
CHAPTeR 5

TECHNOLOGICAL PROGRESS 
AS KEY DRIVER

5.1 introduction

Asia’s growth and development over the past 50 years was built 
on significant advances in technology. Japan and the newly 
industrialized economies (NIEs), i.e., Hong Kong, China; the Republic 
of Korea (ROK); Singapore; and Taipei,China, used technology to 
improve productivity and raise living standards to advanced economy 
levels. Other countries are following. Evidence of the region’s 
transformation and its move to the global technological frontier can be 
seen in the goods and services it produces. Asia pioneered the use of 
high-speed trains and currently operates three-quarters of the global 
high-speed rail network. Asia also manufactures more than 50% of  
the world’s automobiles, produces 75% of its robots, and provides 50% 
of global high-technology exports.

Historically, Asia created a variety of technologies 
indigenously—such as papermaking, printing, gunpowder, and the 
compass. However, it began to fall behind the West in the 15th century, 
and the gap widened further with Europe’s industrial revolution 
(Box 5.1). As a result, Asia needed to catch up technologically. During 
Japan’s modernization in the late 19th century, the most important 
way to adopt technology was to invite experts from Europe and the 
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United States (US) in science, medicine, agriculture, and engineering.  
They brought expertise in minting, printing, railways, textiles, 
and other  areas. Japan educated its own scientists and engineers, 
and developed the capacity to make trains, high-quality steel, and 
armaments by the end of the 19th century. 

For the most part, technological progress is not automatic. 
Instead, it requires deliberate effort from firms, researchers, and 
governments. Asian economies used a variety of channels and methods 
to secure, deploy, and innovate technology: inviting experts, sending 
missions and students abroad, obtaining foreign licenses, importing 
machinery, engaging in trade, conducting reverse engineering, 
attracting foreign direct investment (FDI), and receiving technical 
cooperation aid. As these countries mastered imported technologies 
to produce goods and services, they built the capacity to move from 
adoption to innovation using research and development (R&D). 

To support this process, Asian governments built a human 
capital base of engineers, scientists, and other researchers; and gave 
them opportunities and incentives to learn and apply their knowledge. 
Governments also spurred technology by (i) building national systems 
of innovation that include universities, research institutions, national 
laboratories, and science parks; (ii) setting the legal and institutional 
framework, including an intellectual property regime; (iii) supporting 
private sector R&D and other related investments through tax 
incentives, subsidies, and credit; (iv) building information and 
communication technology (ICT) infrastructure, including high-speed 
broadband and mobile networks; and (v) creating a competitive market 
environment that sparks innovation.

This chapter discusses the role of technological progress in 
Asia’s growth and transformation. Section 5.2 sets out the theoretical 
and conceptual links between technology and economic growth. 
Section 5.3 summarizes key achievements in technological progress in 
the region. Section 5.4 then describes the main drivers and channels 
that fueled both technological adoption and innovation in Asia. 
Section 5.5 describes country experiences. Section 5.6 presents recent 
technological trends and developments. Section 5.7 concludes with 
suggestions for further progress, particularly on how to help middle-
income countries transition to the innovation stage.
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box 5.1: asia’s Past Technological advances  
and How it Fell behind

Asia created a variety of technologies that predate its interaction with 
the west. These indigenous technologies contributed to its economic 
advance during the first and well into the second millennium. However, 
Asia subsequently fell behind the west in science and technology starting 
from the Renaissance and then, more critically, from the Industrial 
Revolution in Great Britain in the late 18th century. 

The most well-known and oft-cited Asian inventions were China’s 
four breakthrough technologies: papermaking, from about 100  AD; 
movable-type printing; gunpowder; and the compass from around 
1000 AD. These were not only breakthroughs for Asia but were also global 
innovations.

In Asia, indigenous agricultural technologies developed over time 
as societies sought to develop a stable food supply for an expanding 
population. Cultivation techniques, large-scale water management and 
irrigation systems, and seed varieties were advanced over time, notably 
for rice production. Asia also progressively improved construction 
technologies in stone, concrete, marble, and other materials—as can be 
seen today in the palaces, mosques, temples, and tombs that remain from 
past centuries. 

In textiles, Asia pioneered the production and weaving of silk that 
lent its name to the Central Asian trade route—the Silk Road—connecting 
the region with eastern europe. Silk required mastery of sericulture and 
techniques for spinning thread and weaving cloth. Asia also created muslin, 
a simple-weave cotton textile, with techniques that originated in Bengal 
and spread to other parts of Asia. The textile traded widely across the 
region and into europe, but production declined after being undermined 
by British colonial policy that promoted textiles made in england. 

europe’s industrial revolution was ignited by the application of 
science to industrial production to make steel, generate steam power, 
create machinery, and evolve improved materials from chemical 
processes. Technology, together with commercial activity—both 
supported by institutions such as patent laws, limited liability corporations, 
and accounting systems—allowed for steady, significant increases in 
production and standards of living in the west. That region opened up a 
significant gap with other areas of the world. Asia accounted for close to 
60% of global output at the onset of the Industrial Revolution, but its share 
declined as the west surged ahead. By 1960, developing and developed 
Asia’s share had fallen to less than 13% (Chapter 1).
Source: Asian Development Bank.



150 | ASIA’S JOURNeY TO PROSPeRITY—CHAPTeR 5

5.2 Measuring technology’s contribution to growth

Asia’s technological progress over the past 50 years has been 
significant. Compared with the 1960s, the range and quality of goods 
and services produced has grown phenomenally. Vehicles, computers, 
smartphones, and other manufacturing goods are now produced in  
Asia. Their production is made possible by the use of technology 
embodied in digitally controlled machine tools, mechanized 
production  lines, and  robots. In services, ICT revolutionized how 
customers express demand and how it is satisfied by suppliers. In 
agriculture, Asia benefited from the new technologies of the Green 
Revolution, including the shift  to high-yielding seed varieties, chemical 
inputs, improved irrigation, and the use of mechanized cultivation—all 
of which greatly increased farm productivity (Chapter 4).

Fully capturing Asia’s technological progress is not 
straightforward. There is no single, accurate measure of a country’s 
level of technology. One way to measure technology’s contribution to 
growth is based on what is called “total factor productivity.”

Total factor productivity

The aggregate production function models economic output—gross 
domestic product (GDP)—based on four inputs. Two tangible inputs 
of capital (machines and equipment) and labor (the number of 
workers) are combined with two intangible inputs of improvements in 
human capital (skills and knowledge of workers—measured by years 
of schooling as a proxy) and elements of technology and innovation 
(Box 5.2). Contributions of technology and innovation to GDP growth 
are measured as a “residual” after accounting for the contributions of 
the other three factors. 

This residual is called total factor productivity (TFP). It 
mainly captures advances in product and process technologies, as 
well as greater  efficiency associated with managerial, institutional, 
and policy reforms. TFP also includes any other contributions to GDP 
not accounted for by the increase (or decrease) in capital, labor, and 
human capital. For example, as human capital is proxied by years of 
schooling, it does not consider the quality of education and training, 
so these are quantified as part of TFP. Likewise, some elements of 
technological progress can be included in TFP, while others appear as 
the increased value of capital (such as more expensive and sophisticated 
capital goods). 
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One widely cited controversy highlighted by Krugman’s 
1994 paper “The Myth of Asia’s Miracle”1 is about the nature of high 
growth in Asia’s high-performing economies.2 Based on the findings of 
two papers by other scholars,3 Krugman argued that Asia’s efficiency  
(or TFP) growth was small, with development driven mostly by 
mobilizing resources—capital and labor. He suggested that Asia’s 
growth model resembled the Soviet economy and, hence, could not 
be sustained. 

The analogy with the Soviet system was misplaced. Based on 
market functions, Asian economies successfully mobilized resources 
in the early stages of development by investing in capital—actively 
supported by high savings and absorbing excess rural labor, along 
with better education. This, in itself, was a significant achievement 
compared  with the experience of other regions globally. Because it 
is market based, for many economies, growth driven by mobilizing 
resources can evolve into innovation-based growth—beyond the 
process of convergence, or catching up. This is what happened in Asia, 
as an Asian Development Bank analysis clearly shows (Figure 5.1).

Increasing role of technology in Asia 

Over the past half century, growth in Asia has relied increasingly on TFP. 
Figure 5.1 shows the contribution of the four input factors to growth 
for three periods. The calculation includes 21 Asian economies. In the 
first period, 1970–1985, growth was driven by capital accumulation 
and increased labor inputs, whereas the rate of growth attributable to 
TFP was slightly negative. The contribution of TFP may be negative 
because of the difficulty of capturing, in this variable, the technology 
embodied in machinery, which instead is captured in the capital stock 
variable (as discussed earlier). This was also a period of considerable 
global economic turbulence (inflation, oil and debt crises, along with 
other factors) that reduced growth rates, leading to lower or negative 
TFP growth. 

1 Krugman, P. 1994. The Myth of Asia’s Miracle. Foreign Affairs. 1 (November/December). 
pp. 62–78.

2 World Bank. 1993. The East Asian Miracle: Economic Growth and Public Policy. New York: 
Oxford University Press.

3 Young, A. 1995. The Tyranny of Numbers: Confronting the Statistical Realities of the 
East Asian Growth Experience. Quarterly Journal of Economics. 110 (3). pp. 641–680; and 
Kim, J.-I., and L. J. Lau. 1994. The Sources of Economic Growth of the East Asian Newly 
Industrialized Countries. Journal of the Japanese and International Economies. 8 (3).  
pp. 235–271.
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Figure 5.1: Contribution of Factors of Production  
to gDP growth, asia

(% of total contribution)

1970–1985 1995–2005 2010–2017

Capital Input Labor Input Human Capital TFP

(6.6)

60.4

31.2

15.0

48.2

17.7

12.3

21.9

41.8

8.1
9.2

40.8

(  ) = negative, GDP = gross domestic product, TFP = total factor productivity.
Notes: Central Asia is excluded for 1970–1985. The 21 economies for the first period include 
Bangladesh; Brunei Darussalam; Cambodia; Hong Kong, China; India; Indonesia; Japan; the 
lao People’s Democratic Republic; Malaysia; Mongolia; Myanmar; Nepal; Pakistan; the People’s 
Republic of China; the Philippines; the Republic of Korea; Singapore; Sri lanka; Taipei,China; 
Thailand; and Viet Nam. The latter two periods also include Armenia, Kazakhstan, the Kyrgyz 
Republic, and Tajikistan. In 2017, the 25 economies accounted for 99% of the total GDP of the 
Asian Development Bank’s developing member economies plus Japan. 
Sources: estimates based on data from Feenstra, R. C., R. Inklaar, and M. P. Timmer. 2015. 
The Next Generation of the Penn world Table. American Economic Review. 105 (10). pp. 3150–3182. 
http://www.ggdc.net/pwt (accessed 1 July 2019); and Asian Productivity Organization (APO). 
APO Database. https://www.apo-tokyo.org/wedo/measurement (accessed 1 July 2019).

In the second period, from 1995 to 2005, TFP makes a 
positive contribution to growth across a slightly expanded group of 25 
economies that now includes Central Asia. The positive contribution 
of TFP complements the role of the three other factors, with capital 
remaining the single most important source of growth. In the latest 
period, 2010–2017, the TFP contribution increases further, accounting 
for about 40% of growth. Throughout the three periods, improvements 
in human capital make a positive contribution. 
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box 5.2: Technological Progress and growth accounting

The importance of technological progress in propelling economic growth 
is well understood in economic literature. Modern growth theories are 
founded on the aggregate production function framework, in which 
technological progress is one of the critical production inputs. The 
framework shows that an economy’s gross domestic product (GDP) (Y) 
is determined by four elements: technology (A), capital (K), labor (l), and 
human capital (H). 

For example, the Cobb–Douglas form of the production function, 
which has been empirically validated, assumes constant returns to scale 
in capital, labor, and human capital (growth of each of these inputs at 
the same rate will increase the production at that rate), and diminishing 
marginal productivity of capital, labor, and human capital (assumes 
imperfect substitution among these three factors): 

(1) Y = A Ka lb H1-a-b 

where 0 < a < 1, 0 < b < 1, and a+b < 1.

Based on this aggregate production function, using total 
differentiation, one can derive a “growth accounting” formula, which 
explains GDP growth based on the growth of technology, capital, labor, 
and human capital: 

(2) ΔY/Y = ΔA/A + a ΔK/K + b Δl/l + (1-a-b) ΔH/H 

where Δ denotes the change in a variable. with this equation, the 
rate of technological progress (ΔA/A) can be computed as a “residual” 
because the growth of GDP, capital, labor, and human capital, as well as 
share parameters, a and b, are given by data. 

(3) ΔA/A = ΔY/Y - a ΔK/K - b Δl/l - (1-a-b) ΔH/H

Human capital, which represents the skills and knowledge of the 
workforce, is often quantified by average schooling years of the working-
age population. Figures 5.1 and 5.2, for example, are based on the growth 
accounting formula shown by equation (2). 

As we can see from equation (2), GDP growth (ΔY/Y) can be 
strengthened by technological progress (ΔA/A) through technological 
adoption and innovation through, for example, investment in research 
and development. Countries can also increase GDP growth by supporting 
growth of human capital (ΔH/H) by investing in education and improving 

continued on next page
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its quality. In addition, according to the “endogenous growth” models 
that appeared between the mid-1980s and 1990, technological progress 
(ΔA/A) is a function of human capital (H). Therefore, based on this idea, 
investment in human capital contributes to both higher GDP growth 
directly and technological progress (ΔA/A), which, in turn, leads to further 
GDP growth.a For developing countries, technological progress (ΔA/A) 
stemmed from adopting foreign technology in addition to investments in 
local innovation.b

In the long run, however, the population growth rate (Δl/l) will slow 
and even become zero or negative due to demographic change (Chapter 6), 
which will lead to slower growth according to equation (2). In the absence 
of population growth, i.e., Δl/l=0, the contribution from a capital increase 
to GDP growth will also diminish as the growth of capital (ΔK/K) will be 
smaller. This is because ΔK/K is a product of a (fixed) savings rate (ΔK/Y) 
and average capital productivity (Y/K) where capital per worker increases 
due to capital accumulation, leading to a decline in marginal capital 
productivity (ΔY/ΔK) as well as average capital productivity (Y/K). even 
in this case, growth can be sustained and strengthened by technological 
progress (ΔA/A) and growth of human capital (ΔH/H).
a  lucas, R. e., Jr. 1988. On the Mechanics of economic Development. Journal of Monetary 

Economics. 22 (1). pp. 3–42; Romer, P. 1990. endogenous Technological Change. Journal of 
Political Economy. 98 (5). pp. S71–S102; Grossman, G. M., and e. Helpman. 1991. Innovation 
and Growth in the Global Economy. Cambridge, MA and london: The MIT Press; and 
Aghion, P., and P. Howitt. 1997. Endogenous Growth Theory. Cambridge, MA: The MIT Press. 

b  Comin, D., and B. Hobijn. 2010. An exploration of Technology Diffusion. American Economic 
Review. 100 (5). pp. 2031–2059.

Source: Asian Development Bank.

Figure 5.2 decomposes the growth of two groups of economies 
in the world in the decades from the 1960s onward. The contribution 
of TFP was 28% for economies that reached a high-income level from 
initial middle-income status, whereas the contribution was just under 
10% for economies that remained middle-income. The results suggest 
that significant technological improvement and greater efficiency 
may be needed to progress from a middle- to a high-income level, 
overcoming the middle-income challenge (or the so-called middle-
income trap). 

Box 5.2 continued
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Figure 5.2: Contributions to growth in the World, 1960–2014 
(% of total contribution) 

Staying at
middle income

Moving from middle income
to high income

Capital Input Labor Input Human Capital TFP

50.0

10.3

11.4

28.3
9.8

12.8

21.9

55.5

TFP = total factor productivity.
Notes: The calculations include both Asian and non-Asian economies and are the sum of 
a decade-by-decade analysis. Those that stayed middle income did so through the decade, 
while those that moved to higher income started the decade at middle income and moved to 
high income by the end of the decade. The number of economies included varies by decade.  
For the “staying at middle income” group, about 40 economies were used for each decade.  
For the “moving from middle income to high income” group, the number ranges from 14 in  
the 1970s to four in the 1980s.
Source: Asian Development Bank. 2017. Asian Development Outlook 2017: Transcending the 
Middle-Income Challenge. Manila.

5.3 asia’s technological progress

Three proxy measures can be used to capture the evolution of 
technology  in the region: (i) the complexity of a country’s exports, 
(ii) the number of patents awarded, and (iii) the number of robots 
manufactured and sold for use in production. 

Product sophistication

In tangible terms, Asia’s technological progress can be seen in the goods 
it produces and, by extension, those it is able to export to competitive 
global markets. In the 1960s, a sizable share of Asia’s production and 
exports were in agricultural and primary commodities, as well as light 
manufacturing products such as textiles and garments. These have 
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low technological and skill intensity, but nonetheless offer a first step 
on the industrialization ladder. The region has since mastered more 
complex technologies to produce more sophisticated goods—such as 
electric appliances, vehicles, computers, smartphones, and machine 
tools. For example, some 56% of automobile production worldwide 
takes place in Asia recently.4 Currently, the top two smartphone 
companies globally, by sales, are based in the People’s Republic of  
China (PRC) and the ROK, and Asian firms account for eight of the 
top 10. 

Technological differences between a shirt and a computer 
are obvious, but more detailed measures are needed to gauge 
systematically the overall sophistication of a country’s production 
capabilities and, hence, its technology. This can be done using the 
concept of product complexity. An index of the complexity of products 
is calculated and then applied on a weighted basis to a country’s export 
basket.5 The calculations are based on the value added of exports, 
not gross export value. This means that a country does not receive a  
high score and/or share for products it is merely assembling using 
highly  complex, but imported, components. Figure 5.3 shows the 
distribution of exports based on product complexity for several 
Asian economies. The vertical axis indicates each economy’s share 
by product groups out of total Asian  exports on a value-added basis.  
The horizontal axis depicts 13 product groups ranging from low 
complexity (on the left) to high complexity (on the right). 

A high point near the right side of the graph shows that a 
greater share of an economy’s exports is complex. For example, Japan 
has a high share of the most complex goods (transport equipment or 
vehicles) at the rightmost vertical line (Figure 5.3a). Many economies 
export considerable quantities of electrical and electronic goods, 

4 Organisation Internationale des Constructeurs d’Automobiles (OICA). 2018. Production 
Statistics. http://www.oica.net/category/production-statistics/2018-statistics/. 

5 The calculation for Figure 5.3 has four steps. First, product complexity is calculated. The 
complexity for product “A” is based on two criteria: (i) ubiquity, which is the number of 
economies that export A; if there are fewer exporting economies, it is considered more 
complex; and (ii) diversity, for an economy that exports A, it is the range of other products 
(non-A) that the economy exports. If the economy exporting A exports a broad range 
of other products, then A is considered more complex. Combining (i) and (ii) creates a 
product complexity index score for all goods traded globally. Second, the index is applied 
to the exports of each of the 10 economies shown in Figure 5.3. Total Asian exports 
(from 24 economies) are also calculated for the products. Third, exports are assigned 
to 13 product groups (vertical lines). And fourth, each economy’s share of total Asian 
exports is calculated. Throughout, export value added is used, not export value, and for 
manufactured products only. 

http://www.oica.net/category/production-statistics/2018-statistics/
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Figure 5.3: The Flying geese Pattern of asian exports 
(average for 2013–2017)
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Figure 5.3a: East Asia

Figure 5.3b: Southeast Asia and Hong Kong, China
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Notes: Data are for manufactured exports on a value-added basis, averaged for 2013–2017.  
Input–output data are used to calculate value added. The y axis depicts each economy’s 
exports of a product group as a share of total Asian exports of all product groups. Total 
Asian exports is based on 24 economies. The x axis represents the following product groups, 
arranged by increasing complexity: (i) leather and footwear; (ii) textiles and textile products; 
(iii) manufacturing not elsewhere classified (nec) and recycling; (iv) wood and products of 
wood and cork; (v) other nonmetallic minerals; (vi) basic metal and fabricated metal; (vii) food, 
beverages and tobacco; (viii) rubber and plastics; (ix) electrical and optical equipment; 
(x) pulp, paper, printing, and publishing; (xi) chemicals and chemical products; (xii) machinery, 
nec; and (xiii) transport equipment. 
Sources: estimates based on data from United Nations. UN Comtrade Database.  
https://comtrade.un.org/data (accessed 1 July 2019); and Asian Development Bank.  
Multi-Regional Input–Output Database (accessed 1 July 2019).
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notably the PRC, as depicted by the spike at the products of high  
mid-tech complexity (product group ix). Another spike occurs for 
food  and beverages at the seventh vertical line, especially among 
middle-income economies included in Figure 5.3b. 

Generally, the graph shows that high-income economies have 
a larger share of more complex goods in their export basket, whereas 
middle-income economies have a larger share of mid-complexity 
goods. This reinforces the “flying geese” model often used to signify the 
pattern of industrialization in the region, which generalizes dynamic 
patterns of industrial catch-up. In this process, industries relocate 
from advanced to developing economies sequentially, starting in light 
industries requiring lower technology, such as footwear and garments. 
But, at the same time, we can observe the emergence of intra-industry 
trade in addition to interindustry trade: Figure 5.3 shows overlapping 
export patterns in each product sophistication level. This indicates 
that the inter-economy and interindustry “flying geese” development 
model evolved over time into a more complex and dynamic structure of 
intra-industry regional and global value chains (Chapter 9).

Number of patents

The creator of a new technology captures the commercial gains by 
registering a patent. Thus, the annual registration of new patents 
offers one way of gauging innovation activity. Over the past 50 years, 
Asia’s leading economies have transitioned from being users of foreign 
patents to producers of domestic ones. 

The trend is seen clearly in the number of patents granted in the 
US (Table 5.1). In 1965–1969, only one of the top 10 foreign economies 
that were awarded patents in the US was from Asia (Japan), with all 
others from Europe and Canada. However, by 2015, there were four 
Asian economies among the top five (Japan; the ROK; Taipei,China; 
and the PRC), with India ranked 10th. Moreover, if each economy’s 
total patents granted (domestically and in other countries under the 
Patent Cooperation Treaty) is considered, the PRC ranked first in the 
world in 2018. 

Over 5 decades, Asia transformed itself from primarily adopting 
technology from others to creating new technology. Asian companies 
and research institutions are increasingly protecting their intellectual 
property in overseas markets, illustrating the region’s expanding 
globalization of its homegrown R&D and business activities.
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Robots

Robots, along with computers, were an innovation of the Third 
Industrial Revolution but their increased sophistication, auto-
adjustment, and cyber-linkages are at the heart of the Fourth Industrial 
Revolution (4th IR).6 They enhance productivity and generate a high 
level of standardized quality. Asia is the global leader in both producing 
and using robots. Japan is the single largest manufacturer, accounting 
for over half of global robot production. The PRC and the ROK are also 
leading producers. The three countries accounted for about 75% of all 
robots made globally in 2015 (Table 5.2a). 

The PRC is by far the largest user of new robots worldwide 
(Table 5.2b). Nearly 138,000 units were shipped (sold) to the PRC in 
2017. Indeed, nearly as many robots were sold in the PRC than in the 
next four buyers combined (Japan, the ROK, the US, and Germany). 
Among the top 15 purchasers worldwide are five other Asian economies: 
Taipei,China; Viet Nam; Singapore; India; and Thailand.

6 There are four industrial revolutions: the First Industrial Revolution was based on the 
introduction of steam power, steel, and the use of machines from the late 1700s; the Second 
Industrial Revolution was based on electricity and mass production from the early 1900s; 
the Third Industrial Revolution was based on computers and robots from the 1960s; and 
the Fourth Industrial Revolution is based on cyber-physical systems, sensors, artificial 
intelligence, and the Internet of Things, and began in the late 2000s. 

Table 5.2: industrial Robots

Table 5.2a: Production of industrial Robots, World and selected economies, 
2010–2015

2010 2011 2012 2013 2014 2015
Number of units ('000)

world 120.6 166.0 159.3 178.1 220.6 253.7
(Percentage shares)

Japan 61.3 59.1 59.8 53.6 54.8 54.4
Republic of 

Korea
14.2 12.8 10.0 8.9 12.2 12.6

PRC … ... ... 5.3 7.2 8.0
Germany 9.8 11.4 11.6 11.1 9.4 7.8
Other 

economies
14.7 16.7 18.6 21.0 16.4 17.1

... = data not available, PRC = People’s Republic of China.
Source: United Nations Conference on Trade and Development (UNCTAD). 2017. Box 3.1 in Trade and 
Development Report 2017. Beyond Austerity: Towards a Global New Deal. Geneva.

continued on next page
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Table 5.2b: estimated annual shipments (buyers) of Multipurpose  
industrial Robots, World and selected economies, 2016–2021

2016 2017 2018a 2019a 2020a 2021a

Number of units ('000)
world 294.3 381.3 421.0 484.0 553. 0 630. 0

(Percentage shares)
PRC 29.6 36.2 39.2 43.4 45.2 46.0
Japan 13.1 11.9 12.8 11.6 10.7 10.2
Republic of 

Korea
14.1 10.4 9.7 8.7 8.0 7.3

United States 10.7 8.7 8.3 7.7 7.4 7.3
Germany 6.8 5.6 5.3 4.9 4.5 4.1
Taipei,China 2.6 2.9 3.1 2.9 3.1 3.2
Viet Nam 0.5 2.2 0.6 0.6 0.8 1.1
India 0.9 0.9 1.1 1.0 1.1 1.2
Thailand 0.9 0.9 1.0 1.0 1.1 1.1

PRC = People’s Republic of China.
Note: Shipments are sales/purchases that occur within the economy; the source of those purchases 
may be domestic producers or imports. 
a Forecast.
Source: International Federation of Robotics. 2018. Executive Summary: World Robotics 2018 Industrial 
Robots. Frankfurt am Main.

Table 5.2 continued

5.4 Modalities of technological progress

Asia’s technological advancement over the past 50 years is the result of 
a mix of market forces, structural transformation, seized opportunities, 
and government support. In general, a country’s development is likely 
to undergo an initial phase of adoption-based technological progress 
and growth, and a later phase of own innovation-based growth. 

In the adoption phase, a country exploits the latecomer’s 
advantage by using technologies already developed by advanced 
economies. Adoption is a cost-effective method of technical progress, 
as it does not involve “reinventing the wheel.” There are a variety of 
channels or modes through which adoption takes place. Licensing, 
reverse engineering, machine imports and trade in general, FDI, and 
technical cooperation aid are important channels of learning and 
technological transfer. Trade enhances the productivity of capital 
and also transfers information about the market. FDI complements 
domestic savings and investment, facilitating capital accumulation 
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and the transfer of technologies and management skills.7 Technical 
cooperation aid is composed of a set of activities that augment the level 
of knowledge and technical skills.8

Over time, as countries develop and their technological level 
begins to converge with advanced countries, they must move on to 
innovation. Innovations can take the form of introducing new products, 
new services, or new processes. Innovating countries focus more 
on R&D, the upskilling of human capital—including through higher 
education  and lifelong learning—and the protection of intellectual 
property rights. Rewards from being the first mover dilute as new 
entrants join and compete more effectively. Innovation must be done on 
a rolling basis, and market competition will generate strong incentives 
for continuous innovation. 

In many countries, including advanced economies and Asian 
emerging economies, the process of adoption and innovation occur 
simultaneously. Innovation becomes more important at the later stage 
of development to remain at the global technological frontier.

Licensing 

New technologies can be acquired by obtaining licenses for patents, 
industrial designs, and other intellectual property from abroad. 
Using licenses effectively requires human capability. Asia’s now high-
income economies used licensing extensively during development 
and they, along with other economies, continue to do so. For example, 
Taipei,China began its electrical and electronics sector in the late 
1950s with licenses for key designs from Japan. It began by producing 
electrical meters and later used licensed technology for television 
production. 

Many companies in Taipei,China began adopting the original 
equipment manufacturer (OEM) business model based on licensed 
technology, producing parts and products marketed by other 
manufacturers. Foxconn, established in 1974, has become the largest 
OEM company in the world, currently manufacturing more than a 

7 Borensztein, E., J. De Gregorio, and J.-W. Lee. 1998. How Does Foreign Direct Investment 
Affect Economic Growth. Journal of International Economics. 45 (1). pp. 115–135.

8 Comin, D., and B. Hobijn. 2011. Technology Diffusion and Postwar Growth. In Acemoglu, 
D., and M. Woodford. NBER Macroeconomics Annual 2010, Volume 25. Chicago: Chicago 
University Press; and Sawada, Y., A. Matsuda, and H. Kimura. 2012. On the Role of 
Technical Cooperation in International Technology Transfers. Journal of International 
Development. 24 (3). pp. 316–340.
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third of global consumer electronics, including for companies such as 
Apple and Nintendo. Many manufacturers in Taipei,China shifted away 
from OEM to developing their own designs and marketing their own 
brands, such as Acer and Asus, an example of the shift from adoption 
to innovation. 

Today’s middle-income countries use licenses extensively to 
gain access to technologies. For example, Thailand spent $5 billion 
for intellectual property imports in 2018 and the PRC $35 billion. As 
an economy develops its own technology, it starts to sell technology 
licenses to firms abroad and becomes a licenser (exporter/seller of 
licenses). In 2003, Japan moved from being a net importer of intellectual 
property (patents, copyrights, and others) to a net exporter, currently 
exporting twice as much as it imports. While other Asian countries 
remain net importers, the ROK may soon become a net exporter.9 

Engaging in trade

International trade has been an important driver of technological 
adoption and innovation. In general, trade facilitates technological 
progress directly by transferring information contained in imported 
capital goods and intermediate inputs.10 In fact, Asia acquired 
technologies for efficient production of manufactured goods, initially 
by importing machines and instruments in addition to obtaining 
foreign licenses from abroad. With a large gap in technology between 
the West and Asia in the early phase of the region’s development, these 
imported capital goods and intermediate inputs were important for 
rapid technological catch-up and technological deepening.

Exports can also contribute to technological progress because 
exporting firms can learn about foreign technologies through the export 
process, and about competing products in global markets—often called 
“learning-by-exporting.” Moreover, exports generate foreign exchange 
that can be funneled into innovation for further exports by, for example, 
enabling the purchase of licenses and machinery. This iterative process 
can also enhance overall productivity through learning-by-doing. 

9 Intellectual property imports to the ROK were valued at $9.9 billion against exports of  
$7.8 billion in 2018. Data are from World Bank. World Development Indicators. https://
data.worldbank.org (accessed 24 June 2019).

10 Grossman, G. M., and E. Helpman. 1991. Trade, Knowledge Spillovers, and Growth. 
European Economic Review. 35 (2–3). pp. 517–526; and Romer, P. 2010. What Parts of 
Globalization Matter for Catch-Up Growth? American Economic Review: Papers and 
Proceedings. 100 (2). pp. 94–98.
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Trade incentivizes a country to promote R&D and skills 
development where it holds comparative advantage, enabling 
technological upgrading. This dynamic mechanism has occurred in 
Asia. As time progressed, Asia’s leading economies have produced 
their own capital goods, such as construction equipment and precision 
machinery, for both domestic and international markets. Some 
countries are becoming major global providers of capital goods.

Higher growth in many Asian countries after liberalizing trade 
policies is a clear example of the dynamic technological gains arising 
from outward-oriented trade regimes. A key drawback of a trade 
strategy that focuses on import substitution without sufficient export 
promotion is that it fails to generate technological and knowledge 
spillovers and the foreign exchange needed to import capital goods and 
acquire technology (Chapter 9). 

Foreign direct investment 

FDI can be a key conduit for technology transfer, as multinational 
corporations (MNCs) carry with them the latest technologies as well as 
new business models and management know-how. Countries differed 
in their approaches to FDI. While Japan and the ROK relied more on 
licensing, machine imports, and their own research than on FDI, other 
high-growth Asian economies made extensive and substantial use of FDI 
to drive growth, especially in the early stage of development. Singapore 
offered an environment conducive for MNCs in manufacturing, finance, 
and logistics. Taipei,China took a hybrid approach, leveraging MNCs 
for key technologies but also building capacity in domestic enterprises. 
In both cases, technological spin-offs occurred, with human capital 
important for gaining the benefits of FDI.11

Some countries took a more active approach. Malaysia, 
Thailand, and the PRC built their manufacturing base on large amounts 
of FDI and used an active strategy that included special economic zones. 
Joint ventures were another important tool for technological transfer. 
From the 1960s to the 1980s, many countries also attempted to leverage 
FDI to build the capacity of local enterprises using local content 
requirements (LCRs). Foreign companies required to source locally 
could help build the technological capacity of domestic suppliers. 
However, foreign companies often found these policies constraining, 

11 Borensztein, E., J. De Gregorio, and J.-W. Lee. 1998. How Does Foreign Direct Investment 
Affect Economic Growth. Journal of International Economics. 45 (1). pp. 115–135.
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notably when the technological capacity of domestic firms was below 
the required standards. The use of LCRs has fallen as it contradicts 
international trade rules.

Technology transfer through FDI may occur in unintended 
ways. The establishment of the ready-made garment sector in 
Bangladesh is an intriguing example. In the early 1970s, the ROK 
faced barriers to garment exports due to quota restrictions under 
the Multifibre Arrangement. To “jump the quota,” one of the ROK’s 
main producers, Daewoo, established a local joint venture with Desh 
Garments Ltd. to produce and export clothing from Bangladesh. To 
ensure its new venture would be efficient and profitable, Daewoo 
invited 130 Desh supervisors for training at its modern facility in 
the ROK. The obvious intention was that the trainees would return 
and apply their newly acquired expertise to the joint venture. An 
unintended consequence was that 115 of the trainees soon left Desh and 
either established their own companies or joined other new firms in 
Bangladesh. Partly as the result of this infusion of expertise, the ready-
made garment sector grew rapidly, dominated by domestically owned 
firms. They are mostly producing for foreign clothing brands, but some 
have developed their own designs and brands. Bangladesh is currently 
the second-largest exporter of garments globally, after the PRC. 

Technical cooperation aid

Asia has benefited from technical cooperation aid provided from 
advanced to less-developed countries. This aid can facilitate adoption 
of new technologies and raise an economy’s absorptive capacity, 
thereby increasing the pace other foreign technologies are adopted. 

Following World War II, US technical cooperation to the ROK; 
Taipei,China; and several Southeast Asian countries came in a variety 
of forms, including sending experts to the region and inviting students 
and trainees to the US. 

Over time, Japan, Europe, and Australia played an increasingly 
important role in facilitating technological transfer to other Asian 
economies through aid programs. The ROK and some other Asian 
countries are also now becoming donors of technical assistance. 
Technical cooperation aid has been one of the main pillars of bilateral 
and multilateral official development assistance to Asia (Chapter 14). 
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A recent study found a positive and significant correlation of 
technical cooperation aid with aggregate technological progress.12 
Among the different channels of international technological transfer, 
international trade was the largest contributor, followed by technical 
cooperation aid and FDI. 

Reverse engineering

Historically, reverse engineering has been a common technique for 
acquiring technology. Reverse engineering disassembles a product to 
learn how it was produced.13 While certainly a form of adoption, the 
process requires a high level of engineering know-how. Machines and 
products are easy to take apart, but understanding and then replicating 
the engineering is the hard part. Also, some chemical products and 
materials are very difficult to reverse engineer.

For example, the founder of Toyota Motors, Kiichiro Toyoda (the 
son of textile machine innovator and maker, Sakichi Toyoda) imported 
a US car in 1933 and reverse engineered it to make the first Model A1 
car in 1935. LG Electronics produced the ROK’s first transistor radios in 
1958 through reverse engineering US and Japanese products. Samsung 
reverse engineered semiconductors starting with basic dynamic 
RAM chips at the research laboratory it set up in 1982. The company 
subsequently moved up to higher-capacity chips and became a world 
leader. In the 1970s, Taipei,China start-ups used reverse engineering 
to learn how to produce computers. Acer, Mitac, and other local firms 
initially sold the products of global computer companies, notably 
minicomputers and microprocessors. Through constant interaction 
with pioneers in the computer business and sponsored training, Acer 
became a global brand of computer equipment. 

While reverse engineering is considered an adoption technique, 
it can be an important step in the transition to innovation through 
learning. When a firm has the capability to reverse engineer a product 
and produce its own version, it can then move on to improve the basic 
design and produce new products.

12 Sawada, Y., A. Matsuda, and H. Kimura. 2012. On the Role of Technical Cooperation  
in International Technology Transfers. Journal of International Development. 24 (3).  
pp. 316–340.

13 Nabeshima, K. 2004. Technology Transfer in East Asia: A Survey. In Yusuf, S., M. Anjum 
Altaf, and K. Nabeshima, eds. Global Production Networking and Technological Change in 
East Asia. Washington, DC: World Bank.
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Research and development 

As economies develop and move closer to the global technological 
frontier, they focus more on indigenous innovation. In Asia, more 
human resources and funding have been channeled into corporate 
laboratories and public research institutes. Japan and the ROK are 
among the top countries globally in R&D as a share of GDP, with both 
investing more than 3% (Figure 5.4). The ROK doubled its share over 
the past 2 decades as it became a global leader in electronics. The 
PRC raised its R&D considerably in the 2 decades to 2016—from 0.5% 
to 2.0% of GDP. Its share is now similar to Singapore and is above  
Hong Kong, China. 

Figure 5.4: Research and Development expenditure, 1981–2016
(% of GDP) 
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-indicators (accessed 24 June 2019).

https://data.oecd.org
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
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Other middle-income economies in Asia have also recently 
increased spending on R&D as part of broader national strategies to 
promote innovation. In Thailand and Malaysia, research spending as 
a share of GDP has more than tripled since the late 1990s (Figure 5.4). 
In  these economies, research has focused in part on domestically 
prominent industries. For example, a large portion of research in 
Thailand is in its important food processing sector, the medical sector 
(given the rapid expansion in medical tourism), and the automotive 
sector. In India, information technology (IT) software accounts for a 
large share of overall R&D spending. In fact, many foreign firms have 
set up R&D centers with a heavy IT concentration.14 

Part of the support for R&D comes through government 
research and educational institutions. The last half century saw 
the development of high-quality universities in Asia. Of the top 100 
global universities in physical sciences and mathematics, 15 are from 
the region.15 

Industrial clusters and agglomeration

Technological learning occurs when enterprises locate near each 
other in clusters and as part of industrial estates and technology parks. 
This proximity generates technological (Marshallian) externalities, 
i.e., knowledge spillovers between firms through general interaction, 
the sourcing of parts and components, the movement of workers, and 
competitive pressures. Many clusters develop naturally, based either 
on access to a key raw material or the establishment of one or more lead 
firms that induce related firms to locate nearby. Modern technology 
clusters are often located near universities and research institutes. 
Broadly, the concentration of industries in or adjacent to cities provides 
agglomeration effects where firms can rely on suppliers and workers 
and get access to markets. The result can be increasing returns to scale.16 

Asia is home to a great variety of traditional clusters and, more 
recently, ones that have been induced by government coordination.  

14 Expenditures by foreign R&D centers in India are not generally included in the country’s 
R&D expenditure data. Basant, R., and S. Mani. 2012. Foreign R&D Centers in India: 
An Analysis of Their Size, Structure and Implications. Indian Institute of Management 
Working Paper Series. No. 2012-01-06. Ahmedabad. 

15 Figures are from Times Higher Education, World University Rankings 2019. 
16 Asian Development Bank. 2019. Asian Development Outlook 2019 Update: Fostering Growth 

and Inclusion in Asia’s Cities. Manila.
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In Japan, Ota Ward in Tokyo17 and Higashi-Osaka City are well-known 
clusters for small and medium-sized enterprises from the prewar 
period, producing precision parts and plastic and metal molds. Toyota 
City in Japan18 and Ulsan in the ROK are examples of large auto 
industry clusters (Toyota and Hyundai) involving many subsidiary and 
contracting companies. Well-known traditional clusters in South Asia 
include the world’s largest concentration of producers of hand-stitched 
footballs and surgical instruments, both located in Sialkot, Pakistan. 
India has a large variety of clusters including brassware in Moradabad 
and knitwear in Tirupur. Bengaluru is well known for its clusters of 
software and business process outsourcing (BPO) industries. Thailand 
hosts production clusters for automobiles and hard disk drives, while 
Bangladesh and Cambodia are known for garments. Hsinchu Science 
Park in Taipei,China is famous for the development of electronics. 
The site was selected for its proximity to the science and engineering 
facilities of two major universities. The Industrial Technology Research 
Institute is also nearby and has spun off two of the three largest 
semiconductor fabrication facilities in the world. 

Shenzhen in southern PRC is an urban and high-tech 
metropolis that is home to some of the country’s largest and more 
progressive companies. It was the first special economic zone 
established and is often called the PRC’s Silicon Valley. The city is 
home to Huawei, the electronics firm; Tencent, the internet giant; and 
ZTE, a leader in telecommunications equipment. Tsinghua University 
and Peking University in the capital are major institutes of teaching 
and research in engineering and technology and have supported the 
development of firms in electronics and technology, especially in 
Zhongguancun, Beijing.

Market competition

International and domestic market competition has been a major force 
in promoting Asia’s technological progress, as discussed in the trade 
subsection. Where there is competition, firms maintain or increase 
their market position by adopting new processes and products. They 
can engage in various types of technology acquisition and innovation.

17 Whittaker, D. 1997. Small Firms in the Japanese Economy. Cambridge, United Kingdom: 
Cambridge University Press.

18 Fujita, K., and R. C. Hill. 1993. Toyota City: Industrial Organization and the Local State in 
Japan. In Fujita, K., and R. C. Hill, eds. Japanese Cities in the World Economy. Philadelphia: 
Temple University Press. pp. 175–202.
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At low levels of competition—when only one or a few firms 
dominate a market—there is little incentive to innovate as the market 
is already secured. This has been a problem in some countries where 
governments have monopolized ownership and prevented the entry 
of private competition. For instance, India nationalized key strategic 
industries and controlled private sector entry through a licensing 
system before 1990. 

For market competition to facilitate innovation, proper 
policies are critical—including laws on fair competition, bankruptcy, 
consumer protection, and intellectual property. Competition policies 
aim to enhance a consumer’s freedom of choice and a firm’s freedom 
to trade and access markets. They balance short-term efficiency with 
long-term, dynamic efficiency and societal benefits. To promote fair 
competition in the marketplace, countries have also been paying greater 
attention to the quality of government institutions and regulatory 
capacity, including open and transparent government procurement, 
anticorruption measures, and corporate governance.

Competition is important, but excessive competition may 
reduce margins and inhibit the accumulation of funds needed to finance 
innovation. A multitude of micro and small firms engaged in fierce 
competition leaves thin margins and little opportunity to invest in R&D. 
It also inhibits the creation of large firms that can reap economies of 
scale. Some existing research therefore suggests an inverted U-shaped 
relationship between competition and innovation with very low and 
very high levels of competition slowing technology development.19 

Selecting capable companies and concentrating on a smaller 
number of firms can occur naturally through moderate competition, 
mergers and acquisitions, and the exit of inefficient enterprises. 
For example, in Japan’s postwar motorcycle sector, the number of 
manufacturers grew from five at the end of the war to 127 by 1953. 
Technology levels were initially very low (most firms were small 
workshops), which allowed for easy entry by the burgeoning number of 
entrepreneurs. In the 1950s, some leading firms invested in advanced 
production machinery imported from the US and Europe to produce 
innovative designs. By the 1960s, the market became dominated by 
just four firms—Honda, Yamaha, Suzuki, and Kawasaki—which later 

19 Aghion, P., et al. 2005. Competition and Innovation: An Inverted-U Relationship. Quarterly 
Journal of Economics. 120 (2). pp. 701–728.
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became the most innovative motorcycle manufacturers globally.20 
In this way, market competition fostered innovation.

Structural transformation and technological advance

Asia’s experience also shows that technological progress is part 
of a process of structural transformation (shifts in production and 
employment) from agriculture to industry (especially manufacturing) 
and services. 

The initial transformation process was linked to improved 
agricultural productivity through adaptive research and technological 
transfers across different ecological environments. An important 
example was the Green Revolution, the diffusion of modern rice and 
wheat varieties in Asia beginning in the 1960s (Chapter 4). Chemical 
fertilizers, pesticides, and mechanization also increased agricultural 
productivity.

Technological development in agriculture and manufacturing 
are mutually reinforcing. As technological advances in manufacturing 
generated sustainable productivity growth and expanded employment 
opportunities,21 the resulting labor movement from agriculture to 
nonagriculture sectors raised agricultural wages, “inducing” the use 
of labor-saving technology. Agricultural productivity improved with 
the use of modern inputs such as machinery, chemical fertilizers, and 
pesticides produced by the nonfarm sector.22 It is almost impossible 
for agricultural modernization to occur in heavily populated 
Asian countries unless industrialization proceeds in tandem with 
agricultural development.23 

5.5 Country experiences on technology policies 

Asia exhibits a diversity of experiences and strategies for technological 
upgrading. As discussed earlier, some countries relied more on FDI. 
Other countries also adopted targeted industrial policies (Chapter 2). 
In  any case, adoption and innovation require deliberate efforts with 

20 Yamamura, E., T. Sonobe, and K. Otsuka. 2005. Time Path in Innovation, Imitation, and 
Growth: The Case of the Motorcycle Industry in Postwar Japan. Journal of Evolutionary 
Economics. 15 (2). pp. 169–186.

21 Hayashi, F., and E. C. Prescott. 2008. The Depressing Effect of Agricultural Institutions on 
the Prewar Japanese Economy. Journal of Political Economy. 116 (4). pp. 573–632.

22 Hayami, Y., and V. W. Ruttan. 1985. Agricultural Development: An International Perspective. 
Baltimore and London: Johns Hopkins University Press. 

23 Watanabe, T. 1992. Asia: Its Growth and Agony. Hawaii: University of Hawaii Press.
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supporting social capability and absorptive capacity, to make them 
work. Human capital is a key requirement for technology adoption. 
Moving to new processes and products requires supportive government 
policies regarding physical infrastructure, institutions of learning and 
research, and patents to protect innovation. Two of the most important 
drivers of technological progress are an open trade and investment 
regime and market competition. All these are part of a broad national 
strategy of technology and innovation. 

Japan 
While Japan had a tradition of developing technologies in many areas 
in the prewar period, the country relied more on imported foreign 
technology through licensing and other modalities during the postwar 
recovery and catching-up process, and later increasingly moved on to 
innovation. This sequence is depicted in Figure 5.5 and was observed 
in other countries as well. During the initial phase of technological 
adoption by private companies, the Japanese government played a 
critical role in importing technologies and establishing a stringent 
framework for adoption (given serious foreign exchange constraints). 

Figure 5.5: adoption and innovation of Technologies in Japan, 
1956–1988
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This policy framework, initiated in 1950 through the Foreign 
Investment Law, was used to selectively adopt what were thought to be 
key technologies. Regulations associated with the Foreign Investment 
Law were relaxed gradually and mostly disappeared by 1968, as demand 
for imported technologies by domestic industries increased sharply and 
foreign exchange was no longer scarce.

Over time, firms engaged more intensively in R&D to further 
increase their technology level. While the government’s share of R&D 
was smaller than other developed countries, it was highly involved 
in the establishment of R&D consortiums in addition to supporting 
broader science and technological research. 

Republic of Korea

The ROK grew from a poor country with low technological development 
in the early 1960s to a leading center of innovation in electronics, 
chemicals, automobiles, and other industries. This transformation 
relied on intensive use of technological adoption from abroad that 
over time became the basis for the shift to indigenous innovation.  
A  key aspect of the country’s transition was active state intervention 
to promote development based on technology. The government played 
a decisive role in providing the human capital and creating incentives 
for firm-level upgrading. Instead of relying on FDI, the government 
fostered the development of large conglomerates, known as chaebols, 
which invested heavily in physical capital and innovation. The deliberate 
use of an export-oriented trade strategy allowed some protection to 
infant industries, but also pushed firms to compete in foreign markets. 
Government support—especially access to low-cost finance and foreign 
exchange—was tied to export performance. With those resources, firms 
were incentivized to upgrade process and product technology. 

From the 1980s, the government shifted its focus to innovation. 
It set up a national R&D program in 1982 and offered tax credits to 
encourage firm-level research and worker training. The private sector 
responded. The ratio of business R&D to technology imports increased 
from 2.5 in 1981 to 10 in the early 1990s, and total R&D rose from less 
than 1% of GDP in 1981 to nearly 3% by 2005.24 During this period, 
the share of research financed by government declined relative to the 
private sector as the government became more of a facilitator. 

24 Chung, S. C. 2007. Excelsior: The Korean Innovation Story. Issues in Science and Technology. 
24 (1). pp. 1–11.
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Singapore

Over the past 5 decades, Singapore’s national innovation system has 
shifted from technology use to technology creation. The shift had 
four successive phases: (i) learning to use technology transferred 
to Singapore from MNCs; (ii) adapting to and improving externally 
acquired technology by domestic firms; (iii)  innovating both 
products and processes by investing in R&D; and (iv)  pioneering new 
technological innovations.

The government played a major role in shaping Singapore’s 
rapid technological progress more recently. In the 1970s and 1980s, 
the economy relied mainly on technology provided by MNCs. This 
changed in the 1990s with the establishment of a National Science 
and Technology Board and the launching of two five-year National 
Technology Plans. Along with investing in public R&D, efforts in the 
2000s focused on building research infrastructure and attracting 
private R&D. The government developed its Third National Science 
and Technology Plan 2001–2005, placing greater emphasis on high-
technology entrepreneurship and advanced basic research in the life 
sciences and ICT.25

People’s Republic of China

The PRC’s efforts to gain access to technology has also gone through 
several distinct phases as it moved from adopter to innovator. After 
its founding in 1949, the PRC relied on a variety of foreign sources for 
technological advancement. The Soviet Union initially played a key 
role until it withdrew its advisers in 1960. Western countries and Japan 
stepped in to become the main suppliers after the late 1970s reform 
and opening up. Technology was acquired by purchasing turnkey 
plants and advanced machinery, as well as through licensing, technical 
consulting, and technical cooperation. Five advanced countries—the 
US, Japan, Germany, France, and the United Kingdom—provided most 
of the technology.26 

25 Wong, P. K., and A. Singh. 2008. From Technology Adopter to Innovation: Singapore. 
In Edquist, C., and L. Hommen, eds. Small Country Innovations System: Globalization, 
Change and Policy in Asia and Europe. Cheltenham, United Kingdom and Northampton, 
MA: Edward Elgar.

26 Fu, X., W. T. Woo, and J. Hou. 2016. Technological Innovation Policy in China: The 
Lessons, and the Necessary Changes Ahead. Economic Change and Restructuring. 49 (2–3). 
pp. 139–157. 
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Technology transfer through FDI and markets became a new 
focus from 1985 onward. That year, the government initiated science 
and  technology policy reforms, including promoting interaction 
between universities and industries. The government mandated joint 
ventures between foreign and domestic firms to facilitate technological 
transfer to the domestic economy. From 1995, it strengthened promotion 
of domestic science and technology by providing tax incentives 
for firms  to set up R&D units. In 2006, it introduced “indigenous 
innovation” as a strategic priority. A series of R&D strategies were 
emphasized in subsequent five-year plans.27 A broader national 
technology development plan, “Made in China 2025”, was adopted 
in 2015 to increase domestic content in the high-technology sectors—
such as automotive, electronics, robotics, aeronautics, and others—that 
are dominated by foreign companies. 

These policies boosted PRC investment in R&D—the annual 
growth rate averaged 18.7% during 2000–2018. The PRC has become 
among the world’s major spenders on R&D and has built one of the 
largest national R&D teams. It had a workforce of about 4.2 million full-
time equivalent researchers in 2018.28

India

India evolved from a labor-intensive economy to one with strong 
competitiveness in IT, generic medicines, and others. India became a 
global hub in exportable software services and IT-enabled services.29 
The software and IT-enabled service industry today supplies about 
8% of India’s output and accounts for $137 billion in exports.30 

After independence, India embarked on an inward-oriented 
industrial strategy, focusing on import substitution and championing 
domestic (often state-owned) firms. Technological learning, except 
from the Soviet Union, was very limited. From the mid-1980s, the 
country began to pursue a market-oriented and globally open policy. 
This occurred at a time when IT was growing rapidly worldwide, with 

27 Wu, Y. 2012. Trends and Prospects in China’s Research and Development Sector. Australian 
Economic Review. 45 (4). pp. 467–474.

28 National Bureau of Statistics of China. Various years. China Statistical Yearbook.  
http://www.stats.gov.cn/english/Statisticaldata/AnnualData/ (accessed 4 September 2019).

29 Software services are customized assistance to firms, whereas software products, such as 
Microsoft Word or Stata, are generic packages sold to customers. 

30 India Brand Equity Foundation (IBEF). IT and ITeS. https://www.ibef.org/download/it 
-ites-feb-2019.pdf; and IBEF. https://www.ibef.org. 

http://www.stats.gov.cn/english/Statisticaldata/AnnualData/
https://www.ibef.org/download/it-ites-feb-2019.pdf
https://www.ibef.org/download/it-ites-feb-2019.pdf
https://www.ibef.org


176 | ASIA’S JOURNeY TO PROSPeRITY—CHAPTeR 5

a significant increase in computer usage within firms and a transition 
from mainframe to personal computers. India’s top IT firms, such as 
Infosys, were established during this period and rapidly expanded 
operations.31 At the same time, India had been expanding training of 
engineers and applied scientists, notably through Indian Institutes 
of Technology. By the late 1980s, nearly 150,000 English-speaking 
engineers were graduating annually. In 1985, Texas Instruments 
became the first foreign firm to set up an IT software research center, 
based in Bengaluru. 

The government established software technology parks and 
liberalized the use of firm-level satellite connections that facilitated 
frequent and low-cost data transfer. Hardware imports were liberalized 
and made duty-free for software exporters. These infrastructure 
and trade policy changes—combined with a gaping wage differential 
between engineers in India and the US—induced a massive flow of 
software outsourcing to India in the 1990s. The 12-hour time difference 
facilitated this shift, allowing for a combined 24-hour workday.

Along with software services, India developed a substantial 
industry in IT-enabled services, also known as BPO or business process 
management (BPM). The internet allowed the offshoring of back-
office activities (such as managing customer accounts and medical 
transcriptions) and direct customer support (such as call centers and 
online chat support). These activities first started when American 
Express (the credit card firm) moved back-office activities to India 
in the late 1980s. It developed further when General Electric made a 
similar move in the late 1990s.32 

Thailand 
In the 1970s, Thailand began building a manufacturing sector based  
on FDI, which brought in the technology it needed. One priority was the 
automobile sector, where the government set technological upgrading 
targets and LCRs to develop a domestic supplier base. The Board of 
Investment provided a range of fiscal incentives for investment and, 
later, also for innovation.33 

31 Infosys was created in 1981 and Tech Mahindra in 1986. HCL Technologies moved into 
software in 1991. TCS was established much earlier in 1968. Wipro began as a vegetable 
company in 1945 and moved into IT from the late 1970s.

32 Athreye, S. 2005. The Indian Software Industry and Its Evolving Service Capability. 
Industrial and Corporate Change. 14 (3). pp. 393–418.

33 Organisation for Economic Co-operation and Development (OECD). 2013. Innovation in 
Southeast Asia. OECD Reviews of Innovation Policy. Paris.
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In the 1980s, the government began building public research 
infrastructure. The National Center for Genetic Engineering and 
Biotechnology was established in 1983, followed 3 years later by 
both the National Metal and Materials Technology Center, and the  
National Electronics and Computer Technology Center. A fourth 
center, the National Nanotechnology Center, was added in 2003.  
The four centers employed over 2,000 researchers by the early 2010s. 
The National Innovation Agency (NIA), established in 2003, provides 
grants and concessional loans for innovative projects. 

In 2014, the government unveiled Thailand 4.0, a vision 
to lead the country into the Fourth Industrial Revolution (4th IR).  
The  strategy is closely tied to a massive infrastructure program 
southeast of Bangkok  known as the Eastern Economic Corridor.  
The government aims to upgrade industries in next-generation 
automotive production, affluent medical and wellness tourism, 
agriculture and biotechnology, food innovation, robotics, aerospace, 
and logistics and aviation. 

Malaysia

Malaysia has focused attention on science and technology in economic 
planning since 1986 under the First National Science and Technology 
Policy, which was part of the Fifth Malaysia Plan, 1986–1990. This was 
followed in 1991 with the creation of Vision 2020, which established a 
framework for a future knowledge-based economy. 

The Tenth Malaysia Plan, 2011–2015 provided a more focused 
framework for governing science and technology and included 
the Unit Inovasi Khas (UNIK), a special innovation unit under the 
Prime Minister’s Office, to integrate innovation policy. The unit 
helps commercialize research by universities and public research  
institutions. UNIK also prepares the National Innovation Policy.  
It works in parallel with the Malaysian Innovation Agency, which was 
set up in 2011 to spearhead the country’s innovation agenda. Malaysia 
introduced a range of fiscal and non-fiscal measures to promote 
research and innovative activities by foreign and domestic firms.34

34 OECD. 2013. Innovation in Southeast Asia. OECD Reviews of Innovation Policy. Paris.
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Kazakhstan

From the early 2000s, Kazakhstan introduced policies and programs 
to develop a national system of technology and innovation. Public 
financing was added in 2003 to promote development of high-tech 
and knowledge-based industries. The first domestic venture capital 
fund was launched 2 years later and, in 2006, a major infrastructure 
initiative began with the establishment of a special economic zone 
information technology park.35 The country’s innovative ecosystem 
includes an independent cluster fund, industrial zones, technoparks, 
technology commercialization centers, international centers of 
technology transfer, and venture capital funds. 

5.6 Recent technological trends and developments 

While many Asian countries have made significant progress in 
adopting and innovating technology, various new technologies have 
emerged more recently, both globally and in the region. The speed of 
innovation and advent of new technologies has increased due to the 
increased number of people doing R&D (most released from other 
activities indicating productivity gains), and greater interaction 
between researchers and entrepreneurs worldwide (given the dramatic 
progress in communications and transport). A large part of innovation 
today occurs in services. Asian countries are part of these new trends 
and, in fact, lead innovation in some areas. 

A few examples of the new technologies include ICT-enabled 
BPO, online payments, e-commerce, 5G cellular networks, artificial 
intelligence, sophisticated robots, new logistics technologies using 
drones and satellite-based technology, social media, and shared 
economies such as Airbnb and Uber. Platform companies—such as 
Amazon, Google, Facebook, and Apple from the US, as well as Alibaba, 
Tencent, and Baidu from the PRC—are changing the way of life, altering 
the existing industrial structure, amassing huge financial and human 
resources, and influencing the global economy and society. 

35 Satpayeva, Z. T. 2017. State and Prospects of Development of Kazakhstan Innovative 
Infrastructure. European Research Studies Journal. 20 (2). pp. 123–148.
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In fact, rather than slowing down, the speed of global 
technological innovation appears to be accelerating.36 For example, 
while it took about 45 years for the penetration rate of landline 
telephones in the US to rise from 5% to 50%, it took only 9 years for 
the entire world to reach the same rate for mobile phones (Figure 5.6).

This current technological change is driven by the 4th IR, 
which builds on the ICT revolution and is fueled by the convergence 
of digital, physical, and biological innovation. Under the 4th IR, 
industrial processes are programmed, self-monitored, and self-adapted 

36 Paradoxically, some recent research suggests that productivity growth has been declining, 
although there are counter arguments. See Gordon, R. 2018. Why Has Economic Growth 
Slowed When Innovation Appears to Be Accelerating? NBER Working Paper Series.  
No. w24554. Cambridge, MA: National Bureau of Economic Research.

Figure 5.6: Diffusion speed of Technologies
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by electronics to connect with machinery on the factory floor. More 
sophisticated robots and computing capacity, artificial intelligence, 
and machine learning underpin these changes. New advances in 
nanotechnology, materials, and biogenetics are also affecting the 
process. Beyond the factory, the 4th IR has transformed the link 
between producers and consumers, both in how demand is assessed 
(for example, through big data), how demand is made (through smart 
devices), and how goods and services are delivered (through the 
internet and with drones). 

Some Asian countries are already leading innovation in 
several areas. Japan leads in robotics, partly induced by the declining 
workforce. The ROK is now the largest producer of semiconductors. 
The PRC has become a global leader in areas such as 5G cellular 
networks, e-commerce, and artificial intelligence. India is a major 
global player in the software industry.

The region is also home to many creative, practical, and 
indigenous innovations that improve everyday lives. For example, 
Indonesia’s Gojek began as a motorcycle taxi company but has grown 
into a leading on-demand mobile app service company—offering a 
wide range of services including transportation, logistics, payments, 
and food delivery. Another well-known innovator is Grab, which was 
founded in Malaysia and has become the dominant ride-sharing app 
across Southeast Asia. 

India and the Philippines leveraged the ICT revolution and the 
English fluency of its workforce to become a major provider of BPO 
services. In the Philippines, the BPO sector currently accounts for 6% 
of GDP and 4.2% of formal employment. Low-skilled BPO services are 
evolving into high-end services such as cybersecurity, sophisticated 
credit negotiations, legal and accounting services, data analysis, and 
new IT applications. Many Central Asian countries today have national 
strategies to develop fintech industries, sophisticated logistics hubs, 
and technology-based agribusiness.

Asian technological development based on the “flying geese” 
model has been changing. Countries now have a chance to leapfrog from 
lower stages of technological development to the frontier. Technologies 
connect countries via trade, FDI, global value chains, and the mobility 
of people (Chapter 9). The core challenge for developing Asia is to keep 
up with the accelerated speed of global technological progress and take 
advantage of the opportunities provided (Box 5.3). 
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box 5.3: aDb support to Digital Technology

A key element of Strategy 2030 of the Asian Development Bank (ADB) 
is to incorporate advanced technology and new ideas into operations.  
The Digital Technology and Development Unit is supporting seven sector 
groups (education, energy, finance, health, transport, urban, and water) 
and eight thematic groups (climate change and disaster risk management, 
gender equity, governance and public management, social development, 
the environment, rural development and food security, regional 
cooperation and integration, and public–private partnerships) in sharing 
of ideas and knowledge across operations. 

box Figure: aDb’s Digital Technology Projects (loans and grants) 
by sector, 2010−2018
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5.7 looking ahead

There is no question that new technologies drive productivity increases 
and create the foundation for better-paying jobs and economic growth 
in Asia. To continue innovating and adopting new technologies to 
achieve sustainable and inclusive growth, policy makers in the region 
can focus on five priorities. 

First, governments can develop a diverse cadre of educated 
and skilled people in science and technology. Strong science and 
mathematics programs in secondary schools provide a platform for 
quality science and engineering education and vocational training at 
the tertiary level. Governments can further promote human capital 
development by enhancing the mobility of people between countries. 
It is also important to train and retrain workers and promote 
lifelong learning. 

Second, countries can invest in and manage the expansion of 
digital infrastructure. The internet and cloud computing can be used 
to develop, share, and create new ideas and expand economic activity. 
Governments can also help increase low-cost broadband access and 
set effective cybersecurity policies to ensure consumer and privacy 
protection. 

Third, governments should continue to promote R&D. This 
can be done through public research institutes, higher education, and 
financial and tax incentives for private sector R&D and for technology 
start-ups. Fostering links between the research community and 
business  is essential. Governments can provide a vision for future 
technological development that leverages a country’s comparative 
advantage and encourages the private sector to take a more focused 
and coordinated approach.

The Digital Technology for Development Unit was established in 
2018 to promote the use of digital technologies in sectors and across 
themes. ADB supported 105 digital technology projects and 210 technical 
assistance projects in 2010–2018, and these numbers are increasing, 
with the shares across sectors becoming increasingly diverse.
Source: Asian Development Bank.

Box 5.3 continued
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Fourth, countries can foster good institutions for innovation. 
Governments should protect intellectual property rights and promote 
fair competition. They can promote new technologies by using 
them to   improve public service delivery in education, health, social 
protection programs, administrative services, and other areas.

Fifth, countries have to consider the impact of new technologies 
on jobs, inequality, privacy, and other social consequences such as data-
driven discrimination and crimes. In particular, there are concerns that 
new technologies, such as artificial intelligence and robotics, can cause 
widespread job loss and deepen inequality. 

Regarding the impact on jobs, there are several reasons for 
optimism. First, new technologies often automate specific tasks, 
not an entire job. ATMs, for example, have not replaced bank tellers 
but broadened their role in managing customer relations. Second, 
automation proceeds only where it is both technically and economically 
feasible. Many sophisticated technologies can replace what humans 
have been doing, but they are too expensive. Third, rising demand 
offsets job displacement driven by automation. Jobs created by rising 
demand based on higher productivity and income can more than 
compensate for job losses due to technological advances. This is clear 
when comparing jobs lost from the invention of steam locomotives 
and automobiles to the new jobs these innovations created. Fourth, 
technological change and economic growth create new occupations 
and industries. Many new job titles have come out of digitization, and 
new types of jobs are arising in health care, education, finance, and 
other services. New technologies are also being developed and used to 
minimize environmental degradation and help achieve climate change 
mitigation and adaptation. In the process, they are contributing to the 
creation of green jobs.

Nevertheless, new technologies alter skill requirements and 
may cause unemployment as some firms downsize their workforce or 
close. In addition, less-skilled workers are more likely to experience 
low wage growth, thereby exacerbating income inequality (Chapter 11). 
Governments can respond to these challenges by ensuring workers 
are protected from the downside of new technologies and are able to 
harness the new opportunities they provide. This requires coordinated 
action on skills development, labor regulation, social protection, and 
income redistribution.
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