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Engineering Education in a Global, Technology-Driven Environment 



   Our societies are increasingly technology driven 
   Innovations inspired the societies & yielded productivity gains 

Steam engine 

Industrial revolution I 

Electricity 
IC engines 
Communication 
Entertainment 
Petroleum; Chemicals 

Computing 

Multmedia 

Air transportation 

Healthcare 

Industrial revolution II Industrial revolution III 



https://www.facebook.com/Trollbook.me 



http://www.funnyjunk.com/funny_pictures/4137745/Internet+down/ 







Y Generation  

(1979) 

Internet 

Z Generation 

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

Next Generation ? 

Smart information? 

Universities Trends  

X generation 
(1965) 
Enabled by 
computers 

One Day in Digital World 

 150 billion emails exchanged 

 5 billion searches on Google 

 10,000 new articles written for Wikipedia 

 2 Zettabyte data recorded 
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Tools of Teaching and Learning 

X-Gen Y-Gen Z-Gen 

Minimal 
technology 

aids in 
learning 
inside or 

outside class 
room !  





Jamil Salmi, World Bank 

Future teaching and learning 

Library in your iPad 

Sit anywhere classroom 

Professor, no need to go to class room! 





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

Medical Advancements 

Lab grown (In Vitro) meat! 



  how we interact with family, friends & governments  

  how we live, access services 

  how we gather, share information & learn 

  how, which, when & where we work  

  how we move from anywhere to anywhere 

  how we produce and consume  

  how we finance activities 

Technology driven environment is ubiquitous 

skills needed for living have changed for ever ?! 
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http://www.blogduwebdesign.com/graphisme/les-50-plus-beaux-graphiques-de-visualisation-de-donnees/25 

Investor A Investor B 
Primary 
Company 
(Knowhow) 

JV Company  
(manufacturing) 

JV Company  
(local market) 

Supply chain is global  

Talent 



Pace of innovation is amazing! 



Innovation is going global 
Up to 1920s 20th Century 21st Century 

   Significant role 
of Europe 

   Sporadic 
innovations 
led by 
scholars and 
entrepreneuri
al individuals 

   Apprenticeshi
p 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 

 Globally 
distributed 
Innovation nodes 

 Open source 
innovation 

 Investments by 
governments 
around the world 

 Participation of 
universities 
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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 
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CA & ME ≈ 
200,000 



Outbound International Students by Region 

Source: UNESCO 



Global learning 

* Student exchange programs 

* Joint seminars & workshops 

* Academic learning visits 

* Twinning programs 

* Longer internships, thesis work 

* Networks for sharing experiences 

* Research collaboraQons 

* SabbaQcals  * Dual degrees 

* Double degrees 

* Research partnerships 

* Overseas branch‐campus and university  

(joint venture or alone) 

* Joint research & commercializaQon 

* Joint degrees 

Co
m
pl
ex
ity
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  in abroad 
 at home 



Scientific Research 

Why? 

1600-1900s 20th Century 21st Century 

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

100 authors per paper ! 

   Collaborations among 
researchers from diverse 
disciplines and countries 

   Research is expensive 

   Reporting on research 

   Bean counting 

Seeram Ramakrishna,  Author of The Changing Face of Innova:on;  Na:onal University of Singapore; www.gc‐sherie.org          Seeram.rk@gmail.com 



Extent of International Collaboration 
in Autism Research, 1980 to 2010 

http://iacc.hhs.gov/publications-analysis/july2012/print_version.jsp 



1990s 

Research university 

peaks in selecQve areas 

2000s 

Research Intensive University 

Autonomous 

Ubiquitous research culture 

Global research partnerships 

2010s 
Global Research University (GRU) 

FronQer research & global leadership 

InnovaQon & entrepreneurship 

Universities Trends  

1970s 
Teaching University 
A Statutory Board of Government 

Rise of global research universities  

National University of Singapore Journey 



ETH, Switzerland: Future CiQes Laboratory 

UC Berkeley: Sustainable Buildings and Renewable Energy 

TUM, Germany: Electromobility in MegaciQes 

Cambridge University: Low carbon processes 

Seeram  Ramakrishna 

Technion InsQtute of Technology, Israel: Cardiac RestoraQon Therapy 

Hebrew University of Jerusalem: Mechanisms of InflammaQon 

MIT:  InfecQous  Diseases;  Environmental  Sensing  &  Modeling;  Bio‐Systems  and 
Micromechanics; Future Urban Mobility    

Global Partnerships Singapore 

CREATE Campus for ~ 
2000 researchers 



Cornell and Technion partner to build a new applied sciences 
& technology campus in New York City  

h^p://www.cornell.edu/nyc/ 

New York City's  informaQon‐driven economy  is  serving  as  the  impetus 

for  the  development  of  many  consumer‐oriented  companies  focused 

specifically on technology to meet end users' needs, including those of 

NYC's  core  industries:  media,  adverQsing,  finance,  healthcare,  real 

estate, fashion and design, to name a few.  

NYC  Tech  Campus  is  centred  on  flexible  and  dynamic  interdisciplinary 

applicaQon hubs instead of tradiQonal academic departments. The first 

three hubs – ConnecQve Media, Healthier Life and Built Environment  



The Australian 

Global comparison of universities and disciplines  





ImplicaQons of Rankings 

•  Isomorphism of universiQes as they 
are capQve to the percepQon  

•  Hierarchism of universiQes 

•  Brain drain 
•  Concerns on sustainability; vaguely 
understood performance based 
funding 

•  Priority to the disciplines relevant to 
ranking 

•  Less a^enQon to the teaching there by 
affecQng the quality of educaQon 

•   Stakeholders a^enQon 
•   JusQficaQon for investments 

•  A^racQon of talent 
•  Mobility of talent 

•  OpportuniQes for partnerships 
•   Streamlining of operaQons 
•  AspiraQon for new standards 



© Seeram Ramakrishna, FREng, FNAE, FIES 

Tertiary education institutions are subjected to⋯ 

Market Vs Institutional Evaluation ? 

US Secretary of Education Arne Duncan called for more 
accountability in higher education through the 
development of a university rating system at the TIME 
Summit on Higher Education, September 2013  



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 

  Bibliometrics appeal to stakeholders who are 
away from the operations 

  Enable benchmarking on bigger scale 

Is this the way for engineering research? 
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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 

Big Data Engineering 

Systems Engineering 

Industrial Engineering 

Healthcare Engineering 

Food Engineering 

Transportation Engineering 

Built-Environment Engineering 

1990s Now & Future 1950s Transition 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 

Human Machine 
Interface Engineering 

Landscape of Engineering 



Big ideas of the higher education ? 

1900s & 50s Now & Future 1980s & 90s 2000s 

Women 
enrollments 

Research at 
universities 

Mass 
education 

Private 
education 
providers 

Global 
education 

Glocal 
education 

Autonomy 

Global 
rankings 



Tertiary Graduates 

Scientific Papers 
Innovative 
Products 

1950s 2000s 

Technology driven environment led to expansion of 

200 million students 
32% age cohort 

25 million papers 
10,000 journals 

Open 
(outsourced) 
innovation 



University is a bridge for: 
  social mobility 

  innovation  





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 



0-15% >15<35% >35<70% 

Emerging 
countries 

Cuba 
Bhutan 
North Korea 
Argentina 
Thailand  
Turkey 
South Africa 
Kenya 
Nigeria 
Uganda 

China (15%) 
Vietnam (15%) 
Cambodia (15%) 
Poland (20%) 
Egypt 
Kenya 
Hungary 

Indonesia (70%) 
Malaysia (50%) 
India (60%) 
Philippines (70%) 
Pakistan (35%) 
Iran (50%) 
Kazakhstan (50%) 
Mexico 
Brazil 
Peru 
Chile 

High 
Income 
countries 

Germany 
New Zealand 
Australia 

USA# (26%) 
Portugal (30%) 
Russia 

Japan (70%) 
South Korea (70%) 
Singapore (40%) 

% enrollment in private tertiary education 

Source: UNESCO Higher Education Trend Report 2009 

# USA:  in 1967 about 1% of terFary students aHended for‐profit insFtuFons.  
In 2012 about 12% of terFary students aHended for‐profit insFtuFons 



Big ideas of the higher education ? 

Now & Future 1980s & 90s 2000s 

Mass 
education 

Private 
education 
providers 

MOOCs 

(online digital 
learning) 

Women 
enrollments 

Research at 
universities 

1900s & 50s 

Global 
education 

Glocal 
education 

Autonomy 

Global 
rankings 



Oxford Dictionaries Online (ODO) 

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









Degrees based on online digital learning 

Launched online MBA in 2003 



Online learning will make college cheaper.  It will 
also make it better.  

L Rafael Reif, President of MIT 



hHp://www.nyFmes.com/2013/01/27/opinion/sunday/friedman‐revoluFon‐hits‐the‐universiFes.html?pagewanted=2&_r=1&src=rechp 

Variety of learners 



Perfect storm for MOOCs/online digital learning 

 ICT progress 

 Variety of learners 

 Flexibility (learn from anywhere, anytime, anypace) 

 Life long learning 

 Cost of tertiary education (online education for free?!) 

 Limited number of high quality universities 

 Universities adapting to the change 



Confidence Building  

Learning from 

accomplished 

professors from 

world leading 

universities 

David and Goliath http://biblicalisraeltours.com/2013/01/the-david-and-goliath-story-re-visited/ 



MOOCs’ Future? 







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 be^er in face to face teaching  6% 

Level of student engagement is be^er 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  learning 
augmented  with  online  digital 
support  is  preferred:  blended 
learning or internal MOOCs 

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

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



Big Screen Vs Small Screen 

Survival tips: a) sell the experience and b) expand the pie 



Journalists iReporters 

  Analysts (insights vs news) 

  Scholars (book writing) 

  Expert commentators 

  Star reporting (branding) 

  Guanxi 



Professors Digital learning 

  Analysts 

  Scholars (book writing) 

  Experts/foresight 

  Star lecturers (branding) 

  Guanxi 

  Mentors/coach 



MOOCs (online digital learning) Future 

Opportunities: 

 MOOCs will be leveraged by for-profits, on-line, open, new, 
second tier and third tier universities 

 Leading universities are likely to pursue internal MOOCs 
(blended learning) to embrace change and deliver effective 
education 

Impediments: 

 Criteria used in global rankings of universities 

 Accreditation & quality assurance  

 Monetization of MOOCs 

 Not ready to replace face to face learning with mentors & peers  





Big ideas of the higher education ? 

Now & Future 1980s & 90s 2000s 

Mass 
education 

Private 
education 
providers 

MOOCs 
(online digital 
learning) 

Skills (quality & 
relevance) 

Life long learning 

The source for 
innovations 

Women 
enrollments 

Research at 
universities 

1900s & 50s 

Global 
education 

Glocal 
education 

Autonomy 

Global 
rankings 



Across the OECD the share of all STEM 
(science, technology, engineering and 
mathematics) graduates declined from 
22.7% in 2000 to 20.4% in 2010 

More over the growing skills shortages have 
become a global concern 





Chronicle of Higher Education and American Public 

Media’s Marketplace, half of employers say they have 

trouble finding qualified recent college graduates to hire 

Academically Adrift (2011) by Richard Arum and Josipa Roksa, 

1961: 40 hours per week for school work & studies.  Now that had 
declined to 20 hours. 

36% of college graduates had not shown any significant cognitive 
gains over four years 



Quality Built 
Environment 

Clean Water 

Clean 
Energy 

Mobility/  

Transportation 

Waste 
Management 

Health & 
Medical 
Services 

Food & 
Nutrition 

ICT/ 
Information 

Security 

Education 

Challenges 
of societies 

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

Students are motivated to work on areas related 
to societal challenges 



At Harvard College, a recent engineering graduate from Sierra-

Leone, David Sengeh ’10, worked with researchers on refining an 

inhalable TB vaccine. Through NGOs he helped distribute 

mosquito nets in Africa. “It’s not enough just to be a good 

scientist,” he’s says. “You have to bring science to the smallest 

village to produce real social impact.” 

We need to bring a deeper level of analytical thinking and a new 

set of social and leadership skills to their education. By doing so, 

engineers will gain a well-deserved seat at the grown-ups table. 

Cherry A. Murray, Dean of Harvard SEAS 

Andrew R. Garman, managing partner at New Venture Partners. 



Low Cost Solar Chilli Dehydrator 

Green Tech Humanism Award 
Green Tech Highest Popularity Award 



Powered by 
Renewable 
Energy 

Independent 
of electricity 
from the 
grid  

No 
ProducQon 

of 
greenhouse 

gases 

Easily 
available 
and locally 
sourced 
materials 

Materials 
can be 

recycled or 
reused 



~ 50% of degree holders are holding 

jobs that do not require a degree 

McKinsey & Co report dated 2013 



The biggest challenge of massified higher 

education systems is to produce graduates 

qualified to work in modern economies and 

enable sustainable development  



Way Forward 

  Proficient in the use of ICT 

  Problem solving skills  

  Real world experience 

  Knowledge of diverse cultures & approaches 

  Life long learning 



For Millennials, the tertiary education is 

different.  It is not about coming out of 

poverty.  It is about personal fulfillment. 



Skills & 

Experience 



Tailor education to an 
individual’s interest 

and capabilities 



Singapore    seeram@nus.edu.sg 
    seeram.rk@gmail.com 

Thank you 
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