Prospero's Practicum
Conjuring the 4th Industrial
Revolution on an Even Smaller
Island
by Jacqueline Poh

S T Lee Public Policy Lecture
28 October 2019

Introducing ‘Prospero’s Practicum: Conjuring the 4 th Industrial Revolution on an Even Smaller
Island’ by Jacqueline Poh
The 2019 S T Lee Public Policy lecture, organised by the Centre for Science and Policy, was
delivered by Jacqueline Poh, Deputy Secretary, Strategy Group, Prime Minister’s Office of
Singapore. In ‘Prospero’s Practicum’ Poh provides an authoritative account of the Singaporean
experience of technological development and management, and the key role of policy in defining
how the technologies of the ‘4th Industrial Revolution’ interact with and impact citizens’ lives.
She describes local forms of creating and using of new technologies; the circulation of ideas,
and technologies in local cross-sectoral networks and internationally; and a culture of strategic
people,
preparation for the future at the whole-of-government level.
The Singaporean government is boldly pro-innovation, as recognized by multiple accolades on the
international stage. Yet it seeks to balance this promotion of innovation with ‘responsible
governance to ensure that the implementation of technologies remains ethical, sustainable and
human-centric.’ To achieve this equilibrium, policymakers have developed an approach that Poh
précises in five concepts: foresight, sandbox, platform, regulate, access. Each concept brings
together multiple stakeholders—government, businesses, and society—yet with clear policy
leadership. At the level of access, all students attend compulsory coding and computational
thinking classes from primary school. At the level of (light touch) regulation, the recently unveiled
Model AI Governance Framework crystallises the work of policy makers, regulators, and the
private sector, providing greater certainty to industry players and promoting the adoption of
AI. For Poh, collaboration is key, but governments must take the lead in navigating ‘the rapids and
use technology in a skilful and wise manner that culminates in good outcomes for all stakeholders,
particularly our citizens.’ As governments around the world grapple with defining their role in the
development and governance of new technologies, this clarity of responsibility-taking stands out.
What drives the Singaporean approach to technology? The lecture begins by describing
vulnerability as the foundational condition into which Singapore was born and one that continues
to shape the attitude of the civil service today. Small, natural-resource poor, faced with security
disadvantages, Poh writes that ‘every crisis to us is in some way existential.’ This sense of fragile
reality has nurtured an energetic dedication to foresight and innovation, and a commitment to
developing both self-sufficiency and openness in equal, generous measure. Poh acknowledges
the political, demographic and scalar particularities of Singapore, and offers her lecture to trigger
policy imagination, not to suggest a standardised innovation model or internationally replicable
policy prescription. The world today can feel increasingly fragile. Her lecture invites us to ask what
we can learn from a small, resilient and proactive island, harnessing a sense of collective
vulnerability to set transformative policy at the interface of technology, business, nature and
society.

Dr. Tanya Filer,
Bennett Institute for Public Policy, University of Cambridge
The S T Lee Public Policy lectures were established in 2003 thanks to a benefaction from Seng Tee
Lee, Singaporean business executive, philanthropist and Honarary Fellow of Wolfson College,
Cambridge. Each lecture considers aspects of scientific, medical or technological research and
developments that are likely to have significant implications for public policy over the next decade.
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Technology has been touted as a solution for many countries seeking new forms of
economic progress, higher levels of productivity or a better life for citizens. In reality, the
journey to make technology meaningful, widely deployed and socially inclusive is a
complex endeavour. Too often, governments fail to partner effectively with business to
promote technology or to provide deliberate and innovative governance of new technology that
advances our collective well-being over the long term.
How do we ensure that the technologies being rolled out are at the right stage of maturity and
meet real needs that exist? How do we strike the delicate balance between policies that enable
new technologies to gain traction and ensuring that the implementation of technologies like
AI is ethical, sound and socially responsible? How do we ensure that technological disruption
proceeds at a pace that allows citizens to keep up and firms to reap dividends?
In 2014, Singapore declared an ambition to become the world’s first Smart Nation. This was a
quantum boost for a country that was already considered one of the most high-tech places in
the world. Five years on, Singapore has made significant strides in making the promises of AI,
IoT, AVs, and biomedical advances a reality for its citizens, but not without some hard lessons
learnt along the way.
In this lecture, Ms Jacqueline Poh, Deputy Secretary of the Prime Minister’s Office
Strategy Group and founding CEO of the Government Technology Agency of Singapore offers
some insights on Singapore’s Smart Nation journey. The existential constraints of being a tiny
island with no natural resources continues to be a catalyst to innovation in areas like water,
urban tech and Fintech. Beyond this, Singapore built a digital technology stack to be used by
businesses and individuals supported by a National Digital Identity, cashless payments and
sensor networks. Cybersecurity and privacy concerns have spurred policy innovations in the
governance of data-sharing and AI. The effects of tech disruption on jobs has spawned one of
the world’s most ambitious attempts at reskilling a population for the future. Ms Poh will
share the challenges of working in the nexus of technology and policy, how to plan for the
future across decades, and how R&D supports innovation and enterprise development.

Vice Chancellor Professor Stephen Toope
Professor Diane Coyle
Distinguished guests
Ladies and gentlemen
Good evening
1. I would like to start by expressing my appreciation and thanks to the Centre for Science
and Policy in the University of Cambridge for granting me the honour of giving this
lecture as part of the S T Lee Policy Lecture series. And also for bringing me back to
Cambridge after 20 years, and letting me see my alma mater, Trinity Hall.
2. This year, Singapore commemorates our Bicentennial. It has been 200 years since Sir
Stamford Raffles came and founded Singapore.
Realities
3. Looking back 200 years, ours has been a history marked by several realities. And for
those of you not so familiar with Singapore, let me go through this:
a. The first reality that we have faced is our vulnerability. Stephen asked me why
we were always such a nervous group of civil servants. I think one of the major
reasons is we have felt that there was always nothing that should be left to
chance, because we really did not have any right per se to exist or thrive in this
world. Singapore is a small island, it is half the size of London alone. We do not
have the luxury of size or natural resources. We have gotten used to being
limited in almost every way. We have a fiscal budget, we have a land budget,
we have a manpower budget and we even now have a carbon budget. We are a
majority Chinese population in the midst of a large Muslim population. If sea
levels rise with climate change, our highest point is 165m, my 10 year-old
climbs it in 20 minutes. In many ways however, our constraints could also be
seen as our strengths; they spur us to innovate from the sheer lack of alternatives
and to maximise the potential of every man, woman and child that we have.
Every crisis to us is in some way existential.
b. The second major trait is our openness – we have been multi-cultural, multiracial, multi-religious, even from before Sir Stamford Raffles came to
Singapore. We are located in Southeast Asia, at the crossroads of East and West,
7 hours flight radius from Delhi and Beijing. About 2/3 of our economy is
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externally-oriented. While our extremely globalised economy can also be
subject to global volatilities like the current trade and technology tensions
between the US and China, we also do not see it as an option to be closed to
capital, or to trade, or to flows of people or to flows of technologies. New
technologies and ideas have always come to Singapore a little faster than they
reached some other parts of the world. Only 3 years after Alexander Graham
Bell patented the telephone for example, it came to Singapore.
c. The third major trait that has defined us is our self-determination – our history
has been marked with what I would term separation anxiety. We have had
several separations; we separated from the British after WW2 during the process
of decolonisation, we separated from Malaya after 1965. This has given us a
collective national sense of paranoia as a result. While we are price-takers in the
global arena, we have been conditioned that ‘small need not mean weak’. Our
former Prime Minister Mr Lee Kuan Yew, famously described our approach as
being a “poisonous shrimp” in a world of “big fish”. And despite being small,
we have currently been ranked as the most competitive economy in the world.
Conjuring the 4th IR
4. When I thought about the idea of being cast out onto an island (Britain is an island, it
is just a bigger one) and working against the forces of man and nature to plan and
achieve a vision, Shakespeare’s Tempest came to mind. Prospero, the main protagonist
and chief wizard, manages to design an environment for the characters and their plans
to come to their necessary outcomes. Perhaps we can think of technology that we have
as a kind of magic, and the characters in this play as different stakeholders in society –
the public, the private and the people sectors.
5. Technology has been touted as a solution for many countries seeking new forms of
economic progress, higher levels of productivity or a better life for their citizens. But
in reality, the journey to make technology meaningful, widely deployed and socially
inclusive has been a complex endeavour.
a. Traditional businesses do not adopt the technologies that could make them more
profitable. Start-ups that are born digital do adopt the technologies but they have
not yet achieved real ROI.
b. Tech giants; they provide genuine value to their users, but are growing too big
to escape responsibility for many of their actions in determining our economic
and social surroundings.
c. Governments are realising that technology they thought “naturally
democratising” has turned out to be even more useful for insurgents and technoauthoritarian regimes to interfere in democratic processes.
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d. People; they love the new tech when it works for them, but feel marginalised
when they cannot keep up with the pace of disruption and the constant threat of
cybersecurity.
6. As the pace of technological change accelerates, we are seeing equilibriums upended.
In some sense, globalisation and technology has led to rising nativism, nationalism and
the far right moving in many countries. It has also led to intensifying strategic
competition between the US and China which may end up in increasingly bifurcated
supply chains and technology standards.
7. We are therefore in an age of practical magic. We cannot assume there will be common
global tech standards in the years to come. We cannot rely on tech companies to regulate
themselves. We certainly cannot rely on the market alone to ensure good opportunities
for workers of the future. It is up to Governments to navigate the rapids and use
technology in a skilful and wise manner that culminates in good outcomes for all
stakeholders, particularly our citizens.
8. I am here today to candidly share the Singapore experience – it is not perfect, but I can
share a little bit about what we think we have done well in balancing tech and society,
what hard lessons we learnt, where we did not do so well, and where we are stuck today.
We acknowledge that some of what we have done will not be easily replicated outside
our context or outside our little island. But I hope you would be able to bring back some
insights that could impact the work that you do.
Smart Nation Ambitions and Achievements
9. In 2014, we declared an ambition to become the world’s first Smart Nation. This was
in recognition that the Fourth Industrial Revolution (advancements in cloud computing,
broadband connectivity, artificial intelligence, block-chain, robotics, AR/VR, 3D
printing, genomics etc.) is fundamentally changing how economic value is created, the
way work is organised, the way our societies communicate and how we live.

10. We looked around and we said there were already many Smart Cities or cities claiming
that they want to be smart, but there was value in a nation-wide scale of tech deployment.
The cities that we saw were great at piloting quick wins, usually the ones that their
mayors had preferred to focus on, but they could not do certain things. They could not
use defence technology to augment civilian technology. They could not push rapid 5G
deployment or roll out national transport infrastructure. Many of them could not roll
out anything in education because the systems were different depending on which town
you belonged to. So we figured we were “small enough and yet maybe we were big
enough”, and we had the benefit of a single layer of government to speed up
implementation and manage risk.
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11. Then, we were constantly asked: “How do you know that you have become a Smart
Nation?” What did not help was the confusing array of definitions around us. Some
smart city projects were all about developing a “city operating system”, some were
being driven entirely by technology MNCs as demand generation exercises, some were
entirely PR vaporware, and some were fundamentally about citizen surveillance.
12. Over the past 5 years, we in Singapore have gotten a better grasp about what Smart
Nation does for us, what it has helped us do better and what our priorities should be.
a. For individuals, Smart Nation is about convenience and improving lives. We
use technology to improve the quality of our lives – keeping us safe, monitoring
health, reducing time spent on administrative tasks etc. We also leverage
technology to make daily transactions easy and seamless – be it making cashless
payment, or applying for permits.
b. For businesses, Smart Nation is about transforming our economy, and ensuring
that we spark new “digital from day one” businesses and reap efficiencies for
existing enterprises – be it leveraging data or automating processes.
c. For Singapore, which is as I mentioned small and resource constrained, Smart
Nation was also about overcoming a lot of these constraints and building
resilience through technology. But then we said we had to make the decision
between technology for Singapore and technology for Singaporeans. We
decided that the latter was more important.
13. We have come some way in achieving a little bit of what I have outlined above.
a. In terms of putting citizens at the centre:
i. Some of our efforts were recognised internationally when we were
awarded the Smart City of the Year award at the Smart City Expo World
Congress, Barcelona, in 2018.
ii. We topped IMD’s 2019 Smart City index and ranked 2nd on IMD’s
World Digital Competitiveness Ranking, for being citizen-centric rather
than city-centric.
b. In terms of business transformation:
i. Singapore topped Oliver Wyman’s list of 105 global cities most ready
for AI disruption and various other indices.
14. And in terms of overcoming our physical constraints, we have achieved some success
with technology which is seen as fairly innovative. I’ll give you 3 examples; water, land,
energy.
a. Singapore has limited reservoirs and sources of fresh water from day one, but
we created new membrane technologies to help overcome our dependence on
5

our neighbour for fresh water. We also developed water recycling and
desalination to get closer to water resilience through NeWater.
b. This is Pulau Semakau, which is my next example – Singapore, as a very small
island has no land for landfills. We have to contain ourselves and keep our
footprint as small as humanly possible but we also have an urban population of
about 5.7m that keeps producing waste. What we have done is to double down
on waste-to-energy incineration plants. Take all the waste we produce and make
it into power, and take all the ash we generate and put it into a land reclamation
project to create new land for Singapore on an island called Semakau. This is a
landfill. It does not look anything like a landfill. In fact, there is a thriving
ecosystem of flora and fauna on the island. And here we also experiment with
solar photovoltaics and farm sea bass on this island, in the spirit of making the
best use of our limited space.
c. Last example is energy. Singapore, as you know, has no oil, no gas and no
hydropower, and has not a lot of wind. So we have been unable to find many
sources of renewable energy, but yet we seek energy resilience. We are
therefore increasingly reliant on solar power. What we have done is to deploy a
“virtual twin” or 3D model of Singapore, called Virtual Singapore, which helps
us to identify for example the best rooftops to install solar panels and draw on
as much photovoltaic energy we can find.
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Our Approach to Technology and Governance
15. Now let me tell you a little bit about our approach to technology and governance. To
make the Fourth Industrial Revolution work for all stakeholders, we think that
Governments must be able to deftly balance the promotion of innovation with the
need for responsible governance to ensure that the implementation of technologies
remains ethical, sustainable and human-centric. We share many similarities with the
UK in terms of our approach to governance because we inherited many of our laws and
institutions from Britain, and it has served us well. But Singaporeans are also a very
pragmatic people. In all of these processes, we had simply identified what needed to be
done, and worked on the execution. What we seek to pioneer is not necessarily the
newest technologies, because despite a considerable RnD spend, we cannot compete
with much larger and developed ecosystems. But we can pioneer perhaps a thoughtful
way of scaling technologies in alignment with social and economic imperatives, and do
it at a nationwide scale.
16. As governments, it cannot be our instinctive response to stifle innovation because of
the risks it brings. Otherwise either the country moves backwards or the private sector
takes over the role of the government. What we have tried to do, I would like to
summarise in 5 concepts. They are:
a.
b.
c.
d.
e.

Foresight
Sandbox
Platform
Regulate
Access

Foresight
17. First, foresight. I cannot emphasise enough the importance of thinking and planning
ahead for the long term. Many Governments today have no time and no space to be
proactive instead of reactive. They are incentivised to plan for the short-term because
of electoral cycles and other short-term pressures. In this regard, I admit we were
fortunate to have had only one ruling party for the past 54 years. But we are not naïve
about this. As politics gets more contested (and it will), it is imperative that at least the
public service leans against the desire to be short-termist, and leans against the desire
to be populist. Because the alternative of not doing so will be even more disastrous for
the nation.
18. Policy-making must be anticipatory instead of reactive. We need to think ahead
about how society prepares for advances in technology and their impacts. Of course,
we cannot predict any outcomes with certainty, but we can think carefully about the
different ways that technology can evolve and the implications of those trajectories.
This is something that we have organised ourselves to do systematically in the
Singapore government.
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a. I oversee the Centre for Strategic Futures in Singapore which is in the Prime
Minister’s Office. For more than 20 years, we have invested in foresight and
futures capabilities because it puts government in the best position to navigate
emerging strategic challenges – spotting the unknown unknowns, building
capacities, building the expertise and communicating insights to decision
makers for informed policy-making.
b. The Centre for Strategic Futures is a diverse group. And they have been given
the gift of space to think through these unknown unknowns and develop
alternative ideas. As one of my colleagues often says: “The group in the Centre
for Strategic futures needs to be tolerated but not embraced by Government.”
And maybe that is the only way to achieve the effectiveness it seeks. Some of
the work that we do include creating narratives to understand plausible future
states. Every 5 years, there is a whole-of-government exercise to identify
driving forces that would shape our operating environment for the next 20 years.
Based on these driving forces, to develop a set of National Scenarios or
developmental trajectories that inform the medium term policy agenda of the
Government.
c. More recent work on strategic foresight have helped us manage driving forces
like the growth of Islamic fundamentalism, de-globalisation, climate change
opportunities. And in particular, our foresight and futures capabilities have been
focused on technology: they have been focused on AI and AI governance,
quantum computing, blockchain, longevity (because by the way, Singaporeans
are as of now the longest lived people on earth, beating the Japanese by 6
months, even with our diet) and genethics. By delving into these futures and
pulling out 2nd and 3rd order implications for Singapore, we have been working
on the notion of a Society 4.0 that follows from Industrial Revolution 4.0: new
ways of viewing time, viewing work, viewing relationships and viewing value.
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Sandbox
19. My next conceptual frame is sandbox. If we have a good sense of what future trends
might portend, government agencies are better equipped to think about how they
balance their roles as promoter and regulator in making use of the new technologies.
Most of the time governments do not feel comfortable playing in the extreme left hand
space of the Gartner new tech adoption cycle precisely because it is where the hype is
highest and the returns are most uncertain. But for the businesses we facilitate and
regulate, this may also be where potential returns are most extraordinary for first movers.
20. We have found ourselves doing both as Government and regulator of the private sector
is designing innovation within constraints. Our general approach has been to create
a regulatory sandbox – we set clearly defined boundaries within which companies and
individuals can experiment with the application of new technologies in a safe
environment. This is also a core part of how we remain agile – knowing when to take a
few calculated risks, with a think big-start small-do now attitude.
21. Let me illustrate with some examples.
22. Singapore is well-known as a global financial hub and also increasingly a FinTech hub.
Currently, financial institutions are free to launch new products, services or processes
without first seeking the permission of our central bank, the Monetary Authority of
Singapore, as long as they have carried out due diligence and there is no breach of legal
and regulatory requirements.
23. However, before we had a thriving FinTech ecosystem, emerging financial services and
non-banks that utilise technology were clearly becoming more sophisticated and they
had the potential to make a big difference to clients. But they were not part of the same
process. The Monetary Authority was frequently lobbied to do away with regulatory
requirements in the name of progress and levelling the playing field. They were told
that if it was unclear whether a new financial service complied with legal and regulatory
requirements, some start-ups with great ideas might err on the side of caution and
choose not to implement at all. Promising innovations may be stifled,opportunities
could be missed.
24. In response, the Monetary Authority created a regulatory sandbox for the FinTech space
so that promising innovations could be tested in the market and have a chance for wider
adoption.
a. Any interested organisation can apply to enter the sandbox to experiment with
innovative financial services in the production environment but only for a
limited period, and with a limited number of customers or transactions. For
example the extension of credit or digitally driven insurance innovations.
b. Appropriate safeguards are put in place to contain the consequences of failure
and maintain the overall soundness of the financial system.
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i. For example, there are clear guidelines on which legal and regulatory
requirements we are prepared to relax depending on the applicant
involved. There are asset maintenance requirements, there are board
composition requirements and so on.
c. I would like to think that this, together with some of the moves we made in the
FinTech space, is one of the reasons Singapore has climbed the ranks of FinTech
hubs in the world.
25. We are also breaking new frontiers with pilots with autonomous vehicles, or AVs.
Singapore is a very dense urban metropolis. 12% of our land consists of roads compared
to less than 2% in the UK. While our road accident deaths were actually manageable,
we decided we would simply not have enough land to accommodate more and more
private cars. To encourage Singaporeans to take public transport instead of drive, we
needed to look at transformative technology like AVs (usually also EVs) and combine
it with public or shared transport.
26. Today, this is still an emerging technology, and there is a lack of established
international standards for AVs, including ethical and safety implications. We have
been brave enough to relax our legislation back in 2017 to give ourselves more
flexibility to keep pace with technology. We amended our Road Traffic Act to recognise
that motor vehicles do not require human drivers, and allow autonomous vehicle trials
to take place on public roads in Singapore. Since then, there have been numerous
exciting trials:
a. We created the world’s first commercial autonomous mobility-on-demand
service
b. The first fully operational AV in Asia ferrying visitors within the Gardens by
the Bay, which if you have not been there before, it is the one from Crazy Rich
Asians.
c. We have recently announced that we will be opening up most of the Western
part of the island to trials on self-driving buses and taxis, and
d. We will create 2 towns with fully AV-ready infrastructure (vehicle bays and
parking, charging stations) by 2023.
27. Much of this innovation was also carefully designed with constraints. We limited the
duration of this regulatory sandbox to 5 years, after which, we will consider enacting
more permanent legislation. This gives us more flexibility to assess our regulatory
response depending on how fast the technology matures. The relaxation of rules were
accompanied by safeguards.
a. First, AVs must demonstrate basic road-worthiness and capabilities by passing
safety assessments before they are trialled on roads. In our case, this included
a monsoon test to pass the ability of Lidar to deal with torrential rain and low
visibility in the tropics.
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b. Second, developers would need to have robust accident mitigation plans for
trials. This includes having safety drivers and insurance requirements, including
self-insurance. I happened to be around during the first AV accident in
Singapore, so I know that the measures worked and nobody panicked, even
though it was carried in the media. After you have gotten through your first
accident, you are probably pretty much safe for a while.
Platform
28. Now when technology reaches a point where it wants to scale nation-wide, or globally,
it helps to have platforms that support interoperability. For digital trade, the platform
is a means by which merchants can capture and share data on shipments with logistics
and freight players, insurers, and Customs. For AVs, the platform might be our
nationwide sensor network. For precision medicine, it is the availability of medical data.
For FinTech, it might be a very good API framework pulling relevant data across the
system, or a QR code standard across the nation.
29.

In Singapore, we think that apart from being enlightened as a regulator, our value-add
is to develop platforms and create digital infrastructure that facilitates the spread of
technology-driven applications, tools and capabilities.

30.

One of the foundational layers to making this happen is something we call the
Singapore Government Technology Stack. This stack has shared software
components, reusable code and infrastructure for agencies to build and scale their
digital applications. Underpinning the tech stack is a Government Data Architecture
with common data standards and formats that better enables seamless data sharing
between agencies. What all of this implies is that a lot of the standards and rules
are not put in SOPs; they are actually baked into the platform. And that enables at
the higher levels for the applications to pull together different micro-services and ride
on the infrastructure to build much faster and to the same standards. These are no
different from how commercial platforms like Facebook or Amazon work. And this is
how we ensure adherence to the common standards. It also makes us more agile because
instead of having to change the rules and standards of 40 agencies with 30 different
systems, all we have to do now is to change 1 foundational layer. Eventually, we believe
this stack can be the foundation for a national (including private sector) and not just a
Government platform.

31. We have thus far managed to put some real needle-moving micro-services into this
foundational layer. One key service is the National Digital Identity.
a. National Digital Identity involves issuing Singaporeans and residents, including
foreigners, a secure mobile digital identity which they can use for both
government and private sector transactions. It has a vault of individual
attributes pulled from APIs in various secure data repositories, everything from
income to the vaccinations you have taken. It brings more convenience to
citizens by only requiring citizens to “Tell-us-once”, which automatically fills
out forms for them by retrieving data back-end with consent. Now, they need
11

not remember multiple usernames and passwords for access to digital services.
For anyone who has suffered the irritation of remembering passwords, it is a
huge improvement. In fact, most of it now relies simply on facial recognition
technology to open up your information on the National Digital Identity and use
it for various purposes.
b. Another important aspect of the national digital identity programme is to create
a trusted digital ecosystem, where data and services transcend the boundaries of
systems, organisations and countries. It is envisaged to catalyse private sector
digitalisation as well.
i. For example, customers at our biggest banks are now able to apply for
and receive instant approval for more than 70 types of online bank
account applications, so that they can use their accounts straight away.
Banks are also, for example, able to assess and approve car loan
applications in 15 minutes, while the customer is still shopping at the
showroom by the time the loan is approved.
32. We are also riding on our digital infrastructure backbone to build a Smart Nation Sensor
Platform. It is a different kind of platform; it is an IoT platform which tests and deploys
different ways to serve needs through the analysis of sensor data collected via a shared
nationwide network of sensors.
a. Some of the more interesting things we have done with this sensor platform is
to deploy environmental sensors and trial emerging wireless communications
technology and basic video analytics in various estates in Singapore, and it
contributes to our various efforts in safety, and also something we call Cooling
Singapore, which is very important if you have ever been to Singapore.
b. We want to focus more on citizen-centric applications and services going
forward; so for example, IoT-enabled personal alert buttons for seniors, smart
on-street parking.
Regulate
33. The accelerating speed of digital developments has given rise to new challenges for
governments trying to catch up.
34. In Singapore, our approach has been, as I have mentioned before, a pragmatic one. We
do not usually regulate until the effects of technology are clearer but the regulation that
we have is very deliberate.
35. Data protection is the biggest area where we have implemented deliberate regulation in
a big way. The 4th Industrial Revolution is a data revolution. Vast amounts of personal
data today are collected, used and transferred to third party organisations. But data
sharing also brings about cybersecurity concerns, privacy concerns, and growing fears
from individuals about how their personal data is being used.
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36. Across the world, we can increasingly see a splitting of approaches in how
Governments deal with this. On one end of the spectrum, we have the European Union
which has the GDPR. It is very tight on privacy and data protection, to the extent that
some say corporate innovation is stifled and some consumer services cannot ever take
place. On the other end, we have countries like China and the US. Both of them are
much laxer about data protection but for different reasons. China, because of their
political system, does not have a privacy law for obvious reasons. US, because of their
belief in free markets, has no single principal data protection legislation, only a jumble
of laws enacted at the federal and state levels.
37. In Singapore, we tried to chart a practical middle path between the 2 approaches. There
is no legal right to privacy in Singapore (we do have a constitutional right to free speech
by the way). Instead, in 2013, we actually introduced a Personal Data Protection Act
that governs the collection, use and disclosure of personal data; but also promotes the
sharing of such data at the same time with permission. This would include medical
records, web-browsing history, forms filled to take part in lucky draws.
38. We unapologetically say that our laws seek to balance the privacy and antidiscrimination needs of individuals with the commercial needs of companies and the
service and security provision role of government. In many countries, especially
Western countries, privacy regulation is primarily biased towards the rights of the
individual. Our laws were enacted in an atmosphere of extremely high trust in
government. A few years ago, when NHK the Japanese broadcaster tried to get citizens
in coffeeshops to complain about police cameras in apartment blocks, they actually
complained that there were not enough cameras. They wanted more cameras to deter
harassment from illegal moneylenders and other wrongdoers. We have progressively
introduced new amendments to the Act based on new developments especially in
response to cybersecurity threats.
39. In building a Smart Nation, we do not always get things right at first try. If we have
insufficiently prepared, we are transparent about these setbacks and we make changes.
Two years back, our healthcare system was hit by the largest data breach in our history,
with 1.5 million patients affected, our Prime Minister himself included. It was a time of
fertile innovation in the healthcare system with the development of national telehealth
pilots, IoT-enabled hospitals and the expansion of the national electronic health record
system. But gaps in IT processes, staff missteps, and lax cybersecurity practices in
general contributed to the incident. And we learnt we were only as strong as our weakest
link and much had to be done to shore up confidence in health tech and cyber
protections. We learned that there was a very fine balance between being too lax and
too tight on regulation, and getting ahead of the curve.
40. I want to contrast the example on personal data protection with what we did on AI
governance, where we were a little bit more forward on dealing with how AI
functionality was being introduced into government and commercial services. The truth
is, everything from pricing public housing apartments to getting a real-time sense of the
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pulse of the economy to facial recognition at checkpoints has had a machine learning
makeover. At the same time, we do need to double down on how to make it trusted,
transparent, well-governed in terms of ethics and explicability.
a. One way we have tried to do so is through establishing a Model AI Governance
Framework, which is a crystallisation of the work of policy makers, regulators,
and the private sector. It was unveiled at Davos this year. The intent was to
articulate a common AI governance approach and a set of consistent definitions
and principles for responsible use of AI, so we could give greater certainty to
industry players and promote the adoption of AI.
b. As opposed to data protection, AI is still an emerging technology. So we are
still using a lighter touch approach to regulation; guidelines rather than
legislation. But the Model AI Governance Framework does mean that we have
a living document that could evolve alongside the fast-paced changes in a digital
economy, and will one day become legislation.
Access
41. My last point and last principle is access. I mentioned earlier that citizen-centricity is
core to everything that we are doing in Smart Nation. It does not actually work if anyone
is left behind or if people are feeling fearful about technology rather than hopeful.
42. It is a very natural instinct for individuals to fear the unknown and right now there is a
real fear in many countries that technology is going to take over jobs and create a divide
between the haves and the digital have-nots. Governments cannot stop the pace of
technology disruption, but they can work harder to assure citizens that technology will
be inclusive and that it will not necessarily exacerbate inequalities. Governments
should see it as their duty to ensure that all citizens have equal access to
opportunities that technology brings.
43. We believe that this digital age, access to computers and high-speed broadband is in
some sense a “human right”. We have digital inclusivity programmes in place that give
high-speed internet connectivity to even the poorest of our households at a cost per
month of no more than the price of a Happy Meal. We give our most needy students a
new computer bundled with 3 years of free broadband access at very affordable rates
as well.
44. But our most ambitious effort really is to retool and reskill the whole of society,
from young to old, to be fit for the digital age.
a. To equip the future generation of workers, the learning of coding and
computational thinking skills is being promoted amongst the young. Pre-school
children are taught to build technology through tactile and kinaesthetic
educational experiences1. All students now go through compulsory coding and
computational thinking classes from primary school.
1

Initiative is called the PlayMaker Programme
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b. We also need to acknowledge the unspoken concerns of every worker. In
surveys of Southeast Asian youth, Singaporeans tend to be the most pessimistic
about technology making them worse off in the workplace. The reason they are
not as optimistic as other youths in Southeast Asia is because we are already a
high tech nation, and they can see what tech is doing to their jobs and salaries.
Using the foresight skills I earlier mentioned, it has become clear to us that the
jobs of the future will be high tech, or high touch or high trust. Any repetitive
or data-heavy functions, even large parts of the work of lawyers and accountants,
will be subject to automation.
c. In 2015, Singapore started a massive skills movement to cultivate a culture of
lifelong learning, called SkillsFuture, to help adult Singaporeans, students midcareer workers, equip themselves with the right skills for the digital age.
Singapore has the longest life expectancy in the world so we can expect
individuals to have more than one career throughout their lives. They have to
be prepared to transit and convert from one to another. Giving every citizen
individual SkillsFuture credits to pick up new skills and qualifications, plus
professional conversion pathways, paying employers to take workers who
had re-skilled, was all part of a very ambitious economic and social strategy.
The paradigm shift we were hoping and still hoping to achieve was to enable
our citizens to continuously deepen their skills, pick up new ones and achieve
mastery. We want to give people a leg up but not a hand out.
d. For our older Singaporeans who might not be as tech-savvy and have more
difficulty dealing with digital disruption, we have extensive digital
inclusiveness programmes to teach them basic tech skills.

Summary
45. I would like to end off my lecture by emphasising that if you happen to be cast off onto
a small island with no natural hinterland, you will need the collective efforts of all of
society united in purpose. The story of “The Tempest” involved many other characters
besides Prospero, exercising their power and motivation.
a. Governments can help set the stage for the story to unfold – by democratising
technology, creating opportunities for society to access and exploit it, and
promoting more equitable sharing of the fruits of the 4th Industrial Revolution.
b. The private sector can contribute by generating new business ideas, creating
new products and services accessible to most.
c. Universities can play a role by creating the next game-changing research and
technology, but also being active in continuing education and re-skilling our
population not just for the jobs of today but for the jobs of tomorrow.
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d. Individuals have the responsibility to equip themselves with the right mind-set
and skills, and contribute ideas from the user perspective.
46. If we can get our relationship with innovation right, not just focusing on the technology,
but on the policies, the services and the communities, then perhaps we too can break
our staffs and abjure the rough magic.
47. Thank you.
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