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Our changing worldOur changing world



Globalisation

Our changing worldOur changing world

New business models

Rapid advancements 
in technology

Information 
revolution

As engineers we are at the forefront of 
change!



• In the past, changes in the engineering profession have 
followed changes in technology and society.

• Today’s landscape is a little different; society continuously 
changes and engineering must adapt to remain relevant.

• Should we anticipate needed advances and prepare for a 
future where it will provide more benefit to humankind?

Reference: The Engineer of 2020: Visions of Engineering in the  New 
Century , National Academy of Engineering, 2004.

Our changing worldOur changing world



Key QuestionsKey Questions

• How will the engineering profession be positioned in the future?

• What values should the 21st century engineer have?



Engineering in the 21Engineering in the 21 stst centurycentury

• Societal context: ‘The future is uncertain. However, one thing is 
clear: engineering will not operate in a vacuum separate from 
society in 2020 any more than it does now.’
The Engineer of 2020: Visions of Engineering in the  New Century , National 
Academy of Engineering, 2004.

• Technological context: Biotechnology, Nanotechnology, 
Materials science, ICT likely to be breakthrough technologies.

• Change is constant, but the pace of change has increased 
continuously … and will continue to increase even further!



Engineering in the 21Engineering in the 21 stst centurycentury

• We need a profession that is dynamic, adaptable to change, 
even though we can’t necessarily foresee what changes will 
occur.

• Amid the continuous change, there is one thing that will remain 
the same:

Our values



Values of the 21Values of the 21 stst Century EngineerCentury Engineer

Continuous 
learning

Leadership

Creativity and 
Innovation

Entrepreneurship

Holism

Ethics & Social 
responsibility



• An understanding of the big picture.

• ‘I picture an engineer as a whole person, a well-rounded, well-adjusted 
individual who is capable of conducting business like anyone else, with the 
added benefit of technical skills.’
Ref: Milton Chang, “Engineers in the 21st Century”, IEEE Journal on Selected Topics 
in Quantum Electronics, vol. 6, no. 6, Nov/Dec 2000.

• The ability to put seemingly disparate things together and understand them 
as a whole. 

• ‘The sum is greater than the whole of the parts.’

• Should be driven not by monetary reward alone.

• Should have a genuine interest in the needs of other people, regardless of 
background, profession or social status.

HolismHolism



• It is often in times of turmoil that great leaders are born, e.g. Nelson Mandela 
and Mother Teresa.

• “It is better to lead from behind and to put others in front, especially when 
you celebrate victory when nice things occur. You take the front line when 
there is danger. Then people will appreciate your leadership.” Nelson 
Mandela

• The engineering profession has been faced with turmoil on many occasions, 
e.g. Chernobyl nuclear disaster, Northeastern US blackout. 

• These disasters were inherently technical by nature and could have been 
prevented.

• Major challenge in the twenty-first century is to create and nurture leaders in 
engineering. 

LeadershipLeadership



• With growing interdependence between technology and modern society, 
there will be more opportunities for engineers to exercise their potential as 
leaders in the 21st century. 

• In an increasingly technological society, policy decisions will require leaders 
who understand the strengths and limitations of science and technology.  

• ‘Engagement of engineers in public policy issues has been haphazard at 
best.’

The Engineer of 2020: Visions of Engineering in the  New Century , National Academy 
of Engineering, 2004.

• We must appreciate that public policy and technology are intimately related.

• We must bridge public policy and technology.

LeadershipLeadership



• ‘The illiterate of the twenty-first century will not be those who 
cannot read or write, but those who cannot learn, unlearn and 
relearn’.

Alvin Toffler, futurologist, ‘Learning in the 21st century’, 
downloadable from http://www.21stcenturyskills.org.

• ‘They have alert minds and a natural curiosity for everything 
around them. Their drive to learn is insatiable, soaking up 
knowledge constantly.’

Milton Chang, “Engineers in the 21st Century”, IEEE Journal on Selected 
Topics in Quantum Electronics, vol. 6, no. 6, Nov/Dec 2000.

Continuous learningContinuous learning



• ‘Scientific and engineering knowledge doubles every 10 years.’
B.T. Wright, “Knowledge management”, presentation at Industry-
University-Government Roundtable on Enhancing Engineering 
Education, 1999.

• The ‘half-life’ of knowledge is continuously reducing.

• ‘Concepts are like parents that breed children (ideas) and like 
road junctions that open up several other roads.’

Edward de Bono, How to have a beautiful mind, Vermilion, 2004.

Continuous learningContinuous learning



• Career paths of engineers will change more than ever before, 
so we must have holistic learning approach.

• Adoption of e-learning, professional development courses, 
workshops etc.

Continuous learningContinuous learning



• Engineers have always been creative and innovative and must 
continue to be so in the 21st century.

• ‘Imagination is more important than knowledge’.
Albert Einstein

• ‘It is better to have enough ideas for some of them to be wrong, 
than to always be right by having no ideas at all.’

Edward de Bono, world authority in creative thinking

• Absolute adherence to the norms of society and fear of failure 
are major obstacles to creativity.

Creativity and InnovationCreativity and Innovation



• Thomas Edison never gave up in his search for the perfect filament in a 
light bulb.

• Alain Glavieux and Claude Berrou were greeted with scoffing from ‘experts’
when presenting their paper on turbo codes at the 1993 International 
Conference on Communications.

E. Guizo, “Closing in on the perfect code”, IEEE Spectrum, March 
2004.

=> Creativity is as much an attitude as it is a skill. We must persist 
unwaveringly in our pursuits.

• In the 21st century, creativity will involve the synthesis of a much wider 
range of concepts and ideas from a vast array of disciplines.

Creativity and InnovationCreativity and Innovation



• ‘An idea that is developed and put into action is more important 
than an idea that exists only as an idea.’

Edward de Bono

• ‘Most of my ideas belonged to those who never bothered to 
develop them.’

Thomas Edison

• Modern engineers should be action-oriented individuals who 
have a desire for achievement that drives them to take risks.

EntrepreneurshipEntrepreneurship



• Muhammad Yunus, Grameen bank founder.
• Micro-loans for underprivileged people in Bangladesh.

• Strive Masiyiwa, Founder of EcoNet Wireless in Zimbabwe.
• ‘Fought’ for years to get a mobile operator license in Zimbabwe.

EntrepreneurshipEntrepreneurship



• We should be ethical, responsible and have a respect for 
human beings and the environment.

• We should understand the global impact of technology.

• In the 21st century, engineers will be faced with even greater 
ethical challenges than ever before. Why?

• much fiercer competition in business.

• globalisation

• Major issues: poverty and the digital divide.

Ethics and Social ResponsibilityEthics and Social Responsibility



• Digital divide
Internet access in mid 2002 (Statistics from allafrica .com)

North America and Europe: 1 in 2 people
Sub-Saharan Africa (excluding South Africa): 1 in 250 to 400 people
Rest of the world: 1 in 15 people

• The digital divide can only be solved with effective integration of 
technology into communities. 

• What is most important is not so much the physical availability 
of computers and the Internet, but people’s ability to make use 
of those technologies to engage in meaningful social practices.

Ethics and Social ResponsibilityEthics and Social Responsibility



Case Study: Challenges and Case Study: Challenges and 
opportunities in bringing connectivity to opportunities in bringing connectivity to 

rural Zambiarural Zambia



Vision of Vision of LinkNetLinkNet

• To bring the Internet to people in rural areas throughout 
Zambia.



MachaMacha –– a proof of concepta proof of concept

• A village located in the southern province of Zambia.

• Nearest town is Choma ~ 70 km and > 2 hours by road.

• Tonga tribe.

• Agrarian lifestyle – mainly maize growing.

• Most people earn $1 to $2 per day.

• It costs $7 to get to Choma.



MachaMacha before 2004before 2004

• No fixed telephone lines to Macha, no mobile network 
access.

• Few computers (<10).

• Unreliable e-mail link using HF radio (<300 bps).

• VHF radio link to Choma.



MachaMacha in 2008in 2008

• >200 computers in Macha.

• Wireless Internet provided using satellite links and local WLAN 
network.

• ~ 200 people with basic computer literacy.

• Training of local people for onsite support and daily operations.

• Community radio station broadcast on FM and by Internet streaming.

• Data entry services (totalling thousands of documents) provided to 
company in the US.

• Sustainable.



How?How?

• Holistic approach: Involvement of all stakeholders including 
village community leaders, local health institutes, church and 
schools.

• Technology customised to rural area conditions – low-cost, 
rugged.

• Training of local people in computer networking and support. 

• Macha centre of experience.



OpportunitiesOpportunities

• Internet can bring the world to rural areas and rural areas to 
the world.

• Relationship-based vs rational-based mindset.

• Relevance: eLearning and eHealth.

• Data-entry project.

• ‘Accidental’ innovations in rural areas:
• Sunflower seeds by Fred Mweetwa



ICT Challenges ICT Challenges ‘‘on the groundon the ground ’’

• Cost of bandwidth too high: $1100 for a committed 
throughput of just 128kbps.

• Electricity: Several outages per day.

• Equipment reliability and lifespan: much worse than in 
developed areas.

• Cost of equipment: high due to transportation, duty, repairs.

• Sacrifice – are we as educated people able to do this?



Case of InnovationCase of Innovation
Sunflower seeds Sunflower seeds –– Fred Fred MweetwaMweetwa



Sunflower seeds Sunflower seeds –– Fred Fred MweetwaMweetwa

• Fred independently used the Internet to learn how to grow 
sunflower seeds.

• Sunflower seeds are ground to obtain cooking oil, which he 
sells to clients.

• The residue is used to feed his pig.

• His business is flourishing – already, 10 people are employed.

• In one season, his yield was 70 bags of 50 kg each.



Future work of Future work of LinkNetLinkNet

• Proof of reproduction currently underway in Mukinge, North 
Western province of Zambia.

• Progressively build experience and capacity and rollout in 3 
to 5 other sites in Zambia.

• Eventual nationwide rollout of Internet to rural areas.



How do we want the future to be?How do we want the future to be?

• ‘Be the change you want to see in the world.’

• Muhammad Yunus (Nobel Peace Laureate, 2006): Systems of the 
world do not allow poor people to develop themselves.

• Muhammad Yunus: If you do not like the way the world is, then 
change it.

• Gertjan van Stam: Free Internet for the whole of Zambia.

• If we want to change systems of the world, then we must work 
together.



• Our core values are the most important as they will define the 
decisions we make.

• We must value holism, leadership, continuous learning, 
creativity/innovation, entrepreneurship and social responsibility.

• If we are truly together and truly put other people before 
ourselves then we will move forward … together.

• We must act!

SummarySummary



Thank youThank you

Adrian Pais

a.pais@ieee.org


