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Why history ?

History of MOOCs
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See three good reasons … C … C … C …

Study the past if you would define the future

― Confucius

Nescire autem quid antequam natus sis 

acciderit, id est semper esse puerum

To be ignorant of what occurred before you 

were born is to remain always a child

― Cicero

The farther backward you can look, the 

farther forward you are likely to see

― Churchill



Dr Shoumen Palit Austin Datta SVP, Industrial Internet 

Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)

6
July 1, 1996 

US Department of Commerce

National Telecommunications and Information Administration 
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NetDay 1996  

President Bill Clinton installing computer cables with Vice President Al Gore on NetDay at Ygnacio Valley High School in Concord, CA. March 9, 1996.
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http://www.sfgate.com/opinion/article/EDITORIAL-Tien-s-Alternative-To-Affirmative-2999656.php

Dr Shoumen Palit Austin Datta ▪ SVP, Industrial Internet Consortium 

Research Affiliate, School of Engineering, MIT ▪ http://bit.ly/S-Datta

How MOOC was born - forgotten facts 

Tien and his family fled to Taiwan in 1949. Tien 

earned a BS in mechanical engineering from the 

National Taiwan University in 1955, MA and PhD in 

mech engineering from Princeton University in 

1959. He served as the Chancellor of UC Berkeley

from 1990-1997. He died (67) on Tue 10/29/2002.
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http://iu.berkeley.edu/IU/

Professor Chang-Lin Tien at UC Berkeley

Conceptualization of MOOC

Darleane Hoffman

Carol

Christ

Glenn T

Seaborg

Helene Langevin Joliot Curie

Yuan T Lee Alice

Agogino



In 1996, probably the 1st  MOOC-esque

activity was initiated when UC Berkeley 

started an online math tutorial to help 

students in San Francisco public schools. 
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MOOC 1996 – It was / is not about the technology  

Live as if you were to die tomorrow. Learn as if you were to live forever.



1996
Another First
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1996

Another First in SF Public Schools

Felicia Voss, Student at Thurgood Marshall
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George Ward, Co-Creator

Cisco Networking Academy



Cisco Networking Academy 
MOOC
The Forgotten Revolution ?
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Cisco Networking Academy in Amman, Jordan
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Teachers … not technology

Dr Dennis Frezzo, Teacher

Dr Dennis Frezzo (1996) with Jenica Lee at

Cisco Networking Academy class in TMAHS
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Cover Story - Cisco 

Networking Academy

at Thurgood Marshall 
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SAN FRANCISCO CHRONICLE – the complete newspaper article from December 25, 1995

www.sfgate.com/news/article/PAGE-ONE-UC-Berkeley-Is-Taking-The-Pledge-3017592.php

To have been an instrument, a wheel and a true 

catalyst in not one but two influential endeavors 

is serendipity as well as a miracle and a blessing.

MOOC CNA

Dr Shoumen Palit Austin Datta ● shoumendatta@gmail.com 

Senior Vice President, Industrial Internet Consortium ● www.iiconsortium.org 

Research Affiliate, School of Engineering, Massachusetts Institute of Technology ● shoumen@mit.edu



Would you please allow me to digress?
Do you know who coordinated the visits?
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1995
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Dec 8, 1962
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McMillan, Seaborg and Oppenheimer at UC Berkeley

Niels Bohr, James Franck, Albert Einstein, Isador Rabi

Princeton, 1954
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Seaborgium – Sg 106



“My most important discovery”
Glenn T Seaborg
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April 26, 1992 (LBL)

1942

after

06/04



Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) 28



29

Fast Forward 2012   

The Year of 

the MOOC
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2013
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Is MOOC a hype? Is MOOC really “BAD EDUCATION”?
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(We) will develop a model of how to use information 

infrastructure to best support K-12 students, their 

families and teachers. We will identify a set of Internet 

based outreach methods and partnerships to help 

underserved students succeed in school and prepare 

for college, careers, citizenship and lifelong learning. 

Revision of MOOC with the vision expressed in 1996

http://ntiaotiant2.ntia.doc.gov/top/docs/nar/pdf/416096071n.pdf
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Rethink MOOC as a tool in the context of applications

(We) will develop a model of how to 

use information infrastructure to best 

support K-12 students, their families 

and teachers. We will identify a set of 

Internet based outreach methods and 

partnerships to help underserved 

students succeed in school, prepare for 

college, careers and lifelong learning. 

MOOC 

2015

MOOC 2012
MOOC 2025 Why 2025?Why 2025?Why 2025?Why 2025?

Chang Lin-Tien, Carol Christ and David Greenbaum

Integrate the wisdom



34

Rethink MOOC divorced from (the hype of) social media

Steve Blank, NIH



Economic history data related to Textile, Railway, Automobiles and Computers provided by Norman Poire
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MOOC 2025 – productive supplement and outreach tool for job training

It takes about 28-30 years for an idea to be socialized before it is accepted and adopted. 

1996 was the birth year for the MOOC concept. Hence, it matures for adoption in 2025.
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Rethinking MOOC – incisive insight – “underserved”

(We) will develop a model of how to 

use information infrastructure to best 

support K-12 students, their families 

and teachers. We will identify a set of 

Internet based outreach methods and 

partnerships to help underserved 

students succeed in school, prepare for 

college, careers and lifelong learning. 

“Underserved” was used in the context of the affirmative action policies in the US.

The “underserved” stands to gain the most by gaining access to excellent online

resources. But, it is a paradox that they benefit the least due to lack of motivation.

Current trends in MOOC converts the paradox to a paradigm but for non-OECD

nations and emerging economies where opportunities and resources are gravely

constrained (China, India, SE Asia) but determination, dedication and motivation

are at their peak. In the future, MOOCs may act as a tool for economic growth for

most geographies but probably to a lesser degree for the EU and the Americas.  

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium (www.iiconsortium.org) ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) ● http://bit.ly/S-Datta

NON-US STUDENTS IN BUSINESS EDUCATION (Harvard Business Review)

On the way to changing the   

world, there are few signposts.
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Even with online mentors, MOOC students

at San Jose State University performed worse

than students who took classes on campus.

What College Presidents Think

about MOOC (January 2014)



Therefore, the most 
important factor is

CONTEXT
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Analysis of MOOC in context may be at the intersection of dull and boring

MOOC is a tool –

description, form and attributes may be 

discussed ad nauseam, over and over …

but … on the way to changing the world, there are few signposts.



How to use a tool and the

context of the application.
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It is more important to know 
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Context

PurposeGrowthSocio-Economic

MOOC is a tool – open resources are essential - http://ht.ly/yLAt2 

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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After two days of MOOC sessions, are you still unclear about MOOCs ?

MOOC 

- is a tool for ambition

- is a tool for aspiration
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Ambition vs Aspiration

Ambition (icchāna) is an eagerness to acquire personal advantage – wealth, power, status, fame, credit – while aspiration 

(patthāna) is a gentle but firm determination to achieve something of value. The English word ambition comes from the 

Latin ambitionem meaning ‘going around’ (think about the vicious cycle of wanting more and more) while aspiration is 

related to the Latin spiritus, breath, and originates from the French word aspirare meaning ‘to breathe out.’

Ambition is not necessarily negative but it may have a tendency to override integrity in its drive to get what it wants. The so-

called Self-Improvement Movement is a good example of a philosophy of life based on ambition. Behind all the talk of ‘the 

passion for excellence’ ‘being the best you can be’ and ‘contributing to society’ usually lies greed and selfishness. It is a self-

serving, solipsistic and narcissistic view of life that makes one believe that one is special, unique and one-of-a-kind or gifted.

Aspiration is a form of desire tempered by thoughtfulness, integrity and takes into account the interests of others (service 

above self). While ambition is focused totally on the goal, aspiration never loses sight of either the goal or the means used 

to attain it. Aspiration allows us to ‘breathe freely’ (assāsa) after we have achieved our goal, because we know we have not 

compromised our values or denigrated others. Aspiration balances material goals with spiritual goals and advocates gentle 

moderation in desires with a focus toward Nirvāna. We should aspire towards worthwhile goals without allowing our 

aspiration to degenerate into ambition, to paraphrase Buddha.



Taiwan Economic Indicators 
Education

44

Context

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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USD 0.4217 Trillion

http://eng.stat.gov.tw/

Taiwan - Overview of Higher Education



Taiwan Economic Indicators 
Operating Efficiency in Manufacturing

46

Purpose

one of many 

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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7.38 Manufacture of Wood & of Products of Wood & Bamboo                  

5.34 Manufacture of Paper and Paper Products      

4.21 Manufacture of Pulp, Paper and Paperboard   

6.57 Manufacture of Containers of Paper and Paperboard    

5.41 Manufacture of Other Paper Products         

9.88 Printing and Reproduction of Recorded Media  

9.88 Printing and Service Activities Related to Printing 

7.84 Reproduction of Recorded Media              

-1.65 Manufacture of Petroleum and Coal Products   

9.84 Manufacture of Chemical Material             

4.57 Manufacture of Basic Chemical Material      

12.10 Manufacture of Petrochemicals               

13.89 Manufacture of Fertilizers                  

9.59 Manufacture of Synthetic Resin, Plastic & Rubber Materials     

10.88 Manufacture of Man-made Fibers              

8.28 Manufacture of Chemical Products             

5.81 Manufacture of Pesticides & Environmental Agents

6.39 Manufacture of Coatings, Dyes and Pigments  

6.56 Manufacture of Cleaning Preparations        

7.58 Manufacture of Cosmetics                    http://eng.stat.gov.tw/

Taiwan – Operating Efficiency in Manufacturing vs Profit Rate



24.53 Manufacture of Glass and Glass Products     

9.43 Manufacture of Refractory Products, Clay    

Building Materials, Porcelain & Ceramic Products  

13.38 Manufacture of Cement and Cement Products

6.57 Cutting, Shaping and Finishing of Stone     

12.54 Manufacture of Other Non-metallic Mineral Products     

4.56 Manufacture of Basic Metals                  

3.69 Manufacture of Basic Iron and Steel

5.78 Manufacture of Aluminum                     

5.06 Manufacture of Copper                       

9.01 Manufacture of Other Basic Metals           

7.64 Manufacture of Fabricated Metal Products     

9.60 Manufacture of Metal Hand tools and Die     

6.90 Manufacture of Metal Structure & Architectural Components         

8.13 Manufacture of Metal Containers             

5.71 Metalworking Activities                     

7.81 Manufacture of Other Fabricated Metal Products         

0.96 Manufacture of Electronic Parts & Components             

7.89 Manufacture of Semi-conductors              

5.52 Manufacture of Electronic Passive Devices   

8.46 Manufacture of Bare Printed Circuit Boards  

-9.00 Manufacture of Optoelectronic Materials and Components      

4.03 Manufacture of Other Electronic Parts & Components 

3.52 Manufacture of Computers, Electronic & Optical Products    

2.56 Manufacture of Computers & Peripheral Equipment       

10.74 Manufacture of Communication Equipment      

4.60 Manufacture of Audio and Video Equipment    

-2.31 Manufacture of Magnetic and Optical Media   

6.20 Manufacture of Measuring, Navigating,       

Control Equipment, Watches and Clocks       

7.76 Manufacture of Irradiation & Electromedical Equipment             

6.88 Manufacture of Optical Instruments & Equipment     

5.18 Manufacture of Electrical Equipment          

6.70 Manufacture of Power Generation, Transmission

and Distribution Machinery  

4.52 Manufacture of Batteries                    

1.04 Manufacture of Wiring and Wiring Devices    

-2.61 Manufacture of Lighting Equipment           

7.53 Manufacture of Domestic Appliances          

8.90 Manufacture of Other Electrical Equipment   

9.49 Manufacture of Machinery and Equipment 

9.00 Manufacture of Metalworking Machinery 

8.82 Manufacture of Other Special-purpose Machinery

10.27 Manufacture of General-purpose Machinery

6.60 Manufacture of Motor Vehicles and Parts

5.54 Manufacture of Motor Vehicles 

9.41 Manufacture of Bicycles and Parts 

5.44
Manufacture of Other Transport Equipment & Parts Not Elsewhere 

Classified

6.45 Manufacture of Furniture

6.92 Manufacture of Non-metallic Furniture 

6.18 Manufacture of Metallic Furniture 

7.52 Other Manufacturing

6.55 Manufacture of Sport and Recreational Goods

10.31 Manufacture of Medical Instruments and Supplies 

6.55 Manufacturing Not Elsewhere Classified

8.49 Repair and Installation of Industrial Machinery and Equipment

-3.12Electricity and Gas Supply

-4.37 Electricity Supply

6.56 Gas Supply

-0.75 Steam Supply

9.31Water Supply and Remediation Activities

1.35 Water Supply 

14.58 Wastewater (Sewage) Treatment

12.36 Waste Collection, Treatment & Disposal Activities; Materials Recovery

11.41 Waste Collection

20.04 Waste Treatment & Disposal

6.69 Materials Recovery

13.44 Remediation Activities & Other Waste Management Services

8.88Construction

6.54 Construction of Buildings

5.77 Civil Engineering

6.33 Construction of Roads and Railways

8.94 Construction of Utility Projects

3.23 Construction of Other Civil Engineering Projects

11.78 Specialized Construction Activities 

14.83 Site Preparation, Foundation and Structure Construction

12.82 Landscape Construction

8.94 Electrical, Plumbing and Other Construction Installation Activities

10.82 Building Completion and Finishing

20.18 Other Specialized Construction Activities

5.33Wholesale and Retail Trade

5.26 Wholesale Trade

11.31 Merchandise Brokers

5.61 Wholesale of General Merchandise

-3.69 Wholesale of Agricultural Raw Materials and Live Animals

5.33 Wholesale of Food, Beverages and Tobacco

5.94 Wholesale of Fabrics and Clothing Accessories

4.71 Wholesale of Household Appliances and Goods 

8.48 Wholesale of Pharmaceutical and Medical Goods and Cosmetics

6.73 Wholesale of Cultural and Recreation Goods

5.27 Wholesale of Construction Materials

5.54 Retail Trade

4.16 Retail Sale in Non-specialized Stores

8.40 Retail Sale of Food, Beverages and Tobacco in Specialized Stores

8.20 Retail Sale of Fabrics and Clothing Accessories in Specialized Stores

6.83 Retail Sale of Household Appliances and Goods in Specialized Stores

6.69
Retail Sale of Pharmaceutical and Medical Goods and Cosmetics in 

Specialized Stores

6.36 Retail Sale of Cultural and Recreation Goods in Specialized Stores

6.25 Retail Sale of Construction Materials in Specialized Stores

3.50 Retail Sale of Fuel in Specialized Stores

6.06
Retail Sale of Information and Communications Equipment in 

Specialized Stores

4.17 Retail Sale of Motor Vehicles, Motorcycles and Related Parts 

and Accessories in Specialized Stores

10.17 Other Retail Sale in Specialized Stores

7.17 Retail Trade not in Stores or Stalls

5.16Transportation and Storage

6.21 Land Transportation

(D) Transport via Railways

(D) Public Rapid Transit

3.08 Bus Transportation

7.95 Freight Truck Transport

34.93 Other Land Transportation

-0.65 Water Transportation

-0.67 Ocean Transportation

2.13 Inland and Lake Transportation

-0.63 Air Transport

14.19 Support Activities for Transportation

14.70 Customs Clearance Services

12.17 Shipping Agency Services

7.57 Freight Transportation Forwarding Services

19.50 Service Activities Incidental to Land Transportation

25.44 Service Activities Incidental to Water Transportation

30.09 Service Activities Incidental to Air Transportation

9.91 Other Transportation Support Activities

14.37 Warehousing and Storage

1.59 Postal and Courier Activities

-1.85 Postal Activities

3.98 Courier Activities

13.27Accommodation and Food Service Activities

13.17 Accommodation

13.15 Short Term Accommodation Activities

17.82 Other Accommodation 

13.30 Food and Beverage Service Activities

13.34 Restaurants

15.13 Beverage Service Activities via Shops

9.86 Other Food and Beverage Service Activities http://eng.stat.gov.tw/

Rates > 20%
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Recording & Music Publishing Activities

11.55 Motion Picture, Video and Television Programme Activities

11.57 Sound Recording and Music Publishing Activities

8.90 Programming and Broadcasting Activities

4.82 Radio Broadcasting

9.11 Television Broadcasting and Subscription Programming

23.08 Telecommunications

8.30 Computer Systems Design Services

10.44 Information Service Activities

11.63 Web Portals, Data Processing, Hosting and Related Activities

2.64 Other Information Service Activities

10.15Financial and Insurance Activities, Social Security Activities

29.49 Financial Intermediation

24.44 Deposit Institutions

91.68 Financial Holding Companies

29.79 Other Financial Intermediation

-0.47 Insurance；Compulsory Social Security Activities

-1.02 Personal Insurance；Compulsory Social Security Activities

4.39 Property Insurance

(D) Reinsurance

(D) Activities Auxiliary to Insurance and Pension Funding

19.87 Securities, Futures and Other Financing

16.74 Securities

16.10 Futures

28.73 Activities Auxiliary to Financial Service Activities

29.10 Fund Management Activities

18.45Real Estate Activities

17.52 Real Estate Development Activities

21.36 Real Estate Operation and Related Activities

22.40 Real Estate Operation Activities

10.52 Other Real Estate Activities

11.79Professional, Scientific and Technical Activities

19.02 Legal and Accounting Activities

21.33 Legal Activities

17.16 Accounting, Book-keeping, Tax Consultancy

12.31 Activities of Head Offices; Management Consultancy Activities

- Activities of Head Offices

12.31 Management Consultancy Activities

10.61 Architecture and Engineering - Technical Testing and Analysis

9.45 Architecture and Engineering Activities & Related Technical Consultancy

14.68 Technical Testing and Analysis

8.23 Advertising and Market Research

8.14 Advertising

12.40 Market Research and Public Opinion Polling

12.52 Renting and Leasing of Machinery and Equipment

5.38 Renting and Leasing of Transport Equipment

15.65 Renting and Leasing of Personal and Household Goods

-3.31 Leasing of Intellectual Property and Similar Products, Except

Copyrighted Works

7.44 Employment Activities

14.79 Activities of Employment Placement Agencies

5.55 Human Resources Provision Activities

11.70 Travel agency, Tour Operator, Reservation Service and Related Activities

11.55 Security and Investigation Activities

10.34 Services to Buildings and Landscape Activities

7.83 Combined Facilities Support Activities

10.39 Cleaning Activities

11.26 Landscape Care and Maintenance Service Activities

11.38 Business and Office Support Activities

14.69Education

14.71 Other Education 

13.99 Educational Support Activities

9.21Human Health and Social Work Activities

8.87 Human Health Activities

4.04 Hospital Activities

21.75 Clinic Activities

11.21 Other Human Health Activities

16.03 Residential Care Activities

10.88 Social Work Activities without Accommodation

11.89Arts, Entertainment and Recreation 

10.96 Creative, Arts and Entertainment Activities 

14.57 Performing Arts 

9.16 Support Activities to Performing Arts 

4.55 Museums and Other Cultural Activities

14.31 Gambling and Betting Activities

12.56 Sports Activities and Amusement and Recreation Activities

6.70 Sports Activities

14.31 Amusement and Recreation Activities

17.04Other Service Activities

15.32 Maintenance and Repair of Personal and Household Goods 

14.49 Maintenance & Repair of Motor Vehicles & Motor Vehicle Beauty Shops

12.39 Repair of Computers, Communication Equipment & Electronic Products

19.09 Maintenance and Repair of Other Personal and Household Goods

18.61 Other Personal Service Activities 

15.15 Washing and (Dry-) Cleaning of Textile and Fur Products

18.69 Hairdressing and Other Beauty Treatment

21.74 Funeral and Related Activities

16.71 Other Personal Service Activities Not Elsewhere Classified http://eng.stat.gov.tw/

Rates > 20%
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Money left on the table ?

Profit Rate – What does it indicate?

For additional information visit http://bit.ly/MIT-Made-in-Taiwan



Can you improve profit rate by improving operating efficiency?

What skill sets do you need to improve operating efficiencies?

Are these skills attainable using online education or training?

51

Are we asking the correct questions?  Is this at all about MOOC?  Are we acting as a hammer always in search of a nail?

Operating Efficiency in Manufacturing

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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Apprentice?

Internship?

Job Training?

MOOC?

School?

College?

One shoe does not fit all

How to improve operating efficiency in manufacturing?



Where are the jobs ?
Should Taiwan Emulate the US ?
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Almost half 

are jobless

About half 

are H2M

The richest 300 people are worth as much as 

the poorest 3 billion in terms of global wealth
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Jobs ?

Google bought Boston Dynamics which designed LS3 ‘robot mules’



US Jobs and Predictions 
2012-2022

56

US Bureau of Labor Statistics

Taiwan must develop its own model and provide leadership for the future of the innovation 

society in a networked global economy. Taiwan must be cautious about emulating US trends.



US Government
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For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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Facts of Life ?
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US Predictions

2012-2022 2000-2010

PhD 638.4 4.1% 723 3.3%

MS 448.5 2.9% 333 1.5%

BS 3143.6 20.1% 5428 24.5%

AS 1046 6.7% 1626 7.3%

PS award 1337.1 8.6% 1213 5.5%

Some College 225 1.4% 0.0%

HS 4630.8 29.6% 0.0%

<HS 4158.4 26.6% 0.0%

No degree 9014.2 57.7% 12837 57.9%

15627.8 22160

(000s) US Bureau of Labor Statistics



Environmental Impact (on Aspiration and Ambition) in Education?

12th grade (US high school) students with plans to graduate from a 4-year degree granting college 12th grade (US high school) students with plans to graduate from a 4-year degree granting college 

Source: National Center for Education Statistics



Investment in Pre-College Education

Source: National Center for Education Statistics



US High School Teachers are Lacking in Rigor in Mathematics and Science   

Source: National Center for Education Statistics
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Math PISA equivalent scores for 13-year-olds ◦ 2003 vs 2011 (dark blue)



US High School Teachers are Lacking in Rigor in Mathematics and Science   

Not a problem – we have the best app   



US High School Teachers are Lacking in Rigor in Mathematics and Science   

Not a problem – we have the best – Dr Salman Khan – just MOOC him !!   
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M is for M is for M is for M is for MMMMotivation  otivation  otivation  otivation  

For information visit http://bit.ly/MIT-Made-in-Taiwan

?



Dr Shoumen Palit Austin Datta SVP, Industrial Internet 

Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)

68
For additional information visit http://bit.ly/MIT-Made-in-Taiwan



US High School AP Physics → 182,000 out of 15,000,000 (grades 9-12)    

’000s’000s

Source: National Center for Education Statistics

1.2 %



US Math-Science → Women BS Physics → 1,300 out of 1,000,000 (2011)    

0.13 %

2011

Source: National Center for Education Statistics

Illustration: Stanford University



Enrollment of high school graduates in science and mathematics courses

Dumbed-down descriptive biology infecting schools and general colleges 

US High Schools Teach Biology divorced from Chemistry and Mathematics 

Source: National Center for Education Statistics



Understanding bio-systems and bio-networks may aid complex problems  



Taiwan Public Education 
Excellence in Classroom Performance vs Imagination, Invention and Innovation 

73
For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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Analyze this - 60% of the world’s most 

innovative companies are from the US 

But the performance of public school

students in the US are near-abysmal.

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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Most Innovative Countries - Top 10 List  
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Next Generation of Emerging Movers and Shakers 

FORBES 2013



Andy Grove 1st-Gen, Hungary

KPCB



Comparative Investment in Post-Secondary Education



Slippery Slope → one result of poor math & science in US public schools  

Source: National Center for Education Statistics
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Computer Science degrees as a share of all bachelor’s degrees awarded
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% College Graduates with STEM Degrees (2008)STEM degrees as a percentage of bachelor’s degrees awarded (in 2008)

Tools for TaiwanTools for TaiwanTools for TaiwanTools for Taiwan

are going to beare going to beare going to beare going to be

qqqquite different.uite different.uite different.uite different.



Master’s

Master’s

Master’s

Master’s

Master’s

%  Female 
Source: National Center for Education Statistics

Gender Gap → another result of poor math & science in K-12 education 
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Gender Gap in Taiwan – How much did it shrink after thirteen years? 

Source: US National Science Foundation
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Need current data for number of female engineering graduates in TW 

Source: US National Science Foundation
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Social/

All first Mathematics/ Social/ First behavioral

university Natural computer Agricultural behavioral university science

Sex, region and location degrees All S&E sciencesa sciences sciences sciencesb Engineering 24-year-olds degrees NS&E degrees degrees

Number Ratio to 24-year-old populationc

Male

Asia

Cambodia 1,817 415 67 98 64 109 77 77,800 2.3 0.39 0.14

Japan (2001) 335,850 275,451 10,110 3,761 7,854 160,525 93,201 880,400 38.1 13.05 18.23

Kyrgyzstan 7,915 3,281 805 171 297 710 1,298 44,000 18.0 5.84 1.61

Laos 1,135 314 42 20 81 15 156 47,400 2.4 0.63 0.03

South Korea 113,573 63,881 6,843 4,289 3,805 6,729 42,215 403,200 28.2 14.17 1.67

Taiwan (2001) 59,091 35,661 2,466 6,268 1,482 2,225 23,220 197,531 29.9 16.93 1.13

Female

Asia

Cambodia 745 110 39 27 4 39 1 79,200 0.9 0.09 0.05

Japan (2001) 209,632 83,826 4,082 1,204 6,488 60,775 11,277 839,000 25.0 2.75 7.24

Kyrgyzstan 8,839 3,229 1,231 303 65 903 727 43,600 20.3 5.33 2.07

Laos 591 75 21 10 19 8 17 46,600 1.3 0.14 0.02

South Korea 100,925 32,978 6,584 5,010 2,054 5,037 14,293 380,400 26.5 7.35 1.32

Taiwan (2001) 58,339 12,963 1,218 3,123 1,718 3,537 3,367 187,363 31.1 5.03 1.89
87

12.66%
of students with

engineering degree

were female (2001)

0.018%
24 year old females

(11.8% males) have

engineering degree

Can MOOC

shrink TW’s

gender gap?

Taiwan’s 

Immense 

Untapped

Potential?

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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http://searchcio.techtarget.com/tip/Seven-data-science-lessons-from-McGraw-Hill-Education-analytics-guru

Gender Gap vs Collective IQ – MIT Center for Collective Intelligence 



Women in Senior Management, 2013Women in Senior Management, 2013

www.internationalbusinessreport.com/files/ibr2013_wib_report_final.pdf For additional information visit http://bit.ly/MIT-Made-in-Taiwan



Discussion 

• History

• Context

• Purpose

• Economy

• Denominator

• Data

• Conclusion 90
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GrowthSocio-Economic

We have thus far analyzed the context where MOOC may be instrumental 

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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Pew Research 

Demographic changes influence the nature of socio-economic growth   

US Population 
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Demographics of tertiary education (%) influences workforce availability   
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Demographic change influences the potential for socio-economic growth   

http://esa.un.org/unpd/wpp/index.htm
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GrowthSocio-Economic

Is education a catalyst for GDP? Then education must complement growth.  



Taiwan Economic Indicators 
How can MOOC contribute to increase the Gross Domestic Product? 

96

Context

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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US & UK ~ 80/20 

Service economies are

catalyzed by knowledge

and deep analytical skills.

Service economies are

catalyzed by knowledge

and deep analytical skills.

97

Exports must serve global 

demand (sectors projected

for rapid economic growth)

Exports must serve global 

demand (sectors projected

for rapid economic growth)



Match Education to Demand
For service economy – knowledge plus analytical skills

For export earnings – target global projected growth 
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To increase GDP



Future Economic Growth
High impact companies (~5%) may be few but are influential

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) 99
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High Impact MIT TLO Manufacturing Companies (1997-2008)

Excludes 39 software companies because they fail to categorize as manufacturing  ● MIT TLO refers to Technology Licensing Office
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High Impact 

Companies:    

Job Creation 

is Immune 

from Volatility 

of Business 

Cycles

www/sba.gov/sites/default/files/HighImpactReport.pdf
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Distribution of 3,596 HIC 

with >$5 million in annual 

revenues & >20 employees

High Impact 

Companies:    

Job Creation 

is Immune 

from Volatility 

of Business 

Cycles
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Industrial Productivity of High Impact Companies (top panel) and all other companies (bottom panel) expressed as ($) Revenue per Employee (USD)
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www/sba.gov/sites/default/files/HighImpactReport.pdf



Silicon Valley’s Gender Imbalance – Limits Creativity & EntrepreneurshipSilicon Valley’s Gender Imbalance – Limits Creativity & Entrepreneurship

Women in Engineering Roles in Leadership and/or Management (updated 02-14-2014)Women in Engineering Roles in Leadership and/or Management (updated 02-14-2014)



Emerging Economic Growth
Understanding emerging trends in economic development is 

essential to develop the structure of educational infrastructure.

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) 106



107
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5 ECONOMIC GROWTH SECTORS + 12 DOMAINS OF RAPID ADVANCES

12 DOMAINSFIVE SECTORS

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium (www.iiconsortium.org) ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) ● http://bit.ly/MIT-Made-in-Taiwan



MGI
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Sectors Predicted to Influence US GDP Growth over the next few decades  

MGI
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US BLSSegments of the US economy likely to be influenced over the next decades  

US Bureau of Labor Statistics



Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium (www.iiconsortium.org) ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) ● http://bit.ly/S-Datta 111

Socio-Economic Impact  

MGI
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US Growth fueled by investment (%) from federal, state & private sources   

MGI
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FUTURE ECONOMIC GROWTH SECTORS (PROJECTIONS ARE NOT FACTS)

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT)
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Infrastructure – Where is Taiwan on this list ?  

For additional information visit http://bit.ly/MIT-Made-in-Taiwan



Connectivity Cost v Mobile MOOC ▪ The elusive quest for business modelConnectivity Cost v Mobile MOOC ▪ The elusive quest for business model

359,575,234 (~27%)

7,016,538

124,159,302

3,577,091

38,817,437

10,444,784 (~87%)

ITU
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FUTURE ECONOMIC GROWTH SECTORS (PROJECTIONS ARE NOT FACTS)

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT)



Dr Shoumen Palit Austin Datta SVP, Industrial Internet 

Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)
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Energy inefficiency

prevalent today in the

Energy Supply Chain
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Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)
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Multi-directional Flow

in the future

Energy Supply Chain
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Load Balancing - energy from wind & grid to meet time-varying demand

Warren Powell, Princeton University (Stochastic Optimization)
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Kandel, Sheridan and McAuliffe (2008) A comparison of per capita electricity consumption: US v California [California Energy Commission]

Using demand management techniques California reduced energy usage

000’s kWh/person 000’s kWh/person
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D. Mahling, MIT

Automated Demand Management and Load Balancing (California, 2002)

For additional information visit http://bit.ly/MIT-Made-in-Taiwan
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$ Billion

By 2020, shale gas and oil could boost US GDP by $380 billion 

to $690 billion annually and create up to 1.7 million jobs. 

Cheaper natural gas may increase output in energy-intensive 

manufacturing by $75 billion to $105 billion. Energy imports 

are nearly half of the US goods trade deficit, but additional 

shale production could drive net US energy imports to zero. 

MGI

US Energy Sector – Potential Impact of Shale Gas Production by 2020     

http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf
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US Solar Energy planning for 285,000 acres

http://solareis.anl.gov/documents/docs/Solar_PEIS_ROD.pdf
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FUTURE ECONOMIC GROWTH SECTORS (PROJECTIONS ARE NOT FACTS)

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT)
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Commercial aircraZ forecast → 27,000 to 35,000 over the next 20 years

MGI
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Massachusetts Institute of Technology (MIT)
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For additional information visit http://bit.ly/MIT-Made-in-Taiwan GE Report

DELTA AIRLINES
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% Share of US and Canadian content in production of autos sold in the US

MGI

For additional information visit http://bit.ly/MIT-Made-in-Taiwan



Temporary Questions
What skill sets and training are necessary for the workforce to 
unleash the economic potential of the ecosystems that include 
energy sector, aviation industry and automobile manufacturing? 

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) 128

Is there a role for MOOCs in the context of the supply chain of talent? 
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FUTURE ECONOMIC GROWTH SECTORS (PROJECTIONS ARE NOT FACTS)
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Think Indira Nooyi of PepsiCo, Satya Nadella of Microsoft, 

Anshu Jain of Deutsche Bank, Shantanu Narayen of Adobe. 

The list is not short. The question is increasingly intriguing.

Few answers –

[1] Competition

[2] Middle class values

[3] Lack of infrastructure

[4] Obstructionist bureaucracy

[5] Large population at the bottom

[6] Lack of public systems and security
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economicmodeling.com

WORKFORCE 

DEVELOPMENT

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?
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WORKFORCE 

DEVELOPMENT

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?
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WORKFORCE 

DEVELOPMENT

US BLS

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?



Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium (www.iiconsortium.org) ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) ● http://bit.ly/S-Datta 134

WORKFORCE 

DEVELOPMENT

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?
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WORKFORCE 

DEVELOPMENT

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?



Match Education to Demand
For service economy – knowledge plus analytical skills

For export earnings – target global projected growth 
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Is there a role for MOOCs in the context of GDP growth for Taiwan? 
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FUTURE ECONOMIC GROWTH SECTORS (PROJECTIONS ARE NOT FACTS)



Energy, Trade, Infrastructure, Talent
are obvious and well known entities

But “data” is gaining momentum as a But “data” is gaining momentum as a But “data” is gaining momentum as a But “data” is gaining momentum as a 
“new” dimension for economic growth“new” dimension for economic growth“new” dimension for economic growth“new” dimension for economic growth
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Identifying new lines of business due to emerging global demand pattern



Dr Shoumen Palit Austin Datta SVP, Industrial Internet 

Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)
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Data by Datta
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Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)
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DATA

Source: Ericsson
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ITU and a number of companies to equip submarine communications 

cables with sensors to relay data regarding tsunamis or earthquakes.
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US has about one-third of the world’s data …  

MGI
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Competitive Intensity to Adopt Big Data

The term “big data” is mired in hype but it has VALUEVALUEVALUEVALUE if analyzed in context 

color Intensity indicates VALUE

MGI
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by 2020

Predicted value of data analytics in the retail supply chain (circa 2020) 

MGI
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Predicted value of data analytics in manufacturing (circa 2020) 

MGI



Dr Shoumen Palit Austin Datta SVP, Industrial Internet 

Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)
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Data from inside machines – GE prints sensors deep inside equipment
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Robotics in manufacturing is nothing new but shop floor data networks? 
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Data networks improve variant configuration and connects to supply chains 

BOSCH



Emma’s Omlette Factory – The Kitchen of the Future – i Print on Demand

Electron Beam Photo

Lithograph from the

ancient era modified

as a domestic food

printer connected to

commodity pipelines

(milk, cheese, eggs)

For additional information please visit http://bit.ly/MIT-Made-in-Taiwan

Move over…Willy Wonka and The Chocolate Factory

What skills do you need to transform this idea into reality?
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Predicted value of data analytics in healthcare (circa 2020) 

MGI



Dr Julian Goldman MD

MDPnP – MGH – HMS 

Real-time data – acquisition, analytics, decision support, security & privacy 



Predictive value of data analytics in healthcare diagnostics and wellness
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Laughter is the best indicator of this disease 

but the wireless sensors to detect laughter 

is not covered by your health insurance

Health

Insurance

Claims Division
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Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)
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The Paradox of US Healthcare – Global Anomaly ? Is social service a stigma ? 
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Proposed value generation ($ billions, due to data) in government by 2020

MGI



Data in connection with the

Internet of Things

Industrial Internet
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Predicted Exponential Increase in Efficiency and Growth of Global GDP



Global Projected Growth includes 

the IoT and the Industrial Internet
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Predicted Exponential Increase in Efficiency and Growth of Global GDP
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5 ECONOMIC GROWTH SECTORS + 12 DOMAINS OF RAPID ADVANCES

12 DOMAINSFIVE SECTORS
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Healthcare

Smart Grid

Cyber-Physical Systems

Transportation + Disaster & Emergency First Response Systems in Smart Cities

Aerospace

Locomotives

Maintenance and fault prevention

using in-flight monitoring; reduce

down-time by auto-tracking metrics;

fuel consumption; supply chain  

Cloud of Things

Data, Decisions, SCM

Manufacturing

Manufacturing

Predictive Analytics

Privacy, Cyber-Security

EV as storage

Energy Supply Chain

Modified and adapted from MGI

Industr ia l   InternetIndustr ia l   InternetIndustr ia l   InternetIndustr ia l   Internet

Dr Shoumen Palit Austin Datta  ● SVP, Industrial Internet Consortium (www.iiconsortium.org)  ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT)  ● http://bit.ly/MIT-Made-in-Taiwan
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Where is my slice of the pie?
How much of the $10 - $15 trillion may be diverted to my bank?
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Goldman-Sachs Quick Get Rich Insider Information

HsinchuHsinchuHsinchuHsinchu Science Science Science Science ParkParkParkPark



The Logical Analysis of Economic Impact

Economy is the art of making the most of life  (GBS)



MGI Estimated Potential Annual Economic Impact in $ Trillion (circa 2025)MGI Estimated Potential Annual Economic Impact in $ Trillion (circa 2025)

In highly successful firms such as McKinsey and Company hundreds of new MBAs join the firm 

every year and almost as many leave. But the company is able to crank out high-quality work

year after year because its core capabilities are rooted in its processes and values rather than

in its resources (vision). I sense, however, that these capabilities of McKinsey also constitute 

its disabilities. The rigorously analytical, data-driven processes that help it create value for its

clients in existing, relatively stable markets render it much less capable in technology markets.

Clayton Christensen (Harvard Business School, 2000) also in his book The Innovators Dilemma
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IoE enabled examples

How the medium of the internet is generating value



Internet of Everything (IoE) enabled value predictions in the public sectorInternet of Everything (IoE) enabled value predictions in the public sector
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How relevant is this to Taiwan?



IoE enabled value in the public sector – Smart Parking $41 billionIoE enabled value in the public sector – Smart Parking $41 billion
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IoE enabled value in the public sector – Water Management $39 billionIoE enabled value in the public sector – Water Management $39 billion
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IoE enabled value in the public sector – Gas Monitoring $69 billionIoE enabled value in the public sector – Gas Monitoring $69 billion
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IoE enabled value in the public sector - Disease Management $146 billionIoE enabled value in the public sector - Disease Management $146 billion
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IoE enabled value in the public sector – Road Pricing $18 billionIoE enabled value in the public sector – Road Pricing $18 billion

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?



IoE enabled value in the public sector – Telecommuting $125 billionIoE enabled value in the public sector – Telecommuting $125 billion

How can MOOC help?

What types of courses?

What forms of training?
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IoE enabled value for DoD - Connected Militarized Defense $1.5 TrillionIoE enabled value for DoD - Connected Militarized Defense $1.5 Trillion

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?



IoE enabled value for for-profit MOOC driven Digital Learning $258 billionIoE enabled value for for-profit MOOC driven Digital Learning $258 billion

MOOCs may be valuable due to their ability to deliver factual learning outside of face time in the classroom. 

Hence, classrooms can serve as project learning or test-bed for activities which transforms theory to practice. 

Digital learning helps to flip the classroom from a lecture theater to a project based learning (PBL) environment. 

MOOCs may help promote the principles first practiced by Maria Montessori and her education philosophy.

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?



Data and Connectivity

How the medium of the IoT is generating value

Potential value of data is inextricably linked to connectivity and context



With 243 million users by 2014, India exceeds US in internet reach. But, 

India’s digital penetration is only 10% and China is 40%. Rising levels of 

connectivity presents potentially enormous opportunities for business.

With 243 million users by 2014, India exceeds US in internet reach. But, 

India’s digital penetration is only 10% and China is 40%. Rising levels of 

connectivity presents potentially enormous opportunities for business.
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Demand for Analytical Skills Demand for Analytical Skills 

Boehringer Ingelheim sponsored a competition 
on Kaggle (platform for data-analysis) to predict if 
a new drug molecule may cause genetic 
mutations. The winning team, from among nearly 
9,000 competitors, combined experience in 
insurance, physics and neuroscience. Its analysis 
beat existing predictive methods by >25%.

FedEx’s SenseAware: Customers place a small 
device the size of a mobile phone inside 
packages. Device includes GPS, sensors to 
monitor temperature, light, humidity, barometric 
pressure and special criteria which may be critical 
to biomedical products and/or sensitive 
electronics. Real-time info about product location 
and if ambient conditions have changed. The 
data-rich variation of RFID tags helps companies 
manage complex and perishable supply chains.

Acxiom offers clients, from banks to auto 
companies, profiles of 500 million customers. 
Each profile enriched by more than 1,500 data 
points gleaned from the analysis of up to 50 
trillion transactions.

Data from real-time monitoring of blogs, news 
and Tweets may detect subtle shifts in sentiment 
that can affect product and pricing strategy. 
Advanced analytic software allows machines to 
identify hidden patterns in massive data flow or 
documents. This machine “intelligence” means 
that a wider range of knowledge tasks may be 
automated at lower cost. As companies collect 
more data from operations, they may gain new 
revenue streams by selling sanitized information 
on spending patterns or physical activities to third 
parties ranging from economic forecasters to 
health-care companies.

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?
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Demand for Analytical Skills Demand for Analytical Skills 

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?

WORKFORCE 

DEVELOPMENT Clearwell Systems (Silicon Valley) analyzes legal 
documents for pretrial discovery. Machines 
scanned >0.5 million documents and pinpointed 
the 0.5% which were relevant. What would have 
taken a legal team several weeks took 3 days. 
Machines are becoming adept at structuring 
basic content for reports, auto-generating 
marketing and financial materials by scanning 
documents and data.

Signaling a new quest for AI based decision 
support system (DSS), IBM’s Watson is tackling 
cancer research by reading >600,000 medical-
evidence reports, 1.5 million patient records and 
2 million pages of clinical-trial reports and 
medical-journal articles. Aids decision-support for 
oncologists at Memorial Sloan-Kettering Cancer 
Center, NY.

Food retailers Tesco and Delhaize deployed life-
size store displays at S. Korean & Belgian subway 
stations. It allows commuters waiting for trains to 
use smartphones to order groceries, which are 
shipped to their homes or available for pickup at 
a physical store location. Other retailers are using 
similar displays in physical stores so consumers 
can also order out-of-stock (OOS) products.



Demand for Analytical Skills Demand for Analytical Skills 

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?

WORKFORCE 

DEVELOPMENT India has enrolled 380 million citizens in the 
largest biometric-identity program (Aadhaar). It 
plans to use the system to make >$50billion in 
cash transfers to the poor (saves $6billion fraud)

Smartphones and tablets are entering classrooms 
to deliver personalized MOOC. India is running 
trials of the sub-$50 Aakash tablet to link more 
than 25,000 colleges in an e-learning program.

In rural Bangladesh, 90% of births occur outside 
hospitals. A mobile-notification system alerts 
clinics to dispatch nurse–midwife teams.

In China, a public–private partnership created a 
cardiovascular-monitoring system that allows 
patients to self-administer electrocardiograms 
and transmit data to specialists in Beijing, who 
may suggest treatments by phone.

In 2011, US government introduced a Cloud First 
policy, which laid out a vision to shift a quarter of 
the $80 billion in annual federal spending to the 
cloud from in-house data centers. It may save 20-
30% on the cost of the shifted work.

Mt Sinai Hospital (NYC) collaborates with GE to 
use smart tags to track the flow of hundreds of 
patients, treatments and medical assets in real 
time. The hospital estimates may treat 10,000 
more patients / year and generate $120 million n 
savings and revenues over several years.
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What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?

IS TAIWAN                   

PREPARED FOR THESE 

DATA ECONOMY JOBS ?
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Current Concentration of Data Jobs in the US   Current Concentration of Data Jobs in the US   
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Projected Growth of Data Jobs by Location in the US   Projected Growth of Data Jobs by Location in the US   



Speed of Data Transmission in the US – now 100 Gbps (proposed 1 Tbps)   Speed of Data Transmission in the US – now 100 Gbps (proposed 1 Tbps)   
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Connection Speed   Connection Speed   

Source: Akamai Report Q1 2014
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Speed    Speed    



Is your data secure?
THE RISE OF CYBERSECURITY

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) 210

Security    Security    



Dr Shoumen Palit Austin Datta SVP, Industrial Internet 

Consortium Research Affiliate, School of Engineering, 

Massachusetts Institute of Technology (MIT)

211

Digital Attack Map – The Prelude to Cyber Warfare   Digital Attack Map – The Prelude to Cyber Warfare   
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Consortium ● Research Affiliate, School of Engineering, 

Massachusetts Institute of TechnologySource: Akamai Report Q1 2014

Distributed Denial of Service (DDoS) Attack Traffic (by source IP)   Distributed Denial of Service (DDoS) Attack Traffic (by source IP)   
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Distributed Denial of Service (DDoS) Attacks by Sector Distributed Denial of Service (DDoS) Attacks by Sector 

Akamai Report Q1 2014
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Data Proficiency + Computer Science = Car Hacking (the new car-jacking)   Data Proficiency + Computer Science = Car Hacking (the new car-jacking)   

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT)



Broad spectrum of data
The range of data related applications will stretch our imagination 
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Data – Imagine what happens if 50% of the population were connected  Data – Imagine what happens if 50% of the population were connected  



Recombinant Data
Data (by itself – in one silo) is of limited value unless 
analyzed in conjunction with other data in context of 
the application or in context of the problem-question 
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Introducing a new buzz feed   Introducing a new buzz feed   
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218Modified from illustration by Jaap Bloem

R
RECOMBINANT DATA
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Recombinant DNA is so yesterday … the emergence of Recombinant Data 

vmob.me
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Making Sense of Recombinant Data – unleashing the value cryptic in data  
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Mesh Network – Is every home a smart home?  Mesh Network – Is every home a smart home?  

www.senxun.com.tw/

Cloud

of

Things
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A new business cycle is emerging

vmob.me



MOOC in CONTEXT

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) 223
vmob.me

Number of developers will exceed the total number of people employed by US DoD

Demand for 4.5 million developers (2020) - jobs in software development   

vmob.me
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Exabytes of data per second from deployment of autonomous vehicles 



Terrestrial Transportation – Emergency “Crash to Care” Response SystemTerrestrial Transportation – Emergency “Crash to Care” Response System



Time, Sensors, Network 

& Data Synchronization

Time, Sensors, Network 

& Data Synchronization

US Park

Service 

Drones

US DHS 

Drone

US Fire Service 

Drone

Dhananjay Anand, NIST

Hellabytes of data from deployment of emergency search & rescue drones 
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Tectonic Paradigm Shift – Data has gone to the Dogs – Internet of Dogs 

Diesel and Simba resting at the feet of Robo-Cop in the 

Washington DC Convention Center on June 11, 2014 at 

the SmartAmerica Challenge organized by Presidential

Innovation Fellows Sokwoo Rhee and Geoff Mulligan.

Has Boeing receded to the background of US innovation? 

K9 ANALYTICS INC – We are dogmatic about the future of data
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Data, People and Cities – Grand Decarbonization Plan for City of Chicago 
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How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?

WHAT WILL YOU DO WITH 

FREE DATA STORAGE

FREE COMPUTATION

MMMMonetize data analytics onetize data analytics onetize data analytics onetize data analytics 
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Radio capability distribution of M2M devices in measured mobile networks 

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, MIT
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3D
Data Driven Decisionmaking
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Articles by Robots
Articles for Robots
Articles about Robots

Associated Press
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Intelligent Recombinant Data Analytics
Predictions are very difficult, especially if it is about the future – Niels Bohr (1885-1962)

Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) 235

IRDA – building common sense of data into the platforms of the future 
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A staple horizontal for any vertical – IRDA & Data Driven Decision-making 

DATA
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Data without context? Context without semantics? Semantics without ontology? Data without context? Context without semantics? Semantics without ontology? 

Semantics



Data without software ? Girls Who Code </> Common Coding LanguagesData without software ? Girls Who Code </> Common Coding Languages

codeeval.com



Data from 2011 but still current for 2014. © Robert A. Muenchen

Software used in data analysis competitions – temporary advantage – R Software used in data analysis competitions – temporary advantage – R 



Transparent and innovative business models are in dynamic state with real-time information, instant price discovery 

and quick problem resolution. The latter is now a basic expectation of consumers, citizens and business customers. 

Taken together, these changes will force many companies to rethink elements of their business models which are not 

in pace with these progressive practices. Leaders will need to make their companies more transparent and elevate 

rapid responsiveness as a core competency. Business models built on transparency and responsiveness will satisfy 

customers and help companies become more agile and credible with their stakeholders as long as privacy and 

security concerns are adequately addressed. The key rate limiting step is the availability of skilled workforce.

• http://www.ibm.com/analytics/us/en/

• http://hbr.org/2012/10/big-data-the-management-revolution/ar/1

• http://googleblog.blogspot.com/2010/10/what-were-driving-at.html

• http://hbr.org/2012/10/data-scientist-the-sexiest-job-of-the-21st-century

• http://public.dhe.ibm.com/common/ssi/ecm/en/gbe03575usen/GBE03575USEN.PDF

• http://spectrum.ieee.org/automaton/robotics/artificial-intelligence/how-google-self-driving-car-works

Data, Connectivity, Context, Value – Gulf between Principles and Practice   Data, Connectivity, Context, Value – Gulf between Principles and Practice   



The rising economic and business impact of information technology means that competition will 

heat up for graduates in science, technology, engineering and mathematics (STEM) where job

growth is likely to be several times faster than in other areas. As the automation of knowledge 

work gains momentum and computers start handling a growing number of tasks now performed 

by knowledge workers, some mid-level jobs will disappear. People with higher-level skills will become  

more important. Providing new forms of training to upgrade knowledge workers’ capabilities and 

rethinking the nature of public education, especially in mathematics, will be critical priorities for 

businesses to invest in and for government leaders to decrease bureaucracy. Education is our key.

How to deliver value from data? Transform the vision of IRDA into reality? How to deliver value from data? Transform the vision of IRDA into reality? 

Can MOOC catalyze an educated & IRDA-proficient supply chain of talent ? Can MOOC catalyze an educated & IRDA-proficient supply chain of talent ? 
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Did we arrive at a conclusion we knew almost since the beginning of time? Did we arrive at a conclusion we knew almost since the beginning of time? 

Born Raffaello Sanzio da Urbino in 1483 (Urbino, IT). Died April 6, 1520 (Rome, IT) Raphael - The School of Athens
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Mathematics
The quintessential denominator

244Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) ● http://bit.ly/S-Datta

How to connect the data dots? Skilled Workforce – where are they now? How to connect the data dots? Skilled Workforce – where are they now? 



People in ’000s (2009)

Math-based role: ActuariesMath-based role: Actuaries



People in ’000s (2009)

Math-based role: EconomistsMath-based role: Economists



People in ’000s (2009)

Math-based role: EpidemiologistsMath-based role: Epidemiologists



People in ’000s (2009)

Math-based role: Industrial EngineersMath-based role: Industrial Engineers



People in ’000s (2009)

MathematiciansMathematicians



People in ’000s (2009)

Math-based role: Mathematical Scientists Math-based role: Mathematical Scientists 



People in ’000s (2009)

Math-based role: Mathematical TechniciansMath-based role: Mathematical Technicians



People in ’000s (2009)

Math-based role: Operations ResearchMath-based role: Operations Research



People in ’000s (2009)

Math-based role: StatisticiansMath-based role: Statisticians



Dr Shoumen Palit Austin Datta ● SVP, Industrial Internet Consortium (www.iiconsortium.org) ● Research Affiliate, School of Engineering, Massachusetts Institute of Technology (MIT) ● http://bit.ly/S-Datta 254

By 2018, US will experience a shortage of 190,000 skilled data scientists, 

and 1.5 million managers and analysts required to reap the actionable 

insights from the big data deluge. With an estimated 40,000 exabytes of 

data being collected by 2020 (2,700 exabytes in 2012) the implications of 

this shortage is a major opportunity. Further driving this explosion in data 

collection and the demand for skilled practitioners, is the wide range of 

economic sectors that will leverage big data analytics in the next decade, 

including retail, manufacturing, healthcare, government & cybersecurity. 

http://blog.gopivotal.com/pivotal/news-2/mckinsey-report-highlights-the-impending-data-scientist-shortage#sthash.gBtyRaPg.dpuf

Math-phobia: A grande opportunity disguised as a US skills shortage Math-phobia: A grande opportunity disguised as a US skills shortage 



Building blocks on the road to Data Science 



Data Science
The Emperor’s New Clothes (it is the same Emperor inside his new clothes)
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DATA reveals Istanbul is the area with the highest migration

Migration trends – where you live vs where you were born

1.2 billion (of ~7 billion global population) connects via Facebook (2010)1.2 billion (of ~7 billion global population) connects via Facebook (2010)



Twitter Data Analytics from Geo Tagged Social Signals 

Dr Monica Stephens

Humboldt State University

Dr Monica Stephens

Humboldt State University

Mapping demand is a variable linked to personality and mobility. Juveniles may tweet each time they pass 

McDonald’s but it is unlikely that adults may want to tweet if they want to eat pasta or prawns for dinner.    

http://senseable.mit.edu/wikicity/rome/
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The bottom line – Data must be analyzed in context
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Context of Data Analytics – Environment, Dependencies and EcosystemsContext of Data Analytics – Environment, Dependencies and Ecosystems

Science without religion is lame, religion 

without science is blind – Albert Einstein

Data science without context is noise, context 

without measurable data is impotent.



Think and Connect like a 
Neuron

Extracting value from data analytics to generate information



Born 1 May 1852

Petilla de Aragón, Navarre, Spain

Died 18 October 1934 (aged 82)

Madrid, Spain

Santiago Ramón y Cajal

Slice of neo-cortex, as identified by Cajal. Every cubic mm

contains about 100,000 neurons and 2-4 km of axons and

dendrites. Layers I-VII on the right = 2mm vertical distance. 





O S I

MODEL



THE SOCIETY OF MIND

Marvin Minsky (1959)



Section of a HTM region, equivalent to 1 layer of neurons in the neocortical 

region (layer 3). Each 4-cell column connects to a subset of the input and 

each cell connects to other cells in the region (connections are not shown). 

The principle of this connectivity was abstracted in Minsky’s cube-on-cube.

Hierarchical Temporal Memory (HTM) integrates the semantics of timeHierarchical Temporal Memory (HTM) integrates the semantics of time

Numenta



Hierarchical Temporal Memory (HTM) is a machine learning tool to capture the structural and algorithmic properties of the neocortex which is the seat of intelligent 

thought in the mammalian brain. High level vision, hearing, touch, movement, language and planning are performed by the neocortex. Given such a diverse suite of 

cognitive functions, the neocortex may be expected to implement an equally diverse suite of specialized neural algorithms. In reality, the neocortex displays a 

remarkably uniform pattern of neural circuitry. In other words, the neocortex implements a common set of algorithms to perform many different intelligence 

functions. It may be analogous to an abstraction which is used in a systemic context.

Programming HTM cortical learning algorithms require training through exposure to a stream of sensory data (capabilities are determined largely by exposure). HTM 

is a memory based ANN system. HTM networks are trained on time varying data and rely on storing a large set of patterns and sequences. A crucial distinction of HTM 

is embedded in the semantics of time which is an important element in applications relating to cyberphysical systems (CPS). Classic computer memory has a flat 

organization and does not have an inherent notion of time because the semantics of time are not available in the ISA (instruction set architecture). Therefore, in the 

classical programming environment, we can implement any kind of data organization and structure on top of the flat computer memory and control how and where 

information is stored.

HTM memory is more restrictive. HTM memory has a hierarchical organization and is inherently time based. Information is always stored in a distributed fashion. HTM 

user is expected to specify the size of the hierarchy and what to train the system on but the HTM controls where and how information is stored (data, patterns, text, 

sequences). Hence, HTMs are learning and prediction machines that can be applied to many types of problems through the inherent abstractions in the system. 

Although an HTM region is equivalent to only one portion of a neocortical region (layer 3), it can perform inference and prediction on complex data streams. Hence 

the significance of HTMs in data analytics in multiple domains or verticals. 

Although neurons in the neocortex are highly interconnected, inhibitory neurons guarantee that only a small percentage of the neurons are active at one time. Thus, 

information in the brain is always represented by a small percentage of active neurons within a large population of neurons. This kind of encoding is called a “sparse 

distributed representation” where a small percentage of neurons are active at one time. “Distributed” refers to the fact that the activation of many neurons are 

required in order to represent something. A single active neuron conveys some meaning but it must be interpreted within the context of a population of neurons to 

convey the full or complete meaning relevant to the context.

HTM (CLA) attributes include time and context – essential for many 

CPS (cyberphysical systems) applications and data analytics (context)

HTM (CLA) attributes include time and context – essential for many 

CPS (cyberphysical systems) applications and data analytics (context)



Understanding the neurological basis of certain anomalies provides clues to information/data processingUnderstanding the neurological basis of certain anomalies provides clues to information/data processing



Neurons connect to process data and information using the mechanism of pattern recognition Neurons connect to process data and information using the mechanism of pattern recognition 

Syntactic Web

Semantic Web



Synapses can connect, converge and coalesce data from various regions to generate precise response Synapses can connect, converge and coalesce data from various regions to generate precise response 

Syntactic Web

Semantic Web

Synaptic Web



Neuro-Synaptic Chips & Multi-core platforms for parallel processing of noisy, multi-modal, unstructured data Neuro-Synaptic Chips & Multi-core platforms for parallel processing of noisy, multi-modal, unstructured data 

Dr Dharmendra Modha

IBM • www.modha.org

Neuro-synpatic Chip



Model Based

Fault Detection 

Control Algorithms

Signal Processing

Data Driven

Anomaly Detection 

Software Monitors

FDI Supervisor

Embedded Fault Detection for Safety-Critical Systems

without reliance on the need for physical redundancy

Aviation Industry • in-flight monitoring data and aircraft maintenance based on data analytics   Aviation Industry • in-flight monitoring data and aircraft maintenance based on data analytics   

MULTICORE PROCESSORMULTICORE PROCESSOR

Industrial Internet applications of multi-core platforms: Embedded Fault Detection for Safety-Critical Systems Industrial Internet applications of multi-core platforms: Embedded Fault Detection for Safety-Critical Systems 



Design MOOC to offer
ANN – HTM Training ?
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Lets the MOOCs begin
Workforce Preparation
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Beyond Data
Science and Engineering MOOC
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Material Genome Initiative (White House, June 2014)

We live in a material world – think graphene, think metal-organic frameworksWe live in a material world – think graphene, think metal-organic frameworks

MOF
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Chemistry is the Central Science – The US Material Genome InitiativeChemistry is the Central Science – The US Material Genome Initiative

www.nist.gov/mgi/upload/MGI-StrategicPlan-2014.pdf

WORKFORCE 

DEVELOPMENT

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?
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The development and distribution of software tools by the Materials Genome Initiative could emulate the 

nanoHUB.org, an online nanotechnology simulation community developed and operated by the US NSF’s 

Network for Computational Nanotechnology at Purdue University. 

NanoHUB empowers a worldwide community cloud-based scientific computing and educational resources, 

providing a library of over 3,300 seminars, tutorials and teaching materials to a global community of 257,000.

NanoHUB’s impact on research is demonstrated by more than 1,030 citations in the scientific literature and over 

6,000 secondary citations. Furthermore, nanoHUB makes more than 270 constantly evolving simulation and 

modeling tools universally accessible and useful via fully interactive sessions in the cloud. Some 12,500 users run 

more than 430,000 simulations annually without any software installation, by using a web browser. Additionally, 

nanoHUB simulations are used at more than 180 institutions in formal classroom training that has reached 

19,000 students to date. The image (next) depicts the 250,000 users participating in nanoHUB as of 02/2013. 

Material Genome Initiative (MGI) may mimic nanoHUB Software NetworkMaterial Genome Initiative (MGI) may mimic nanoHUB Software Network
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NanoHub – Model for MGI Software Network

nanoHUB.org – NSF’s online nanotechnology simulation community operated by Purdue University ● Red – education ● Yellow - simulation 

Material Genome Initiative (MGI) may mimic nanoHUB Software NetworkMaterial Genome Initiative (MGI) may mimic nanoHUB Software Network
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WORKFORCE DEVELOPMENT

How can MOOC help?

What types of courses?

What forms of training?

What are the pre-requisites?

How relevant is this to Taiwan?



Can MOOC fast track                 
imagination, invention and innovation?

Learn the basics on your own time, all classes are creative labs, evolve as an entrepreneur
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University of Maryland

Not a class but a hands-

on class project at UMD
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UMD Mid Term Project – According to the US NHTSA ~40,000 are killed 

due to automobile collision. We will design a system to avoid collision.
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UMD Mid Term Project – According to the US NHTSA ~40,000 are killed 

due to automobile collision. We will design a system to avoid collision.
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Agriculture Classroom                           Agriculture Laboratory



Discussion 

• History

• Context

• Purpose

• Economy

• Denominator

• Data

• Conclusion
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MOOCs may not yet (and may not ever) be the "game changers" for higher education that some predicted. The 

chance to pursue university mission goals through a high-profile development in higher education that promotes 

university image, gives some members of the faculty a much larger audience and is perceived positively by a public 

seeking increased connection with an otherwise exclusive university, is an opportunity too good to pass up.

The exuberance of 2012 has faded, replaced by the skepticism of 2014, but at the early adopter universities, MOOCs 

appear poised to play an important role in the higher education picture for at least the next few years, perhaps 

beyond, with a strong value proposition: supporting the goal of improving on-campus teaching and learning while 

also promoting the university and its faculty. At the same time, the elite universities connect with the public through 

educational outreach, demonstrating leadership in an emerging higher education learning technology related to jobs.

Analysis – The Value of MOOCs depends on context and purpose 
Dikran W. Kassabian Published on Monday, June 16, 2014

Followers of MOOC may find it prudent to discard the penchant for best practices. If you have or if you can create a        

game-changing potential, then, past development challenges are a poor guide to your future development pathway. 
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Your Focus – What, Where, How, When vs MOOC, GDP, Jobs, Education
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Watch and avoid 

stupidity → example



Impact

Are you asking the correct questions? There are no quick fixes, there are no rapid returns but there are costly band-aids.  
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Future-Ready 

Fiction

Please download this book from

http://bit.ly/MIT-Made-in-Taiwan

THANK YOU
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