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Challenges facing nations

• With globalization, new developments in ICT and 
advances in science & technology impacting on society,  
competitiveness of nations are at stake –jobs are taking 
flight, some traditional vocations are  at the risk of 
becoming  irrelevant, and job functions are coalescing 
and moving up the value chain.

• Nations need to take attention of these developments 
and respond accordingly to the challenges so that their 
people are better equipped with the skill sets to  thrive 
in the new economy.

• Modern economy is very much driven by innovation 
and enterprise. 



What is innovation?

• There are a number of definitions of 
innovation. 

• However, there is little consensus in the 
literature on what exactly it means. 

• Simply put, it means the practical 
implementation of ideas that results in the 
introduction of new goods or services or 
improvement in offering goods or services. 



What is enterprise?

• There are a number of definitions of what is 
meant by enterprise. 

• However, there is little consensus in the 
literature on what exactly it means.

• Simply put. it is associated with 
entrepreneurial activities.  



Focus of presenation 

• Singapore’s experience with innovation and 
enterprise.    

• Selected examples will be used to illustrate 
these experiences.

• Where appropriate, the convergence of 
Economics, Physics, and Cultural Studies will 
be shown. 



About Singapore 

• Tiny island in South-East Asia – about 700 sq 
km in area

• Diverse ethnic mix 

• No natural resources 

• People are its only asset

• About 10,000 MNCs operate in Singapore 



Singapore’s education system 

• Has attracted international recognition

• Latest global education rankings, released by the 
Organization of Economic Co-operation and 
Development in May 2015, put Singapore at the top

• In the latest  QS World University rankings, Singapore 
has two universities in the top 15 – National 
University of Singapore  (11) and Nanyang 
Technological University (13).

• Singapore students regularly do well in international 
Olympiads in the sciences and mathematics.



Innovation 



How Singapore addresses its water 
vulnerability 

• For quite some time, Singapore has been depending on 
Malaysia for most of  its water supplies.

• In an effort to diversify its water sources, Singapore has 
embarked on a few measures:

(a) Recovering water from  treated sewage – this is called 
NeWater.

(b) Expanding the area of collecting rainfall by constructing 
more reservoirs  and building an extensive network of rivers 
around the island that further feed rainwater to the 
reservoirs. So much so that about 70 % of the island has 
been transformed into water catchment areas. 



NeWater Plants 



17 reservoirs in Singapore 



How Singapore addresses its water 
vulnerability 

(c) Since Singapore is surrounded by sea, it also 
embarked on desalination of sea water. 



Desalination plants in Singapore 



How Singapore addresses its water 
vulnerability 

• The foregoing measures are contributing 
towards water security and sustainable use of 
water in Singapore. 

• Question: How does convergence come into 
the picture here? Let’s discuss from the point 
of view of Physics, economics and social 
studies.



How Singapore addresses traffic 
congestion 

• Traffic congestion exacts a very big toll on the economy and 
people. 

• Singapore addressed this by introducing  Electronic Road 
Pricing (ERP) progressively from 1998 onwards – a network of 
gantries automatically deduct toll from the cash card in an in-
vehicle unit in the vehicle.

• Cost of setting up the ERP is in the order of a few $100 million 
and the revenue obtained is also used to improve transport 
infrastructure in Singapore.

• The ERP in Singapore is a world first and has since been 
adopted by other countries. 



Electronic Road Pricing gantry
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Traffic congestion initiatives in 
Singapore 

• Question: How does convergence come into 
the picture here? Let’s discuss from the point 
of view of Physics, economics and social 
studies.



How Singapore is pursuing urban 
farming 

• Since land area is very limited, traditional farming is 
difficult in Singapore. 

• Singapore embarked on aeroponics farming of 
vegetables as well as intensive farming of fish and 
other marine food.

• These are high density farming techniques and are 
more sustainable for a city state in the long run.

• Yield per acre is also much greater than traditional 
farming methods.



Aeroponics farming in Singapore  



Seafood farming in Singapore



References on urban farming in 
Singapore 
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How Singapore is going into urban 
farming (cont’d)

• Question: How does convergence come into 
the picture here? Let’s discuss from the point 
of view of Physics, economics and social 
studies.



How Singapore is going into 
sustainable waste practices 

• As land is scarce in Singapore, waste is no longer 
dumped into landfills inland as real estate is 
expensive here.

• Waste is treated through incineration and the power 
produced is fed to the  national electricity grid.

• The incinerated waste is dumped into an artificial 
landfill  (Semakau) built out of the nearby sea. There 
are no leeching of wastes from this landfill into the 
sea water and, in fact, marine life thrives there. 



Waste treatment 

Waste to energy plant 



Semakau landfill 



References on sustainable waste practices in 
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Sustainable waste practices in 
Singapore 

• Question: How does convergence come into 
the picture here? Let’s discuss from the point 
of view of Physics, economics and social 
studies.



Enterprise 



Invention Initiatives

• Inventing is not the sole preserve of 
scientists.

• Even students are capable of inventing.
• When students engage in the process of 

inventing, they are, in fact, engaging in 
research or mimicking the actions of 
scientists.  

• Example of Thomas Edison
• Even you are capable of inventing!



Promoting an invention culture in 
Singapore 

• Encouragement given to students to engage in 
invention pursuits.

• Pursuit of inventive endeavors is a way to  also 
showcase enterprise. 

• If students can realize that being an inventor 
can also be a way of making a living, they 
need not depend on traditional avenues for 
employment in the economy when they join 
the job market later.



Invention of Board Games: A few 
thoughts

• Scrabble – invented by an architect  in 1938.

• Pictionary – invented by a waiter in 1985.

• TriBond – invented by three undergraduates in 
1987. 

• New board games are constantly being 
invented, and it is a multibillion dollar 

industry.



Some board games



Inventing Board Games (cont’d)

• A number of school students in Singapore 
have invented board games that have been 
commercialized.

• A number of these games are science-based 
while others are for fun and entertainment.

• Inventing board games also mirrors the 
process of research as it involves problem-
solving and finding a solution.

• Getting students initiated in inventing board 
games affords an inexpensive way to engage 
in enterprise pursuits.



Singapore Board Games meet-up



Inventing Toys

• Opportunities to use scientific knowledge 
creatively.   

• Good way to foster inventive spirit.

• Toys can be built cheaply using commonly 
available and recyclable materials.

• Even you can invent toys.

• New toys are constantly being invented, and it 
is a multibillion dollar industry.



Sony Creative Science Award 
entries: Toy inventions

This is an annual 

competition open to 

primary school students 

in Singapore. 



Work done in my research group on 
inventing toys and other products   

• My research group has also done some work on 
inventing toys and other products.

• It has been noted that when students try to fabricate 
these products, they enjoyed the process and it was also 
fun for them.

• Students not only get a chance to learn Physics principles 
in a hands-on manner but also get to realize that being 
an inventor can also be a future vocation. 

• Will share the centripetal toy puzzle, candy floss kit, and 
fun Cartesian diver. 



Students making candy floss using a simple device they 
built in the Design & Technology workshop 





Fun Cartesian diver 



A few references on making toys 
and other products 

• Amir, N. & Subramaniam, R. (2009). Making a low cost candy 
floss kit gets students excited about learning physics. Physics 
Education, 44(4), 420-429.

• Amir, N. & Subramaniam, R. (2007). Making a fun Cartesian 
diver: A simple project to engage kinesthetic learners. Physics 
Education, 42, 478-480.

• Amir, N. & Subramaniam, R. (2006). Making Physics toys 
fosters creativity. Physics Education, 41, 18-21.

• Subramaniam, R. & Toh, K.A. (2004). Three-dimensional 
puzzle helps teach centripetal force. Physics Education, 39(3), 
239-240



Tan Kah Kee Young Inventor’s 
Award

• Annual invention competition open to school 
students and the public 

• Cash prizes and certificates available for 
winners in various categories 

• Has played a useful role in inculcating the 
spirit of inventiveness among students and 
the public.



Entries at Tan Kah Kee Young 
Inventor's Award



Enterprising mindset

• Science affords enormous scope for a person 
to become entrepreneurial and enterprising.  

• If you have an idea that can be 
commercialized, go ahead and work on it!

• Example: Gallium spoon kit

http://www.youtube.com/watch?v=cvRcUeWjB
u0

http://www.youtube.com/watch?v=cvRcUeWjBu0


Promoting research among school 
students 

• Selected schools in Singapore have research 
laboratories staffed by PhDs.

• Students get opportunities to have hands-on 
experience with some of the latest research 
techniques. 

• Restricted to top students who are interested 
in research.



DNA test kit developed by students



Promoting entrepreneurship 
among students 

• Role of creativity in entrepreneurship is well 

recognized. 

• Science affords enormous scope for a person to 

become entrepreneurial and enterprising (Tan & 

Subramaniam, 2003).

• Those who are creative, enterprising and 

inventive will ride the new wave in the economy. 

Tan, W. H. L. & Subramaniam, R. (2003). Science and the 

student entrepreneur. Science, 298(5598), 1556-1556.



Student entrepreneurs 



Orchid Hybridization Program

• Nurtures scientific temper and 
technopreneurship among students. 

• Trains teachers in simple genetic techniques 
first.

• Students then taught to create new strains of 
orchids.  

• Rewards available.



Rewards in Orchid Hybridization 
Programme

• Students can register new strain of orchid at 
the Royal Horticultural Society in London 

• Can name it after themselves 

• Can name it after their school 

• Can sell it to orchid nurseries 

• Can auction it in order to raise funds for the 
school 

• Can sell it to organizations wishing to boost 
their corporate identity further 



Orchid named after a school



Summarizing comments 

• Today’s students are living in an age of ICT, globalization, and rapid advances 
in science & technology.

• The new economy brings about not only uncertainties but also new 
challenges and opportunities. 

• Singapore  places considerable emphasis on ensuring that its students are 
inculcated with the necessary mindset while they are still in school so that 
they are better prepared for the challenges of the workforce in the new 
economy.

• Students are also exposed to how innovations in traffic management, 
sustainable water solutions and waste management are examples of how 
innovations have been used to overcome constraints and limitations in 
Singapore.

• Those who are creative and innovative  will ride the new wave in the 
economy. 

• Some examples on how Singapore addresses the challenges of the new 
economy through innovation and enterprise  have been shared in this 
presentation.



Group assignment

• There are 3 assignments available for selection. 

• Students are to work in groups of 3.

• Each group works on only one assignment. 

• The assignments should be selected such that each 
assignment has roughly similar groups of students 
working on it. 

• As far as possible, each group should have students 
from different specializations. 



Group assignment (cont’d)

• One month is given for you to work on this assignment 

• For each assignment, a report should be written in English –
about 2000 words. To also include figures, tables and images 
where necessary.  Each report should have a title,  synopsis, 
introduction, nature of assignment, methodology, findings, 
conclusion and references.  Figures, tables and images need 
to be included as appropriate.

• Please email completed assignment  to me at 
rsubramaniam358@gmail.com by 30 April 2021. 

• I will provide email feedback to each group by 7 May 2021, 
with copy to your Course Coordinator.

mailto:rsubramaniam358@gmail.com


Assignment 

• Design and build a board game. How would you go about 
marketing this product?  

• Identify one sector in the economy of your country and 
suggest how innovation can be used to enhance 
productivity or introduce new ways of doing things in this 
sector. How does convergence come into the picture 
here? 

• Design and build a Physics-based toy using ordinarily 
available materials or materials that can be purchased 
cheaply.  How would you go about marketing this 
product?



Thank you 

rsubramaniam358@gmail.com



Question and Answer session 


