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Smart Watch
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1980: ~ 1400 kgs of disconnected technologies 

@ Xavier Fouger







Y Generation 
(1979)
Internet

Z Generation
Connected any where, 
any time; widespread 
availability of low- and 
no-cost information

S(mart) Generation ?

Universities Trends Changes shaping the generations

X generation 
(1965)
Enabled by 
computers

One Day in Digital World
 145 billion emails exchanged
 5 billion searches on Google
 9,000 new articles written for Wikipedia
 2 Zettabyte data recorded

© Seeram Ramakrishna, FREng, FNAE, FIES



Teaching and Learning Tools
X-Gen Y-Gen Z-Gen

Minimal 
technology 

aids in 
learning 
inside or 

outside class 
room ! 
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Jamil Salmi, World Bank

Tomorrow’s  Learning

Library in your iPad

Sit anywhere classroom

Professor, no need to go to class room!



@Lucille Craft



(Reuters) - Scientists have grown the 
first mini human brains in lab, 29 August 
2013, Lancaster, et al Nature

Regenerative Medicine

Lab grown (In Vitro) meat!



Engineering Innovations inspired the societies

Steam engine

Industrial revolution I

Electricity
Internal combustion engines
Modern communication
Entertainment
Petroleum
Chemicals

Computing
Air transportation
Modern Medicine



New domains of engineering

Civil Engineering

Metallurgical Engineering

Mining Engineering

Mechanical Engineering

Aeronautical Engineering

Nuclear Engineering

Chemical Engineering

Marine Engineering

Electrical Engineering

Electronics Engineering
Computer Engineering

Materials Science & Engineering

Biomedical Engineering

Biological Engineering

Environmental Engineering

Energy Engineering

Data Engineering

Systems Engineering

Industrial Engineering

Healthcare Engineering

Food Engineering

Transportation Engineering

Built-Environment Engineering

1990s Now & Future1950sTransition to 
modern 
engineering

Irrigation Engineering

Biotechnology

Textile Engineering

User Experience Engineering
Educational Engineering

Nanoscale Engineering

Sustainable Design Engineering

Seeram Ramakrishna, www.gc-sherie.org

Robotics

Man Machine Interface 
Engineering



USA & Canada ≈ 
100,000

China ≈ 
1,000,000

India ≈ 
500,000

Europe ≈ 
100,000

Australia & 
NZ ≈ 10,000

Korea & Japan ≈ 
150,000

~ two million engineering graduates per annum
~ 6,000 Engineering colleges 

Africa ≈ 
50,000

C & S America ≈ 
200,000

Engineering graduates by numbers

Seeram Ramakrishna, www.gc-sherie.org

CA & ME ≈ 
200,000



 The share of emerging economies in the world GDP
is over 50%
One-quarter of world’s total manufacturing output 
is high-technology manufacturing (~ 4 trillion dollars)
Manufacturing & engineering are considered key to 
sustainable economic growth

World Today

www.gc-sherie.org



Trade

Finance

Culture

 Global supply chain

Competent talent flow

Liberalization of tertiary education

Transformational Forces ?



1000 AD 2000 AD

0

1000

Year of Incorporation

Number of 
years in 
continuous  
existence of 
an 
institution of 
higher 
learning in a 
country 

Italy (1088)

France (1200) UK (1200) Spain (1218) Portugal (1290)

Czech (1348) Poland (1364)  Austria (1365)  Germany (1386)

Belgium (1425) Turkey(1453)  Switzerland (1460)  Sweden (1477)  Denmark (1479)

Mexico (1551) Netherlands (1575)  Lithuania (1579)  Ireland (1592)
Philippines (1611) Argentina (1613)  Colombia (1623)  Estonia (1632)  
Hungary (1635)  USA (1636)  Finland (1640)  Canada (1663)

Venezuela (1721) Russia (1724)

Norway (1811) south Africa (1829)  Costa Rica (1832)  Greece (1836)  
Chile (1843)  Indonesia (1849)  Uruguay(1849)  Australia( 1850)  India 
(1857) Japan (1858)  Romania (1864)  Lebanon (1866) New Zealand (1869)  
Sri Lanka (1870)  South Korea (1885)  China (1895)  Taiwan (1896) 

Malaysia (1904) Singapore (1905)  Egypt(1908)  Hong Kong (1911)  
Peru (1917)  Thailand (1917)  Israel (1918)  Slovenia(1919) Brazil 
(1920)  Bangladesh (1921) Pakistan (1921)  Iran (1934) Kazakhstan 
(1934)  Saudi Arabia (1957)  UAE (1976) Brunei (1985)

Seeram Ramakrishna, www.gc-sherie.org

Modern Tertiary Education is Relatively New in Emerging Nations

Plato Academy (387BC)
Takshashila; Nalanda University (5CE), India
University of al-Karaouine (859) Morocco



Planning parameters?

~ One university per million population

 ~ 5,000 to 10,000 graduates per year per million 

population

 ~ 50 to 100 PhDs per year per million population



Age Size Nature Focus Research
Historic

~ 100 years & 
above

Very Large

~ 30,000 
students

Public Comprehensive
with medical 
school

Intensive & 
pervasive

Mature

~ 50 years & 
above

Large

~ 12,000 
students

Private but 
publicly funded

Comprehensive Intensive

Established

~ 25 years & 
above

Medium

over 5,000 
students

For profit Specialist Moderate

Young

~ 25 years & 
below

Small

below 5000 
students

On line & Life
long learning

Limited or 
none

Diversity among universities



Tertiary Graduates

Scientific Papers

Innovative 
Products

1950s 2000s

Democratization of Education, Research & Innovation

200 million students
32% age cohort

25 million papers
10,000 journals



~ 50% of degree holders are holding

jobs that do not require a degree

McKinsey & Co report dated 2013





© Seeram Ramakrishna, FREng, FNAE, FIES

Tertiary education institutions are subjected to…



HEEACT: Higher Education Evaluation & Accreditation Council of Taiwan 
(Quality Assurance  Agency funded by public sources)

ARWU: Academic Ranking of World Universities (Consulting organization associated with a university)
THE: Times Higher Education (Mass media organization)
QS: Quacquarelli Symonds (Education consulting organization)

Various ranking organizations list up to 500 universities worldwide

Academic reputation International awards
Employer reputation

Research volume Research income
Citations per faculty

Faculty : student ratio
Qualifications of faculty

International Faculty
 

http://en.wikipedia.org/wiki/File:WUR_logo_large.jpg
http://en.wikipedia.org/wiki/File:WUR_logo_large.jpg


The Australian



Implications of Rankings

• Isomorphism of universities as they 
are captive to the prestige 

•Hierarchism of universities

•Brain drain
•Concerns on sustainability; vaguely 

understood performance based 
funding

•Priority to the disciplines relevant to 
ranking

• Less attention to the teaching there by 
affecting the quality of education

• Stakeholders attention
• Justification for investments

• Attraction of talent
• Mobility of talent

• Opportunities for partnerships
• Streamlining of operations
• Aspiration for new standards



Oxford Dictionaries Online (ODO)

MOOC, n.: a course of study made available over the Internet without 
charge to a very large number of people.

https://exchange.nus.edu.sg/owa/redir.aspx?C=bBfVuXvbmU2U7o2djVW4WtkvGAbjd9BI2kmyF_dfMujyQmqHZvnhaf0HvHTlGl5iaWwgennUxYQ.&URL=http://oxforddictionaries.com/definition/english/MOOC






On-LineTeaching Vs Face to Face Classroom Teaching
Yes No

If this module is offered fully on-line would you take it? 33%

Fully on-line teaching will enhance my learning outcomes i.e. deep conceptual
understanding and problem solving skills

6%

Level of student engagement is better in face to face teaching 6%

Level of student engagement is better in fully on-line teaching 6%

Face to face classroom helps me to connect with lecturer & students 12%

Fully on-line teaching helps me to connect with lecturer & students 12%

A blend of face to face classroom teaching and on-line teaching will elevate my 
learning

25%

I prefer blackboard style of teaching 12%

I prefer ppt style of teaching 6%

I prefer a blend of blackboard and ppt style of teaching 30%

I prefer self-education 6%

Regular classroom lectures augmented
with on-line support:

Online video lectures, peer
assessment, class rooms, engagement,
etc.

Real classroom discussions, interactive
sessions, problem-solving activities,
etc.
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Thought

Expression

Speech

Writing

Content Loss

Wisdom

Knowledge

Information

Values Experience



Big Screen Vs Small Screen



Why?

Engineering Research

1600-1920s 20th Century 21st Century

1 author per paper 2 to 3 authors per paper ~ 5 authors per paper 

100 authors per paper !

 Problems are complex & 
need diverse disciplines 

 Research is expensive

 Bean counting; publish or 
perish

Seeram Ramakrishna,  Author of The Changing Face of Innovation;  National University of Singapore; www.gc-sherie.org seeram@nus.edu.sg



 First paper printed journal 1665

~ 10,000 journals now

~ 10 million researchers 

~ 25 million scientific papers

~ 1 trillion PPP dollars on R&D



Measure of research quality, significance & impact

Peer 
Review

Bibliometrics
(No. of Papers;  

Citations; h 
index, etc.)

Traditional Practice:

 peer review has been the tradition for 
centuries

Emerging Trend:

 Reporting on research is a profession by itself 
now!  Many new jobs have been created

 Bibliometrics have been projected as the 
objective and best proxy indicator

 Appealing to stakeholders who are away from 
the operations

 Enable benchmarking on bigger scale

Is this the way for engineering research?



Innovation is the result of unique interactions

among diverse actors such as businesses,

financial sector, government, education

institutions & socio-cultural ecosystem which

lead to structured cycle of research, training,

productisation & market activity



Innovation
Up to 1920s 20th Century 21st Century

 Significant role 
of Europe

 Sporadic 
innovations led 
by scholars and 
entrepreneurial 
individuals

 Apprenticeship
model of skills 
learning

 Limited pool of 
innovators 
(~1000)

 Significant role of 
USA

 Corporation led 
Innovation

 Systematic learning

 Scientific research & 
technology led 
innovations

 Standard products for 
markets around the 
world

 Investments by 
governments 
around the world

Globally 
distributed 
Innovation nodes

 Participation of 
universities

Open source 
innovation

Seeram Ramakrishna,  Author of The Changing Face of Innovation;  National University of Singapore; www.gc-sherie.org seeram@nus.edu.sg



Research & Innovation Intensity of  Nations

The Changing Face of Innovation, Seeram  Ramakrishna, 2011, World Scientific Publishers



100 PhDs per million population ?





Switzerland is innovative because “it does not have an
innovation policy”, says Mauro Dell'Ambrogio, State
Secretary for Education & Research & Innovation.
Switzerland created an ecosystem conducive to
innovation by focusing on the framework conditions:
 keep bureaucracy small
 provide for social mobility via a) keep school drop-

out rates low and provide young people with
relevant job skills, and b) allow people at different
ages & life stages to acquire new skills & change
jobs

Translation:

Culture of enterprise & excellence



http://www.torabiarchitect.com/blog/?p=39

Education & Skills

Innovation

Research

Ladder of Competitive Advantage



What Nations can do ?

1/3 nations account for more than 90% of global expenditure on
research & innovation

Emerging nations are to invest more in research & innovation

Incentivise universities and businesses to collaborate

Test bedding opportunities for research led innovations

Eliminate bottle necks associated with cross-border flow of talents

 Transparent and competitive IP policies

 Facilitate diverse learning pathways (academic, skills, & life-long)



A global hub for a range of industries including financial
services, transportation, pharmaceuticals and education

Most millionaires per capita

Singapore 
1965

 No water
 No Energy
 No Natural Resources
 No hinterland
 Migrants from India & China



Singapore 2013

Singapore is the 2nd most innovative country – by BCG, INSEAD, French
Business School, and World Intellectual Property Organisation (WIPO)

Singapore is the 2nd most competitive country – World
Economic Forum



1960 - 1969
Labour
intensive

1970 – 1979
Skill
intensive

1980 - 1989
Capital
intensive

1990 - 1999
Technology 
Intensive

2000-
Knowledge/
Innovation
Economy

Singapore

1991-1995: $ 2 billion

1996-2000: $ 4 billion

2001-2005: $ 6 billion

2006-2010: $ 13.55 billion

2011-2015: $ 16 billion

R&D Investments

 Education is the 2nd largest item in
government spending (29%) for
Government Budget 2012

 Growing importance of tertiary
education & innovation

2012 ~ 45,000 RSEs

1990s ~ 5,000RSEs
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Global Strategic Partnerships with
 MIT on infectious diseases, environmental 
sensing & modeling, Bio-systems & 
micromechanics, and future urban mobility areas

 ETH on future cities

 UC Berkeley on energy and building efficiency in 
tropics

 Technion on heart regeneration

Cambridge University on low carbon chemical 
industry

 Technical University of Munich on 
electromobility in mega cities

CREATE is home to 1000 researchers in 650,000 sq ft research space

Internationalization of Research at Home
One third of researchers are foreigners



What a university can do?

 Only 10% of tertiary education institutions (~20,000) worldwide are
active in research & innovation

 Bench mark nationally and internationally

 New pedagogy for glocal education

Actively seek out collaborations with society, businesses & industry

Bring facts to the policy makers, philanthropists, and public

Recognize and incentivise faculty members

Facilitate exchange of students, faculty members, researchers

 Host diversity of talents



1990s

Research university

peaks in selective areas

2000s

Research Intensive University
Autonomous

Ubiquitous research culture

Global research partnerships

2010s
Global Research University (GRU)
Glocal learning
Frontier research & global leadership
Innovation & entrepreneurship

Universities Trends National University of Singapore

1970s
Teaching University
A Statutory Board of Government

GRU(creative 
institution) 

facilitates new 
knowledge, 

technologies, 
talents, 

industries, and 
ultimately wealth 

for society



Science and 
Mathematics

Professional
Disciplines

Global Learning

Self-directed Learning 

Management Education

Entrepreneurship 

Multi-disciplinary and Inter-disciplinary Learning 

Humanities and 
Social Sciences

1. Local and/or overseas Internships and 
Attachments

2. Student Exchange Program
3. Summer Program

1. Undergraduate Research Opportunities 
Program

2. Project-based Modules
3. Honors Projects
4. Independent Study Modules
5. Residential learning in Halls
6. Service Learning
1. Minor in Management
2. Second Major in Management
3. Double Degree in Business
4. Masters in Management
5. Masters in Public Policy

1. Modules offered by Centre for 
Technopreneurship

2. Minor in Technopreneurship
3. Project in Startup
4. NUS Overseas Colleges
5. NUS Entrepreneurship Society

1. USP Core Curriculum
2. University Requirements
3. Faculty Requirements
4. Minor
5. Second Major
6. Double or Concurrent Degree

NUS Differentiated Learning



Engineering curriculum, pedagogy ?

Technical competence

Problem solving skills

Work and communicate effectively in national 
and international context 

Character, ethics



National 
University 
of 
Singapore

No 1 in Asia
Top 30 in the world



What an academic can do?

At world-class research intensive university ~80% of the faculty

are research active. This drops to ~0% for teaching only

institutions

Be visible nationally and internationally

Collaborate within and beyond borders

Design projects with students & community

Consult & test bed projects with businesses & government

Mentor students
http://thinkinter.wordpress.com/



Nanotechnology

Regenerative 
Medicine/Stem 

Cells/Drug Delivery

Robotics/ 
Ubiquitous 

Electronics/Cloud 
Computing/Data 

Analytics/ ICT 
Security 

Man-Machine 
Interface 

Engineering

Nutrition & Food

Sustainable 
Solutions/Life Cycle 

Assessment

Others

Emerging R&D Platforms



Clean
• Water
• Energy
• Built 

Environment

Quality
• Clothing
• Healthcare
• Housing

Safety & Security
• Food/nutrition
• Information
• Mobility/Transp

ortation

Materials Today (2013) 16(4), 102-103

Societal challenges (Global Challenges)
While societal challenges are common across the world they are specific to the local conditions





Healthcare is a growing sector in all countries 



@GARDINER HARRIS

India 2013



What a student can do?

ICT skills & communication skills

T-skills 

Life long learning skills

Overseas internships

Attachments with businesses

Team based experimental learning & projects

http://patriotwellness.org/wp-content/uploads/2013/06/runner-sprinter-body-comparison1.jpg
http://patriotwellness.org/wp-content/uploads/2013/06/runner-sprinter-body-comparison1.jpg


Low Cost Solar Chilli Dehydrator

Green Tech Humanism Award
Green Tech Highest Popularity Award



“DURGA” CHILLI DEHYDRATOR

Air Out

Transparent 
roof

Drying 
chamber

Air In

Tray

Solar collector

Dryer frame

Solar Panel for Fans



Access to 
Technology 

Distributio
n

Irrigation
facilities

Harvest 
Spoilage

Skilled 
Labor 

Shortage 
Corruption

0,8%

1,2%

1,2%

1,3%

2,7%

5,4%

10,1%

17,0%

0,0% 5,0% 10,0% 15,0% 20,0%

GERMANY

USA

JAPAN

TAIWAN

SOUTH KOREA

BRAZIL

CHINA

INDIA

Contribution of Agriculture to GDP (2012)

INDIAN AGRICULTURE

Of India’s population is employed 
by Agriculture

Challenges in Agricultural Sector



Live on less than 2$ a dayFarmers in Andhra Pradesh  are 
indebted

DAILY CHALLENGES OF THE FARMER



0%

5%

10%

15%

Moisture* Spoilage in
field

Farm
Processes

Distribution

Risk of Agricultural Losses for Chilli

Harvesting Open Sun 
Drying Grading Packaging 

CHILLI CULTIVATION

INDIA  
25%

GUNTUR  
30%

India is the largest 
producer & 

consumer in world

Andhra Pradesh 
contributes to 
75% of exports



ENVIRONMENTAL FEASIBILITY

Powered by 
Renewable 

Energy

Independent 
of electricity 

from the 
grid

No 
Production 

of 
greenhouse 

gases

Easily 
available 

and locally 
sourced 

materials

Materials 
can be 

recycled or 
reused



VISION

Education
• An open University focusing on practical 

Engineering and Craftsmanship

Empowerment
• Empowering local economies and 

uplifting poverty through micro-
networks

Entrepreneurship
• Leading development by encouraging 

micro-entrepreneurship







What businesses can do?

 Facilitate skills learning at tertiary institutions

 Invest in research & innovation projects at tertiary 
institutions

 Invest for long-term

Co-locate infrastructure 



Way Forward : Education

 Proficient in the use of ICT

 Problem solving skills & communication skills

 Life long learning

 Knowledge of diverse cultures & laws

 Real world experience

 Good mentors are even more necessary given 
the information & marketing over load



Way Forward : Research & Innovation

 Address societal challenges

 Customization to the glocal markets

 Innovations facilitated by super-disciplinary approaches

 Leverage global cooperation and networks



Conclusions

Innovation is fostered by the spread and

democratization of information

 Innovation is fostered by the educational

opportunities while tolerating failure



R
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Impact

Pedagogical innovations

Governance autonomy

Culture of excellence

Resources

Large student numbers

Wide spectrum of student abilities

Diverse talent

Education

Unqualified faculty members 

Poor public relations

History, pedigree & location

Undesired location

Adaption of new technologies



R
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Impact

Multidisciplinary environment

Merit based peer review

Bureaucracy

Test bedding opportunities

Global partnerships

Resources

Diverse talent

Research & Innovation

Misalignment of incentives

Inadequate IP policies

Collaborative environment

Research in areas of global significance

Appreciation of broader trends



Scientists can do the fundamentals, but..

 Only the engineers can translate ideas into scalable
products & real-life applications

 Democratization of education, research and
innovation enables social mobility

Thank you



If everything else is equal, the key differentiators of competitiveness of
nations are education & skills of people, scientific research capacity &
new knowledge generated, and ability to innovate products, services &
governance. Since the World War II democratization of tertiary
education happened in USA, followed by Europe and rest of the world.
This has been realized via growing the number of universities, expansion
of enrollments, allowing variety of education providers (public, private &
combinations), embracing distance education programs & life-long
learning programs, and more recently on-line education. With the
tertiary education as the backdrop, the democratization of scientific
research & new knowledge occurred over the past decade. Many
countries around the world facilitated scientific research on their
shores. Globalization of trade, finance & talents, and availability of
modern information & communication technologies accelerated the
process. The democratization of innovation is in embryonic stage.
Glocalization of products & services, and strategic partnerships will
accelerate the process of democratization of innovation. What is next in
education, scientific research, and innovation in order to be
competitive?
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