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Abstract 

This white paper provides insights to engineers seeking to 

make a transition from emerging economies to the G8 

countries.  Based on an extensive analysis of political, 

economic, industrial and technocratic trends, it discusses 

the future trends in India and China and why engineers 

need to pay attention to these. The important role that 

India and China are set to play as newly emerging powers 

is investigated through a historical context.  The litmus 

test for India and China as emerging nations it is 

contended is whether they can disengage from the 

traditional politics of industrial and technocratic societies 

to play a leadership role in fostering a truly global and 

sustainable engineering culture.  This whitepaper is 

intended to help engineers to understand why such a 

culture should be based on innovation, research and 

development so that it can generate socially, culturally and 

environmentally sound technology solutions to create a 

peaceful, diverse and sustainable world. 

Introduction  

Ernst G. Frankel (2005)1 presented the case that after 

leading the world for 200 years in political, technological, 

economic, military, and even social terms, America is 

being challenged. India and China - new emerging 

economic powers, with advancing technological prowess - 

he has argued are beginning to challenge America's 

leadership. While these countries have been focusing on 

socio-economic development, their capabilities and 

potentials are much broader he has contended. 

 

Early this year in his state of the union address2 President 

Obama has reiterated this saying that America needs ―to 

out-innovate, out-educate, and out-build the rest of the 

world ... as nations like China and India have realized that 

with some changes of their own, they can compete in this 

new world…. They have started educating their children 

earlier and longer, with greater emphasis on math and 

science he says. They‘re investing in research and new 

technologies. Just recently, China became the home to the 

world‘s largest private solar research facility and the 

world‘s fastest computer.‖ If global experts are to be 

believed, India and China will be central hubs for the 

employment of engineers and other knowledge workers in 

the coming years. 

 

Several recent economic reports also suggest that by 2013-

15, India will start outpacing China's stunning annual 

GDP growth rate of 8.5-9.5%.  A number of trends in 

India lead to this conclusion; its young, increasingly 



 

educated labor force; relatively few retired people 

to care for; high savings rate; and increased 

infrastructure spending and massive structural 

reforms the Indian government is continuing to 

undertake.  

 

In our whitepaper entitled Global Engineering 

Cultures3 we have made the case that the 

engineering profession uses regulatory and 

licensing systems that since the late eighteenth 

century have derived from an economic order 

dominated by imperial industrial, economic and 

political roots. At present China and India are 

restoring the economic positions they held two 

centuries ago when China produced 

approximately 30 percent and India 15 percent of 

the world‘s wealth. China and India, for the first 

time since the 18th century, are also set to be the 

largest contributors to worldwide economic 

growth. 

 

The litmus test for India and China now is 

whether as re-emerging powers they can 

disengage from the politics of industrial and 

imperial societies to foster an innovative global 

engineering culture. In this whitepaper an 

extensive analysis leads to the conclusion that 

both India and China having recently increased 

investment in education and innovation 

infrastructure are closer to providing global 

leadership in engineering.  We envisage this 

leadership will create an engineering culture based 

on innovation, research and development, that it 

will generate socially, culturally and 

environmentally sound technology solutions and 

that this will create a peaceful, diverse and 

sustainable world. Under this structure engineers 

will need to develop new creative abilities. 

Industrial Societies  

Gladstone4  states that prior to 1700, all major 

civilizations drew on four basic sources to justify 

knowledge and authority. These were: 

 

1. Tradition – knowledge that was revered for its 

age and long use 

2. Religion or revelation – knowledge that was 

based on sacred texts or the sayings of prophets, 

saints and other spiritual leaders 

3. Reason – knowledge that was obtained from 

logical demonstration, either in arithmetic and 

geometry or by deductive reasoning from basic 

premises 

4. Repeated observation and experience – empirical 

knowledge that was confirmed by widely shared and 

repeated observations and every day experience, such as 

day follows night, the sun rises in the East, objects fall, 

heat rises, and various agricultural and manufacturing 

techniques that were proven in use.   

 

By turning away from the first and second major sources 

of knowledge and authority – tradition and religion – 

Gladstone says European thinkers sought new systems of 

knowledge. These were based mainly on revised and 

expanded forms of logical reasoning, using new 

foundational assumptions, or more sophisticated 

mathematics, or inductive rather than deductive logic; and 

on new approaches to observation and experience, more 

reliant on increasingly sophisticated and specialized 

instruments for making observations as opposed to 

common‐sense, unaided empiricism.  

 

The period from 1500 to 1700 Gladstone argues   was 

marked by turbulent contention of diverse philosophical 

and scientific systems, with skeptics, proponents of new 

natural philosophies, and defenders of revelation and 

classical authorities across Europe. However by 1750, 

with more detailed geographic studies of the shape and 

curvature of the earth confirming Newton‘s claims for an 

oblate Earth (flattened at the poles and bulging at the 

equator due to the effect of its own rotation on its axis), 

the correctness of the new mechanical model of nature 

became beyond dispute for the intellectual elite.  

 

Gladstone re-contextualizes industrialization through this 

new view of a mechanical universe, atomistic and driven 

by persistent natural forces, amenable to analysis by 

reason, having major repercussions for the political and 

social order in Europe. The consequence of efforts to 

overthrow most of what was deeply woven into the fabric 

of European history, culture, politics, and society were the 

‗twin Enlightenments‘ – technological and socio‐political5  

of the 18th century. These led to the development and 

implementation of the idea of society as a community of 

free individuals holding sovereign rights over a limited 

state essential for modern science and engineering cultures 

to survive, flourish, and produce the economic and 

technological miracles of the last two centuries.  

 

According to Gladstone4 the history of industrialization 

properly understood, is a history built on a great 

disengagement of the West from the dominance of its core 

classical traditions, and the birth of a new model of 

society. It was that new model, conjoining limited 

government and free inquiry, which had no counterpart 

outside of Europe that propelled it forward relative to 

other major civilizations he argues. In Britain this gave 



 

rise to modern engineering and a culture of self-

regulation and apprenticeship that evolved in 

keeping with its class-based social structure.  

Outside Britain the first institutions of engineering 

education were usually highly academic, set up by 

national governments and closely associated with 

the military. Neither regulation nor licensing was 

deemed necessary to control those graduating 

from the European academies of engineering. The 

German ‗Humboldtian‘ university model 

combining teaching and research has remained 

dominant in Europe. 

The Technocratic Society  

Building upon industrial advances and melding 

political ideology with technology-fix and 

economic growth resulted in the technocratic 

society in America. Thus the extraordinary growth 

of the American economy over the last two 

centuries can only be accounted for if technology 

is factored into the equation. Initially it was the 

artisans who learned their skills in workshops and 

called themselves mechanics or ―mechanicians‖ 

who were the main contributors to industrial 

advancement of America. In the 1890s, the 

pioneers of the electrical power industry joined 

these artisans similarly calling themselves 

―electricians‖.  The title of ―engineer‖ originally 

applied exclusively to the builders of military and 

civilian structures such as forts, bridges, canals, 

and railroads.  

 

The passage of the Morrill Act of 1862 in 

America led to six schools in the country offering 

degrees in engineering. In the next few decades, 

engineering schools proliferated but it was not 

until the first decades of the twentieth century that 

a majority of engineers had college degrees in 

America.  

When the Soviet Union launched the Sputnik I 

satellite in October 1957, US politicians were 

prompted to spur further massive new investments 

in engineering education. President Dwight D. 

Eisenhower signed the National Defense 

Education Act, boosting math, engineering and 

science education, in September 1958.6 The New 

York Times suggested that ―the long orbital 

shadow of the sputnik has been able to do in a few 

weeks what scientists and educators had not been 

able to do in years.‖ In 1900, engineers had 

formed only a tiny group among the America‘s 

professional workers scarcely more than 3 

percent. By 1960, engineers accounted for over 12 

percent of the nation‘s professionals.  

 

When European empires started dissolving after 1960 

issues of international recognition of qualifications 

emerged. Multi-lateral and bi-lateral recognition and 

accreditation of academic qualification agreements for 

engineers were introduced by North America and Western 

Europe both scrambling to play a leading role in defining 

engineering practice.  These agreements were meant to 

maintain standards for the practice of engineering and 

promote mobility of engineers across borders. However 

these derived from the traditional model of core imperial 

powers as leaders and developing countries as peripheral 

followers.  This scramble for leadership gained further 

impetus with the fall of communism in Eastern Europe in 

the early 1990s.  

 

As a consequence, a myriad of national and international 

mutual recognition agreements have evolved since 1989 

beginning with the Washington, Dublin and Sydney 

accords initiated by the American Accreditation Board for 

Engineering and Technology (ABET).  A recent trend has 

been one in which such agreements are not led only by 

Western Europe or North America. Hence the emergence 

of the APEC and ASEAN Registers of Asian Engineers 

and the FEANI and Bologna Accords supported by the 

European Union to standardize engineering education 

across Europe.  

 

Over the last two decades, the United States which 

employed 1.7 million engineers in 19997 has also been 

seeing a decline of 18 percent in the numbers of engineers, 

mathematicians, physical scientists, and geoscientists 

graduating with bachelor‘s degrees. The number of 

engineering doctorates awarded by U.S. universities to 

U.S. citizens has also dropped by 23 percent in the past 

decade.8 Recognizing this trend America has been 

encouraging immigration of engineers and scientists. In 

1994, there were 6.2 U.S.-born workers for every foreign-

born worker in science and engineering occupations. By 

2006, the ratio was 3.1 to 19. According to Martin and 

Midgley (2010)10 over the last two decades the number of 

foreign scientists and engineers entering the United States 

has ebbed and flowed along with the job opportunities in 

those fields. The U.S. immigration policy apparently has 

not had a large effect on these trends. Foreign 

professionals may enter the country and work for up to six 

years under an H-1B visa, and many U.S. firms have used 

these visas to hire foreign scientists and engineers during 

the dot-com boom of the 1990s.  

 

Not surprising then bodies such as the Accreditation 

Board of Engineering and Technology (ABET) in 

America and the Canadian Engineering Qualifications 

Board (CEQB)  have shifted focus to mobility forums 



 

concerned with assessing professional practice 

and registration of foreign engineers based on 

standards defined by North America. The pitfalls 

of regulation and licensing to accredit foreign 

qualifications and experience of immigrant 

engineers are best illustrated by the case of 

Canada.  In this country the self-regulated 

provincial licensing model combines American 

style state licensing with the British self-protective 

and self- governing model. The result is a 

convoluted labyrinthine process of individual-by-

individual peer review, accreditation and 

recognition of engineering credentials and 

experience that cannot separate protection of 

interests of those licensed by the provincial 

regulators from public protection. Consequently 

this accreditation model has not only not failed to 

create a seamless recognition process  of 

engineering credentials from a foreign country but 

has also failed to create credential recognition 

between the provinces of Canada itself. The result 

is that this country miserably fails to integrate 

foreign educated and trained engineers into its 

workforce.  

 

Paradoxically, R. Krishnamoorthy11 (2010) asserts 

that ―India's own quality conscience-keeper, the 

National Board of Accreditation (NBA) that 

functions in the shadow of the All India Council 

for Technical Education (AICTE), is struggling to 

get full membership in the Washington Accord‖. 

The question begs itself why does India need to 

struggle for this recognition under the Washington 

accord initiated by ABET in America when the 

mobility of Indian and Chinese engineers to 

America has continued unabated based the needs 

of engineering employers in that country since the 

1990s? 

Post Industrial and Global society 

Since the early 1990s globalization has inexorably 

been integrating markets, nation-states, and 

technologies to a degree never witnessed before - 

in a way that is enabling individuals, corporations 

and nation-states to reach around the world 

further, faster, deeper and cheaper than ever 

before.12 Charles M. Vest (2005)13 President 

Emeritus, Massachusetts Institute of Technology 

has argued that there are two emerging frontiers of 

engineering, each of which has to do with scale 

and each of which is associated with increasing 

complexity. The first and mega frontier involves 

larger and larger systems of great complexity 

involving energy, environment and 

communications. The other or the nano frontier has to do 

with smaller and smaller spatial scales and faster and 

faster time scales, the world of so-called bio/nano/info. 

This melds physical, life, and information sciences, 

offering stunning, unexplored possibilities.   

 

Growth advances and innovations have been centralizing 

information technology (computing power, data storage 

and bandwidth enhancements). As well these are radically 

changing the way foods are manufactured and assembled 

through nanotechnology (ability to control and assemble 

materials measured in a billionth of a meter) and 

improving human capacity to deal with disease, 

malnutrition and pollution through biotechnology. 

Looking forwards major economies have identified these 

as general areas that will drive innovation and economic 

growth.  Japan, the US, and the EU have all listed these 

technologies (nanotech, photonics, new materials, micro 

electronics, alternative energy, biotech, etc) as key for 

development, productivity improvements, and growth. All 

of these have the common foundation of science, 

technology, engineering and mathematics (STEM). Hence 

the conclusion that work force expertise in STEM will be 

a determinant of economic growth in the future.14  

President Obama2 has contended in his State of the Union 

Address (January 2011) that ―This is our generation‘s 

Sputnik moment. ……We‘ll invest in biomedical 

research, information technology, and especially clean 

energy technology.‖ He calls for America to put a million 

electric vehicles on the road by 2015 challenging the U.S. 

to get 80 percent of its energy by 2035 from renewable 

sources. We've begun to reinvent our energy policy he 

says challenging America's scientists and engineers to 

assemble teams of the best minds in their fields, and focus 

on the problems of clean energy. Current trends in 

research and development also show increased 

investments in nano and bio technologies.iii although a 

better understanding of the consequences of these on 
society is needed. 

Nicole Gnesotto and Giovanni Grevi (2006) 15  reason that 

outsourcing and off-shoring is creating new economic 

powerhouses in India and China. Both countries they 

argue have so far only been capturing low-hanging fruits 

in several industries to rapidly close the gap that exists 

between them and industrialized countries. Now that the 

economic and political rise of China and India is changing 

the balance of power making the world multi-polar the 

question is can they provide medium term path-breaking 

technology solutions in a ―Sputnik moment‖ of their own 

to overcome challenges facing humanity to become truly 

global leaders? Can scientists and engineers in India and 

China be called upon to ―assemble teams of the best minds 



 

in their fields‖ using innovation and R&D to focus 

on the hardest problems threatening our world‘s 

sustainability?  

The Numbers Game  

At Present, with other and newer professions like 

computer science growing faster, engineers 

account for only 10 percent of the professional 

workers in America. On the other hand Chinese 

graduation rates for engineers have been 

increasing dramatically since 1999. Adjusting the 

numbers to make these consistent with the 

American definition of engineers, Vivek 

Wadhwa16 estimated that China was graduating 

some 360,000 engineers in 2004.  In the same year 

the United States and India each graduated 

approximately 140,000 engineers allowing for the 

fact that the Indian definition of ―engineer‖ was 

equivalent to the US one, but included 

information-technology and computer-science 

degrees. In 2005, China graduated 63,514 Masters 

and 9427 PhDs in engineering, exceeding 

corresponding US numbers: 53,549 and 7,720, 

respectively. India‘s postgraduate numbers were 

unimpressive: 18,439 Masters and fewer than 

1,000 PhDs in engineering. In that year according 

to Gereffi and Wadhwa et al17 almost one-third of 

the globe‘s science and engineering researchers 

were employed by the United States, Thirty-five 

percent of science and engineering articles were 

published within the U.S. and the U.S. accounted 

for 40% of the globe‘s research and development 

(R&D) expenditure.   

 

The UN has estimated that India's age dependency 

ratio (the number of working age people 

supporting children and the elderly) will improve 

substantially, from 55.6% in 2010 to 47.2% in 

2025. China, by contrast, has already reaped the 

benefit of a large working age population, which 

will soon begin to age and decline: its dependency 

ratio will rise from 39.1% in 2010 to 45.8% in 

2025. India alone will contribute 26% of the total 

rise in the world's entire working age population 

over the next 10 years18.   

 

60 percent of foreign-born scientists and engineers 

in the United States in 2009 were from Asia, 

according to its Census Bureau (PRB). Nearly 

one-fourth were from India, with another one-fifth 

from China, the Philippines, and Taiwan.9 

America‘s immigration policy has meant that 

cutting-edge job creating industries – from 

computing to biotech – now rely on immigrant 

scientists, engineers and entrepreneurs to remain 

competitive.   As President Obama has said, these 

immigrants are responsible for founding iconic companies 

like Google, Yahoo and eBay. According to a Kauffman 

Foundation study, 40 million jobs have been created in the 

past 25 years by high growth U.S. entrepreneurial 

companies. According to a Duke and UC Berkeley report, 

more than a quarter of U.S. technology and engineering 

businesses launched between 1995 and 2005 had a 

foreign-born founder.  In 2005, companies created by 

immigrants produced $52 billion in sales and they 

employed 450,000 workers.16  

 

The Silicon Valley illustrates the impact foreign nationals 

have had on U.S.19 To a large degree today's Silicon 

Valley is the creation of several generations of immigrant 

entrepreneurs, dating to Intel's Andy Grove, and earlier. 

Engineer/entrepreneurs from China, Asia, Europe and 

elsewhere are in its DNA. The Silicon Valley may be the 

cradle for tech start-ups, but foreign-born executives, 

engineers and scientists are now leaving for greener 

pastures, choosing against America‘s strict immigration 

laws and California's steep cost of living. While no hard 

data is available, authorities agree the number of foreign-

born workers returning to India and China annually is in 

the tens of thousands. The Chinese Ministry of Education 

estimates the number of Chinese who returned to China 

last year was a record 134,800, up 25% from 108,000 in 

2009.20 

Research and development  

The Silicon Valley's loss it seems is India's gain. 

According to Wadhwa21 India is rapidly becoming a 

global hub for R&D. In the aerospace industry, Indian 

companies are designing the interiors of luxury jets, in-

flight entertainment systems, collision-control and 

navigation-control systems, fuel-inverting controls, and 

other key components of jetliners for American and 

European corporations he says. In pharmaceuticals, Indian 

scientists are discovering drugs and performing clinical 

research for nearly all of the largest multinational drug 

companies. In the automotive industry, Indian engineers 

are helping to design bodies, dashboards, and power trains 

for Detroit vehicle manufacturers—and they may soon 

develop entirely outsourced passenger cars. In telecom 

and computer networking, Indians are developing next-

generation solutions for intelligent cities. They are also 

developing innovative solutions for the Indian 

marketplace, such as the Nano car.  

 

At the same time according to Wadhwa16 China is already 

the world‘s biggest exporter of computers, telecom 

equipment, and other high-tech electronics. China is also 

heavily subsidizing state-of-the-art labs in biochemistry, 

http://hir.harvard.edu/article-authors/vivek-wadhwa
http://hir.harvard.edu/article-authors/vivek-wadhwa


 

nanotech materials, computing, and aerospace 

technologies. Where billions were being invested 

in research and development with limited success, 

American-educated and trained Chinese returning 

home are playing a key role in helping major 

R&D labs innovate. 

 

While the US, EU and Japan remain leaders in 

some high value markets, outsourcing and off-

shoring are creating new economic powerhouses 

in India and China shifting the centre of world 

economy to Asia. Industry experts predict that 

total offshore engineering spending will grow by 

$150-$225 billion by 2020. A new study 

published recently has found that the global 

market for Engineering Research & Development 

(ER&D) services sourcing has defied the 

economic downturn. Going forward, India‘s 

ER&D providers have the potential to capture a 

40% share of global offshore revenues in 11 key 

verticals by 2020.22 

Education and Innovation  

The global economy then is relentless in its 

pursuit of research, development, innovation and 

change led by engineers and scientists. There is 

increasing demand for the design structures, 

infrastructure, computer technologies and military 

technologies. With these changes there is an 

increasing need for engineering services but there 

is also a strong trend toward "outsourcing" and 

―off-shoring‖ to companies and engineers in 

countries that include India and China. The 

number of qualified professionals in these 

countries is increasing. If global experts are to be 

believed India and China are also going to be 

central hubs for the global employment of 

engineers and indeed other knowledge workers in 

the coming years.  

 

Craig Barrett23 former Chairman of the Board of 

Intel Corporation argues that economic 

competitiveness in the 21st Century will be 

different from the past. With the free flow of 

information, capital, and people, economies will 

have to look for new comparative advantages. 

Most observers of this topic conclude that there 

are three things a country can do to increase its 

relative competitiveness and provide for an 

increased standard of living for its citizens. 

Countries must invest in the education of their 

work force (smart people); in research and 

development (smart ideas) and provide the 

environment to let smart people get together with 

smart ideas to create new products, businesses and 

services. Not surprisingly therefore G8 countries are 

investing heavily in education, R&D and innovation. 

Abysmally, only 2.23 million out of a 750 million strong 

working population in India are employed in its much-

touted knowledge economy at present. Only 12% of 

India's citizens enter higher education, and the government 

hopes to increase this to 21% by 2017. The Indian 

Institutes of Technology - a group of universities focused 

on engineering and technology - are world-renowned, but 

offer only a miniscule 7,000 places to students each year. 

The Indian government has identified a skills gap of 

between 240 to 250 million persons in the next ten years. 

Current vocational and technical training schools 

unfortunately only have the capacity to absorb 1.1 million 

students a year.14  

Yet as the analysis in this whitepaper shows India is 

racing ahead to become a global hub for advanced R&D in 

several industries.  The Global Engineering and 

Entrepreneurship project team at Duke University has 

been researching to answer the question ―If engineering 

education is so critical to global competitiveness, how is 

India succeeding?‖ What this team has concluded is that to 

overcome deficiencies in its education system India 

through innovative programs of workforce training and 

development transformed workers with a weak 

educational foundation into R&D specialists. Faced with 

severe talent shortages, escalating salaries, and a lagging 

education system, Indian industry has built innovative and 

comprehensive approaches to workforce training and 

management. The initial focus has been on training new 

recruits and filling entry-level skills gaps. They have then 

identified seven key areas in which Indian companies have 

developed innovative practices: employee recruitment, 

new employee training, continuing employee 

development, managerial training and development, 

performance management and appraisal, workforce 

retention, and education upgrades. 

Sustainability - the Final Frontier  

At present energy demand, supply consumption and 

efficiency are key variables affecting global economic 

growth and stability. While fossil fuels (oil, gas and coal) 

are depleting at unprecedented rates, demands for energy 

are increasing at 1.6% per year and developing countries 

particularly India and China will account for two thirds of 

this increase by 2020. Central Asia has become an area of 

intense international competition for access to energy All 

current technologies however are inadequate for replacing 

traditional energy architectures on the scale needed, and 

new energy technologies are not yet commercially viable.. 

In the face of this many in developed countries are arguing 



 

for growth of nuclear energy and growth of 

renewable energy.  

 

Should a technological breakthrough provide an 

alternative to oil and natural gas Saudi Arabia will 

absorb the biggest shock and Russia will 

potentially be the biggest loser, particularly if its 

economy remains tied to energy exports.  

India and China on the other hand, both having 

huge populations are facing a different 

sustainability dynamic in the twenty first century. 

They must seek to allow their increasing 

populations to enjoy a quality of life where basic 

needs of water, sanitation, nutrition, health and 

safety are met in a sustainable manner in tandem 

with resource availability and social stability.  

Both countries we suggest must foster an 

engineering culture that sustains innovation but 

provides meaningful work to the millions that 

enter their labor force every year. They must meet 

the challenge of developing institutions that 

position them as global leaders in sustainable 

engineering.   

 

The litmus test for India and China therefore is 

whether as re-emerging powers they can 

disengage from the politics of industrial and 

technocratic societies to generate politics that 

foster an innovative global and sustainable 

engineering culture. In this whitepaper we have 

presented the case that both India and China 

having recently increased investment in education 

and innovation infrastructure are closer to 

providing leadership in developing such a culture 

of sustainable engineering.  We envisage that such 

an engineering culture will be innovative and 

based on comprehensive approaches to workforce 

training and management. This engineering 

culture should generate socially and 

environmentally sound technology solutions to 

create a peaceful, diverse and sustainable world 

without boundaries. This culture cannot pander to 

leadership interests propagated by control 

instruments such as the Washington accord and 

self-protecting governance of the engineering 

profession.  
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