ‘Two Trillion, 

Twin Stars Plan’. These two policies are illustrated briefly below: 

The ‘Plan to Develop the Knowledge-based Economy (KBE) in Chinese Taipei’ 
This plan, which is one of the driving forces for Chinese Taipei’s transformation into a ‘green 

silicon island’, contains three dimensions, the knowledge-based economy, society with justice, 

and sustainable environment. 

                                                 
2  For details of the actions of each economy, refer to the following websites: http://www.kantei.go.jp;  
http://www.noie.gov.au;  http://www.ic.gc.ca;  http://www.ida.gov.sg;  http://www.cepd.gov.tw; 
http://www.s-one.gov.sg;  http://www.ecommerce.gov;  http://www.mic.go.kr 
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Motivation. The rise in globalization means that cost-saving in production can no longer 

support continuous economic development. Therefore, Chinese Taipei must encourage 

innovation and foster new ventures as a means of maintaining its global competitiveness. On 

the other hand, the Internet expedites the distribution of information and knowledge, which 

makes it easier to combine such knowledge with appropriate factors, and achieve better 

economic results. The advanced economies, such as the US, which make good use of 

‘cyberspace’ to disseminate knowledge and information, have created impressive profits. 

Opportunities. The application of knowledge and the Internet, as well as the integration of 

knowledge and core competences within existing industries, can no doubt enhance the 

island’s international competitiveness and profitability. This is a key strategic area which 

Chinese Taipei should pursue vigorously.                     . 

Strategies. The key strategies for success include (see CEPD, 2003): 

1. the setting up of mechanisms to encourage innovation and foster new ventures. 

2. the expansion of IT and Internet usage in production as well as in daily life. 

3. laying the groundwork for an environment supportive of Internet usage. 

4. considering appropriate modification of the education system in a drive to meet the 

development of personnel needs by training and importing a sufficient pool of 

knowledge workers. 

5. the establishment of service-oriented government. 

6. the formulation of precautionary measures against social problems arising from 

transformation of the economy. 

 

The ‘Two Trillion, Twin Stars Plan’ 

Motivation. Chinese Taipei’s industrial development is currently facing both internal and 

external challenges. Following the accession into the World Trade Organization by mainland 

China, the availability of cheap labor, the low cost of land and the opening up of the huge 

market in the mainland together represent a very high level of attraction for investors, which 

in turn, is accelerating the exodus of Chinese Taipei’s labor-intensive and low added-value 

industries from the island. As a result, Chinese Taipei has become highly dependent on the 

vigorous development of its leading industries as well as its newly emerging industries to 

maintain the island’s economic growth and future development.  

Internally, the quality and discipline of Chinese Taipei’s workforce, which was clearly 

very important in the development of the traditional manufacturing sector, is, nevertheless, 
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not capable of tackling the challenges of a knowledge-based economy. Chinese Taipei must 

therefore actively nurture the technological and innovative capabilities of its engineers and 

skilled professionals. Consequently, Chinese Taipei is now focusing its strategies for 

industrial development in the new century on technological R&D, as well as innovation. On 

the one hand, it will strengthen the foundations of those industries that have already achieved 

considerable success (semiconductors, LCDs, etc.) to enable them to achieve a leading 

position on a global scale, and from there, exert a strong global influence (The Two Trillion 

Plan). On the other hand, using as capital, the fine technological innovation and good living 

environment that Chinese Taipei has already established, the aim will be to integrate the 

innovative resources of the Asia-Pacific region with the rest of the world and seize the 

opportunity to emerge as new global ‘star industries’ (digital content, biotechnology) to 

trigger a new economic boom (the Twin Stars Plan). 

Development prospects for the ‘Two Trillion, Twin Stars’ industries 
The ‘Two Trillion’ industries refers to the semiconductor and display industries, each of 

which are expected to reach an annual production value in excess of NT$1 trillion within the 

next few years. Production value in the semiconductor industry is expected to reach NT$1.59 

trillion by 2006, whilst over the same period, production value in the display industry (with its 

focus on flat panel displays in the first stage of development) is expected to reach NT$1.37 

trillion (including NT$730 billion from flat panel displays and NT$640 billion from LCD 

monitors). 

The ‘Two Star’ industries refers to the digital content and biotechnology industries, which 

are set to count amongst the future ‘star industries’. Production value in the digital content 

industry (including software, computer games, electronic media, publishing, music, animation 

and Internet services) is expected to reach NT$370 billion by 2006, whilst business volume in 

the biotechnology industry is expected to reach NT$250 billion over the same period. 

Investment over the next five years is expected to total NT$150 billion, with forecasts of over 

500 biotech firms being founded within the next decade (Industrial Development & 

Investment Center, MOEA, 2003) 

ICT Development in Japan 

The elements comprising the basic strategy for national IT development in Japan include the 

enactment of the ‘IT Basic Law’ in November 2000, which set out to promote measures 

aimed at forming an advanced information and telecommunications network society 

following the so-called ‘IT revolution’. The aim of the ‘Strategic Headquarters for the 

Promotion of an Advanced Information and Telecommunications Network Society’ (IT 
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Strategic Headquarters, January 2001) was to promote measures aimed at forming an 

advanced information and telecommunications network society, intensively and expeditiously, 

through the creation of ‘priority policy programs’ and the holding of discussions on 

prioritization plans. 

The main objective behind the ‘e-Japan Strategy’ (January 2001) was to make Japan the 

world’s leading IT economy by the year 2005, with four priority policy areas comprising of (i) 

the establishment of an ultra high-speed network infrastructure and competition policies, 

which is broken down into three sub-policies; (a) the completion of high-speed access 

(30Mbps) to 30 million households, and ultra high-speed access (100Mbps) to 10 million 

households within a five-year period; (b) easy access to the Internet at an extremely low rate 

within a year; and (c) managing the shift to IPv6; (ii) the facilitation of e-commerce by 

establishing the framework and market rules by the year 2002; (iii) the realization of 

e-government, effectively handling electronic information, in the way that paper-based 

information was handled in the past, by the fiscal year 2003; (iv) nurturing high-quality 

human resources to achieve a 60 per cent Internet usage rate by 2005, upgrading information 

literacy by making Internet access available to schools and public sites, and increasing the 

overall number of IT instructors, technical experts, researchers and digital content creators. 

The ‘e-Japan Priority Policy Program 2002’ (June 2002) was targeted at the realization of 

the e-Japan strategy, with the government running ‘priority policy programs’ comprising of 

five main priority policy fields: (i) the formation of the world’s most advanced information 

and telecommunication networks; (ii) the promotion of education and the development of 

human resources; (iii) the facilitation of e-commerce; (iv) the digitization of administration 

and application in public fields on an IT basis; and (v) ensuring the security and reliability of 

the advanced information and telecommunications networks.  

The overall budget allocation for the related policy measures for FY 2003 was JPY 1,536 

billion (about 1.8% of its general account). The first phase for the e-Japan strategy (January 

2001-June 2003) was the development of an appropriate IT infrastructure, with realization 

targets of 30 million households on ‘high-speed access’ and 10 million households on ‘ultra 

high-speed access’, the world’s cheapest level of monthly charges for such access, and the 

establishment of an institutional framework for e-government and e-commerce.  

The second phase of the e-Japan strategy (July 2003-  ) relates to the utilization of IT. 

The country expects to establish a ‘vibrant, safe, impressive and convenient’ society, and to 

aggressively utilize its IT infrastructure for the effective transformation of the country’s socio- 

economic systems. The leading measures cover seven important areas, including medical care, 

food, livelihood, financial assistance for SMEs, intellect, employment/work and government 

services. There is a clear need to pursue the development of a new social IT infrastructure, 
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which includes the development of an appropriate information infrastructure suitable for the 

next generation, the establishment of a secure and safe environment for usage, the promotion 

of R&D to create the necessary intellect for the next generation, the fostering of IT human 

resources and promotion of education for the utilization phase, and the establishment of new 

international relations centered on IT (Udaka, 2003). 

ICT Development in Canada 

An ‘Information Highway Advisory Council’ (IHAC) was formed by the Canadian Ministry 

of Industry in 1994 to advise the government on a national strategy for the development of the 

information highway. The Council asserted that in the new information economy, success will 

be determined by a competitive, unregulated marketplace. The IHAC claimed that innovation 

in information technology would ensure an increase in productivity and a growth in jobs, thus 

the government set about the creation of minimal ground rules and the overall promotion of 

e-commerce. 

‘Connecting Canadians’, as its access policy was referred to, may well fulfill the IHAC’s 

hope of getting Canadians onto the information highway, since the Council suggested that this 

would whet consumers’ appetites for electronic consumer goods and services. The main 

objective of this campaign was to bring enough consumers to the information highway to 

attract the necessary private sector investment required for its continued construction. It was 

hoped that this investment and the resultant increased use of IT would, in turn, spur higher 

levels of productivity and wealth. Therefore, in combination with the provisions of the legal 

and policy framework for e-commerce, the ‘Canadian E-Commerce Strategy 1998’, became 

the top priority for the Canadian government. 

Aimed at the creation of a mass consumption market, the Canadian Government’s access 

policy was based on the fundamental strategy that the construction of the information 

highway, and the services offered over it, should be determined by the market and achieved 

by the private sector. The government’s supporting role essentially involves promoting the 

development of a consumer market on the information highway; thus, it espouses the rhetoric 

of the IT ideology in order to convince Canadians that the information highway is the 

foundation of economic growth in a knowledge-based economy.  

ICT Development in Australia 

In order to enhance ICT in Australia, in 2002, three flagship initiatives were recommended by 

Professor John Houghton, at the Centre of Strategic Economic Studies. These initiatives were: 

(i) the establishment of a platform for production to support both producer and consumer 

industries; this would be established by fostering innovation, developing the necessary 
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infrastructure and regulatory framework and enhancing skills and professionalism; (ii) 

building better businesses by fostering business improvement, enabling market access and 

expansion and actively facilitating cluster development; and (iii) achieving scale by creating 

an attractive investment environment, establishing an investment fund and engaging in 

proactive investment attraction. 

Professor Houghton also argued that the government must recognize that having a local 

ICT research and production capability would facilitate the rapid take-up and deployment of 

ICT across the economy as a whole. It was seen as equally important to realize that ICT 

production and trade play a significant role in driving employment and productivity growth; 

thus, by joining with industry in providing vision and leadership, the government could 

effectively underpin ICT development in Australia; alternatively, by failing to do so, they 

could effectively undermine it (Houghton, 2002). 

IT Development in the US 

In 1994, the leading initiative of the Clinton Administration, the ‘National Information 

Infrastructure’ (NII), represented a coordinated government strategy comprising of areas of 

social, economic and technology policy. This was a follow up to the ‘Information 

Infrastructure Task Force’ (IITF), an agenda for action, published in 1993, to highlight: (i) the 

‘essential role’ of carefully-crafted government action; (ii) the encouragement of private 

sector investment; (iii) ensuring that advanced ICT became available to all, at affordable 

prices; and (iv) the establishment of charges for government information based on the cost of 

dissemination rather than the acquisition costs. The government was seen not only as a 

regulator, but also as a major promoter of ICT development. The 1996 Telecommunications 

Bill introduced subsidies to ensure that ICT could reach remote regions, and also 

implemented the deregulation of, and greater competition in, cable TV and local telephone 

services.  
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VI. Conclusions 
___________________________________________________________________________ 

It is clear that within the APEC economies, there are patterns of industrial specialization and 

national idiosyncrasies, and that both the development and influence of ICT are 

multi-dimensional. This study has undertaken a review of the related empirical studies on 

macro and economic-oriented aspects, evaluated the contribution of ICT to the APEC 

economies and investigated the policy implications for these economies.   

In the review of the literature covering the influence of ICT development on productivity 

or competitiveness, and the e-readiness rankings provided by several organizations, we find 

compelling stories on individual economies. The economies that are most active in ICT 

development, such as the US, Japan, Canada and Australia, continue to vie for the top slot 

through their wholehearted embracing of the digital society and the ways in which they have 

sought to revolutionize both their business and government sectors. Indeed, governments all 

around the world have undertaken significant investment to ensure the success of their ICT 

development; nevertheless, the gap between the leaders and the followers grows ever wider as 

time passes.  

Chinese Taipei has taken enormous strides, spurred on by an ambitious government and 

heavy spending on the necessary infrastructure; nevertheless, all of its resources and budgets 

continue to focus on the government sector, especially in the areas of transportation and 

electronics, whilst the private sector remains very weak in terms of overall ICT development. 

The government has provided incentives and rewards to the private sector, such as subsidies 

and tax incentives, but the level of these provisions are far less than adequate. According to 

the WMRC e-government ranking and the EIU e-readiness ranking, the environment in 

Chinese Taipei was essentially downgraded in 2003. Clearly, therefore, the digital revolution 

should not be led by government, business or consumers in isolation; only through 

cooperation can ICT development produce the benefits that it has shown in the advanced 

nations.  

In terms of ICT development policies, we have reviewed the policies adopted in the US, 

Canada, Australia, Japan and Chinese Taipei, and whilst the US and Canada are both liberal 

states, and very distinct from the others, Canada has put some weight behind establishing 

universal access to information facilities, which has unavoidably transformed itself into a 

bureaucratic problem that has to be well managed. The government in Australia realizes the 

importance of its ICT industries, and whilst already being a user of ICT, also intends to 

become a major producer of ICT. In the second phase of the e-Japan strategy, it is expected 

that a ‘vibrant, safe, impressive and convenient’ society will be established, aggressively 
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utilizing its IT infrastructure for the transformation of Japanese socio-economic systems. 

Chinese Taipei’s knowledge-based plan is expected to incorporate social justice and the 

sustainable development of the environment in order to transform Chinese Taipei into a ‘green 

silicon island’.    

In this study, we have employed growth accounting techniques to evaluate the 

development of ICT in Chinese Taipei, and found that the island is well developed in general 

ICT development and ICT infrastructure, but that there is room for improvement in terms of 

ICT incentives. In particular, having used growth accounting to estimate the impact of the ICT 

sector on productivity, our results show that the increase in TFP has contributed significantly 

to economic growth in Chinese Taipei; indeed, the contribution accounts for almost 30 per 

cent of the island’s economic growth rate. The greater part of the contribution made by TFP is, 

however, derived from intra-industry technological progress effects, with no significant 

spillover effects from inter-industry technological progress. Thus, the ICT industry has not 

stimulated any real technological progress in other industries. The tests on inter-sector 

externalities from ICT show a positive sign, although not statistically significant. This result is 

consistent with the results obtained from the growth accounting approach, with the spillover 

effects again not being found significant in ICT development in Chinese Taipei. 

The policy implications from our empirical findings are that APEC economies may be 

placing too much emphasis on ICT development, per se, whilst the actual use of information 

and communications technology still lags well behind. Therefore, it is important to determine 

how to utilize ICT from a universal perspective, and how to allocate the digital benefits not 

only for rural domestic areas, low income households and the disabled, but also 

internationally for the less-developed economies.  



-47-  

Appendix 
_____________________________________________________________________ 
 

We have attempted to bring the analysis and discussion of the influence of ICT on 

productivity change in the Chinese Taipei economy to a finer level of observation and 

measurement, focusing on industry level, rather than macro level. Our aim is to observe 

where and how unusual technical progress has occurred. We have applied econometric 

production function methods to estimate how original inputs (capital and labor) interact with 

intermediate flows in the extension of KLEM production functions to KLEMI functions as in 

Klein (2000). The estimation results are provided in Table A.1. 

A time series analysis was employed for Chinese Taipei industries with the estimated 

production functions being as follows: 
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where, X represents real output; capital stock (K) is divided into IT capital stock (K0) and 

other capital (K1); and L and T are respectively denoted as labor inputs and the time trend.  

 We find the estimation results to be very complicated, and feel that they may be improved 

by further detailed study. We will not therefore pursue this issue until these results are ready 

for presentation. 

We can see from the estimation results in Table A1 that the value of R-Bar Squared of 

most industries (electricity, gas and water; manufacturing; food manufacturing; tobacco 

manufacturing; leather, fur and related products; printing and related products; electrical and 

electronic equipment; transportation equipment) are greater than 90 per cent, that is, over 90 

per cent of the variation in output is explained by the six independent variables. The model 

fits quite well the empirical data on Chinese Taipei industries. Furthermore, there is sufficient 

evidence to infer that ICT capital stock has made a real contribution to growth in output 

within certain industries, including electricity, gas and water, tobacco manufacturing, leather, 

fur and related products, pulp and paper. The outcome of the t-test has proven that capital 

stock has replaced labor inputs in industries such as electricity, gas and water, leather, fur and 

related products, pulp and paper, electrical and electronic equipment, and transportation 

equipment. Finally, in the pulp and paper industry, and the transportation equipment industry, 

manpower resources have replaced ICT capital stock to generate outputs. 
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