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Many dilemmas appear increasingly common to a
wide range of countries, such as that of trying to find a
balance between local and international engagement
in research, or between basic and applied science,
the generation of new knowledge and marketable
knowledge, or public good science versus science to
drive commerce.
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1 . A world in search of an effective
growth strategy
INTRODUCTION
For two decades now, the UNESCO Science Report series has
been mapping science, technology and innovation (STI)
around the world on a regular basis. Since STI do not evolve in
a vacuum, this latest edition summarizes the evolution since
2010 against the backdrop of socio-economic, geopolitical
and environmental trends that have helped to shape
contemporary STI policy and governance.
More than 50 experts have contributed to the present report,
each of them covering the region or country from which
they hail. A quinquennial report has the advantage of being
able to focus on longer-term trends, rather than becoming
entrenched in descriptions of short-term annual fluctuations
which, with respect to policy and science and technology
indicators, rarely add much value.

KEY INFLUENCES ON STI POLICY
AND GOVERNANCE
Geopolitical events have reshaped science in many regions
The past five years have witnessed major geopolitical
changes with significant implications for science and
technology. To name just a few: the Arab Spring in 2011;
the nuclear deal with Iran in 2015; and the creation of the
Association of Southeast Asian Nations (ASEAN) Economic
Community in 2015.
At first sight, many of these developments have little to do
with science and technology but their indirect impact has
often been significant. In Egypt, for instance, there has been
a radical change in STI policy since the Arab Spring. The new
government considers the pursuit of a knowledge economy as
being the best way to harness an effective growth engine. The
Constitution adopted in 2014 mandates the state to allocate
1% of GDP to research and development (R&D) and stipulates
that the ‘state guarantees the freedom of scientific research
and encourages its institutions as a means towards achieving
national sovereignty and building a knowledge economy that
supports researchers and inventors’ (Chapter 17).
In Tunisia, there has been greater academic freedom in the past
year and scientists have been developing closer international
ties; Libya, on the other hand, is confronted with a militant
insurgency, offering little hope of a rapid revival of science and
technology. Syria is in the throes of a civil war. Porous political
borders resulting from the political upheaval of the Arab Spring
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have, meanwhile, allowed opportunistic terrorist groups to
prosper. These hyper-violent militias not only pose a threat
to political stability; they also undermine national aspirations
towards a knowledge economy, for they are inherently
hostile to enlightenment, in general, and the education
of girls and women, in particular. The tentacles of this
obscurantism now stretch as far south as Nigeria and Kenya
(Chapters 18 and 19).
Meanwhile, countries emerging from armed conflict
are modernizing infrastructure (railways, ports, etc)
and fostering industrial development, environmental
sustainability and education to facilitate national
reconciliation and revive the economy, as in Côte d’Ivoire
and Sri Lanka (Chapters 18 and 21).
The nuclear deal concluded in 2015 could be a turning
point for science in Iran but, as Chapter 15 observes,
international sanctions have already incited the regime
to accelerate the transition to a knowledge economy, in
order to compensate for lost oil revenue and international
isolation by developing local products and processes. The
flow of revenue from the lifting of sanctions should give
the government an opportunity to boost investment in
R&D, which accounted for just 0.31% of GDP in 2010.
Meanwhile, the Association of South East Asian Nations
(ASEAN) intends to transform this vast region into a
common market and production base with the creation
of the ASEAN Economic Community by the end of 2015.
The planned removal of restrictions to the cross-border
movement of people and services is expected to spur
co-operation in science and technology and thereby
reinforce the emerging Asia–Pacific knowledge hub. The
greater mobility of skilled personnel should be a boon for
the region and enhance the role of the ASEAN University
Network, which already counts 30 members. As part of the
negotiating process for the ASEAN Economic Community,
each member state may express its preference for a specific
research focus. The Laotian government, for instance, hopes
to prioritize agriculture and renewable energy (Chapter 27).
In sub-Saharan Africa, too, regional economic communities
are playing a growing role in the region’s scientific
integration, as the continent prepares the groundwork
for its own African Economic Community by 2028. Both
the Economic Community of West African States and the
Southern African Development Community (SADC) have
adopted regional strategies for STI in recent years that
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complement the continent’s decadal plans.1 The East African
Community (EAC) has entrusted the Inter-University Council
for East Africa with the mission of developing a Common
Higher Education Area. The ongoing development of
networks of centres of excellence across the continent should
foster greater scientific mobility and information-sharing, as
long as obstacles to the mobility of scientists can be removed.
The decision by Kenya, Rwanda and Uganda in 2014 to adopt
a single tourist visa is a step in the right direction.
It will be interesting to see the extent to which the new
Union of South American Nations (UNASUR) fosters regional
scientific integration in the years to come. Modelled on the
European Union (EU), UNASUR plans to establish a common
parliament and currency for its 12 members and to foster the
free movement of goods, services, capital and people around
the subcontinent (Chapter 7).
Environmental crises raising expectations of science
Environmental crises, be they natural or human-made, have
also influenced STI policy and governance in the past five
years. The shockwaves from the Fukushima nuclear disaster in
March 2011 carried far beyond Japan’s shores. The disaster
prompted Germany to commit to phasing out nuclear energy
by 2020 and fostered debate in other countries on the risks of
nuclear energy. In Japan itself, the triple catastrophe2 made a
tremendous impact on Japanese society. Official statistics
show that the tragedy of 2011 has shaken the public’s trust
not only in nuclear technology but in science and technology
more broadly (Chapter 24).
It doesn’t tend to make the headlines but growing concern
over recurrent drought, flooding and other natural
phenomena have led governments to adopt coping strategies
in the past five years. Cambodia, for instance, has adopted a
Climate Change Strategy (2014–2023) with the assistance of
European development partners to protect its agriculture. In
2013, the Philippines was hit by possibly the strongest
tropical cyclone ever to make landfall. The country has
been investing heavily in tools to mitigate disaster risk, such
as 3D disaster-simulation models, and building local
capability to apply, replicate and produce many of these
technologies (Chapter 27). The biggest single US economy,
the State of California, has been experiencing drought for
years; in April 2015, the state governor announced a 40%
carbon emissions reduction target by 2030 over 1990 levels
(Chapter 5).
1. Namely, Africa’s Science and Technology Consolidated Plan of Action (2005–2014)
and its successor, the Science, Technology and Innovation Strategy for Africa (STISA–
2024)
2. A subterranean earthquake generated a tsunami that swamped the Fukushima
nuclear plant, cutting off the power supply to its cooling system, causing the
nuclear rods to overheat and sparking multiple explosions which released
radioactive particles into the air and water.
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Angola, Malawi and Namibia have all experienced belownormal rainfall in recent years that has affected food security.
In 2013, ministers from the SADC approved the development
of a Regional Climate Change programme. In addition, the
Common Market for Eastern and Southern Africa (COMESA),
EAC and SADC have been implementing a joint five-year
initiative since 2010 known as the Tripartite Programme on
Climate Change Adaptation and Mitigation (Chapter 20).
In Africa, agriculture continues to suffer from poor land
management and low investment. Despite the continent’s
commitment, in the Maputo Declaration (2003), to devoting
at least 10% of GDP to agriculture, only a handful of
countries have since reached this target (see Table 19.2).
Agricultural R&D suffers as a consequence. There have
been moves, however, to reinforce R&D. For instance,
Botswana established an innovative hub in 2008 to foster
the commercialization and diversification of agriculture and
Zimbabwe is planning to establish two new universities of
agricultural science and technology (Chapter 20).
Energy has become a major preoccupation
The EU, USA, China, Japan, the Republic of Korea and others
have all toughened national legislation in recent years to
reduce their own carbon emissions, develop alternative
energy sources and promote greater energy efficiency.
Energy has become a major preoccupation of governments
everywhere, including oil-rent economies like Algeria and
Saudi Arabia that are now investing in solar energy to
diversify their energy mix.
This trend was evident even before Brent crude oil prices
began their downward spiral in mid-2014. Algeria’s
Renewable Energy and Energy Efficiency Programme was
adopted in March 2011, for instance, and has since approved
more than 60 wind and solar energy projects. Gabon’s
Strategic Plan to 2025 (2012) states that setting the country
on the path to sustainable development ‘is at the heart of
the new executive’s policy’. The plan identifies the need to
diversify an economy dominated by oil (84% of exports in
2012), foresees a national climate plan and fixes the target of
raising the share of hydropower in Gabon’s electricity matrix
from 40% in 2010 to 80% by 2020 (Chapter 19).
A number of countries are developing futuristic, hyperconnected ‘smart’ cities (such as China) or ‘green’ cities
which use the latest technology to improve efficiency in
water and energy use, construction, transportation and so
on, examples being Gabon, Morocco and the United Arab
Emirates (Chapter 17).
If sustainability is a primary concern for most governments,
some are swimming against the tide. The Australian
government, for instance, has shelved the country’s carbon
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The quest for a growth strategy that works
Overall, the years 2009–2014 have been a difficult transition
period. Ushered in by the global financial crisis of 2008,
this transition has been marked by a severe debt crisis in
the wealthier countries, uncertainty over the strength of
the ensuing recovery and the quest for an effective growth
strategy. Many high-income countries are faced with similar
challenges, such as an ageing society (USA, EU, Japan, etc.)
and chronic low growth (Table 1.1); all are confronted with
tough international competition. Even those countries that
are doing well, such as Israel and the Republic of Korea, fret
over how to maintain their edge in a rapidly evolving world.
In the USA, the Obama administration has made investment in
climate change research, energy and health a priority but much
of its growth strategy has been contraried by the congressional
priority of reducing the federal budget deficit. Most federal
research budgets have remained flat or declined in inflationadjusted dollars over the past five years (Chapter 5).
In 2010, the EU adopted its own growth strategy, Europe 2020,
to help the region emerge from the crisis by embracing smart,
sustainable and inclusive growth. The strategy observed
that ‘the crisis has wiped out years of economic and social
progress and exposed structural weaknesses in Europe’s
economy’. These structural weaknesses include low R&D
spending, market barriers and insufficient use of information
and communication technologies (ICTs). Horizon 2020, the
EU’s current seven-year framework programme for research
and innovation, has received the biggest budget ever in
order to drive this agenda between 2014 and 2020. The 2020
Strategy adopted by Southeast Europe mirrors that of its EU
namesake but, in this case, the primary aim of this growth
strategy is to prepare countries for their future accession to
the EU.
Japan is one of the world’s big spenders on R&D (Figure 1.1) but
its self-confidence has been shaken in recent years, not only by
the triple catastrophe in 2011 but also by the failure to shake
off the deflation that has stifled the economy for the past 20
years. Japan’s current growth strategy, Abenomics, dates from
2013 and has not yet delivered on its promise of faster growth.
The effects of a low-growth equilibrium on investor confidence
are visible in the reluctance of Japanese firms to raise R&D
spending or staff salaries and in their aversion to the necessary
risk-taking to launch a new growth cycle.

3. namely the Australian Renewable Energy Agency and the Clean Energy Finance
Corporation

The Republic of Korea is seeking its own growth strategy.
Although it came through the global financial crisis remarkably
unscathed, it has outgrown its ‘catch-up model.’ Competition
with China and Japan is intense, exports are slipping and global
demand is evolving towards green growth. Like Japan, it is faced
with a rapidly ageing population and declining birthrates that
challenge its long-term economic development prospects. The
Park Geun-hye administration is pursuing her predecessor’s goal
of ‘low carbon, green growth’ but also emphasizing the ‘creative
economy,’ in an effort to revitalize the manufacturing sector
through the emergence of new creative industries. Up until
now, the Republic of Korea has relied on large conglomerates
such as Hyundai (vehicles) and Samsung (electronics) to drive
growth and export earnings. Now, it is striving to become more
entrepreneurial and creative, a process that will entail changing
the very structure of the economy – and the very bases of
science education.
Among the BRICS (Brazil, Russian Federation, India, China and
South Africa), China has managed to dodge the fallout from
the 2008 global financial and economic crisis but its economy
was showing signs of strain4 in mid-2015. Up until now, China
has relied upon public expenditure to drive growth but, with
investor confidence faltering in August 2015, China’s desired
switch from export-orientation to more consumption-driven
growth has been thrown into doubt. There is also some concern
among the political leadership that the massive investment in
R&D over the past decade is not being matched by scientific
output. China, too, is in search of an effective growth strategy.
By maintaining a strong demand for commodities to fuel
its rapid growth, China has buffeted resource-exporting
economies since 2008 from the drop in demand from North
America and the EU. Ultimately, however, the cyclical boom
in commodities has come to an end, revealing structural
weaknesses in Brazil and the Russian Federation, in particular.
In the past year, Brazil has entered into recession. Although
the country has expanded access to higher education in
recent years and raised social spending, labour productivity
remains low. This suggests that Brazil has, so far, not managed
to harness innovation to economic growth, a problem shared
by the Russian Federation.
The Russian Federation is searching for its own growth
strategy. In May 2014, President Putin called for a widening
of Russian import substitution programmes to reduce the
country’s dependence on technological imports. Action
plans have since been launched in various industrial sectors
to produce cutting-edge technologies. However, the
government’s plans to stimulate business innovation may be
4. The Chinese economy grew by 7.4% in 2014 and is projected to grow by 6.8% in
2015 but there is growing uncertainty as to whether it will achieve this target.

23

Chapter 1

tax and announced plans to abolish institutions instigated
by the previous government3 to stimulate technological
development in the renewable energy sector (Chapter 27).

UNESCO SCIENCE REPORT
contraried by the current recession, following the downturn
in Brent crude oil prices, the imposition of sanctions and a
deteriorating business climate.
Meanwhile, in India, growth has remained at the respectable
level of about 5% in the past few years but there are
concerns that economic growth is not creating enough
jobs. Today, India’s economy is dominated by the services
sector (57% of GDP). The Modi government elected in 2014
has argued for a new economic model based on exportoriented manufacturing to foster job creation. India is already
becoming a hub for frugal innovation, thanks to the large
domestic market for pro-poor products and services such as
low-cost medical devices and cheap cars.
With the end of the commodities boom, Latin America is, itself,
in search of a new growth strategy. Over the past decade, the
region has reduced its exceptionally high levels of economic
inequality but, as global demand for raw materials has fallen,
Latin America’s own growth rates have begun stagnating or
even contracting in some cases. Latin American countries
are not lacking in policy initiatives or in the sophistication
of institutional structures to promote science and research
(Chapter 7). Countries have made great strides in terms of
access to higher education, scientific mobility and output.
Few, however, appear to have used the commodities boom to
embrace technology-driven competitiveness. Looking ahead,
the region may be well placed to develop the type of scientific
excellence that can underpin green growth by combining its
natural advantages in biological diversity and its strengths
with regard to indigenous (traditional) knowledge systems.
The long-term planning documents to 2020 or 2030 of
many low- and middle-income countries also reflect the
quest for a growth strategy able to carry them into a higher
income bracket. These ‘vision’ documents tend to have a
triple focus: better governance, in order to improve the
business environment and attract foreign investment to
develop a dynamic private sector; more inclusive growth,
to reduce poverty levels and inequality; and environmental
sustainability, to protect the natural resources on which most
of these economies depend for foreign exchange.

GLOBAL TRENDS IN R&D EXPENDITURE
How has the crisis affected R&D investment?
The UNESCO Science Report 2010 was written in the immediate
aftermath of the global financial crisis. Its coverage
encompassed a period of historically unmatched global
economic growth between 2002 and 2007. It was also
forward-looking. One question it addressed was the extent
to which the global crisis might be bad for global knowledge
creation. The conclusion that global investment in R&D would
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not be that strongly affected by t he crisis appears, with
hindsight, to have been spot on.
In 2013, world GERD amounted to PPP$ 1 478 billion,
compared to only PPP$ 1 132 billion in 20075. This was
less than the 47% increase recorded over the previous
period (2002–2007) but a significant increase nevertheless.
Moreover, this rise took place during a time of crisis. As GERD
progressed much faster than global GDP, this caused global
R&D intensity to climb from 1.57% (2007) to 1.70% (2013) of
GDP (Tables 1.1 and 1.2).
As argued in the UNESCO Science Report 2010, Asia, in general,
and China, in particular, were the first to recover from the
crisis, pulling global R&D investment relatively quickly to
higher levels.6 In other emerging economies such as Brazil
and India, the rise in R&D intensity took longer to kick in.
Similarly, the prediction that both the USA and EU would be
able to maintain their own R&D intensity at pre-crisis levels was
not only correct but even too conservative a prediction. The
Triad (EU, Japan and USA) have all seen GERD rise over the past
five years to levels well above those of 2007, unlike Canada.
Public research budgets: a converging, yet contrasting
picture
The past five years have seen a converging trend:
disengagement in R&D by the public sector in many highincome countries (Australia, Canada, USA, etc.) and a growing
investment in R&D on the part of lower income countries.
In Africa, for instance, Ethiopia has used some of the fastest
growth rates on the continent to raise GERD from 0.24%
(2009) to 0.61% (2013) of GDP. Malawi has raised its own
ratio to 1.06% and Uganda to 0.48% (2010), up from 0.33%
in 2008. There is a growing recognition in Africa and beyond
that the development of modern infrastructure (hospitals,
roads, railways, etc.) and the achievement of economic
diversification and industrialization will necessitate greater
investment in STI, including the constitution of a critical mass
of skilled workers.
Spending on R&D is on the rise in many East and Central
African countries with innovation hubs (Cameroon, Kenya,
Rwanda, Uganda, etc.), driven by greater investment by both
the public and private sectors (Chapter 19). The sources of
Africa’s heightened interest in STI are multiple but the global
financial crisis of 2008–2009 certainly played a role. It boosted
commodity prices and focused attention on beneficiation
policies in Africa.
5. PPP stands for purchasing power parity.
6. China’s R&D intensity more than doubled between 2007 and 2013 to 2.08. This
is above the EU average and means that China is on track to achieve its target of a
2.5% GERD/GDP ratio by 2020.
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Table 1.1: World trends in population and GDP							

World

2007

2013

6 673.1

7 162.1

Share of global
population (%)

GDP in constant 2005 PPP$ billions

2007

2007

100.0

2013
100.0

2009

2011

2013

72 198.1 74 176.0 81 166.9 86 674.3

Share of global GDP (%)
2007

2009

2011

2013

100.0

100.0

100.0

100.0

High-income economies

1 264.1

1 309.2

18.9

18.3

41 684.3 40 622.2 42 868.1 44 234.6

57.7

54.8

52.8

51.0

Upper-middle-income economies

2 322.0

2 442.1

34.8

34.1

19 929.7 21 904.3 25 098.5 27 792.6

27.6

29.5

30.9

32.1

Lower-middle-income economies

15.2

2 340.7

2 560.4

35.1

35.7

9 564.7 10 524.5 11 926.1 13 206.4

Low-income economies

746.3

850.3

11.2

11.9

1 019.4

13.2

14.2

14.7

1 440.7

1.4

1.5

1.6

Americas

913.0

971.9

13.7

1.7

13.6

21 381.6 21 110.0 22 416.8 23 501.5

29.6

28.5

27.6

27.1

14 901.4 14 464.1 15 088.7 15 770.5

18.2

1 125.0

1 274.2

North America

336.8

355.3

5.0

5.0

20.6

19.5

18.6

Latin America

535.4

574.1

8.0

8.0

6 011.0

6 170.4

6 838.5

7 224.7

8.3

8.3

8.4

8.3

40.8

42.5

0.6

0.6

469.2

475.5

489.6

506.4

0.6

0.6

0.6

0.6

Europe

806.5

818.6

12.1

11.4

18 747.3 18 075.1 19 024.5 19 177.9

26.0

24.4

23.4

22.1

European Union

500.8

509.5

7.5

7.1

14 700.7 14 156.7 14 703.8 14 659.5

20.4

19.1

18.1

16.9

Southeast Europe

19.6

19.2

0.3

0.3

145.7

151.0

155.9

158.8

0.2

0.2

0.2

0.2

European Free Trade Association

12.6

13.5

0.2

0.2

558.8

555.0

574.3

593.2

0.8

0.7

0.7

0.7

Caribbean

Other Europe

273.6

276.4

4.1

3.9

3 342.0

3 212.3

3 590.5

3 766.4

4.6

4.3

4.4

4.3

Africa

957.3

1 110.6

14.3

15.5

3 555.7

3 861.4

4 109.8

4 458.4

4.9

5.2

5.1

5.1

Sub-Saharan Africa

764.7

897.3

11.5

12.5

2 020.0

2 194.3

2 441.8

2 678.5

2.8

3.0

3.0

3.1

Arab States in Africa

192.6

213.3

2.9

3.0

1 535.8

1 667.1

1 668.0

1 779.9

2.1

2.2

2.1

2.1

3 961.5

4 222.6

59.4

59.0

27 672.8 30 248.0 34 695.7 38 558.5

38.3

40.8

42.7

44.5

61.8

67.2

0.9

0.9

408.9

446.5

521.2

595.4

0.6

0.6

0.6

0.7

122.0

145.2

1.8

2.0

2 450.0

2 664.0

3 005.2

3 308.3

3.4

3.6

3.7

3.8

Asia
Central Asia
Arab States in Asia

94.9

101.9

1.4

1.4

1 274.2

1 347.0

1 467.0

1 464.1

1.8

1.8

1.8

1.7

South Asia

West Asia

1 543.1

1 671.6

23.1

23.3

5 016.1

5 599.2

6 476.8

7 251.4

6.9

7.5

8.0

8.4

Southeast Asia

2 139.7

2 236.8

32.1

31.2

18 523.6 20 191.3 23 225.4 25 939.3

25.7

27.2

28.6

29.9

34.8

38.3

0.5

0.5

1.2

1.2

1.1

1.1

Oceania

840.7

881.5

920.2

978.0

Other groupings
Least developed countries

783.4

898.2

11.7

12.5

1 327.2

1 474.1

1 617.9

1 783.6

1.8

2.0

2.0

2.1

Arab States all

314.6

358.5

4.7

5.0

3 985.7

4 331.1

4 673.2

5 088.2

5.5

5.8

5.8

5.9

OECD

1 216.3

1 265.2

18.2

17.7

38 521.2 37 306.1 39 155.4 40 245.7

53.4

50.3

48.2

46.4

G20

4 389.5

4 615.5

65.8

64.4

57 908.7 59 135.1 64 714.6 68 896.8

80.2

79.7

79.7

79.5
0.9

Selected countries
Argentina
Brazil
Canada

39.3

41.4

0.6

0.6

631.8

651.7

772.1

802.2

0.9

0.9

1.0

190.0

200.4

2.8

2.8

2 165.3

2 269.8

2 507.5

2 596.5

3.0

3.1

3.1

3.0

33.0

35.2

0.5

0.5

1 216.8

1 197.7

1 269.4

1 317.2

1.7

1.6

1.6

1.5

9 953.6 12 015.9 13 927.7

16.1

China

1 334.3

1 385.6

20.0

19.3

8 313.0

11.5

13.4

14.8

Egypt

74.2

82.1

1.1

1.1

626.0

702.1

751.3

784.2

0.9

0.9

0.9

0.9

France

62.2

64.3

0.9

0.9

2 011.1

1 955.7

2 035.6

2 048.3

2.8

2.6

2.5

2.4

Germany
India

83.6

82.7

1.3

1.2

2 838.9

2 707.0

2 918.9

2 933.0

3.9

3.6

3.6

3.4

1 159.1

1 252.1

17.4

17.5

3 927.4

4 426.2

5 204.3

5 846.1

5.4

6.0

6.4

6.7

Iran

71.8

77.4

1.1

1.1

940.5

983.3

1 072.4

1 040.5

1.3

1.3

1.3

1.2

Israel

6.9

7.7

0.1

0.1

191.7

202.2

222.7

236.9

0.3

0.3

0.3

0.3

Japan

127.2

127.1

1.9

1.8

4 042.1

3 779.0

3 936.8

4 070.5

5.6

5.1

4.9

4.7

Malaysia

26.8

29.7

0.4

0.4

463.0

478.0

540.2

597.7

0.6

0.6

0.7

0.7

Mexico

113.5

122.3

1.7

1.7

1 434.8

1 386.5

1 516.3

1 593.6

2.0

1.9

1.9

1.8

Republic of Korea

47.6

49.3

0.7

0.7

1 293.2

1 339.2

1 478.8

1 557.6

1.8

1.8

1.8

1.8

Russian Federation

143.7

142.8

2.2

2.0

1 991.7

1 932.3

2 105.4

2 206.5

2.8

2.6

2.6

2.5

49.6

52.8

0.7

0.7

522.1

530.5

564.2

589.4

0.7

0.7

0.7

0.7

South Africa
Turkey

69.5

74.9

1.0

1.0

874.1

837.4

994.3

1 057.3

1.2

1.1

1.2

1.2

United Kingdom

61.0

63.1

0.9

0.9

2 203.7

2 101.7

2 177.1

2 229.4

3.1

2.8

2.7

2.6

303.8

320.1

4.6

4.5

13 681.1 13 263.0 13 816.1 14 450.3

18.9

17.9

17.0

16.7

United States of America

Source: World Bank’s World Development Indicators, April 2015; and estimations by UNESCO Institute for Statistics; United Nations Department of
Economic and Social Affairs, Population Division (2013) World Population Prospects: the 2012 Revision
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Table 1.2: World shares of expenditure on R&D, 2007, 2009, 2011 and 2013																					
GERD (in PPP$ billions)

Share of world GERD (%)

2007

2009

2011

2013

2007

2009

2011

2013

1 132.3

1 225.5

1 340.2

1 477.7

100.0

100.0

100.0

100.0

High-income economies

902.4

926.7

972.8

1 024.0

79.7

75.6

72.6

69.3

Upper middle-income economies

181.8

243.9

303.9

381.8

16.1

19.9

22.7

25.8

Lower middle-income economies

46.2

52.5

60.2

68.0

4.1

4.3

4.5

4.6

1.9

2.5

3.2

3.9

0.2

0.2

0.2

0.3

World

Low-income economies
Americas

419.8

438.3

451.6

478.8

37.1

35.8

33.7

32.4

North America

382.7

396.5

404.8

427.0

33.8

32.4

30.2

28.9

Latin America

35.5

39.8

45.6

50.1

3.1

3.3

3.4

3.4

1.6

2.0

1.3

1.7

0.1

0.2

0.1

0.1

Europe

297.1

311.6

327.5

335.7

26.2

25.4

24.4

22.7

European Union

251.3

262.8

278.0

282.0

22.2

21.4

20.7

19.1

0.5

0.8

0.7

0.8

0.0

0.1

0.1

0.1

European Free Trade Association

12.6

13.1

13.7

14.5

1.1

1.1

1.0

1.0

Other Europe

32.7

34.8

35.0

38.5

2.9

2.8

2.6

2.6

Africa

1.3

Caribbean

Southeast Europe

12.9

15.5

17.1

19.9

1.1

1.3

1.3

Sub-Saharan Africa

8.4

9.2

10.0

11.1

0.7

0.7

0.7

0.8

Arab States in Africa

4.5

6.4

7.1

8.8

0.4

0.5

0.5

0.6

384.9

440.7

524.8

622.9

34.0

36.0

39.2

42.2

Central Asia

Asia

0.8

1.1

1.0

1.4

0.1

0.1

0.1

0.1

Arab States in Asia

4.3

5.0

5.6

6.7

0.4

0.4

0.4

0.5

15.5

16.1

17.5

18.1

1.4

1.3

1.3

1.2

West Asia
South Asia
Southeast Asia

35.4

39.6

45.7

50.9

3.1

3.2

3.4

3.4

328.8

378.8

455.1

545.8

29.0

30.9

34.0

36.9

17.6

19.4

19.1

20.3

1.6

1.6

1.4

1.4

0.3

Oceania
Other groupings
Least developed countries

2.7

3.1

3.7

4.4

0.2

0.3

0.3

Arab States all

8.8

11.4

12.7

15.4

0.8

0.9

0.9

1.0

860.8

882.2

926.1

975.6

76.0

72.0

69.1

66.0

1 042.6

1 127.0

1 231.1

1 358.5

92.1

92.0

91.9

91.9

2.5

3.1

4.0

0.2

0.3

0.3

0.3-1

23.9

26.1

30.2

2.1

2.1

2.3

2.2-1

OECD
G20
Selected countries
Argentina
Brazil
Canada
China

4.6-1
31.3

-1

23.3

23.0

22.7

21.5

2.1

1.9

1.7

1.5

116.0

169.4b

220.6

290.1

10.2

13.8b

16.5

19.6
0.4

Egypt

1.6

4.0

5.3

0.1

0.2b

0.3

France

40.6

43.2

3.0b

44.6b

45.7

3.6

3.5

3.3b

3.1

Germany

69.5

73.8

81.7

83.7

6.1

6.0

6.1

5.7

India

31.1

36.2

42.8

–

2.7

3.0

3.2

–

–

0.6+1

0.3b

0.3-1
0.7

Iran

7.1+1

3.1b

3.2-1

Israel

8.6

8.4

9.1

10.0

0.8

0.7

Japan

139.9

126.9b

133.2

141.4

12.4

10.4b

9.9

9.6

4.8b

5.7

0.4b

0.4

0.5-1

Malaysia

2.7-1

Mexico

6.4-1

0.3+1

–
0.7

5.3

6.0

6.4

7.9

0.5

0.5

0.5

0.5

Republic of Korea

38.8

44.1

55.4

64.7

3.4

3.6

4.1

4.4

Russian Federation

22.2

24.2

23.0

24.8

2.0

2.0

1.7

1.7

4.6

4.4

4.1

0.4

0.4

0.3

0.3-1

South Africa
Turkey

6.3

7.1

8.5

10.0

0.6

0.6

0.6

0.7

37.2

36.7

36.8

36.2

3.3

3.0

2.7

2.5

359.4

373.5

382.1

396.7-1

31.7

30.5

28.5

28.1-1

United Kingdom
United States of America
-n/+n = data are for n years before or after reference year
b: break in series with previous year for which data are shown
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4.2-1

Note: GERD figures are in PPP$ (constant prices – 2005). Many of the underlying data are estimated
by the UNESCO Institute for Statistics for developing countries, in particular. Furthermore in a
substantial number of developing countries data do not cover all sectors of the economy.
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GERD as share of GDP (%)

GERD per researcher (PPP$ thousands)

2007

2009

2011

2013

2007

2009

2011

2013

2007

2009

2011

2013

1.57

1.65

1.65

1.70

169.7

179.3

191.5

206.3

176.9

177.6

182.3

190.4

2.16

2.28

2.27

2.31

713.8

723.2

750.4

782.1

203.0

199.1

201.7

205.1

0.91

1.11

1.21

1.37

78.3

103.3

126.6

156.4

126.1

142.7

155.7

176.1

0.48

0.50

0.50

0.51

19.7

21.8

24.2

26.6

105.0

115.9

126.0

137.7

0.19

0.22

0.25

0.27

2.6

3.1

3.9

4.5

26.2

28.7

32.9

37.6

1.96

2.08

2.01

2.04

459.8

469.9

474.2

492.7

276.8

264.6

266.3

278.1

2.57

2.74

2.68

2.71

1 136.2

1 154.9

1 158.3

1 201.8

297.9

283.0

285.9

297.9

0.59

0.65

0.67

0.69

66.3

72.7

81.2

87.2

159.5

162.1

168.2

178.9

0.33

0.41

0.26

0.34

38.5

47.6

30.5

40.8

172.9

202.0

138.4

203.1

1.58

1.72

1.72

1.75

368.3

384.0

401.6

410.1

139.8

141.3

142.6

139.4

1.71

1.86

1.89

1.92

501.9

521.3

548.2

553.5

172.4

169.1

171.2

163.4

0.31

0.56

0.47

0.51

23.0

43.5

38.2

42.4

40.0

65.9

52.0

54.9

2.25

2.36

2.39

2.44

995.1

1 014.4

1 038.8

1 072.0

242.0

231.0

218.4

215.2

0.98

1.08

0.98

1.02

119.5

126.6

127.0

139.2

54.1

59.8

58.8

64.1

0.36

0.40

0.42

0.45

13.5

15.5

16.2

17.9

86.2

101.8

98.6

106.1

0.42

0.42

0.41

0.41

11.0

11.4

11.7

12.4

143.5

132.2

129.4

135.6

0.29

0.38

0.43

0.49

23.4

32.0

34.5

41.2

49.3

76.5

73.8

83.3

1.39

1.46

1.51

1.62

97.2

108.8

126.9

147.5

154.1

159.0

171.3

187.7

0.20

0.24

0.20

0.23

13.4

16.9

15.7

20.7

38.2

42.7

39.2

41.5

0.18

0.19

0.18

0.20

35.5

38.5

40.2

45.9

137.2

141.3

136.4

151.3

1.22

1.20

1.19

1.24

163.3

166.2

176.1

178.1

133.4

135.4

141.0

132.6

0.71

0.71

0.70

0.70

23.0

25.0

28.0

30.5

171.8

177.3

195.9

210.0

1.78

1.88

1.96

2.10

153.7

174.4

206.5

244.0

154.9

160.0

172.4

190.8

2.09

2.20

2.07

2.07

505.7

537.5

512.0

528.7

159.3

166.1

158.7

164.3

0.20

0.21

0.23

0.24

3.4

3.8

4.3

4.8

59.0

61.4

66.4

74.1

0.22

0.26

0.27

0.30

28.1

34.6

36.8

43.1

71.9

95.9

92.4

103.3

2.23

2.36

2.37

2.42

707.7

715.1

740.8

771.2

220.8

213.7

215.7

217.7

1.80

1.91

1.90

1.97

237.5

252.3

271.1

294.3

186.0

186.5

192.5

201.5

0.40

0.48

0.52

0.58-1

64.5

78.6

98.1

110.7-1

65.6

72.0

79.4

1.11

1.15

1.20

1.15

126.0

135.0

153.3

157.5

205.8

202.4

210.5

1.92

1.92

1.79

1.63

707.5

682.3

658.5

612.0

154.2

153.3

139.2

141.9-1

1.40

1.70b

1.84

2.08

87.0

125.4b

161.2

209.3

–*

147.0b

167.4

195.4

0.26

0.43b

0.53

0.68

21.5

39.6b

50.3

64.8

32.4

86.5b

96.1

111.6

2.02

2.21

2.19b

2.23

653.0

687.0

701.4

710.8

183.1

184.3

178.9b

172.3

2.45

2.73

2.80

2.85

832.0

887.7

985.0

1 011.7

239.1

232.7

241.1

232.3

0.79

0.82

0.82

–

26.8

30.5

35.0

–

171.4-2

0.75+1

0.31b

0.31-1

–

97.5+1

41.8b

43.0

–

130.5+1

4.48

4.15

4.10

4.21

1 238.9

1 211.4

1 290.5

–

3.46

3.36b

3.38

3.47

1 099.5

996.2b

1 046.1

1 112.2

204.5

0.61-1

1.01b

1.06

1.13-1

101.11

173.7b

199.9

219.9-1

274.6-1

0.37

0.43

0.42

0.50

46.6

51.3

54.0

65.0

3.00

3.29

3.74

4.15

815.6

915.7

1 136.0

1 312.7

1.12

1.25

1.09

1.12

154.7

168.4

160.1

173.5

0.88

0.84

0.73

0.73-1

92.9

87.1

79.7

0.72

0.85

0.86

0.95

90.9

99.8

117.0

1.69

1.75

1.69

1.63

610.1

594.4

590.3

2.63

2.82

2.77

2.81-1

1 183.0

1 206.7

1 213.3

-1

1 154.1

-1

–
58.9b
–

88.2-1
–

-1

201.8-1

–

58.4-1

–

165.6

152.9-1

193.5b

202.8

214.1

163.1b

121.7

123.5-1

139.3

138.9

139.7

–

174.8

180.7

191.6

200.9

47.4

54.7

51.3

56.3

238.6

224.0

205.9

197.3-1

133.5

127.1

123.1

118.5

112.3

573.8

147.2

143.2

146.6

139.7

1 249.3-1

317.0

298.5

304.9

313.6-1

80.5-1

Source: estimations by UNESCO Institute for Statistics, July 2015; for Brazilian GERD/GDP ratio in 2012: Brazilian Ministry of Science, Technology and Innovation
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Figure 1.1: GERD financed by government as a share of GDP, 2005–2013 (%)
1.0
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Source: OECD’s Main Science and Technology Indicators, September 2015

The global crisis also provoked a reversal in brain drain in
some parts of Africa, as visions of Europe and North America
struggling with low growth rates and high unemployment
discouraged emigration and encouraged some to return
home. Returnees are today playing a key role in STI policy
formulation, economic development and innovation. Even
those who remain abroad are contributing: remittances are
now overtaking FDI inflows to Africa (Chapter 19).
The heightened interest in STI is clearly visible in the Vision
2020 or 2030 planning documents adopted by African
countries in recent years. In Kenya, for instance, the Science,
Technology and Innovation Act passed in 2013 contributes
to the realization of Kenya Vision 2030, which foresees the
country’s transformation into an upper middle-income
economy with a skilled labour force by 2030. The act
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may be a ‘game-changer’ for Kenya, which has not only
created a National Research Fund but also, critically, made
provisions for the fund to receive 2% of Kenya’s GDP each
financial year. This substantial commitment of funds should
help Kenya raise its GERD/GDP ratio well above 0.79%
(2010).
The BRICS countries present a contrasting picture. In
China, public and business funding of R&D have risen
in tandem. In India, business R&D has progressed faster
than government commitment to R&D. In Brazil, public
commitment to R&D has remained more or less stable since
2008, whereas the business enterprise sector has slightly
augmented its own effort. Since all firms surveyed in 2013
reported a drop in innovation activity since 2008, this trend
will most likely affect spending if the Brazilian economic
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Figure 1.2: GERD performed by business enterprises as a share of GDP, 2005–2013 (%)
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slowdown persists. In South Africa, there has been a sharp
drop in private-sector R&D since the global financial crisis, in
spite of rising public spending on R&D. This partly explains
why the GERD/GDP ratio shrank from a high of 0.89% in 2008
to 0.73% in 2012.
The high-income countries have been particularly hard hit by
the crisis which swept the world in 2008 and 2009. Whereas
the US economy is back on an even keel, Japan and the EU are
finding recovery an uphill struggle. In Europe, slow economic
growth since the financial crisis of 2008 and the ensuing
pressures of fiscal consolidation within Eurozone countries
have put pressure on public investment in knowledge
(Chapter 9), despite the hike in the Horizon 2020 budget.
Among EU countries, only Germany was actually in a position
to increase its commitment to public R&D over the past

five years. France and the UK saw it decline. As in Canada,
budgetary pressures on national research budgets have
led to significant reductions in government-funded R&D
intensity (Figure 1.1). With the notable exception of Canada,
this trend is not perceptible in overall R&D expenditure,
since the private sector has maintained its own level of
spending throughout the crisis (Figures 1.1 and 1.2 and
Table 1.2).
In search of an optimal balance between basic and
applied science
The great majority of countries now acknowledge the
importance of STI for sustaining growth over the longer
term. Low and lower-middle income countries hope to use
it to raise income levels, wealthier countries to hold their
own in an increasingly competitive global marketplace.

29

Chapter 1

3.5

UNESCO SCIENCE REPORT
The danger is that, in the race to improve national
competitiveness, countries may lose sight of the old adage
that ‘without basic science, there would be no science to
apply’. Basic research generates the new knowledge that
gives rise to applications, commercial or otherwise. As
the author of the chapter on Canada puts it (Chapter 4),
‘science powers commerce – but not only.’ The question
is: what is the optimal balance between basic and applied
research?
The Chinese leadership has become dissatisfied with
the return on its wider investment in R&D. At the same
time, China has opted to devote just 4–6% of research
expenditure to basic research over the past decade. In
India, universities perform just 4% of GERD. Although India
has created an impressive number of universities in recent
years, industry has complained about the ‘employability’ of
science and engineering graduates. Basic research not only
generates new knowledge; it also contributes to the quality
of university education.
In the USA, the federal government specializes in
supporting basic research, leaving industry to take the lead
in applied research and technological development. There
is a risk that the current austerity drive, combined with
changing priorities, may affect the USA’s long-term capacity
to generate new knowledge.
Meanwhile, the USA’s northern neighbour is cutting back
on federal funding of government science but investing
in venture capital, in order to develop business innovation
and woo new trading partners. In January 2013, the
Canadian government announced its Venture Capital Action
Plan, a strategy for deploying CAN$ 400 million in new
capital over the next 7–10 years to leverage private sectorled investment in the form of venture capital funds.
The Russian Federation has traditionally devoted a large
share of GERD to basic research (like South Africa: 24% in
2010). Since the government adopted an innovation-led
growth strategy in 2012, a greater share of its appropriation
for R&D has been oriented towards the needs of industry.
Since funding is finite, this readjustment has occurred to
the detriment of basic research, which dropped from 26%
to 17% of the total between 2008 and 2013.
The EU has made the opposite calculation. Despite
the chronic debt crisis, the European Commission has
maintained its commitment to basic research. The European
Research Council (est. 2007), the first pan-European funding
body for frontier research in basic sciences, has been
endowed with € 13.1 billion for the period 2014–2020,
equivalent to 17% of Horizon 2020’s overall budget.
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The Republic of Korea increased its own commitment to
basic research from 13% to 18% of GERD between 2001 and
2011 and Malaysia has followed a similar path (from 11%
in 2006 to 17% in 2011). These two countries now devote a
comparable share to that of the USA: 16.5% in 2012. In the
Republic of Korea, the government is investing heavily in
basic research to correct the impression that the country
made the transition from a poor agricultural country to an
industrial giant through imitation alone, without developing
an endogenous capacity in basic sciences. The government
also plans to foster linkages between basic sciences and
the business world: in 2011, the National Institute for Basic
Science opened on the site of the future International
Science Business Belt in Daejeon.
The gap in R&D expenditure is narrowing
Geographically, the distribution of investment in knowledge
remains unequal (Table 1.2). The USA still dominates, with
28% of global investment in R&D. China has moved into
second place (20%), ahead of the EU (19%) and Japan
(10%). The rest of the world represents 67% of the global
population but just 23% of global investment in R&D.
GERD encompasses both public and private investment
in R&D. The share of GERD performed by the business
enterprise sector (BERD) tends to be higher in economies
with a greater focus on technology-based competitiveness
in manufacturing, as reflected in their higher BERD/GDP
ratio (Chapter 2). Among the larger economies for which
adequate data are available, the BERD/GDP intensity has risen
appreciably in only a few countries such as the Republic of
Korea and China and, to a lesser extent, in Germany, the USA,
Turkey and Poland (Figure 1.2). At best, it has remained
stable in Japan and the UK and receded in Canada and
South Africa.
Given the fact that almost one in five human beings is
Chinese, the rapid progression in BERD in China has had a
knock-on effect of massive proportions: between 2001 and
2011, China and India’s combined global share of BERD
quadrupled from 5% to 20%, largely to the detriment of
Western Europe and North America (see Figure 2.1).
Figure 1.3 highlights the continuing concentration of R&D
resources in a handful of highly developed or dynamic
economies. Several of these advanced economies fall in
the middle of the figure (Canada and UK), reflecting their
similar density of researchers with the leaders (such as
Germany or the USA), yet lower levels of R&D intensity.
The R&D or human capital intensities of Brazil, China, India
and Turkey might still be low but their contribution to the
global stock of knowledge is rapidly rising, thanks to the
sheer size of their financial investment in R&D.
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Figure 1.3: Mutually reinforcing effect of strong government investment in R&D and researchers, 2010–2011
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The size of the bubbles is proportionate to GERD funded by business as a share of GDP (%)
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Table 1.3: World shares of researchers, 2007, 2009, 2011 and 2013																
Researchers (‘000s)
2007

Share of global researchers (%)

2009

2011

2013

World

6 400.9

6 901.9

7 350.4

7 758.9

100.0

100.0

100.0

100.0

High-income economies

4 445.9

4 653.9

4 823.1

4 993.6

69.5

67.4

65.6

64.4

Upper middle-income economies

1 441.8

1 709.4

1 952.3

2 168.8

22.5

24.8

26.6

28.0

Lower middle-income economies

439.6

453.2

478.0

493.8

6.9

6.6

6.5

6.4

73.6

85.4

96.9

102.6

1.2

1.2

1.3

1.3

Americas

1 516.6

1 656.7

1 696.1

1 721.9

23.7

24.0

23.1

22.2

North America

1 284.9

1 401.2

1 416.1

1 433.3

20.1

20.3

19.3

18.5

222.6

245.7

270.8

280.0

3.5

3.6

3.7

3.6

9.1

9.7

9.2

8.5

0.1

0.1

0.1

0.1

Europe

2 125.6

2 205.0

2 296.8

2 408.1

33.2

31.9

31.2

31.0

European Union

Low-income economies

Latin America
Caribbean

2007

2009

2011

2013

1 458.1

1 554.0

1 623.9

1 726.3

22.8

22.5

22.1

22.2

Southeast Europe

11.3

12.8

14.2

14.9

0.2

0.2

0.2

0.2

European Free Trade Association

51.9

56.8

62.9

67.2

0.8

0.8

0.9

0.9

Other Europe

604.3

581.4

595.8

599.9

9.4

8.4

8.1

7.7

Africa

150.1

152.7

173.4

187.5

2.3

2.2

2.4

2.4

Sub-Saharan Africa

58.8

69.4

77.1

82.0

0.9

1.0

1.0

1.1

Arab States in Africa

91.3

83.3

96.3

105.5

1.4

1.2

1.3

1.4

2 498.1

2 770.8

3 063.9

3 318.0

39.0

40.1

41.7

42.8

Central Asia

21.7

25.1

26.1

33.6

0.3

0.4

0.4

0.4

Arab States in Asia

31.6

35.6

40.7

44.0

0.5

0.5

0.6

0.6

West Asia

116.2

119.2

124.3

136.9

1.8

1.7

1.7

1.8

South Asia

206.2

223.6

233.0

242.4

3.2

3.2

3.2

3.1

2 122.4

2 367.4

2 639.8

2 861.1

33.2

34.3

35.9

36.9

110.5

116.7

120.1

123.3

1.7

1.7

1.6

1.6
0.8

Asia

Southeast Asia
Oceania
Other groupings
Least developed countries

45.2

51.0

55.8

58.8

0.7

0.7

0.8

122.9

118.9

137.0

149.5

1.9

1.7

1.9

1.9

OECD

3 899.2

4 128.9

4 292.5

4 481.6

60.9

59.8

58.4

57.8

G20

5 605.1

6 044.0

6 395.0

6 742.1

87.6

87.6

87.0

86.9

Arab States all

Selected countries
Argentina

38.7

43.7

50.3

Brazil

116.3

129.1

138.7-1

Canada

151.3

150.2

163.1

China

–

Egypt

49.4

France

221.9

Germany

290.9

India

154.8

*

1 152.3b

Iran

54.3+1

Israel

–

Japan

684.3

0.7
2.0-1

0.7-1
–

2.4

2.2

2.2

2.1-1

16.7b

17.9

35.2

41.6

47.7

0.8

0.5

0.6

0.6

234.4

249.2b

265.2

3.5

3.4

3.4b

3.4

338.7

360.3

4.5

4.6

4.6

4.6

52.3b
–

19.1

192.8-1

–

2.6-2

–

2.7-1

54.8-1

–

0.8+1

0.8b

0.8-1

–

–

–

0.8

0.8-1

55.2
656.7

29.6b

47.2

37.9

43.0

46.1

Republic of Korea

221.9

244.1

Russian Federation

Mexico

0.6
1.9

–*

–

9.7-1

156.6-1

0.6
1.8

1 484.0

655.5b

Malaysia

–

1 318.1

317.3
-2

51.6-1

63.7-1
660.5

9.5b

8.9

8.5

0.2-1

0.4b

0.6

0.7-1

–

0.6

0.6

0.6

–

288.9

321.8

3.5

3.5

3.9

4.1

440.6

5.7

52.1-1

10.7

–

469.1

442.3

447.6

7.3

6.4

6.1

South Africa

19.3

19.8

20.1

21.4-1

0.3

0.3

0.3

0.3-1

Turkey

49.7

57.8

72.1

89.1

0.8

0.8

1.0

1.1

United Kingdom
United States of America

252.7

256.1

251.4

1 133.6

1 251.0

1 252.9

-n/+n = data are for n years before or after reference year
b: break in series with previous year for which data are shown
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259.3

3.9

3.7

3.4

3.3

1 265.1-1

17.7

18.1

17.0

16.7-1

A world in search of an effective growth strategy

																

2007

2009

2011

2013

959.2

1 009.8

1 050.4

1 083.3

3 517.0

3 632.3

3 720.4

3 814.1

620.9

723.9

813.0

888.1

187.8

187.8

192.2

192.9

98.7

109.6

119.1

120.7

1 661.2

1 776.1

1 780.8

1 771.6

3 814.6

4 081.5

4 052.0

4 034.1

415.8

448.3

482.7

487.7

223.0

235.4

220.2

200.8

2 635.4

2 717.4

2 816.4

2 941.9

2 911.8

3 081.9

3 202.0

3 388.3

575.4

659.9

734.8

772.0

4 112.4

4 390.4

4 757.0

4 980.8

2 208.8

2 115.3

2 160.2

2 170.4

156.8

151.8

164.1

168.8

77.0

86.0

90.6

91.4

474.0

418.1

467.2

494.5

630.6

684.4

740.8

785.8

351.6

395.0

399.7

500.0

259.2

272.5

294.4

303.1

1 224.1

1 226.9

1 249.1

1 343.2

133.7

141.0

143.1

145.0

991.9

1 090.1

1 197.6

1 279.1

3 173.8

3 235.7

3 226.8

3 218.9

57.7

62.2

65.0

65.5

390.7

360.5

397.8

417.0

3 205.9

3 346.7

3 433.7

3 542.3

1 276.9

1 353.2

1 408.0

1 460.7

983.5

1 092.3

1 236.0

1 255.8-1

612.0

667.2

4 587.7

4 450.6

–*

710.3-1
4 729.0

–
4 493.7-1

852.8b

963.2

665.0

457.9

523.6

3 566.1

3 726.7

3 920.1b

4 124.6

3 480.0

3 814.6

4 085.9

4 355.4

137.4-2
746.9+1
–
5 377.7

–

159.9-1

710.6b
–

736.1-1

1 071.1
580.7

–
–

7 316.6

8 337.1-1

5 147.4b

5 157.5

5 194.8

368.2-1

1 065.4b

1 642.7

1 780.2-1

334.1

369.1

386.4

–

4 665.0

5 067.5

5 928.3

6 533.2

3 265.4

3 077.9

3 120.4

3 084.6

389.5

388.9

387.2

714.7

810.7

987.0

1 188.7

4 143.8

4 151.1

4 026.4

4 107.7

3 731.4

4 042.1

3 978.7

3 984.4-1

Note: Researchers are in full-time equivalents.
Source: estimations by UNESCO Institute for Statistics, July 2015

408.2-1

Widespread growth in researchers, little change in the
global balance
Today, there are some 7.8 million researchers worldwide
(Table 1.3). Since 2007, the number of researchers has risen by
21%. This remarkable growth is also reflected in the explosion
of scientific publications.
The EU remains the world leader for the number of
researchers, with a 22.2% share. Since 2011, China (19.1%)
has overtaken the USA (16.7%), as predicted by the UNESCO
Science Report 2010, despite a downward readjustment of the
Chinese figures since this publication’s release. Japan’s world
share has shrunk from 10.7% (2007) to 8.5% (2013) and the
Russian Federation’s share from 7.3% to 5.7%.
The Big Five thus still account for 72% of all researchers,
even if there has been a reshuffle in their respective shares.
Of note is that the high-income countries have ceded some
ground to the upper middle-income countries, including
China; the latter accounted for 22.5% of researchers in 2007
but 28.0% in 2013 (Table 1.3).
As Figure 1.3 highlights, once countries are prepared to
invest more in research personnel and in publicly funded
research, the propensity of businesses to invest in R&D also
increases (the size of the bubbles). Public and privately
funded research have different aims, of course, but their
contribution to national growth and welfare depends on how
well they complement one another. This holds for countries
of all income levels but it is clear that the relationship
becomes powerful above a certain threshold in researcher
density and publicly funded R&D intensity. Whereas one
can find a few countries with a relatively high intensity of
business-funded R&D in the lower left-hand quadrant of the
graphic, none in the upper right-hand quadrant have a low
intensity of business R&D.
Researchers from lower income countries are still pursuing
career opportunities abroad but their destination of choice
is widening. This may be partly because the 2008 crisis has
somewhat tarnished the image of Europe and North America as
an Eldorado. Even countries suffering from brain drain are also
attracting researchers. For instance, Sudan lost more than 3 000
junior and senior researchers to migration between 2002 and
2014, according to the National Research Centre. Researchers
were drawn to neighbouring countries such as Eritrea and
Ethiopia by the better pay, which is more than double that
offered to university staff in Sudan. In turn, Sudan has become
a refuge for students from the Arab world, particularly since the
turmoil of the Arab Spring. Sudan is also attracting a growing
number of students from Africa (Chapter 19).
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Figure 1.4: Long-term growth of tertiary-level international students worldwide, 1975–2013
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Source: UNESCO Institute for Statistics, June 2015

In the coming years, competition for skilled workers from the
global pool will most likely intensify (Chapter 2). This trend
will depend in part on levels of investment in science and
technology around the world and demographic trends, such
as low birth rates and ageing populations in some countries
(Japan, EU, etc). Countries are already formulating broader
policies to attract and retain highly skilled migrants and
international students, in order to establish an innovative
environment or maintain it, as in Malaysia (Chapter 26).
The number of international students is growing rapidly
(Figure 1.4). Chapter 2 highlights the increasing mobility
at doctoral level, which, in turn, is driving the mobility of
scientists. This is perhaps one of the most important trends
of recent times. A study conducted recently by the UNESCO
Institute for Statistics found that students from the Arab
States, Central Asia, sub-Saharan African and Western Europe
were more likely to study abroad than their peers from other
regions. Central Asia has even overtaken Africa for the share
of tertiary students studying abroad (see Figure 2.10).
National and regional schemes in Europe and Asia are
actively encouraging doctoral students to study abroad. The
Vietnamese government, for instance, sponsors the doctoral
training of its citizens overseas, in order to add 20 000
doctorate-holders to the faculty of Vietnamese universities
by 2020. Saudi Arabia is taking a similar approach. Malaysia,
meanwhile, plans to become the sixth-largest global
destination for international university students by 2020.
Between 2007 and 2012, the number of international
students in Malaysia almost doubled to more than 56 000
(Chapter 26). South Africa hosted about 61 000 international
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students in 2009, two-thirds of whom came from other SADC
nations (Chapter 20). Cuba is a popular destination for Latin
American students (Chapter 7).
The other half of human capital still a minority
As countries grapple with the need to establish a pool of
scientists or researchers that is commensurate with their
ambitions for development, their attitudes to gender issues
are changing. Some Arab States now have more women
than men studying natural sciences, health and agriculture
at university (Chapter 17). Saudi Arabia plans to create 500
vocational training schools to reduce its dependence on
foreign workers, half of which will train teenage girls (Chapter
17). Some 37% of researchers in the Arab world are women,
more than in the EU (33%).
On the whole, women constitute a minority in the research
world. They also tend to have more limited access to
funding than men and to be less represented in prestigious
universities and among senior faculty, which puts them at a
further disadvantage in high-impact publishing (Chapter 3).
The regions with the highest shares of women researchers
are Southeast Europe (49%), the Caribbean, Central Asia and
Latin America (44%). Sub-Saharan Africa counts 30% women
and South Asia 17%. Southeast Asia presents a contrasting
picture, with women representing 52% of researchers in the
Philippines and Thailand, for instance, but only 14% in Japan
and 18% in the Republic of Korea (Chapter 3).
Globally, women have achieved parity (45–55%) at the
bachelor’s and master’s levels, where they represent 53% of
graduates. At the PhD level, they slip beneath parity to 43%.
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A number of countries have put policies in place to foster
gender equality. Three examples are Germany, where the
coalition agreement of 2013 introduced a 30% quota for
women on company boards of directors, Japan, where the
selection criteria for most large university grants now take
into account the proportion of women among teaching
staff and researchers, and the Republic of Congo, which
established a Ministry for the Promotion of Women and
Integration of Women in National Development in 2012.

TRENDS IN KNOWLEDGE GENERATION
The EU still leads the world for publications
The EU still leads the world for publications (34%), followed by
the USA on 25% (Table 1.4). Despite these impressive figures,
the world shares of both the EU and the USA have fallen over
the past five years, as China has pursued its meteoric rise:
Chinese publications have nearly doubled over the past five
years to 20% of the world total. Ten years ago, China accounted
for just 5% of global publications. This rapid growth reflects the
coming of age of the Chinese research system, be it in terms of
investment, the number of researchers or publications.
In terms of the relative specializations of countries in scientific
disciplines, Figure 1.5 points to the large differences in
specialization among countries. The traditionally dominant
scientific countries seem to be relatively strong in astronomy
and relatively weak in agricultural sciences. This is particularly
the case for the UK, which is strong in social sciences. France’s
scientific strength still seems to lie in mathematics. The USA
and UK focus more on life sciences and medicine and Japan
on chemistry.
Among the BRICS countries, there are some striking differences.
The Russian Federation shows a strong specialization in
physics, astronomy, geosciences, mathematics and chemistry.
By contrast, China’s scientific output shows a fairly wellbalanced pattern, with the exception of psychology, social
and life sciences, where China’s scientific output is well below
the average. Brazil’s relative strengths lie in agriculture and life
sciences. Malaysia, not surprisingly, specializes in engineering
and computer sciences.
Over the past five years, several new trends have emerged
in terms of national research priorities. Some of the data on
scientific publications reflect these priorities but often the
classification across disciplines is not detailed enough. For
instance, energy has become an overriding preoccupation
but related research is spread across several disciplines.

Innovation occurring in countries of all income levels
As Chapter 2 highlights, and contrary to some received wisdom,
innovative behaviour is occurring in countries spanning all
income levels. The significant differences in innovation rate
and typologies observed among developing countries that
otherwise have comparable levels of income are of distinct
policy interest. According to a survey of innovation conducted
by the UNESCO Institute for Statistics (Chapter 2), firms’
innovative behaviour tends to be clustered in research hotspots,
such as in coastal regions of China or in the Brazilian State of
São Paolo. The survey suggests that, over time, FDI flows related
to R&D are spreading innovation more evenly around the world.
Whereas much high-level policy focuses on fostering
investment in R&D, the innovation survey underscores the
potential importance for firms of acquiring external knowledge
or pursuing non-technological innovation (Chapter 2). The
survey confirms the weakness of interaction between firms, on
the one hand, and universities and public laboratories, on the
other. This worrying trend is highlighted in many chapters of the
present report, including those on Brazil (Chapter 8), the Black
Sea basin (Chapter 12), Russian Federation (Chapter 13), Arab
States (Chapter 17) and India (Chapter 22).
Patenting behaviour provides insights into the impact of
innovation. Triadic patents – a term referring to the same
invention being patented by the same inventor with the
patenting offices of the USA, EU and Japan – provide an
indicator of a country’s propensity to pursue technologybased competitiveness at the global level. The overall
dominance of high-income economies in this regard is
striking (Table 1.5 and Figure 1.6). The Republic of Korea and
China are the only countries that have made a significant dent
in the dominance of the Triad for this indicator. Although the
global share of the non-G20 countries tripled in the ten years
to 2012, it remains a trifling 1.2%. Table 1.5 likewise illustrates
the extreme concentration of patent applications in North
America, Asia and Europe: the rest of the world barely counts
for 2% of the world stock.
The United Nations is currently discussing how to
operationalize the proposed technology bank for least
developed countries.7 The purpose of the technology bank
will be to enhance the ability of these countries to access
technologies developed elsewhere and to increase their
capacity to patent. In September 2015, the United
Nations adopted a Technology Facilitation Mechanism
for clean and environmentally sound technologies at a
Summit on Sustainable Development in New York (USA);
this mechanism will contribute to the implementation of the
Sustainable Development Goals (Agenda 2030) adopted the
same month.
7. See: http://unohrlls.org/technologybank
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The gap widens at the researcher level, where they now only
account for 28.4% of researchers, before becoming a gulf at
the higher echelons of decision-making (Chapter 3).
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Table 1.4: World shares of scientific publications, 2008 and 2014

Total publications

Change
(%)
2008–
2014

World share of
publications (%)

2008

2008

2014

1 029 471

1 270 425

23.4

100.0

100.0

153

176

20.9

High-income economies

812 863

908 960

11.8

79.0

71.5

653

707

26.0

33.8

Upper middle-income economies

212 814

413 779

94.4

20.7

32.6

91

168

28.0

28.4

Lower middle-income economies

58 843

86 139

46.4

5.7

6.8

25

33

29.2

37.6

4 574

7 660

67.5

0.4

0.6

6

9

80.1

85.8

Americas

369 414

417 372

13.0

35.9

32.9

403

428

29.7

38.2

North America

325 942

362 806

11.3

31.7

28.6

959

1 013

30.5

39.6

Latin America

50 182

65 239

30.0

4.9

5.1

93

112

34.5

41.1

Low-income economies

Caribbean

2014

Publications
with international
co-authors (%)

2008
World

2008

Publications per
million inhabitants
2014

2014
24.9

1 289

1 375

6.7

0.1

0.1

36

36

64.6

82.4

Europe

438 450

498 817

13.8

42.6

39.3

542

609

34.8

42.1

European Union

379 154

432 195

14.0

36.8

34.0

754

847

37.7

45.5

3 314

5 505

66.1

0.3

0.4

170

287

37.7

43.3

Southeast Europe
European Free Trade Association

26 958

35 559

31.9

2.6

2.8

2 110

2 611

62.5

70.1

Other Europe

51 485

57 208

11.1

5.0

4.5

188

207

27.2

30.3
64.6

Africa

20 786

33 282

60.1

2.0

2.6

21

29

52.3

Sub-Saharan Africa

11 933

18 014

51.0

1.2

1.4

15

20

57.4

68.7

Arab States in Africa

8 956

15 579

74.0

0.9

1.2

46

72

46.0

60.5

292 230

501 798

71.7

28.4

39.5

73

118

23.7

26.1

744

1 249

67.9

0.1

0.1

12

18

64.0

71.3

5 842

17 461

198.9

0.6

1.4

46

118

50.3

76.8

Asia
Central Asia
Arab States in Asia
West Asia

22 981

37 946

65.1

2.2

3.0

239

368

33.0

33.3

South Asia

41 646

62 468

50.0

4.0

4.9

27

37

21.2

27.8

224 875

395 897

76.1

21.8

31.2

105

178

23.7

25.2

35 882

52 782

47.1

3.5

4.2

1 036

1 389

46.8

55.7

Southeast Asia
Oceania
Other groupings
Least developed countries
Arab States all

4 191

7 447

77.7

0.4

0.6

5

8

79.7

86.8

14 288

29 944

109.6

1.4

2.4

44

82

45.8

65.9

OECD

801 151

899 810

12.3

77.8

70.8

654

707

25.8

33.3

G20

949 949

1 189 605

25.2

92.3

93.6

215

256

22.4

26.2

Selected countries
Argentina
Brazil
Canada
China

6 406

7 885

23.1

0.6

0.6

161

189

44.9

49.3

28 244

37 228

31.8

2.7

2.9

147

184

25.6

33.5

46 829

54 631

16.7

4.5

4.3

1 403

1 538

46.6

54.5

102 368

256 834

150.9

9.9

20.2

76

184

23.4

23.6

Egypt

4 147

8 428

103.2

0.4

0.7

55

101

38.0

60.1

France

59 304

65 086

9.7

5.8

5.1

948

1 007

49.3

59.1

Germany

79 402

91 631

15.4

7.7

7.2

952

1 109

48.6

56.1

India

37 228

53 733

44.3

3.6

4.2

32

42

18.5

23.3
23.5

Iran

11 244

25 588

127.6

1.1

2.0

155

326

20.5

Israel

10 576

11 196

5.9

1.0

0.9

1 488

1 431

44.6

53.1

Japan

76 244

73 128

-4.1

7.4

5.8

599

576

24.5

29.8

Malaysia

2 852

9 998

250.6

0.3

0.8

104

331

42.3

51.6

Mexico

8 559

11 147

30.2

0.8

0.9

74

90

44.7

45.9

Republic of Korea

33 431

50 258

50.3

3.2

4.0

698

1 015

26.6

28.8

Russian Federation

27 418

29 099

6.1

2.7

2.3

191

204

32.5

35.7

South Africa
Turkey
United Kingdom
United States of America

5 611

9 309

65.9

0.5

0.7

112

175

51.9

60.5

18 493

23 596

27.6

1.8

1.9

263

311

16.3

21.6

77 116

87 948

14.0

7.5

6.9

1 257

1 385

50.4

62.0

289 769

321 846

11.1

28.1

25.3

945

998

30.5

39.6

Note: The sum of the numbers for the various regions exceeds the total number because papers with multiple authors from different
regions contribute fully to each of these regions.
Source: Data from Thomson Reuters’ Web of Science Science Citation Index Expanded compiled for UNESCO by Science-Metrix, May 2015
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Table 1.5: Patents submitted to USPTO, 2008 and 2013
By region or country of inventor
USPTO patents
Total

World share (%)

2008

2013

2008

2013

World

157 768

277 832

100.0

100.0

High-income economies

93.0

149 290

258 411

94.6

Upper middle-income economies

2 640

9 529

1.7

3.4

Lower middle-income economies

973

3 586

0.6

1.3

15

59

0.0

0.0

Americas

Low-income economies

83 339

145 741

52.8

52.5

North America

83 097

145 114

52.7

52.2

342

829

0.2

0.3

21

61

0.0

0.0

Europe

25 780

48 737

16.3

17.5

European Union

24 121

45 401

15.3

16.3

4

21

0.0

0.0

1 831

3 772

1.2

1.4

Latin America
Caribbean

Southeast Europe
European Free Trade Association
Other Europe

362

773

0.2

0.3

Africa

137

303

0.1

0.1

Sub-Saharan Africa

119

233

0.1

0.1

Arab States in Africa

18

70

0.0

0.0

46 773

83 904

29.6

30.2

3

8

0.0

0.0

81

426

0.1

0.2

1 350

3 464

0.9

1.2

855

3 350

0.5

1.2

44 515

76 796

28.2

27.6

1 565

2 245

1.0

0.8

Asia
Central Asia
Arab States in Asia
West Asia
South Asia
Southeast Asia
Oceania
Other groupings
Least developed countries
Arab States all

7

23

0.0

0.0

99

492

0.1

0.2

OECD

148 658

257 066

94.2

92.5

G20

148 608

260 904

94.2

93.9

Selected countries
Argentina
Brazil

45

114

0.0

0.0

142

341

0.1

0.1

Canada

3 936

7 761

2.5

2.8

China

1 757

7 568

1.1

2.7

10

52

0.0

0.0

France

Egypt

3 683

7 287

2.3

2.6

Germany

9 901

17 586

6.3

6.3

848

3 317

0.5

1.2

India

3

43

0.0

0.0

Israel

Iran

1 337

3 405

0.8

1.2

Japan

19.0

34 198

52 835

21.7

Malaysia

200

288

0.1

0.1

Mexico

90

217

0.1

0.1

7 677

14 839

4.9

5.3

Russian Federation

Republic of Korea

281

591

0.2

0.2

South Africa

102

190

0.1

0.1

35

113

0.0

0.0

Turkey
United Kingdom
United States of America

3 828

7 476

2.4

2.7

79 968

139 139

50.7

50.1

Note: The sum of the numbers and percentages for the various regions exceeds the total because patents with multiple inventors from different regions
contribute fully to each of these regions.
Source: Data from United States Patents and Trademark Office (USPTO) PATSTAT, database compiled for UNESCO by Science-Metrix, June 2015
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Figure 1.6: Trends in triadic patents
worldwide,
2002,
2007
and 2012
A world
in search
of an
effective
growth strategy
Number of triadic patents, 2002, 2007 and 2012
20 000

17 355

Switzerland’s world share of triadic patents
in 2012, up from 1.8% in 2002, the biggest
leap among high-income countries

16 511
13 971

13 765

15 101

13 910

17 523

2012

15 391

15 000

16 828

2007

-40.2%

10 000

Australia’s rate of decline in triadic patents
between 2002 and 2012 (from an 0.9%
to 0.6% world share), the sheerest drop
among the G20

0

Japan

European
Union–28

USA

Republic
of Korea

Other highincome
economies

China

Other G20
members

603

399

205

856

458

435

694

272

1 851

2 660

2 666

2 843

2 878

1 984

1 570

5 000

Rest of
the world

Among the Triad, the European Union and USA showed the greatest contraction in their world
share of triadic patents between 2002 and 2012
The Republic of Korea’s share of triadic patents almost doubled to 5.5% between 2002 and 2012
China’s share of triadic patents grew from 0.5% to 3.6% and the other G20 members doubled their
world share to 1.6%, on average
Global shares of triadic patents, 2002 and 2012 (%)
USA
Korea, Rep.

29.5

Other high-income
economies

2.8
5.1

2002

0.8
0.4

0.5

China
Other G20 members

31.0

26.5
5.5
5.1
3.6
1.6
1.2

2012

26.9

Rest of the world

USA

30.0

Japan

Japa

n

29.6

European Union–28

Chin

a of countries in the USPTO database, 2002, 2007 and 2012; triadic patents are a series of corresponding patents filed at the European
Note: Nowcasting triadic patents
A
Patent Office (EPO), the United States Patent and Trademark Office
US(USPTO) and the Japan Patent Office (JPO) for the same invention, by the same applicant or inventor.
Source: UNESCO Institute for Statistics based on OECD online databasep(OECD.Stat),
August 2015
an

Ja

ina

Ch

39

Chapter 1

2.2%
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Figure 1.7: World shares of GDP, GERD, researchers and publications for the G20, 2009 and 2013 (%)

40
16.9
19.1
7.2
7.7
4.6
4.6

5.7
6.0

6.9
7.3
3.3
3.7

2.5
3.0

2.6
2.8

2.1
2.2

1.5
1.9

28.1
30.5

-1

16.7
18.1

16.7
17.9
1.1
0.8

0.7
0.6

1.2
1.1

1.4
1.5

1.4
1.7

3.4
3.6

3.4
3.4

3.1
3.5

1.5
1.6

25.3
27.4
0.9
0.2

1.5
1.4
0.1

2.2-1
2.1
1.9

4.3
4.5

0.6

0.5
0.5

4.5
4.6
0.7
0.6
0.3
0.3

0.3-1
0.4
0.7
0.7

1.9
2.2

5.1
5.7

3.0
3.1
0.7
0.6

0.3-1
0.3

0.9
0.9

World share of researchers, 2013

World share of researchers, 2009

6.7
6.0

World share of GERD, 2013

4.2
3.6

World share of GERD, 2009

World share of publications, 2014

World share of publications, 2009

Australia

1.0
1.0

World share of GDP, 2013

3.0

3.7
3.1

World share of GDP, 2009

2.8+1

Indonesia

2.4
2.2
1.3-1

Argentina

19.1
1.9
1.9

0.1
0.1

1.3-2
1.5-1

Source: for GERD (PPP$) and
researchers: estimations by UNESCO
Institute for Statistics, July 2015; for
GDP (PPP$): World Bank’s World
Development Indicators, April 2015;
for publications: Thomson Reuters’
Web of Science; data treatment by
Science–Metrix

22.2
22.5

0.1
0.1

South Africa

34.0
36.4
0.3

Brazil

13.8

India

4.7
5.1

Note: For publications, the sum of
individual G20 members’ shares
exceeds the share of the G20 as a
group, as publications with co-authors
from more than one G20 member
are included under each individual
country concerned but are counted
only once in the G20 total.

16.1
13.4

Saudi Arabia

1.8
1.8

Korea, Rep.

4.4
3.6

Mexico

19.1
16.7

China

4.1
3.5

Turkey

4.0
3.4

Italy

Japan

9.6
10.4

France

21.4

8.5
9.5

USA

2.5
2.6

European Union

1.7
2.0
19.6

Germany

5.7
6.4

UK

20.2

Canada

2.3
2.6

Russian
Federation

UNESCO SCIENCE REPORT
5.8
7.0

11.1

2.4
2.6

2.9
2.8

0.6
0.6

0.9
0.8

1.8
1.9

A world in search of an effective growth strategy

More countries are covered by the UNESCO Science Report
this time than ever before. This reflects the growing
acceptance worldwide of STI as a driver of development. The
following section summarizes the most insightful trends and
developments emerging from Chapters 4 to 27.
Canada (Chapter 4) has managed to dodge the worst
shockwaves from the US financial crisis of 2008, thanks to
a robust banking industry and strong energy and natural
resource sectors, but this is now changing with the decline in
global oil prices since 2014.
Two important weaknesses highlighted by the UNESCO
Science Report 2010 persist: a tepid private-sector
commitment to innovation and the lack of a strong national
agenda for talent and training in scientific and engineering
fields. Academic research remains relatively strong, overall,
with publications outperforming the OECD average in terms
of average citation rate, but Canada is slipping in higher
education rankings. An additional vulnerability has emerged:
a policy agenda focused almost exclusively on using science
to power commerce, often to the detriment of critical ‘public
good’ science, alongside the downsizing of government
science agencies and departments.
A recent government review has identified a possible
disconnect between Canada’s strengths in science and
technology, on the one hand, and industrial R&D and
economic competitiveness, on the other. Although
overall industrial R&D remains weak, four industries
display considerable strength: aerospace products and
parts manufacturing; ICTs; oil and gas extraction; and
pharmaceutical manufacturing.
Between 2010 and 2013, Canada’s GERD/GDP fell to its lowest
level in a decade (1.63%). In parallel, the share of business
funding of R&D receded from 51.2% (2006) to 46.4%. The
pharmaceutical, chemical, primary and fabricated metals
industries have all experienced an erosion in R&D spending.
Consequently, the number of personnel employed in
industrial R&D shrank by 23.5% between 2008 and 2012.
Notable developments since 2010 include a renewed focus
on polar research and knowledge, enhanced support for
universities, growing applications of genomics through
Genome Canada, a Venture Capital Action Plan (2013), a
Canadian partnership with the EU’s Eureka programme and
an International Education Strategy to attract more foreign
students to Canada’s shores and maximize opportunities for
global partnerships.

In the United States of America (Chapter 5), GDP has been
on the upswing since 2010. However, the recovery from the
2008–2009 recession remains fragile. Despite the decline
in unemployment levels, wages have stagnated. There is
evidence that the economic stimulus package of 2009,
formally known as the American Recovery and Reinvestment
Act, may have buffered immediate job losses for those
working in science and technology, since a significant portion
of this stimulus package went to R&D.
Since 2010, federal investment in R&D has stagnated in
the wake of the recession. Despite this, industry has largely
maintained its commitment to R&D, particularly in growing,
high-opportunity sectors. As a result, total R&D spending has
dipped only slightly and the balance of spending has shifted
further towards industrial sources since 2010. GERD is now
rising and the business sector’s investment in innovation
appears to be accelerating.
Most of the 11 agencies that conduct the bulk of federally
funded R&D have seen flat R&D budgets for the past five
years. The Department of Defense has even experienced a
steep decline, reflecting the winding down of the intervention
in Afghanistan and Iraq and the lesser need for related
technologies. The decline in non-defence R&D appears to
be due to a combination of decreasing federal budgets
for specific research and the budget sequester instigated
by Congress in 2013, which has enacted US$1 trillion in
automatic cuts to the federal budget to reduce the deficit.
This trend is having the greatest impact on basic research
and public-interest science in such areas as life sciences,
energy and climate, which happen to be priority areas
for the executive branch of government. In order to take
up the ‘grand challenges’ in priority areas announced by
the president in 2013, the executive is fostering tripartite
industry–non–profit–government partnerships. Some
milestones built on this collaborative model are the BRAIN
Initiative, the Advanced Manufacturing Partnership and the
American Business Act on Climate Pledge that received a
US$140 billion commitment from its industrial partners in
2015.
While business R&D has been thriving, budget restrictions
have resulted in deep cuts to universities’ research budgets.
Universities have responded by seeking new sources of
funding from industry and relying heavily on temporary
contract or adjunct workers. This is affecting the morale of
both young and established scientists and inciting some
to change career course or emigrate. In parallel, the rate of
return migration among foreign students based in the USA
is rising as levels of development in their country of origin
improve.
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The countries of the Caribbean Common Market
(CARICOM) (Chapter 6) have been hit by the post-2008
economic slowdown in developed countries, on which
they are highly dependent for trade. After meeting their
debt obligations, there is little left over for the state to
spend on socio-economic development. Many countries
also rely heavily on volatile earnings from tourism and
remittances.
The region is vulnerable to natural disasters. A costly and
ageing fossil-fuel-based energy infrastructure and acute
vulnerability to climate change make renewable energy an
obvious focus for future research. The Caribbean Community
Climate Change Centre Plan (2011–2021) for climate change
mitigation and resilient development is a key step in this
direction.

However, with the exception of Brazil (Chapter 8), no Latin
American country has an R&D intensity comparable to that
of dynamic emerging market economies. To narrow this
gap, countries need to start by augmenting the number
of researchers. It is, thus, encouraging that investment
in higher education is on the rise; so, too, are scientific
production and international scientific collaboration.
Latin America’s modest performance in patenting reveals
a lack of zeal for technology-driven competitiveness. There
is a trend towards greater patenting in natural resourcerelated sectors such as mining and agriculture, however,
largely through public research institutions.

Health is another key priority, the region boasting several
centres of excellence in this field. One of these, St George’s
University, produces 94% of Grenada’s refereed publications.
Thanks to the impressive growth in output from this
university in recent years, Grenada is now only surpassed by
the larger Jamaica and Trinidad and Tobago for the volume
of internationally catalogued publications.

In order to harness STI to development more effectively,
some Latin American countries have adopted measures to
support strategic sectors such as agriculture, energy and
ICTs, including a focus on biotechnologies and
nanotechnologies. Examples are Argentina, Brazil, Chile,
Mexico and Uruguay. Other countries are targeting science
and research funding to expand endogenous innovation,
such as Panama, Paraguay and Peru, or promoting broadbased strategies to foster competitiveness, as in the
Dominican Republic and El Salvador.

One of the region’s greatest challenges will be to develop
a more vibrant research culture. Even the more affluent
Trinidad and Tobago spends just 0.05% of GDP (2012) on
R&D. Poor data hamper evidence-based STI policy-making
in most countries. Existing pockets of research excellence
in academia and business tend to owe more to dynamic
individuals than to any particular policy framework.

Technologies fostering sustainable development are an
emerging priority throughout Latin America, especially in
the area of renewable energy, but the region needs to do
much more to close the gap with dynamic emerging markets
in technology-focused manufacturing. A first step will be to
instil greater stability in long-term STI policy-making and to
prevent a proliferation of strategies and initiatives.

The Strategic Plan for the Caribbean Community (2015–2019)
is a first for the region. This planning document advocates
nurturing innovation and creativity, entrepreneurship,
digital literacy and inclusiveness. CARICOM countries stand
to gain a lot from a genuinely regional approach to STI by
reducing duplication and promoting synergies in research.
There are already some bases to build upon, including the
regional University of the West Indies and the Caribbean
Science Foundation.

Brazil (Chapter 8) has faced an economic slowdown since
2011 that has affected its capacity to push on with socially
inclusive growth. The slowdown has been triggered by
weaker international commodities markets, coupled with
the perverse effects of economic policies designed to fuel
consumption. In early 2015, Brazil entered into recession for
the first time in six years.

Socio-economic development in Latin America (Chapter 7)
has slowed after a buoyant decade, especially for the
region’s commodity exporters, but high-tech production
and exports remain marginal for most Latin American
countries.
There is, however, a growing public policy focus on research
and innovation. Several countries now have sophisticated
STI policy instruments in place. The region is also leading
efforts to understand and promote the role of indigenous
knowledge systems for development.
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Labour productivity has stagnated, despite a range
of policies to revive it. Since productivity levels are an
indication of the rate of absorption and generation of
innovation, this trend suggests that Brazil has not managed
to harness innovation to economic growth. The Brazilian
experience is akin to that of the Russian Federation and
South Africa, where labour productivity has stagnated since
1980, unlike in China and India.
Brazil’s R&D intensity in both the government and business
enterprise sectors has grown but the GERD/GDP ratio failed
to reach the government target of 1.50% by 2010 (1.15% in
2012) and business stands no chance of contributing the

A world in search of an effective growth strategy

2008

2013

World

23.13

37.97

High-income economies

64.22

78.20

Upper middle-income economies

23.27

44.80

Lower middle-income economies

7.84

21.20

Low-income economies

2.39

7.13

Americas

44.15

60.45

North America

74.26

84.36

Latin America

27.09

47.59

Caribbean

16.14

30.65

Europe

50.82

67.95

European Union

64.19

75.50

Southeast Europe

34.55

57.42

European Free Trade Association

83.71

90.08

Other Europe

25.90

53.67

8.18

20.78

Sub-Saharan Africa

5.88

16.71

Arab States in Africa

17.33

37.65

Asia

15.99

31.18

9.53

35.04

Arab States in Asia

19.38

38.59

West Asia

14.37

37.84

South Asia

4.42

13.74

Africa

Central Asia

Southeast Asia

24.63

43.58

Oceania

54.50

64.38

Other groupings
Least developed countries

2.51

7.00

Arab States all

18.14

38.03

OECD

63.91

75.39

G20

28.82

44.75

Argentina

28.11

59.90

Brazil

33.83

51.60

Canada

76.70

85.80

China

22.60

45.80

Egypt

18.01

49.56

France

70.68

81.92

Germany

78.00

83.96

India

4.38

15.10

Iran

10.24

31.40

Israel

59.39

70.80

Japan

75.40

86.25

Malaysia

55.80

66.97

Mexico

21.71

43.46

Republic of Korea

81.00

84.77

Russian Federation

26.83

61.40

8.43

48.90

Turkey

34.37

46.25

United Kingdom

78.39

89.84

United States of America

74.00

84.20

Selected countries

South Africa

Source: for data on internet users: International Telecommunications Union/
ICT Indicators database, June 2015, and estimations by UNESCO Institute for
Statistics; for population, United Nations Department of Economic and Social
Affairs, Population Division (2013) World Population Prospects: the 2012 Revision

desired 0.90% of GDP by 2014 (0.52% in 2012). Public and
private firms have actually reported a drop in innovation
activity since 2008. Among the targets set by the four-year
plan Brasil Maior (Larger Brazil), only that for expanding
access to fixed broadband internet has seen tangible
progress. Brazil’s share of world exports has actually
receded (see also Table 1.6).
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Table 1.6: Internet users per 100 population,
2008 and 2013

The government’s efforts to overcome rigidities in the
public research system by instituting a category of
autonomous research bodies (‘social organizations’) to
pave the way for research institutions to apply modern
management methods and develop closer ties with
industry has produced some success stories in fields such
as applied mathematics or sustainable development.
Research excellence nevertheless remains concentrated in
a handful of institutions situated mainly in the south.
The volume of Brazilian publications has swelled in
recent years but patenting by Brazilians in key global
markets remains low. Technology transfer from public
research institutions to the private sector remains a major
component of innovation in fields ranging from medicine to
ceramics, agriculture and deep-sea oil drilling. Two national
laboratories have been set up since 2008 to foster the
development of nanotechnology. Universities now have the
capacity to develop nanoscale materials for drug delivery
but, since domestic pharmaceutical companies don’t have
internal R&D capabilities, universities have to work with
them to push new products and processes out to market.
Since 2008, the European Union (Chapter 9) has been in a
protracted debt crisis. Unemployment rates have soared,
especially for the young. As it strives to shore up its macroeconomic governance, the world’s most advanced project
for economic and political union between sovereign states
is searching for a growth strategy that works.
Europe 2020, the ten-year strategy adopted in 2010 for
smart, sustainable and inclusive growth, is striving to
reposition the EU to reach the unfulfilled goals of its
earlier Lisbon Strategy by raising investment in R&D
(1.92% of GDP in 2013), completing the internal market
(especially in services) and promoting the use of ICTs.
Additional programmes have been launched since 2010,
including the ambitious Innovation Union. In July 2015, the
Juncker Commission added a European Fund for Strategic
Investment to the EU’s growth policy arsenal, a small public
budget (€ 21 billion) being used to leverage 14 times more
(€ 294 billion) in private investment.
Europe remains a pole of excellence and international cooperation in basic research. The first pan-European funding
body for frontier research was set up in 2008: the European
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Research Council (ERC). Between 2008 and 2013, one-third
of all ERC grantees co-authored articles listed among the top
1% most highly cited publications worldwide. The Horizon
2020 programme for research and innovation, which has
been endowed with by far the biggest budget yet of any EU
framework programme (nearly € 80 billion), is expected to
boost EU scientific output further.
Although the R&D intensity of the ten countries which joined
the EU in 2004 remains lower than that of the older members,
the gap is narrowing. The same cannot be said of Bulgaria,
Croatia and Romania, which contributed less to EU GERD in
2013 than in 2007.
Several member states are promoting technology-intensive
manufacturing, including France and Germany, or seeking
ways to give SMEs greater access to finance. Of some concern
is the fact that the innovation performance of 13 countries
out of 28 has slipped, owing to a declining share of innovative
companies, fewer public–private scientific partnerships and a
lesser availability of risk capital.
Southeast European (Chapter 10) economies are at different
stages of EU integration, which remains a common goal:
whereas Slovenia has been part of the Eurozone since 2007,
Bosnia and Herzegovina’s Stabilisation and Association
Agreement with the EU only entered into force in June 2015.
In July 2014, all non-EU countries in the region announced
their decision to join the EU’s Horizon 2020 programme.
Slovenia is often considered a leader in the region. Its GERD/
GDP ratio rose from 1.63% to 2.59% between 2008 and 2013,
albeit within a contracting GDP. Slovenia is also the only
country in Southeast Europe where business enterprises fund
and perform the majority of R&D. Although business R&D has
stagnated in most other countries, R&D intensity has risen
in Bosnia and Herzegovina, the Former Yugoslav Republic
of Macedonia and Serbia; as of 2012, it was close to 1% in
Serbia (0.91), which was also performing better in innovation
surveys. However, even the more industrialized countries
of Croatia and Serbia suffer from weak university–industry
linkages. Strong growth in the number of doctorate-holders
has enabled researcher density to grow in most countries.
In 2013, governments adopted the SEE 2020 Strategy
mirroring its EU namesake, in which they commit to raising
their R&D intensity and boosting the size of their highly skilled
labour force. This strategy is complemented by the Western
Balkans Regional Research and Development Strategy for
Innovation (2013) promoting technology transfer from public
research organizations to the private sector and greater
collaboration with industry; it advocates smart specialization
in high-opportunity areas, such as ‘green’ innovation and
energy, and includes a component promoted by the UNESCO
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Institute for Statistics of bringing the region’s statistics up to
EU standards by 2018.
The European Free Trade Association (Chapter 11)
encompasses four wealthy countries which remain strongly
integrated with the EU, yet distinct from it. The European
Economic Area agreement signed two decades ago gives
Iceland, Liechtenstein and Norway fully associated partner
status in EU research programmes. Switzerland’s involvement
in the latter, while traditionally strong, has recently been
confined to temporary arrangements limiting participation
in key programmes like Excellent Science, pending the
resolution of a dispute with the EU over the implications of
the February 2014 Swiss referendum for the free movement
of EU researchers in Switzerland.
Switzerland figures in the top three OECD countries for
innovation. It has a research-intensive private sector, even
though the share of Swiss firms investing in innovation has
recently fallen. Switzerland owes its success partly to its ability
to attract international talent to private industry and the
university sector.
At 1.7 (2013), Norway’s GERD/GDP ratio remains below
the EU28 average and the level of Iceland (1.9 in 2013)
and Switzerland (3.0 in 2012). Norway’s share of the adult
population with tertiary qualifications and/or engaged in the
STI sector is one of the highest in Europe. Unlike Switzerland,
Norway struggles to attract international talent and to
transform scientific knowledge into innovative products;
it also counts a small proportion of high-tech companies
conducting R&D. These trends may reflect weak incentives to
compete in an oil-rich welfare state.
Iceland was severely hit by the global financial crisis of 2008.
Its R&D intensity declined from 2.6 to 1.9 between 2007 and
2013. Despite being confronted with brain drain, Iceland has
an excellent publication record, largely due to a highly mobile
younger generation of scientists. Most spend at least part of
their career abroad and half of all doctorates are awarded in
the USA.
Despite Liechtenstein’s tiny size, some of its internationally
competitive companies in machinery, construction and
medical technology conduct a high level of R&D.
Seldom viewed as a region, the countries of the Black Sea
basin (Chapter 12) are middle-income economies that face
similar challenges with regard to STI. Although they have
followed different trajectories, most Black Sea countries appear
to be converging in terms of educational attainment and, for
the larger ones (such as Turkey and Ukraine), in terms of their
level of industrialization. Most are feeling the gravitational pull
of the EU in international scientific collaboration.
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In the other, less populous post-Soviet states (Armenia,
Georgia and Moldova), post-transition instability and longterm policy and funding neglect have rendered much of
the Soviet-era research infrastructure obsolete and severed
modern industry–science linkages. These countries do have
exploitable assets, though. Armenia, for instance, can boast of
scientific excellence in ICTs.
All six post-Soviet states suffer from severe lacunae when it
comes to the availability or comparability of data on R&D and
personnel, partly because this aspect of their transition to
advanced economies remains incomplete.
Coming from a lower starting point, Turkey has been
surpassing the other Black Sea countries for many
quantitative measures of STI input. Its equally impressive
socio-economic transformation over the past decade appears
to have been mostly driven by medium-tech production.
Turkey could still learn from the other shores of the Black Sea
why an early emphasis on strong educational attainment is
so important for building technological excellence. In turn, its
neighbours could learn from Turkey that a highly educated
labour force and R&D alone do not lead to innovation; you
also need a business-friendly economic environment and
contestable markets.
Economic growth has slowed in the Russian Federation
(Chapter 13) since the global financial crisis (2008) and the
country has been in recession since the third-quarter of
2014, following the sharp drop in global oil prices and the
imposition of sanctions by the EU and USA in reaction to the
events in Ukraine.
Reforms implemented since 2012 as part of an innovationled growth strategy have failed to overcome the structural
weaknesses which hamper growth in the Russian Federation,
including limited market competition and persistent barriers
to entrepreneurship. These reforms include an attempt
to attract researchers to ‘research deserts’ by raising their
salaries and providing incentives for state-owned enterprises
to innovate. Government appropriations for R&D in 2013
reflected a greater orientation towards the needs of industry
than five years earlier, to the detriment of basic research,
which was down from 26% to 17% of the total.

Despite government efforts, the financial contribution of
industry to GERD in the Russian Federation fell from 33%
to 28% between 2000 and 2013, even though industry
performs 60% of GERD. Generally speaking, a low proportion
of industrial investment goes towards acquiring new
technologies and technology-based start-ups remain
uncommon. The modest investment so far in sustainable
technologies can largely be explained by the business
sector’s tepid interest in green growth. Only one in four
(26%) innovative enterprises are producing inventions in the
environmental field. The government has high hopes for the
Skolkovo Innovation Centre, a high-tech business complex
being built near Moscow to attract innovative companies
and nurture start-ups in five priority areas: energy efficiency
and energy saving; nuclear technologies; space technologies;
biomedicine; and strategic computer technologies and
software. A law adopted in 2010 provides residents with
generous tax benefits for 10 years and makes provision for the
establishment of the Skolkovo Fund to support development
of a university on site. One of the centre’s biggest partners is
the Massachusetts Institute of Technology (USA).
Low business patenting illustrates the weak synergies
between a relatively determined government effort to
promote economically relevant research and a business
sector unfocused on innovation. For example, since the
government made nanotechnology a priority growth area in
2007, production and exports have grown but the patenting
intensity of related research has been very low.
Scientific production has shown modest growth but is
making a relatively low impact. A recent government
initiative has shaken up university research by establishing
a Federal Agency for Research Organizations to take over
the role of financing and managing the property of research
institutes from the Russian Academy of Sciences. In 2013, the
government set up the Russian Science Foundation to expand
the spectrum of competitive funding mechanisms for research.
The countries of Central Asia (Chapter 14) are gradually
moving from a state-controlled to a market economy.
Although both exports and imports grew impressively during
the commodities boom of the past decade, these countries
remain vulnerable to economic shocks, owing to their reliance
on exports of raw materials, a restricted circle of trading
partners and a negligible manufacturing capacity.
All but Uzbekistan halved the number of its national
research institutions between 2009 and 2013. These centres
established during the Soviet period have since become
obsolete with the development of new technologies and
changing national priorities. As part of a drive modernize
infrastructure, Kazakhstan and Turkmenistan are both
building technology parks and grouping existing institutions
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In their strategic documents, all seven Black Sea countries
acknowledge the importance of science-based innovation
for long-term productivity growth, including Azerbaijan
where R&D intensity had struggled to keep up with oil-driven
growth in the 2000s. In the historically more industrialized
post-Soviet states of Belarus and Ukraine, GERD is no longer
as high as in the heady days of the 1980s but remains on a
par (0.7–0.8% of GDP) with less ambitious middle-income
economies.
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to create research hubs. Bolstered by strong economic
growth in all but Kyrgyzstan, national development
strategies are fostering new high-tech industries, pooling
resources and orienting the economy towards export
markets.
Three universities have been set up in Central Asia in recent
years to foster competence in strategic economic areas:
Nazarbayev University in Kazakhstan, Inha University in
Uzbekistan, specializing in ICTs, and the International Oil
and Gas University in Turkmenistan. Countries are not only
bent on augmenting the efficiency of traditional extractive
sectors but also wish to make greater use of ICTs and other
modern technologies to develop the business sector,
education and research.
This ambition is hampered by chronic low investment
in R&D. Over the past decade, the region’s GERD/GDP
ratio has hovered around 0.2–0.3%. Uzbekistan broke
with this trend in 2013 by raising its own R&D intensity to
0.41%. Kazakhstan is the only country where the business
enterprise and private non-profit sectors make any
significant contribution to R&D – but R&D intensity overall
is very low in Kazakhstan: just 0.17 in 2013. Nevertheless,
spending on scientific and technological services has risen
strongly in this country, suggesting a growing demand for
R&D products. This trend is also revealing of enterprises’
preference for purchasing embodied technological solutions
in imported machinery and equipment. The government
has adopted a strategy for modernizing enterprises through
technology transfer and the development of business
acumen; the focus is on developing project finance,
including through joint ventures.
Between 2005 and 2014, Kazakhstan’s share of scientific
papers from the region grew from 35% to 56%. Although twothirds of papers from the region have a foreign co-author, the
main partners tend to come from beyond Central Asia.
In Iran (Chapter 15), international sanctions have slowed
industrial and economic growth, limited foreign investment
and oil and gas exports and triggered national currency
devaluation and hyperinflation. The sanctions also appear to
have accelerated the shift from a resource-based economy
to a knowledge economy by challenging policy-makers to
look beyond extractive industries to the country’s human
capital for wealth creation, including a large pool of young
university graduates. Between 2006 and 2011, the number
of firms declaring R&D activities more than doubled.
However, even though one-third of GERD came from the
business sector in 2008, this contribution (0.08% of GDP)
remains too small to nurture innovation effectively. GERD
amounted to just 0.31% of GDP in 2010. The easing of
sanctions following the conclusion of the nuclear deal in
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July 2015 may help the government to reach its target of
raising GERD to 3% of GDP.
As economic sanctions have tightened their grip, the
government has sought to boost endogenous innovation.
The Innovation and Prosperity Fund was established by law
in 2010 to support investment in R&D by knowledge-based
firms and the commercialization of research results, as well
as to help SMEs acquire technology. Between 2012 and late
2014, it planned to allocate 4 600 billion Iranian rials (circa
US$ 171.4 million) to 100 knowledge-based companies.
Although sanctions have caused a shift in Iran’s trading
partners from West to East, scientific collaboration has
remained largely oriented towards the West. Between
2008 and 2014, the top foreign partners for scientific coauthorship were the USA, Canada, the UK, Germany and
Malaysia. Ties with Malaysia are growing: one in seven
foreign students in Malaysia is now of Iranian origin (see
Chapter 26).
Over the past decade, several research centres and 143
companies have been established in nanotechnology. By
2014, Iran ranked seventh worldwide for the volume of
papers related to nanotechnology, even if few patents are
being granted to inventors, as yet.
Israel (Chapter 16) has the world’s most R&D-intensive
business sector, in addition to being the world’s most
venture capital-intensive economy. The country has
achieved a qualitative edge in a range of technologies in
electronics, avionics and related systems, initially propelled
by spin-offs from the defence industry. The development
of these systems has given Israeli high-tech industries
a qualitative edge in civilian spin-offs in the software,
communications and internet sectors. In 2012, the high-tech
sector accounted for an exceptional 46% of Israel’s exports.
Such success, combined with an acute sense of vulnerability
in a country largely isolated from its immediate
neighbourhood, has given rise to introspection. There
is debate, for instance, on how Israel should promote its
technological edge in the largely non-defence-driven
disciplines that are considered to be tomorrow’s drivers
of growth, including biotechnology and pharmaceuticals,
nanotechnology and material sciences. Since excellence
in these areas tends to be rooted in the basic research
laboratories of universities, Israel’s decentralized university
research system will need to manage the necessary
transition to these growth areas – but is it equipped to do
so? In the absence of a national policy for universities, it is
not clear how they will manage to supply the knowledge,
skills and human resources needed for these new sciencebased industries.
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Israel’s broader problem of a binary economic structure persists,
with a small high-tech sector serving as the locomotive of
the economy co-existing with much larger but less efficient
traditional industrial and services sectors with lower productivity
levels. This binary economic structure has led to a well-paid
labour force living at the ‘core’ of the country and a poorly paid
labour force living primarily on the periphery. Israeli decisionmakers need to reflect on how to address such systemic issues
in the absence of an umbrella organization for STI policy,
without sacrificing the flexibility of the decentralized education
and research systems that has served the country so well, so far.
Most Arab States (Chapter 17) devote more than 1% of GDP to
higher education and many have high gross tertiary enrolment
rates for both sexes. Generally speaking, though, they have
failed to create economic opportunities on a sufficient scale to
absorb the growing pool of youth.
With the exception of the capital-surplus oil-exporting countries,
Arab economies have not experienced rapid, sustained
expansion. Low economic participation rates (especially among
women) and high unemployment rates (especially among
youth) have been exacerbated in most countries since 2008.
Events that have erupted since 2011 (the so-called Arab Spring)
were as much a reaction to economic frustration as poor public
governance. Military spending was already high in the Middle
East but political turmoil in recent years and the concomitant
rise of opportunist terrorist groups have led many governments
to divert additional resources towards military spending.
The democratic transition in Tunisia is one of the Arab Spring’s
success stories. It has brought greater academic freedom that
will be a boon for Tunisian research and should make it easier
for universities to develop ties with industry. Tunisia already
counts several technoparks.
R&D intensity has remained low in most Arab states,
especially in the oil-rent economies where high GDP makes
it hard to increase intensity. The GERD/GDP ratio in Morocco

and Tunisia (around 0.7%) is close to the average for upper
middle-income economies. Moreover, this ratio has risen
in the most populous Arab country, Egypt: from 0.43%
(2009) to 0.68% of GDP (2013); the government has opted to
engage Egypt on the path to a knowledge economy, with the
prospect of more diversified sources of income.
Governments dependent on both oil exports (Gulf States
and Algeria) and oil imports (Morocco and Tunisia) are also
fostering the development of knowledge economies. A wide
range of recent initiatives harness STI to socio-economic
development, often in the field of energy. Examples are the
revival of the Zewail City of Science and Technology project
in Egypt and the establishment of the Emirates Institution
for Advanced Science and Technology to operate Earth
observation satellites. Morocco inaugurated Africa’s biggest
wind farm in 2014 and is developing what may turn out to be
Africa’s biggest solar farm. In 2015, Saudi Arabia announced a
programme to develop solar energy.
Both Qatar and Saudi Arabia have seen phenomenal growth
in the volume of scientific publications over the past decade.
Saudi Arabia now counts two universities among the world’s
top 500. It plans to reduce its dependence on foreign workers
by developing technical and vocational education, including
for girls.
West Africa (Chapter 18) has experienced strong economic
growth in recent years, despite the Ebola epidemic and other
crises. However, this growth masks structural weaknesses: the
members of the Economic Community of West African States
(ECOWAS) remain dependent on revenue from commodities
and have, so far, failed to diversify their economies. The
main obstacle is the shortage of skilled personnel, including
technicians. Only three West African countries devote
more than 1% of GDP to higher education (Ghana, Mali and
Senegal) and illiteracy remains a major hurdle to expanding
vocational training.
Africa’s Science and Technology Consolidated Plan of Action
(2005–2014) called for the establishment of regional networks
of centres of excellence and for a greater mobility of scientists
across the continent. In 2012, the West African Economic
and Monetary Union designated 14 centres of excellence,
a label which earned them funding for the next two years.
The World Bank launched a similar project in 2014 but in the
form of loans.
ECOWAS’ Vision 2020 (2011) provides a road map for
improving governance, accelerating economic and monetary
integration and fostering public–private partnerships.
The ECOWAS Policy on Science and Technology (2011) is an
integral part of Vision 2020 and espouses the ambitions of the
continental plan of action for STI.
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There is a visible ageing of scientists and engineers in some
fields, including physical sciences and practical engineering.
The shortage of professional staff will be a major handicap
for the national innovation system, as the growing demand for
engineers and technical professionals begins to outpace supply.
The Sixth Higher Education Plan (2011–2015) foresees the
recruitment of 1 600 senior faculty, about half of whom will
occupy new positions (a net increase of more than 15%). It also
foresees an investment of NIS 300 million (circa US$ 76 million)
over six years in upgrading and renovating academic
infrastructure and research facilities. Some argue that the plan
pays insufficient attention to the funding of university research,
which in the past relied heavily on Jewish philanthropic
contributions from abroad.
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So far, the research sector has had little impact in West Africa,
owing to a lack of national research and innovation strategies,
low investment in R&D, little private-sector involvement
and little intraregional collaboration among West African
researchers. The government remains by far the biggest
source of GERD. West African output remains low, with only
Gambia and Cabo Verde publishing 50 scientific articles or
more per million inhabitants.
In East and Central Africa (Chapter 19), there has been a
considerable gain in interest in STI since 2009. Most countries
have based their long-term planning (‘vision’) documents on
harnessing STI to development. These planning documents
tend to reflect the common vision for the future that
they share with West and Southern Africa: a prosperous
middle-income country (or higher) characterized by good
governance, inclusive growth and sustainable development.
Governments are increasingly looking for investors rather
than donors and devising schemes to support local
businesses: a fund developed by Rwanda to foster a green
economy provides competitive funds to successful public
and private applicants; in Kenya, the Nairobi Industrial and
Technology Park is being developed within a joint venture
with a public university. The first technology incubators in
Kenya have been incredibly successful in helping start-ups
capture markets in information technology (IT), in particular.
Many governments are now investing in this dynamic sector,
including those of Cameroon, Rwanda and Uganda.
Spending on R&D is on the rise in most countries with
innovation hubs. Kenya now has one of Africa’s highest R&D
intensities (0.79% of GDP in 2010 ), followed by Ethiopia
(0.61% in 2013), Gabon (0.58% of GDP in 2009) and Uganda
(0.48% in 2010). The government tends to be the main source
of R&D spending but business contributes 29% in Gabon
(2009) and 14% in Uganda (2010). Foreign sources account for
at least 40% of R&D in Kenya, Uganda and Tanzania.
East and Central African countries participated in Africa’s
Science and Technology Consolidated Plan of Action (CPA,
2005–2014) and have embraced its successor, the Science,
Technology and Innovation Strategy for Africa (STISA-2024).
Implementation of the CPA suffered from the failure to set up
the African Science and Technology Fund to ensure sustainable
funding but several networks of centres of excellence in
biosciences were nevertheless established, including a research
hub for East Africa in Kenya and two complementary networks,
Bio-Innovate and the African Biosafety Network of Expertise.
Five African Institutes of Mathematical Sciences have been
established in Cameroon, Ghana, Senegal, South Africa and
Tanzania. Since 2011, the African Observatory of Science,
Technology and Innovation – another product of the CPA – has
been helping to improve African data.
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The East African Community (EAC) and Common Market
for Southern and Eastern Africa consider STI to be a key
component of economic integration. For instance, the EAC
Common Market Protocol (2010) makes provisions for marketled research, technological development and the adaptation
of technologies in the community, in order to support the
sustainable production of goods and services and enhance
international competitiveness. The EAC has entrusted the
Inter-University Council for East Africa with the mission of
developing a Common Higher Education Area by 2015.
Southern Africa (Chapter 20) is characterized by a common
desire to harness STI to sustainable development. As
elsewhere in the subcontinent, the economies of the
Southern African Development Community (SADC) are highly
dependent on natural resources. The drop in government
funding for agricultural R&D by SADC countries is, thus, a
cause for concern.
There is a wide disparity in R&D intensity, from a low of
0.01% in Lesotho to a high of 1.06% in Malawi, which is
trying to attract FDI to develop its private sector. South
Africa attracted about 45% of the FDI flowing to the SADC
in 2013 and is establishing itself as a leading investor in the
region: between 2008 and 2013, its outward flows of FDI
almost doubled to US$ 5.6 billion, powered by investment
in telecommunications, mining and retail in mostly
neighbouring countries.
The contraction in South Africa’s GERD/GDP ratio between
2008 and 2012 from 0.89% to 0.73% is mostly due to a drop
in private-sector funding that could not be offset by the
concomitant rise in public spending on R&D. South Africa
generates about one-quarter of African GDP and has a fairly
solid innovation system: it filed 96% of SADC patents between
2008 and 2013.
In most SADC countries, STI policies remain firmly linked to the
state apparatus, with little participation by the private sector. STI
policy documents are rarely accompanied by implementation
plans and allocated budgets. A lack of human and financial
resources has also hampered progress towards regional STI
policy targets. Other obstacles to the development of national
innovation systems include a poorly developed manufacturing
sector, few incentives for private-sector investment in R&D,
a serious shortage of scientific and technological skills at all
levels, ongoing brain drain, poor science education at school
for want of qualified teachers and an appropriate curricula,
poor legal protection of intellectual property rights, and lack of
co-operation in science and technology.
Intra-African trade remains dismally low, at approximately
12% of total African trade. Regional integration is high on
the list of the African Union, the New Partnership for Africa’s
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In South Asia (Chapter 21), political instability has been a
barrier to development but the resolution of crises in the
region, including the return to peace in Sri Lanka and the
democratic transition in Afghanistan offer hope for the future.
Sri Lanka is investing heavily in infrastructure development
and Afghanistan in education at all levels.
All economies have grown in the past decade, with GDP
per capita progressing fastest in Sri Lanka (excluding India,
see Chapter 22). South Asia nevertheless remains one of the
world’s least economically integrated regions, intraregional
trade accounting for just 5% of the total.
Although South Asian countries have made a strong drive
to achieve universal primary education by 2015, this effort
has eaten into investment in higher education (just 0.2–0.8%
of GDP). Most countries have formulated policies and
programmes to foster the use of ICTs in schools, research
and economic sectors but these efforts are hampered by an
unreliable electricity supply in rural areas, in particular, and
the lack of broadband internet infrastructure. Mobile phone
technology is widely used in the region but still underutilized
for information- and knowledge-sharing, as well as for the
development of commercial and financial services.
Pakistan’s R&D effort slid from 0.63% to 0.29% of GDP between
2007 and 2013, whereas Sri Lanka maintained a low 0.16% of
GDP. Pakistan plans to hoist its investment in R&D to 1% of
GDP by 2018 and Sri Lanka to 1.5% by 2016. The challenge
will be to put effective mechanisms in place to achieve these
targets. Afghanistan has surpassed its own target by doubling
university enrolment between 2011 and 2014.
The country to watch may be Nepal, which has improved
several indicators in just a few years: its R&D effort has risen
from 0.05% (2008) to 0.30% (2010) of GDP, it now has more
technicians per million inhabitants than either Pakistan or Sri
Lanka and is just a whisker behind Sri Lanka for researcher
intensity. Reconstruction needs after the tragic earthquake
of 2015 may oblige the government to review some of its
investment priorities.
To realize their ambition of becoming knowledge economies,
many South Asian countries will need to boost the uptake
into secondary education and adopt credible funding and
prioritization mechanisms. Tax incentives for innovation and

a more business-friendly economic environment could help
to make public–private partnerships a driver of economic
development.
In India (Chapter 22), economic growth has slowed to about
5% per year since the 2008 crisis; there is concern that this
respectable growth rate is not creating sufficient jobs. This
has led Prime Minister Modi to argue for a new economic
model based on export-oriented manufacturing, as opposed
to the current model weighted towards services (57% of GDP).
Despite slower economic growth, all indicators of R&D output
have progressed rapidly in recent years, be they for the share
of high-tech exports among Indian exports or the number
of scientific publications. The business enterprise sector
has become increasingly dynamic: it performed nearly 36%
of all R&D in 2011, compared to 29% in 2005. The only key
indicator which has stagnated is the measure of India’s R&D
effort: 0.82% of GDP in 2011. The government had planned
to raise GERD to 2% of GDP by 2007 but has since had to set
back the target date to 2018.
Innovation is concentrated in nine industrial sectors, with
more than half of business R&D expenditure concerning just
three industries: pharmaceuticals, automotive and computer
software. Innovative firms are also largely circumscribed to
just six of India’s 29 states. Despite India having one of the
most generous tax regimes for R&D in the world, this regime
has failed to spread an innovation culture across firms and
industries.
There has been strong growth in patents, six out of ten of
which were in IT and one out of ten in pharmaceuticals in
2012. The majority of pharmaceutical patents are held by
domestic firms, whereas foreign firms tend to hold most IT
patents. This is because Indian companies have traditionally
had less success in manufacturing products which require
engineering skills than in science-based industries like
pharmaceuticals.
The majority of patents granted to Indians are for hightech inventions. In order to sustain this capacity, the
government is investing in new areas such as aircraft design,
nanotechnology and green energy sources. It is also using
India’s capabilities in ICTs to narrow the urban–rural divide
and setting up centres of excellence in agricultural sciences to
reverse the worrying drop in yields of some staple food crops.
India is also evolving into a hub for ‘frugal innovation,’ with
a growing local market for pro-poor inventions, such as lowcost medical devices or Tata’s latest micro-car, the Nano Twist.
The employability of scientists and engineers has been a
nagging worry for policy-makers for years and, indeed, for
prospective employers. The government has introduced
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Development and regional economic communities like the
SADC, COMESA and EAC, which formally launched a Free
Trade Area in June 2015. The development of regional STI
programmes is also high on their list of priorities. The most
formidable obstacle of all to regional integration is probably
the resistance of individual governments to relinquishing any
national sovereignty.
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a number of remedial measures to improve the quality of
higher education and academic research. Researcher density
in the private sector is now rising, underpinned by spectacular
growth in the number of engineering students. Nevertheless,
the government still needs to invest more heavily in
university research, which performs just 4% of R&D, to enable
universities to fulfil their role better as generators of new
knowledge and providers of quality education.
In China (Chapter 23), scientists and engineers have clocked
up some remarkable achievements since 2011. These span
a wide range of areas from fundamental discoveries in
condensed matter physics to landing a probe on the moon
in 2013 and China’s first large passenger aircraft. China is
on track to become the world’s largest scientific publisher
by 2016. Meanwhile, at home, seven out of ten (69%) of the
patents granted by China’s State Intellectual Property Office
in 2013 went to domestic inventors.
There is nevertheless some dissatisfaction among the political
leadership with the return so far on the government’s
investment in R&D. Despite a massive injection of funds
(2.09% of GDP in 2014), better trained researchers and
sophisticated equipment, Chinese scientists have yet to
produce cutting-edge breakthroughs. Few research results
have been turned into innovative and competitive products
and China faces a US$ 10 billion deficit (2009) in its intellectual
property balance of payments. Many Chinese enterprises
still depend on foreign sources for core technologies. Just
4.7% of GERD goes on basic research, compared to 84.6% on
experimental development (up from 73.7% in 2004).
These problems have forced China to put its ambition
on hold of embarking on a truly innovation-driven
development trajectory while the leadership pushes ahead
with a comprehensive reform agenda to address perceived
weaknesses. The Chinese Academy of Sciences, for instance,
has come under pressure to raise the quality of academic
research and collaborate more with other innovation actors.
To foster technology transfer, an expert group has been set
up under Vice-Premier Ma Kai to identify industrial champions
capable of concluding strategic partnerships with foreign
multinationals. This resulted in Intel acquiring 20% of the
shares in Tsinghua Unigroup, a state company, in September
2014.
The ‘new normal’ of slower economic growth highlights the
urgency for China to transform its economic development
model from one that is labour-, investment-, energy- and
resource-intensive to one that is increasingly dependent
upon technology and innovation. A number of policies are
moving in this direction. For instance, the Twelfth Five-Year
Plan (2011−2015) specifically calls for the development of
smart city technologies.
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China has already managed to reach many of the quantitative
targets set by its Medium and Long-term Plan for the Development
of Science and Technology (2006–2020) and is on track to reach
that of a 2.5% GERD/GDP ratio by 2020. This plan is currently
undergoing a mid-term review. The findings may determine the
extent to which the country preserves elements of the open,
bottom-up development strategy that has served it so well
for the past three decades. One risk is that a more politicized,
interventionist strategy might deter foreign capital and slow
down China’s brain gain, which has recently accelerated: nearly
half of the 1.4 million students who have returned home since
the early 1990s have done so since 2010.
Japan (Chapter 24) has been pursuing extraordinarily active
fiscal and economic policies to shake itself out of the economic
lethargy that has plagued it since the 1990s. This policy reform
package has come to be known as Abenomics, in reference to
the prime minister. The third ‘arrow’ of this package in the area
of pro-growth policies is yet to show results, however.
Japan nevertheless remains one of the most R&D-intensive
economies in the world (3.5% of GDP in 2013). The most
remarkable trend in industrial spending on R&D in recent years
has been the substantial cutback in ICTs. Most other industries
maintained more or less the same level of R&D expenditure
between 2008 and 2013.The challenge for Japanese industry
will be to combine its traditional strengths with a futureoriented vision.
Japan faces a number of challenges. Its ageing population,
coupled with a waning interest among the young for an
academic career and the drop in scientific publications, reflect
a need for a far-reaching reform of the national innovation
system.
For the academic sector, university reform has been a challenge
for years. Regular funding of national universities has declined
consistently for more than a decade by roughly 1% a year. In
parallel, the amount of competitive grants and project funding
have increased. In particular, there has been a proliferation
recently of multipurpose, large-scale grants that do not target
individual researchers but rather the universities themselves;
these grants do not purely fund university research and/or
education per se; they also mandate universities to conduct
systemic reforms, such as the revision of curricula, promotion
of female researchers and internationalization of education and
research. The drop in regular funding has been accompanied
by increasing demands on academics, who now have less
time for research. This has translated into a drop in scientific
publications, a trend almost unique to Japan.
The Fukushima disaster in March 2011 has had a profound
impact on science. The disaster has not only shaken the
public’s confidence in nuclear technology but also in science
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Published just months after the Fukushima disaster, the
Fourth Basic Plan for Science and Technology (2011) was a
radical departure from its predecessors. It no longer identified
priority areas for R&D but rather put forward three key areas
to be addressed: recovery and reconstruction from the
Fukushima disaster, ‘green innovation’ and ‘life innovation.’
The Republic of Korea (Chapter 25) is the only nation to
have transformed itself from a major recipient of foreign aid
into a major donor – and in just two generations. Today, it
is in search of a new development model. The government
recognizes that the remarkable growth of the past is no
longer sustainable. Competition with China and Japan is
intense, exports are slipping and global demand for green
growth has altered the balance. In addition, a rapidly ageing
population and declining birthrates threaten Korea’s longterm economic prospects.
The Park government is pursuing the low carbon, green
growth policy adopted by its predecessor but has added the
creative economy to this mix. Seed money has been allocated
to fostering the emergence of a creative economy over the
five years to 2018.
The government has come to realize that developing national
capabilities for innovation will require nurturing creativity
among the young. Ministries have jointly introduced
measures to attenuate the focus on academic backgrounds
and promote a new culture whereby people encourage
and respect the creativity of individuals. One example of
these measures is the Da Vinci Project being experimented
in selected primary and secondary schools to develop a
new type of class which encourages students to exercise
their imagination and revitalizes hands-on research and
experience-based education.
The process of making the country more entrepreneurial and
creative will entail changing the very structure of the economy.
Up until now, it has relied on large conglomerates to drive
growth and export earnings. These still represented threequarters of private investment in R&D in 2012. The challenge
will be for the country to produce its own high-tech start-ups
and to foster a creative culture in SMEs. Another challenge
will be to turn the regions into hubs for creative industries by
providing the right financial infrastructure and management
to improve their autonomy. The new Innovation Center for the
Creative Economy in Daejeon serves as a business incubator.

In parallel, the government is building the International
Science Business Belt in Daejeon. The aim is to correct
the impression that the Republic of Korea made the
transition from a poor agricultural country to an industrial
giant through imitation alone, without developing an
endogenous capacity in basic sciences. A National Institute
for Basic Science opened on the site in 2011 and a heavy ion
accelerator is currently under construction to support basic
research and provide linkages to the business world.
Malaysia (Chapter 26) has recovered from the global
financial crisis to register healthy average annual GDP
growth of 5.8% over 2010–2014. This, coupled with strong
high-tech exports, has helped sustain government efforts
to finance innovation, such as through the provision of R&D
grants to universities and firms. This has helped to raise
the GERD/GDP ratio from 1.06% in 2011 to 1.13% in 2012.
The rise in R&D funding has translated into more patents,
scientific publications and foreign students.
It was in 2005 that Malaysia adopted the target of becoming
the sixth-largest global destination for international
university students by 2020. Between 2007 and 2012, the
number of international students almost doubled to more
than 56 000, the target being to attract 200 000 by 2020.
Malaysia is attracting a lot of students from the region but
was also one of the top ten destinations for Arab students
by 2012.
A number of bodies have helped to strengthen the
participation of business in R&D in strategic sectors. One
example is the Malaysian Palm Oil Board. In 2012, a group
of multinational corporations created their own platform
for Collaborative Research in Engineering, Science and
Technology (CREST). This trilateral partnership involving
industry, academia and the government strives to satisfy
the research needs of electrical and electronics industries
in Malaysia that employ nearly 5 000 research scientists and
engineers.
While the government has done remarkably well in
supporting R&D, a number of issues have undermined
Malaysia’s capacity to support frontier technologies. Firstly,
collaboration between the principal actors of innovation still
needs strengthening. Secondly, science and mathematics
teaching needs upgrading, as 15 year-old Malaysian students
have been performing less well in the triennial assessments
conducted by the OECD’s Programme for International
Student Assessment. Thirdly, the share of full-time equivalent
researchers per million inhabitants has grown steadily but
remains fairly low for a dynamic Asian economy like Malaysia:
1 780 in 2012. Malaysia is also still a net technology importer,
as its royalties from technological licensing and services have
remained negative.
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and technology more broadly. The government has reacted
by trying to restore public confidence. Debates have been
organized and, for the first time, the importance of scientific
advice in decision-making has come to the fore. Since
the Fukushima disaster, the government has decided to
reinvigorate the development and use of renewable energy.
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Southeast Asia and Oceania (Chapter 27) has successfully
navigated through the global financial crisis of 2008, with
many countries managing to avoid recession. The creation of
the Association of Southeast Asian Nations (ASEAN) Economic
Community in late 2015 is likely to boost economic growth
in the region and spur both the cross-border movement of
researchers and greater specialization. Meanwhile, democratic
reforms in Myanmar have led to the easing of international
sanctions, offering prospects for growth, particularly since the
government is fostering export-oriented industries.
The Asia–Pacific Economic Cooperation completed a study in
2014 of skills shortages in the region, with a view to setting
up a monitoring system to address training needs. For its
part, the ASEAN Plan of Action on Science, Technology and
Innovation (2016–2020) emphasizes social inclusion and
sustainable development, including in such areas as green
technology, energy, water resources and innovation for
life. Government priorities in Australia, on the other hand,
are shifting away from renewable energy and low carbon
strategies.
Countries from the region are increasingly collaborating
with one another, as reflected by trends in international
scientific co-authorship. For the less developed economies,
co-authorship even accounts for 90–100% of output; the
challenge for them will be to steer international scientific
collaboration in the direction envisaged by national S&T
policies.
A comparatively high share of R&D is performed by the
business sector in four countries: Singapore, Australia, the
Philippines and Malaysia. In the case of the latter two, this is
most likely a product of the strong presence of multinational
companies in these countries. Innovation performance is
generally weak in the region, which produces 6.5% of the
world’s scientific publications (2013) but only 1.4% of global
patents (2012); moreover, four countries accounted for 95%
of those patents: Australia, Singapore, Malaysia and New
Zealand. The challenge for economies such as Viet Nam
and Cambodia will be to draw on the knowledge and skills
embedded in the large foreign firms that they host, in order
to develop the same level of professionalism among local
suppliers and firms.
Since 2008, many countries have boosted their R&D effort,
including in the business enterprise sector. In some cases,
though, business expenditure on R&D is highly concentrated
in the natural resource sector, such as mining and minerals in
Australia. The challenge for many countries will be to deepen
and diversify business sector involvement across a wider
range of industrial sectors, especially since the onset of a cycle
of declining prices for raw materials adds a sense of urgency
to the task of developing innovation-driven growth policies.
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CONCLUSION
An evolving public commitment to science and research
This latest edition of the UNESCO Science Report covers more
countries and regions than ever before. This reflects the
growing acceptance worldwide and, in particular, in the
non-OECD world, of STI as a driver of development. At the
same time, the statistical data on basic STI indicators remain
patchy, especially in non-OECD countries. Nevertheless,
there is a growing awareness of the need for reliable data
to enable monitoring of national science and innovation
systems and inform policy. This realization has given rise
to the African Science and Technology Indicators Initiative,
which has spawned an observatory based in Equatorial
Guinea. A number of Arab economies are also establishing
observatories of STI, including Egypt, Jordan, Lebanon,
Palestine and Tunisia.
Another striking trend observed in the UNESCO Science
Report is the decline in public commitment to R&D observed
in many developed countries (Canada, UK, USA, etc), as
opposed to a growing belief in the importance of public
investment in R&D for knowledge creation and technology
adoption in emerging and lower income countries. STI has,
of course, been mainstreamed in many emerging economies
for some time, including Brazil, China and the Republic of
Korea. What we are seeing now is the adhesion of many
middle- and low-income countries to this philosophy, with
many incorporating STI in their ‘vision’ or other planning
documents. Of course, these countries have benefited from
much higher economic growth rates than OECD countries
in recent years, so the jury is still out, to some extent, as to
whether they will be able to pursue this public commitment
in years of lower or even negative growth. Brazil and the
Russian Federation will be test cases, as both have now
entered recession following the end of a cyclical boom in
raw materials.
However, as Chapter 2 highlights, it is not just the diverging
public commitment to investment in R&D between the
highly developed and emerging and middle-income world
that is narrowing. While most R&D (and patenting) is taking
place in high-income countries, innovation is occurring in
countries across the full spectrum of income levels. Much
innovation is occurring without any R&D activity at all; in
the majority of countries surveyed by the UNESCO Institute
for Statistics in 2013, innovation unrelated to R&D implicated
more than 50% of firms. Policy-makers should take note
of this phenomenon and, accordingly, focus not just on
designing incentives for firms to engage in R&D. They also
need to facilitate non-research-related innovation,
particularly in relation to technology transfer, since the
acquisition of machinery, equipment and software is
generally the most important activity tied to innovation.
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Many dilemmas appear increasingly common to a wide range
of countries, such as that of trying to find a balance between
local and international engagement in research, or between
basic and applied science, the generation of new knowledge
and marketable knowledge, or public good science versus
science to drive commerce.
The current trend towards a greater orientation of STI policy
towards industrial and commercial development is also
having international ramifications. The UNESCO Science
Report 2010 anticipated that international diplomacy
would increasingly take the form of science diplomacy.
This prophecy has come true, as illustrated by the case
studies from New Zealand (Box 27.1) and Switzerland
(Box 11.3). However, in some cases, things have taken
an unexpected turn. Some governments are showing a
tendency to tie research partnerships and science diplomacy
to trade and commercial opportunities. It is revealing that
Canada’s innovation network is now managed by the Trade
Commissioner Service at the Department of Foreign Affairs,
Trade and Development, for instance, rather than being
placed in the foreign service; this megadepartment was
created in 2013 by amalgamating the Canadian International
Development Agency and the Department of Foreign Affairs
and International Trade. Australia has taken a similar step by
subsuming AusAID into the Department of Foreign Affairs
and Trade and giving foreign aid an increasingly commercial
focus.
The global economic boom between 2002 and 2007 seemed
to have ‘lifted all boats’ on the wave of prosperity and focused
policy attention and resource allocation on innovation
in many emerging and developing countries. This period
witnessed a proliferation of STI policies, long-term planning
(‘vision’) documents and ambitious targets around the world.
Since the crisis of 2008–2009, slow economic growth and the
tightening of public budgets appear to have made the art of
crafting and implementing successful science and innovation
policies much more difficult. The pressure being exerted
on public interest science in Australia, Canada and the USA
illustrates one of the consequences of the tightening of public
R&D budgets. The challenge for low- and middle-income
countries, on the other hand, will be to ensure that policies
are well-funded, that their implementation is monitored and

evaluated and that the bodies responsible for implementing
the policy co-ordinate their efforts and are held accountable.
Some countries have either been historically equipped with
relatively strong higher education systems and a wide pool
of scientists and engineers or have been making important
strides in these directions recently. Despite this, they are
not yet seeing a strong focus on R&D and innovation in
the business sector for reasons ranging from the sectorial
specialization of their economies to a poor or deteriorating
business environment. To varying degrees, a diverse range
of countries are experiencing this phenomenon, including
Canada, Brazil, India, Iran, the Russian Federation, South Africa
and Ukraine.
Other countries have made great strides in economic reform,
industrial modernization and international competitiveness
but still need to complement their push for public-sector
driven R&D with significant qualitative improvements in the
spheres of higher education and basic research, in order to
take their business R&D beyond experimental development
towards more genuine innovation. Again, a wide range of
countries find themselves confronted with this challenge,
including China, Malaysia and Turkey. For some, the challenge
will be to orient an FDI-driven industrial competitiveness
more towards endogenous research, as in the case of
Malaysia. For others, the challenge will be to foster healthy
collaboration between the different components of the public
research system. The current reform of academies of sciences
in China, the Russian Federation and Turkey illustrates
the tensions that can arise when the autonomy of these
institutions is called into question.
Open science and open education within ‘closed’
borders?
Another trend worth noting is the steep rise in the number
of researchers, who now number 7.8 million worldwide.
This represents an increase of 21% since 2007 (Table 1.3).
This growth is also reflected in the explosion of scientific
publications. The competition to publish in a limited number
of high-impact journals has increased dramatically, as has
the competition among scientists to secure jobs in the most
reputed research institutions and universities. Moreover,
these institutions are themselves increasingly competing with
one another to attract the world’s best talent.
The Internet has brought with it ‘open science’, paving the
way to online international research collaboration, as well as
open access to publications and underlying data. At the same
time, there has been a global move in the direction of ‘open
education’ with the widespread development and availability
of online university courses (MOOCS) provided by new global
university consortia (see p. 4). In short, the academic research
and higher education system is internationalizing rapidly, with
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Innovation spreading but policy hard to get right
Formulating a successful national science and innovation
policy remains a very difficult task. Reaping the full benefit
from science- and innovation-driven economic development
requires moving in the right direction in a number of different
policy fields simultaneously, including those affecting
education, basic science, technological development and its
corollary of mainstreaming sustainable (‘green’) technologies,
business R&D and economic framework conditions.
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major implications for its traditional national organization and
funding. The same is happening in the private sector, which
‘potentially has a much bigger role to play than universities in
spreading the “resource balance” in science and technology
around the world’ (Chapter 2). Increasingly, it is considered a
must to have an international composition of research staff in
both research and innovation. As the saying goes, Silicon
Valley was built on IC, a reference not to integrated circuits
but to the contribution of Indians and Chinese to this
innovation hub’s success.
The fly in the ointment is that cross-border flows of knowledge
in the form of researchers, scientific co-authorship, invention
co-ownership and research funding are also strongly
dependent on factors that have little to do with science.
These days, mercantilism characterizes much of national STI
policy-making. All governments are keen to increase high-tech
exports but few are prepared to discuss removing non-tariff
barriers (such as government procurement) that may be
constraining their imports. Everyone wishes to attract foreign
R&D centres and skilled professionals (scientists, engineers,
doctors, etc.) but few are prepared to discuss frameworks for
facilitating cross-border movement (in both directions). The
EU’s decision to adopt ‘scientific visas’ as of 2016 within its
Innovation Union to facilitate the cross-border movement of
specialists is one attempt to remove some of these barriers.
Import substitution has exerted a strong influence on
development policy in recent decades. Today, there is a
growing debate as to the merits of protectionist industrial
policies. The authors of the chapter on Brazil (Chapter 8),
for instance, argue that import substitution policies have
removed the incentive for endogenous enterprises to
innovate, since they do not have to compete internationally.
Good governance is good for science
Good governance accompanies progress at each stage of
the innovation-driven development process. Absence of
corruption in the university system is essential to ensure
that institutions are producing qualified graduates. At the
other end of the innovation cycle, a highly corrupt business
environment is a strong disincentive for the emergence of
innovation-driven competition. For instance, companies
will have little incentive to invest in R&D, if they cannot rely
on the justice system to defend their intellectual property.
Scientific fraud is also more likely to occur in environments
characterized by poor governance standards.
The UNESCO Science Report highlights numerous examples
where countries have recognized the need for better
governance to foster endogenous science and innovation.
With exemplary frankness, Uzbekistan’s Committee for
Coordination of Science and Technology Development
has identified ‘strengthening the rule of law’ as one of the
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country’s eight priorities for boosting R&D to 2020 (Chapter
14). Southeast Europe’s own 2020 Strategy identifies ‘effective
public services, anti-corruption and justice’ as being one
of the five pillars of the region’s new growth strategy. In
neighbouring Moldova, 13% of the 2012 state programme
for R&D has been allocated to the ‘consolidation of the rule
of law and utilization of cultural heritage in the perspective
of European integration.’ The chapter on the Arab States
places considerable emphasis on the need to improve
governance, transparency, the rule of law and the fight
against corruption to reap greater benefits from investment
in science and technology, together with ‘enhancing reward
for initiative and drive’ and developing ‘a healthy climate for
business.’ Last but not least, the chapters on Latin America
and Southern Africa highlight the strong link between
government effectiveness and scientific productivity.
The consequences for science of the ‘resource curse’
Resource extraction can allow a country to accumulate
significant wealth but long-term, sustained economic growth
is seldom driven by reliance on natural resources. A number of
countries appear to be failing to seize the opportunity offered
by resource-driven growth to strengthen the foundations
of their economies. It is tempting to infer from this that, in
countries awash with natural resources, high-growth from
resource extraction provides a disincentive for the business
sector to focus on innovation and sustainable development.
The end of the latest commodities boom, coupled with
the collapse in global oil prices since 2014, has underscored
the vulnerability of national innovation systems in a
wide range of resource-rich countries that are currently
struggling to remain competitive: Canada (Chapter 4),
Australia (Chapter 27), Brazil (Chapter 8), the oil-exporting
Arab States (Chapter 17), Azerbaijan (Chapter 12), Central
Asia (Chapter 14) and the Russian Federation (Chapter 13).
Other countries with a traditionally heavy reliance on
commodity exports for their economic expansion have been
making more decisive efforts to prioritize knowledge-driven
development, as illustrated by the chapters on Iran
(Chapter 15) and Malaysia (Chapter 26).
Under normal circumstances, resource-rich countries can
afford the luxury of importing the technologies they need for
as long as the bonanza lasts (Gulf States, Brazil, etc.). In
exceptional cases where resource-rich countries are faced
with an embargo on technology, they tend to opt for import
substitution strategies. For instance, since mid-2014, the
Russian Federation (Chapter 13) has broadened its import
substitution programmes in response to trade sanctions that
are affecting imports of key technologies. The case of Iran
(Chapter 15) illustrates how a long-running trade embargo
can incite a country to invest in endogenous technological
development.
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The emphasis is often on developing coping strategies to
protect agriculture, reduce disaster risk and/or diversify the
national energy mix, in order to ensure long-term food, water
and energy security. Countries are also becoming increasingly
aware of the value of their natural capital, as illustrated by the
recommendation in the Gaborone Declaration on Sustainability
(2012) for African countries to integrate the value of natural
capital into national accounting and corporate planning.
Among high-income economies (EU, Republic of Korea,
Japan, etc), a firm commitment to sustainable development
is often coupled with the desire to maintain competitiveness
in global markets that are increasingly leaning towards
green technologies; global investment in renewable energy
technologies increased by 16% in 2014, triggered by an 80%
decrease in the manufacturing costs of solar energy systems.
It is to be expected that the trend towards green growth
will accentuate, as countries strive to implement the new
Sustainable Development Goals.
Looking ahead: Agenda 2030
On 25 September 2015, the United Nations adopted the
2030 Agenda for Sustainable Development. This ambitious
new phase transitions from the Millennium Development
Goals (2000–2015) to a new set of integrated Sustainable
Development Goals (2015–2030). The new agenda is universal
and, thus, applies to developing and developed countries
alike. It comprises no fewer than 17 goals and 169 targets.
Progress towards these goals over the next 15 years will
need to be informed by evidence, which is why a series of
indicators will be identified by March 2016 to help countries
monitor their progress towards each target. The goals balance
the three economic, environmental and social pillars of
sustainable development, while embracing other pillars of the
United Nations’ mission related to human rights, peace and
security. STI is woven into the fabric of Agenda 2030, since it
will be essential for achieving many of these goals.

This shift in research priorities is evident in the amount of
research funds currently being allocated to applied science
(see p. 6). In parallel, both governments and businesses
are increasingly investing in the development of ‘green
technologies’ and ‘green cities’. At the same time, we should
not forget that ‘basic science and applied science are two
sides of the same coin,’ as recalled by the Scientific Advisory
Board to the Secretary General of the United Nations (see p. 9).
They are ‘interconnected and interdependent [and], thus,
complement each in providing innovative solutions to the
challenges humanity faces on the pathway to sustainable
development.’ An adequate investment in both basic sciences
and applied research and development will be critical to
reaching the goals of Agenda 2030.
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Although the Sustainable Development Goals have been
adopted by governments, it is evident that they will only be
reached if all stakeholder groups take ownership of them.
The scientific community is already on board. As we have
seen from the UNESCO Science Report: towards 2030, the focus
of scientific discovery has shifted towards problem-solving,
in order to tackle pressing developmental challenges.
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It is worth noting that several oil-rent economies expressed
interest in developing renewable energy before global oil
prices began falling in mid-2014, including Algeria, Gabon,
the United Arab Emirates and Saudi Arabia. The UNESCO
Science Report 2010 had observed a paradigm shift towards
green growth. It is evident from the current report that this
trend has since accelerated and is seducing an ever-greater
number of countries, even if levels of public investment may
not always be commensurate with ambitions.
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Countries have made a
big effort in recent years
to expand their university
and research networks;
these must be nurtured.
George Essegbey, Nouhou Diaby
and Almamy Konte

Children washing their hands before eating
a prepared meal at the Hope Kindergarten
Elementary School in Buchanan City, Liberia,
in June 2015, following the Ebola epidemic.
Photo: © Dominic Chavez/World Bank
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18 . West Africa
Benin, Burkina Faso, Cabo Verde, Côte d’Ivoire, Gambia, Ghana, Guinea, Guinea-Bissau,
Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, Togo

George Essegbey, Nouhou Diaby and Almamy Konte

INTRODUCTION
A drive to achieve middle-income status by 2030
Most West African countries are striving to achieve lower
or upper middle-income status1 within the next 15 years.
This goal is enshrined in the current development plans and
economic policies of Côte d’Ivoire, Gambia, Ghana, Liberia,
Mali, Senegal and Togo, for instance. Nigeria even plans to
join the world’s top 20 economies by 2020. Yet, for two-thirds
of West African countries, middle-income status remains an
elusive goal: annual GDP per capita remains below US$ 1 045
in all of Benin, Burkina Faso, Gambia, Guinea, Guinea-Bissau,
Liberia, Mali, Niger, Sierra Leone and Togo.
Countries’ development plans tend to have three main
thrusts: wealth creation, greater social equity and more
sustainable development. In their quest for middle-income
status, they are giving priority to improving governance

practices, creating a more business-friendly climate, stronger
health and agricultural systems, modern infrastructure and a
skilled labour force. These plans reflect a desire to exploit the
resources which form the backbone of their economies in a
more sustainable manner and a determination to diversify
and modernize the economy. None of this will be possible
without a skilled labour force and recourse to science,
technology and innovation (STI).
Strong growth in recent years, despite a series of crises
The Economic Community of West African States (ECOWAS)
has experienced strong economic growth in recent years,
despite a series of crises.
In Mali, a Tuareg rebellion in January 2012 attempted to
establish an independent homeland in the north through an
alliance with jihadist groups. The situation has stabilized since
the government appealed for French intervention in January
2013 but remains fragile. The conflict caused Mali’s economy
to shrink by 0.4% in 2012, after six years of sustained growth
of 5% on average (Figure 18.1).

1. Five countries have already achieved lower middle-income status, namely:
Cabo Verde, Côte d’Ivoire, Ghana, Nigeria and Senegal. The next step will be upper
middle-income status.

Figure 18.1: Economic growth in West Africa, 2005–2013 (%)
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Guinea-Bissau suffered a military coup d’état in April 2012,
prompting the African Union to impose sanctions which were
lifted two years later following the election of President José
Mario Vaz.
Côte d’Ivoire is still picking up the pieces after its civil war
ended with the arrest of the ex-president for war crimes in
April 2011. After stagnating for years, Côte d’Ivoire’s economy
rebounded by 9% in 2013.
Meanwhile, in the north of Africa’s most populous country,
the Boko Haram sect (literally ‘books are forbidden’) pursues
its reign of terror against the Nigerian population, with
growing incursions across the border into Cameroon and
Niger. Nigerians can at least rejoice at the smooth handover
of power from incumbent president Goodluck Jonathan to his
successor Muhammadu Buhari after the election results were
announced on 31 March 2015.
Farther north, in Burkina Faso, a popular revolt put an end to
the 27-year rule of President Blaise Compaoré on 30 October
2014, after he tried to modify the Constitution in order to run
for a fifth term. Former diplomat Michel Kafando has been
designated interim president by consensus and charged with
organizing a general election in November 2015.
In Guinea, Liberia and Sierra Leone, the Ebola epidemic has
been a tragic reminder of the chronic underinvestment in
West African health systems. Between March and December
2014, 8 000 people died, a mortality rate of about 40%. There
has been a growing tide of solidarity. In September, Cuba
dispatched hundreds of doctors and nurses to the afflicted
countries. A month later, the East African Community sent
its own contingent of 600 health professionals, including
41 doctors, to combat the epidemic. They were joined in early
December by 150 volunteer health professionals from Benin,
Côte d’Ivoire, Ghana, Mali, Niger and Nigeria, as part of a joint
initiative by ECOWAS and its specialized agency, the West
African Health Organisation. The European Union, African
Union, USA and others have also pitched in with funding and
other forms of support. The year before Ebola struck, Liberia
and Sierra Leone had experienced remarkable growth of 11%
and 20% respectively. Ebola could set these fragile economies
back years (Figure 18.1).
Structural weaknesses masked by strong growth
Despite these crises, the ECOWAS Commission is optimistic
about the subregion’s prospects for growth. It projects an
even better performance in 2014 (7.1% growth) than in 2013
(6.3%). This high growth rate nevertheless conceals serious
structural weaknesses. For decades, West African economies
have relied almost entirely on revenue from raw commodities:
about 95% of Nigeria’s export revenue is derived from crude
oil and natural gas; gold and cocoa alone account for about
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53% of Ghana’s exports and nearly three-quarters of Mali’s
export earnings come from cotton (Figure 18.2). When raw
materials are extracted or grown in West Africa but processed
on other continents, this deprives the subregion of industries
and jobs. Despite this axiom, West African countries have
so far failed to diversify their economies and to tap export
earnings from value-added and manufactured products.
It is true that some countries have made a start. Côte d’Ivoire,
Ghana, Guinea, Nigeria and Senegal, for instance, have
industries producing value-added goods. To enhance value
addition and strengthen the raw material base of industries,
these countries have all set up research institutes to transform
raw products into semi-processed or processed goods. Both
Ghana and Nigeria have also set up institutes specializing in
aeronautics, nuclear energy, chemistry and metallurgy. The
first technology parks and cybervillages are emerging in these
countries (ECOWAS, 2011a).
Could Ghana fall prey to the ‘oil curse?’ A recent study by the
Institute of Statistical, Social and Economic Research at the
University of Ghana ponders whether ‘the increased importance
of oil in GDP [since petroleum exports began in 2011] signals
the risk of Ghana becoming oil-dependent. [...] The advent of oil
production seems to be changing the pattern of the country’s
exports,’ the study observes (see Figure 19.1). ‘Is Ghana teetering
toward an oil-dominant country, or might the proceeds be
employed wisely to diversify the economy?’ (ISSER, 2014)
Economic diversification hampered by a skills shortage
One handicap to diversifying the economy is the shortage
of skilled personnel, including technicians, in fast-growing
sectors such as mining, energy, water, manufacturing,
infrastructure and telecommunications. The lack of skilled
personnel also impinges on the efficiency of national health
systems and agriculture.
In this context, the launch of the African Centres of Excellence
project in April 2014 by the World Bank comes as a welcome
addition to the education matrix. Eight governments2 are to
receive almost US$ 150 million in loans to fund research and
training at 19 of the subregion’s best universities (Table 18.1).
The Association of African Universities will be responsible for
co-ordination and knowledge-sharing among all 19 universities
and has received World Bank funding for the purpose.
For all its virtues, the African Centres of Excellence project
cannot be a substitute for national investment. Currently,
just three3 West African countries devote more than 1% of
2. Nigeria (US$ 70 million), Ghana (US$ 24 million), Senegal (US$ 16 million), Benin,
Burkina Faso, Cameroon and Togo (US$ 8 million each). Gambia will also receive a
US$ 2 million loan and a US$ 1 million grant for short-term training.
3. Data are unavailable for Nigeria.
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Figure 18.2: Top three export products in Africa, 2012
Algeria – Petroleum & other oils, crude (45.0%), natural gas in gaseous state (20.0%), light oils
and preparations (8.7%)

Mauritania – Iron ores and concentrates (46.7%), copper ores and concentrates (15.6%),
octopus (10.5%)

Angola – Petroleum & other oils, crude (96.8%)

Mauritius – Tunas, skipjack & bonito (15.3%), solid cane or beef sugar (10.5%), cotton t-shirts
& the like (7.4%)

Benin – Cotton (19.0%), petroleum oils or bituminous minerals (13.7%), gold (13.4%)
Botswana – Unworked diamonds (74.3%), other non-industrial diamonds (7.2%),
gold in semi-manufactured forms (5.4%)
Burkina Faso – Cotton (44.9%), gold in unwrought forms
(29.4%), gold in semi-manufactured forms (5.4%)

Morocco – Phosphoric acid and polyphosphoric (8.2%), ignition wiring sets and other wiring sets
of a type used for vehicles, aircrafts, ships (6.1%), diammonium hydrogenorthosphosphate (4.5%)
Mozambique – Aluminium, not alloyed (28.8%), light oils & preparations (12.1%), liquefied
natural gas (5.4%)
Namibia – Unworked diamonds (30.1%), unrefined copper (13.4%),
natural uranium & its compounds (13.2%)

Burundi – Unroasted coffee (58.0%),
black tea (12.2%), niobium, tantalum,
vanadium ores & concentrates (9.0%)

Niger – Natural uranium & its compounds (62.2%), light oils
& preparations (12.1%), live animals (6.0%)

Cabo Verde – Mackerel
(16.5%), skipjack or stripebellied bonito (15.4%),
yellowfin tunas (14.2%)

Nigeria – Petroleum & other oils, crude (84.0%), liquefied
natural gas (10.8%)
Rwanda – Niobium, tantalum, vanadium ores &
concentrates (23.7%), unroasted coffee (23.5%),
tin ores & concentrates (19.2%)

Cameroon – Petroleum &
other oils, crude (48.1%), cocoa
beans (9.0%), tropical
woods (7.7%)

Sao Tome & Principe
– Cocoa beans (47.6%),
wristwatches (9.2%),
jewellery (6.4%)

Central African Rep.
– Unsorted diamonds (32.3%),
tropical wood (26.6%), cotton (14.0%)

Senegal – Petroleum
& other oils (20.8%),
inorganic chemical elements,
oxides & halogen salts (12.0%), fresh &
frozen fish (9.0%)

Chad – Petroleum & other oils, crude and
preparations (97.0%)
Comoros – Cloves (56.1%), floating vessels for breaking up 		
(21.2%), essential oils (9.8%)

Seychelles – Tunas, skipjack & bonito
(52.5%), bigeye tunas (13.2%), yellowfin tunas
(7.1%)

Congo. Rep. – Petroleum & other oils, crude (87.1%)
Congo. Dem. Rep. – Cathodes (43.9%), unrefined copper (13.2%), petroleum
& other oils, crude (13.2%)

COMOROS

Côte d’Ivoire – Cocoa beans (31.8%), petroleum & other oils, crude (12.3%),
natural rubber (7.2%)
Djibouti – Live animals (23.0%), sheep (18.1%), goats (15.6%)
Egypt – Petroleum & other oils, crude (24.0%), liquefied natural gas (11.1%),

Somalia – Sheep (29.4%),
goats (28.2%), live bovine animals
(17.3%)

Equatorial Guinea – Petroleum & other oils, crude (73.6%), liquefied natural gas (19.8%)
Eritrea – Gold (88.0%), silver (4.9%)

South Africa – Gold (11.6%), iron ores & concentrates
(7.6%), platinum (6.6%)

Ethiopia – Unroasted coffee (39.5%), sesamum seeds (19.7%), fresh cut flowers (10.2%)
Gabon – Petroleum & other oils, crude (85.4%), manganese ores & concentrates (6.7%)

South Sudan – Petroleum & other oils, crude (99.6%)

Gambia – Wood (48.6%), cashew nuts (16.2%), petroleum & other oils (6.5%)
Ghana – Gold (36.0%), cocoa beans and paste (16.5%), petroleum & other oils, crude (22.0%)
Guinea – Gold (40.5%), bauxite (34.0%), alumine (9.0%)
Guinea-Bissau – Cashew nuts (83.9%)

Sierra Leone – Iron ores
& concentrates (45.2%),
titanium ores & concentrates
(16.4%), unworked
diamonds (12.1%)

seeds (4.2%)

Sudan – Petroleum & other oils, crude (65.6%), Sheep (10.6%), sesamum

Swaziland – Raw sugar cane (17.4%), odoriferous substances used in food & beverages (14.8%),
iron ores & concentrates (10.9%)

Kenya – Black tea (20.0%), fresh cut flowers (12.1%), unroasted coffee (5.9%)

Tanzania – Precious metal ores & concentrates (11.7%), tobacco (11.5%), unroasted, not
decaffeinated coffee (6.6)

Lesotho – Diamonds (45.5%), men’s/boys’ cotton trousers & shorts (13.4%), women’s/girls’
synthetic trousers & shorts (6.1%)

Togo – Gold (12.1%), natural calcium phosphates, phosphatic chalk (11.7%), light oils 		
& preparations (10.3%)

Liberia – Iron ores & concentrates (21.1%), natural rubber (19.3%), tankers (12.3%)

Tunisia – Petroleum & other oils, crude (11.2%), ignition wiring sets and other wiring sets of a
type used for vehicles, aircrafts, ships (6.2%); men’s/boys’ cotton trousers and shorts (4.3%)

Libya – Petroleum & other oils, crude (88.4%), natural gas in gaseous state (5.6%)
Madagascar – Cloves (15.8%), shrimps & prawns (7.2%), titanium ores & concentrates (5.5%)
Malawi – Tobacco (50.1%), natural uranium & its compounds (10.4%), raw sugar cane (8.0%)

Zambia – Cathodes (47.6%), unrefined copper (26.1%), maize, excl. seed (5.0%)
Zimbabwe – Tobacco (30.8%), ferro-chromium (11.6%), cotton (9.6%)
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Mali – Cotton (72.7%), sesamum seeds (8.8%)

Uganda – Unroasted, not decaffeinated coffee (30.6%), cotton (5.6%), tobacco (5.5%)

Note: Data for Ghana are for 2013.
Source: ADB et al. (2014), Table 18.7; for Ghana: calculated for 2013 from ISSER (2014)
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GDP to higher education: Ghana and Senegal (1.4%) and Mali
(1.0%). In Liberia, the proportion is even lower than 0.3% (see
Table 19.2). Up to now, the priority has been to achieve the
Millennium Development Goal of universal primary education
by 2015. Low investment in higher education has led to a
surge in private universities over the past decade, which now
represent more than half of all universities in some countries
(ECOWAS, 2011a).

Table 18.1: The African Centres of Excellence Project,
2014
Centre of excellence

Lead institution

Benin

Applied Mathematics

University of
Abomey-Calavi

Burkina
Faso

Water, Energy, Environmental Sciences
and Technologies

International Institute of
Water and Environmental
Engineering (2iE)

Cameroon

Information and Communication
Technologies

University of Yaoundé

Ghana

Training Plant Breeders, Seed Scientists
and Technologists

University of Ghana

Cell Biology of Infectious Pathogens

University of Ghana

Water and Environmental Sanitation

Kwame Nkrumah
University of Science and
Technology

Nigeria

Senegal

Togo

Agricultural Development and
Sustainable Environment

Federal University of
Agriculture

Dryland Agriculture

Bayero University

Oil Field Chemicals

University of Port
Harcourt

Science, Technology and Knowledge

Obafemi Awolowo
University

Food Technology and Research

Benue State University

Genomics of Infectious Diseases

Redeemers University

Neglected Tropical Diseases and Forensic
Biotechnology

Ahmadu Bello University

Phytomedicine Research and
Development

University of Jos

Reproductive Health and Innovation

University of Benin,
Nigeria

Materials

African University of
Science and Technology

Maternal and Infant Health

Cheikh Anta Diop
University

Mathematics, Informatics and Information
and Communication Technologies

University of Gaston
Berger, St Louis

Poultry Sciences

University of Lomé

Source: World Bank
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Centres of excellence: a problem shared
is a problem halved
Most West African scientists currently work in isolation from
their peers even within the same country. The World Bank
scheme is coherent with Africa’s Science and Technology
Consolidated Plan of Action, 2005–2014, which called for the
establishment of regional networks of centres of excellence
and for a greater mobility of scientists across the continent.
West Africa is participating in several of these networks.
Ouagadougou (Burkina Faso) hosts the African Biosafety
Network of Expertise (Box 18.1) and the Senegalese Institute
for Agricultural Research in Dakar is one of the four nodes
of the pan-African biosciences network (see Box 19.1). In
addition, Senegal and Ghana host two of the five African
Institutes of Mathematical Sciences (see Box 20.4).
In 2012, the West African Economic and Monetary Union
(WAEMU) designated 14 centres of excellence in the region
(Table 18.2). This label entitles these institutions to financial
support from WAEMU for a two-year period. Within the
framework of its Policy on Science and Technology (see p. 476),
ECOWAS intends to establish several centres of excellence of
its own on a competitive basis.

Table 18.2: The WAEMU Centres of Excellence, 2012
Centre of excellence

City

Centre for Research in Biological and Food Science
and Nutrition

Ouagadougou

Higher Institute of Population Sciences

Ouagadougou

International Centre for Research and Development
into Animal Husbandry in Subtropical Zones

Bobo-Dioulasso

International Institute of Water and Environmental
Engineering

Ouagadougou

Côte d’Ivoire

National School of Statistics and Applied Economics

Abidjan

Mali

West African Network of Education Research

Bamako

Niger

Regional Centre for Training and Applications in
Agro-meteorology and Operational Hydrology

Niamey

Regional Specialized Teaching Centre in Agriculture

Niamey

African Centre for Higher Management Studies

Dakar

Multinational Higher School of Telecommunications

Dakar

School of Veterinary Science and Medicine

Dakar

Africa Rice Centre

Saint-Louis

Higher Institute of Management

Dakar

African School of Architecture and Urban Planning

Lomé

Burkina Faso

Senegal

Togo
Source: WAEMU
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Box 18.1: The African Biosafety Network of Expertise
The African Biosafety Network
of Expertise was established in
Ouagadougou on 23 February 2010
with the signing of a host agreement
between NEPAD and the Government
of Burkina Faso. The network serves
as a resource for regulators dealing
with safety issues related to the
introduction and development of
genetically modified organisms. In
addition to providing regulators with
access to policy briefs and other
relevant information online in English
and French, the network organizes
national and subregional workshops
on specific topics.
For instance, one-week biosafety
courses for African regulators were
run by the network in Burkina Faso
in November 2013 and in Uganda
in July 2014, in partnership with the
University of Michigan (USA). Twentytwo regulators from Ethiopia, Kenya,
Malawi, Mozambique, Tanzania,
Uganda and Zimbabwe took part in
the latter course.
In April 2014, the network ran a training
workshop in Nigeria at the request of
the Federal Ministry of Environment
for 44 participants drawn from
government ministries, regulatory
agencies, universities and research
institutions. The aim was to strengthen
the regulatory capacity of institutional
biosafety committees. This training
was considered important to ensure
continued regulatory compliance
for ongoing confined field trials and
multilocation trials for Maruca-resistant
cowpea and biofortified sorghum.
The workshop was run in partnership
with the International Food Policy
Research Institute’s Program for
Biosafety Systems.

consultative workshop to validate
Togo’s revised biosafety law. Around
60 participants took part, including
government officials, researchers,
lawyers, biosafety regulators and civil
society representatives; the workshop
was chaired by a member of the National
Biosafety Committee. The aim of the
draft bill was to align Togo’s biosafety
law signed in January 2009 with
international biosafety regulations and
best practices, especially the Nagoya
Kuala Lumpur Supplementary Protocol
on Liability and Redress that Togo had
signed in September 2011. The validation
workshop was a critical step before the
new bill could be tabled at the National
Assembly for adoption later that year.
In June 2014, the network organized a
four-day study tour to South Africa for
ten regulators and policy-makers from
Burkina Faso, Ethiopia, Kenya, Malawi,

Mozambique and Zimbabwe. The
main objective was to allow them
to interact directly with their peers
and industrial practitioners in South
Africa. The study tour was organized
under the auspices of the NEPAD
Planning and Coordinating Agency, in
partnership with the Southern Africa
Network for Biosciences (SANBio), see
Box 19.1).
The African Biosafety Network of
Expertise was conceptualized in
Africa’s Science and Technology
Consolidated Plan of Action (2005) and
fulfils the recommendation of the
High-Level African Panel on Modern
Biotechnology, entitled Freedom to
Innovate (Juma and Serageldin, 2007).
The network is funded by the Bill and
Melinda Gates Foundation.
Source: www. nepadbiosafety.net
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GM commercialized crops
Confined field trials and biosafety laws
Confined field trials without biosafety laws
Biosafety laws without confined field trials
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From 28 April to 2 May 2014, Togo’s
Ministry of Environment and Forest
Resources organized a stakeholders’

No biosafety laws or confined field trials
Source of map: 2013 African Biosafety Network of Expertise
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A REGIONAL VISION FOR SCIENCE
AND TECHNOLOGY
A roadmap for more effective development
Regional integration can help accelerate development in
West Africa. The Vision 2020 document4 adopted by ECOWAS
member states in 2011 is consistent with the continent’s longterm objective of creating an African Economic Community
(Box 18.2). Vision 2020 aspires to ‘create a borderless,
prosperous and cohesive region built on good governance
and where people have the capacity to access and harness its
enormous resources through the creation of opportunities for
sustainable development and environmental preservation…
We envision, by 2020, an environment in which the private
sector will be the primary engine of growth and development’
(ECOWAS, 2011b).
Vision 2020 proposes a road map for improving governance,
accelerating economic and monetary integration and
fostering public–private partnerships. It endorses the planned
harmonization of investment laws in West Africa and suggests
pursuing ‘with vigour’ the creation of a regional investment
promotion agency. Countries are urged to promote efficient,
viable small and medium-sized enterprises (SMEs) and to expose
traditional agriculture to modern technology, entrepreneurship
and innovation, in order to improve productivity.
The agriculture sector suffers from chronic underinvestment
in West Africa. Only Burkina Faso, Mali, Niger and Senegal
have so far raised public expenditure to 10% of GDP, the
target fixed by the Maputo Declaration (2003). Gambia, Ghana
and Togo are on the threshold of reaching this target. Nigeria
devotes 6% of GDP to agriculture and the remaining West
African countries less than 5% (see Table 19.2).
Other underdeveloped areas are the water, sanitation and
electricity sectors, which hold potential for public–private
partnerships. The situation is most urgent in Benin, Ghana,
Guinea and Niger, where less than 10% of the population
enjoys improved sanitation. Although people have greater
access to clean water than to sanitation, this basic commodity
still eludes more than half of the population in most countries.
Access to electricity varies widely, from 13% in Burkina Faso to
72% in Ghana (see Table 19.1).
Internet penetration has been excruciatingly slow in West
Africa, contrary to mobile phone subscriptions. As of 2013,
5% of the population or less had access to internet in Benin,
Burkina Faso, Côte d’Ivoire, Guinea-Bissau, Liberia, Mali, Niger,
Sierra Leone and Togo. Only Cabo Verde and Nigeria could
provide one in three citizens with internet connections (see
Table 19.1).
4. See the ECOWAS Community Development Programme: www.cdp-pcd.ecowas.int
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A framework for co-ordinating the region’s STI policies
Why has the research sector had so little impact on
technological progress in West Africa? Apart from obvious
factors like underinvestment, this situation has resulted from
the relatively low political commitment to STI on the part of
individual countries. There is a lack of:
n national research and innovation strategies or policies

with a clear definition of measurable targets and the role
to be played by each stakeholder;
n involvement by private companies in the process

of defining national research needs, priorities and
programmes; and
n institutions devoted to innovation that can make the link

between research and development (R&D).
The low impact of science and technology (S&T) in
West Africa has also resulted from the differences in
education systems, the lack of convergence among
research programmes and the low level of exchanges and
collaboration between universities and research institutions.
The centres of excellence cited earlier should help to foster
collaboration and the dissemination of research results, as
well as a greater convergence among research programmes.
In education, the three-tiered degree system (bachelor’s
–master’s–PhD) has now been generalized to most West
African countries. In the case of WAEMU countries, this is
largely thanks to the Support to Higher Education, Science
and Technology Project, funded by a grant from the African
Development Bank. Between 2008 and 2014, WAEMU
invested US$ 36 million in this reform.
The ECOWAS Policy on Science and Technology (ECOPOST)
is the logical next step. Adopted in 2011, it is an integral
part of Vision 2020. ECOPOST provides a framework for
member states wishing to improve – or elaborate for the
first time – their own national policies and action plans
for STI. Importantly, ECOPOST includes a mechanism for
monitoring and evaluating the policy’s implementation,
an aspect often overlooked. Nor does it neglect funding.
It proposes creating a solidarity fund which would be
managed by a directorate within ECOWAS to help countries
fund investment in key institutions and improve education
and training; the fund would also be used to attract foreign
direct investment (FDI). As of early 2015, the fund had not
yet been established.
The regional policy advocates the development of a science
culture in all sectors of society, including through science
popularization, the dissemination of research results in
local and international journals, the commercialization of
research results, greater technology transfer, intellectual
property protection, stronger university–industry ties and
the enhancement of traditional knowledge.
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Box 18.2: An African Economic Community by 2028
The Abuja Treaty (1991) established
a calendar for creating an African
Economic Community by 2028. The
first step was to establish regional
economic communities in parts of
Africa where these were still lacking.
The next target is to establish a free
trade area and customs union in each
regional economic community by
2017 then across the entire continent
by 2019. A continent-wide African
Common Market is to become
operational in 2023. The last stage will
consist in establishing a continentwide economic and monetary union
and parliament by 2028, with a single
currency to be managed by the African
Central Bank.
The six regional pillars of the future
African Economic Community are the
following regional communities:
n

Economic Community of West
African States (ECOWAS): 15 states,
population of circa 300 million;

n

Economic Community of Central
African States (ECCAS), 11 states,
population of circa 121 million;

n

Southern African Development
Community (SADC), 15 states,
population of circa 233 million;

n

East African Community (EAC),
5 states, population of circa
125 million;

n

Common Market for Eastern and
Southern Africa (COMESA), 20 states,
population of circa 406 million;

n

Intergovernmental Authority on
Development (IGAD), 8 states,
population of circa 188 million.

Some countries belong to more than
one economic community, creating
overlap (see Annex 1 for the membership
of these regional blocs). Kenya, for
instance, is a member of COMESA,
EAC and IGAD. There are also smaller
regional blocs. One example is the
West African Economic and Monetary
Union grouping Benin, Burkina Faso,
Côte d’Ivoire, Guinea-Bissau, Mali, Niger,
Senegal and Togo.
ECOWAS has launched a common
passport to facilitate travel and finance
ministers agreed in 2013 to launch
a Common External Tariff in 2015 to
discourage wide price differentials and
smuggling across the region.
In 2000, nine COMESA members formed
a free trade area: Djibouti, Egypt, Kenya,
Madagascar, Malawi, Mauritius, Sudan,
Zambia and Zimbabwe. They were later
joined by Burundi and Rwanda (2004),
Comoros and Libya (2006) and by the
Seychelles in 2009. In 2008, COMESA
agreed to expand its free-trade zone to
include EAC and SADC members. The
COMESA–EAC–SADC Tripartite Free

Trade Agreement was signed on
10 June 2015 in Sharm-El-Sheikh
(Egypt).
On 1 July 2010, the five EAC members
formed a common market grouping
Burundi, Kenya, Rwanda, Tanzania and
Uganda. In 2014, Rwanda, Uganda and
Kenya agreed to adopt a single tourist
visa. Kenya, Tanzania and Uganda have
also launched the East African Payment
System. The region is also investing in
a standard gauge regional rail, roads,
energy and port infrastructure to
strengthen links to Mombasa and Dar
es Salaam. Intra-EAC trade grew by
22% in 2012 over the previous year. On
30 November 2013, the EAC countries
signed a Monetary Union Protocol
with the aim of establishing a common
currency within 10 years.
Pending the single African currency,
14 countries currently use the West
African CFA and Central African CFA
currency (in place since 1945), which
is indexed on the euro managed
by the European Central Bank. The
indexation of the CFA on a strong
currency favours imports over exports.
Five countries currently use the South
African Rand: Lesotho, Namibia, South
Africa, Swaziland and Zimbabwe.
Source: AfDB et al. (2014); other information
compiled by authors

ECOPOST encourages countries inter alia to:
n raise gross domestic expenditure on R&D (GERD) to 1% of

GDP, as recommended by the African Union a decade ago;
currently, it averages 0.3% in West Africa;
n define their own research priorities, so that researchers are

working on topics of national interest rather than those
proposed by donors;
research projects on a competitive basis;
n establish science and innovation prizes;

n put in place a national fund for local innovators which

would also help them protect their intellectual property
rights;
n adapt university curricula to local industrial needs;
n develop small research and training units in key industrial

fields, such as lasers, fibre optics, biotechnology,
composite materials and pharmaceuticals;
n equip research laboratories, including with ICTs;
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n create a national S&T fund which would allocate funds to

n define a harmonized regional status for researchers;

UNESCO SCIENCE REPORT
n establish science and technology parks and business

incubators;
n help companies specializing in electronics to set

up business in their country and develop the use of
satellites and remote sensing for telecommunications,
environmental monitoring, climatology, meteorology, etc.;

ECOWAS was barely more visible in the second African
Innovation Outlook, with just six countries contributing R&D
data, out of 19 across the continent: Burkina Faso, Cabo
Verde, Ghana, Mali, Senegal and Togo (NPCA, 2014). Nigeria
was totally absent and only Ghana and Senegal provided a
full set of data for all four performance sectors, which is why
they alone feature in Figure 18.5.

n develop a national capacity to manufacture computer

hardware and design software;
n facilitate the spread of modern IT infrastructure to foster

teaching, training and research;
n incite the private sector to finance research and

technology through tax incentives and related measures;
n create networks between universities, research institutions

and industry to promote collaboration;
n foster clean, sustainable sources of energy and the

development of local construction materials;
n establish national and regional databases on R&D

Subregional training workshops were organized for countries
by ECOWAS in 2013 and 2014 on STI indicators and how to
draft research proposals.
ECOWAS has taken other steps recently to tackle the lack of
technological impact of the research sector:
n In 2012, the ministers in charge of research adopted

the ECOWAS Research Policy (ECORP) while meeting in
Cotonou;
n In 2011, ECOWAS created the West Africa Institute within a

public–private partnership (Box 18.3).

activities.
Countries are also encouraged to work with the ECOWAS
Commission to improve data collection. Of the 13 countries
which participated in the first phase5 of the African Science,
Technology and Innovation Indicators Initiative (ASTII), just
four from ECOWAS contributed to ASTII’s first collection of
R&D data for publication in the African Innovation Outlook
(2011): Ghana, Mali, Nigeria and Senegal (NPCA, 2011).

5. ASTII was launched in 2007 by the African Union’s New Partnership for Africa’s
Development (NEPAD), in order to improve data collection and analysis on R&D.

TRENDS IN EDUCATION
Efforts to generalize primary education are paying off
One of West Africa’s toughest challenges will be to educate
and train young people and develop a highly skilled labour
force, particularly in science and engineering. Illiteracy
remains a major hurdle to expanding science education: only
two out of three young people (62.7%) between the ages of
15 and 24 are literate, with the notable exception of Cabo
Verde (98.1%). The proportion of literates is as low as one
person in four in Niger (23.5%).

Box 18.3: The West Africa Institute
The West Africa Institute was established
in Praia (Cabo Verde) in 2010 to provide
the missing link between policy and
research in the regional integration
process. The institute is a service
provider, conducting research for
regional and national public institutions,
the private sector, civil society and the
media. The think tank also organizes
political and scientific dialogues
between policy-makers, regional
institutions and members of civil society.

to market integration in West Africa; new
ICTs; education; the problem of shared
resources (land, water, minerals, coastal
and maritime security); funding of NGOs in
West Africa; and migration.

There are ten research themes: the
historical and cultural bases of regional
integration; citizenship; governance;
regional security; economic challenges

In 2008, the Summit of Heads of State and
Government of ECOWAS in Ouagadougou
(Burkina Faso) unanimously endorsed the
idea to create the West Africa Institute.
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The idea for the West Africa Institute
emerged from 15 research workshops
on the theme of regional integration
organized in the ECOWAS member states
by UNESCO’s Management of Social
Transformations programme.

In 2009, UNESCO’s General
Conference established the
West Africa Institute as one of its
category 2 institutes, which means
that it functions under the auspices
of UNESCO. A year later, the
Government of Cabo Verde passed
a law establishing the institute in
the capital.
The institute is the fruit of a public–
private partnership involving
ECOWAS, WAEMU, UNESCO, the
pan-African Ecobank and the
Government of Cabo Verde.
Source: westafricainstitute.org

West Africa
The considerable efforts made at the primary level are paying
off, with the average enrolment rate having risen from 87.6%
to 92.9% between 2004 and 2012 (Table 18.3). According to
the ECOWAS Annual Report (2012), enrolment has increased by
as much as 20% since 2004 in four countries: Benin, Burkina
Faso, Côte d’Ivoire and Niger.

The challenge now will be to raise the enrolment rate at
secondary level from 45.7% in 2011, albeit with marked
differences from one country to another: just one in four
children from Niger and Burkina Faso attend secondary
school, whereas, in Cabo Verde, enrolment has shot up to
92.7% (2012).

However, in most West African countries, one in three
children do not complete the primary cycle. The share is
even higher than 50% in Burkina Faso and Niger. In 2012,
there were an estimated 17 million children out of school
in ECOWAS countries. Although this represents a 3%
improvement over the previous decade, this figure pales in
comparison to that for sub-Saharan Africa as a whole, where
the drop-out rate has fallen by 13%. Cabo Verde and Ghana
are the exceptions to the rule, both having a high completion
rate (over 90%). Ghana has achieved almost 100% enrolment
at primary level, largely thanks to the government’s free
school meals programme. Five out of six ECOWAS countries
reported a higher percentage of qualified primary teachers
in 2012 than eight years earlier; especially notable are
improvements in Senegal (+15%) and Cabo Verde (+13%).

To promote girls’ education, ECOWAS established the
ECOWAS Gender Development Centre in Dakar in 2003.
Moreover, ECOWAS provides scholarships for girls from
disadvantaged families to enable them to pursue their
technical or vocational education. The ECOWAS Annual Report
for 2012 states that the number of girls receiving scholarships
in each country had doubled from five to ten or more by 2012
in some countries.

Table 18.3: Gross enrolment in ECOWAS countries,
2009 and 2012 (%)
Share of population at all levels of education
Primary (%)

Secondary (%)

2009

2012

2009

114.87

122.77

–

Burkina Faso

77.68

84.96

Cabo Verde

111.06

111.95

Côte d’Ivoire

79.57

94.22

Gambia

85.15

Ghana
Guinea

Benin

Guinea-Bissau

Tertiary (%)

2012

2009

2012

54.16+1

9.87

12.37-1

20.30

25.92

3.53

4.56

85.27

92.74

15.11

20.61

39.08+1

9.03

4.46

–

85.21

58.84

–

–

–

105.53

109.92

58.29

58.19

8.79

12.20

84.60

90.83

34.29-1

38.13

9.04

9.93

–

–

–

45.16

9.30

11.64

+1

116.22

–

Liberia

99.64

102.38

Mali

89.25

88.48

39.61

44.95+1

6.30

7.47

Niger

60.94

71.13

12.12

15.92

1.45

1.75

Nigeria

85.04*

–

38.90*

–

–

–

Senegal

84.56

83.79

36.41+1

41.00-1

8.04

128.23

132.80

43.99

54.94

9.12

Togo

+1

-1

–
-1

-1

-1

–
+1

–
+1

10.31

Growing student rolls but universities remain elitist
On average, the gross enrolment rate for tertiary education
in West Africa was 9.2% in 2012. Some countries have made
impressive progress, such as Cabo Verde between 2009
(15.1%) and 2012 (20.6%). In others, a university education
remains elusive: the figures for Niger and Burkina Faso have
stagnated at 1.7% and 4.6% of school leavers respectively.
University rolls are rising but this needs placing in a context
of strong population6 growth. The notable exception is Côte
d’Ivoire, where student numbers have been a casualty of the
violence and political uncertainty arising from the disputed
2010 election, which prompted the closure of universities
and eventually unseated President Gbagbo.

*estimation by UNESCO Institute for Statistics
-n/+n = data refer to n years before or after reference year
Source: UNESCO Institute for Statistics, May 2015

6. The population is growing by more than 3% each year in the Sahelian
countries of Mali and Niger and by more than 2.3% in all but Sierra Leone (1.8%)
and Cabo Verde (0.95%). See Table 19.1
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It is difficult to draw conclusions for West Africa as a whole,
given the patchy data. The available data nevertheless
reveal some interesting trends. For instance, student rolls
have surged in recent years in Burkina Faso and Ghana
(Table 18.4). Burkina Faso shows the particularity, moreover,
of having one of the subregion’s highest ratios of PhD
students: one in 20 graduates goes on to enroll in a PhD.
The number of PhDs in engineering fields remains low:
58 in Burkina Faso and 57 in Ghana in 2012, compared to
36 in Mali and just one in Niger in 2011. Of note is that
Ghana is the only country with a critical mass of PhD
students in agriculture (132 in 2012), a situation which
bodes ill for agricultural development in the subregion.
Likewise, Burkina Faso trains a much greater number of
PhDs in the field of health than its neighbours; women tend
to be most attracted to health sciences: they represent one
in three of these PhD candidates in Burkina Faso and Ghana,
compared to about one in five in science and engineering
(Figure 18.3).
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Table 18.4: Tertiary enrolment in West Africa, 2007 and 2012 or nearest available year
By level and field of study, selected countries
Total

Engineering, manufacturing
and construction
Agriculture

Science

3 693

128

284

Burkina Faso, 2012

16 801

49 688

2 405

1 307

8 730

296

2 119

Côte d’Ivoire, 2012

57 541

23 008

269

Ghana, 2008

64 993

124 999

281

6 534

18 356

52

7 290

9 091

Ghana, 2012

89 734

204 743

867

3 281

24 072

176

8 306

14 183

Mali, 2009

10 937

65 603

127

88

6 512

69

0

950

9

Mali, 2011

10 541

76 769

343

25

1 458

82

137

1 550

36

Niger, 2009

3 252

12 429

311

258

1 327

30

Niger, 2011

3 365

14 678

285

139

1 825

21

–
303

12 946

0

100

219

2

203

1 892

928

58

50

67

17

0

2 147

1 554

7 817

–

1 039

–

240

29

1724

263

6 794

32

946

4 744

6

57 1 001

7 424

132

3 830

10 144

69

602

408

2

1 214

5 202

4

662

0

23

2 024

3 956

0

315

4

871

1 814

–

479

6

1 330

2 072

213

–
56

PhD

735

1st & 2nd
degree

1 236

Postsecondary

24 259

PhD

7 964

1st & 2nd
degree

Postsecondary

PhD

1st & 2nd
degree

Postsecondary

PhD

1st & 2nd
degree

Postsecondary

PhD

1st & 2nd
degree

Postsecondary

Burkina Faso, 2007

Health

–
1

0

Source: UNESCO Institute for Statistics, January 2015

Figure 18.3: West African PhD students enrolled in S&T fields by gender, 2007 and 2012 or closest year
Selected countries
1 314

480

Engineering, manufacturing & construction

Agriculture

1
r2

01

1
ge
Ni

i2

01

8

Health

al

o

20

aF
as

o
Bu

rk

in

aF
as
in
rk
Bu

00

1
20
1

1
ge
r

Ni

i2
01
M

al

al

i2

00

12
M

20
an
a

20
Gh

an
a

20
Gh

o

20

aF
as

o
in
rk

aF
as
Bu

in

Science

Source: UNESCO Institute for Statistics, January 2015

M

0

i2

0

al

100

12

100

M

200

20

200

08

300

an
a

300

20

400

Gh

400

an
a

500

20

500

Gh

600

07

600

8

700

08

700

12

800

07

800

rk
Bu

WOMEN

12

MEN

West Africa
TRENDS IN R&D

Figure 18.4: GERD/GDP ratio in West Africa,
2011 or closest year (%)

Most countries still far from 1% target
ECOWAS countries still have a long way to go to reach the AU’s
target of devoting 1% of GDP to GERD. Mali comes closest (0.66%),
followed by Senegal (Figure 18.4). The strong economic growth
experienced by the subregion in recent years does, of course, make
it harder to improve the GERD/GDP ratio, since GDP keeps rising.
Although the government is the main source of GERD, foreign
sources contribute a sizeable chunk in Ghana (31%), Senegal (41%)
and Burkina Faso (60%). Gambia receives nearly half of its GERD
from private non-profit sources (see Table 19.5).

Selected countries
Burkina Faso (2009)
Cabo Verde (2011)

0.20
0.07

Gambia (2011)

0.13

Ghana (2010)

0.38

Mali (2010)
Nigeria (2007)

GERD tends to be spent mainly in either the government or
university sectors, depending on the country, although only
Ghana and Senegal have provided data for all four performing
sectors. These data reveal that the share of GERD performed
by the business enterprise sector in these two countries is
negligible (Figure 18.5). This will need to change if the region is
to raise its investment in R&D.

0.66

0.66
0.22

Senegal (2010)

0.54

Togo (2012)

0.22

Source: UNESCO Institute for Statistics, January 2015

Figure 18.5: GERD in Ghana and Senegal by sector
of performance, 2010

A lack of researchers, in general, and women, in particular
It would be hazardous to extrapolate to the entire subregion
without recent data for more than seven countries but the
available data do suggest a shortage of qualified personnel.
Only Senegal stands out, with 361 full-time equivalent (FTE)
researchers per million population in 2010 (Table 18.5). Despite
policies promoting gender equality, women’s participation in
R&D remains low. Cabo Verde, Senegal and Nigeria have some of
the best ratios: around one in three (Cabo Verde) and one in four
researchers. Concerning the sector of employment, the surprise
comes from Mali, where half (49%) of researchers were working in
the business enterprise sector in 2010 (Table 18.5).

Ghana

0.2

Senegal

0.3

96.0

3.8

52.0

31.4

Business enterprise sector
Higher education

16.2

Government

Private non-profit

Note: Complete data for each sector are unavailable for other West African
countries.
Source: UNESCO Institute for Statistics, January 2015

Table 18.5: Researchers (FTE) in West Africa, 2012 or closest year
By sector of employment
(% of total)

Total

39

17.3

1.0

Mali, 2010

443

32

14.1

Nigeria, 2007

5 677

39

Senegal, 2010

4 679
242

Togo, 2012

344

27.4

64

13.7

26

15.5

49

30.4

0.0

5

60.0

8

12.5

0.0

–

0.0

–

6

50.0

6

33.3

38.3

59.9

164

17.5

120

7.7

135

19.3

183

14.1

197

18.6

118

26.8

49.0

34.0

16.9

–

–

–

–

–

–

–

–

–

–

–

–

23.4

0.0

19.6

80.4

–

–

–

–

–

–

–

–

–

–

–

–

361

24.8

0.1

4.1

95.0

841

16.9

99

14.1

898

31.7

110

27.9

2 326

27.2

296

17.1

36

9.4

–

22.1

77.9

32

7.1

13

7.8

40

8.3

63

3.8

5

14.1

88

14.1

Note: The sum of the breakdown by field of science may not correspond to the total because of fields not elsewhere classified.
Source: UNESCO Institute for Statistics, January 2015
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941

12.8

Women (%)

Ghana, 2010

121

Humanities

100.0

12.2

Women (%)

0.0

98

Social
Sciences

36.0

Women (%)

51

Agricultural
Sciences

25

Women (%)

Cabo Verde, 2011

Med. & Health
Sciences

–

Women (%)

Higher
education (%)

–

Engineering

Government
(%)

–

Women (%)

Business sector
(%)

21.6

Natural
Sciences

Women (%)

48

Per million
population

742

Numbers
Burkina Faso, 2010

By field of science and share of women
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A modest publication record, little intraregional
collaboration
When it comes to scientific publications, West Africa has
not progressed as quickly as the rest of the continent since
2005 (Figure 18.6). Output remains low, with only Gambia
and Cabo Verde publishing more than 30 articles per million
population. In the coming years, the country to watch may
be Ghana, where the number of articles almost tripled to 579
between 2005 and 2014.
From 2008 to 2014, the top three partners for ECOWAS
authors came from the USA, France and the UK, in that order.
South Africa, Burkina Faso and Senegal are the main African
partners of ECOWAS countries. South Africa has established
bilateral agreements with Ghana, Mali and Nigeria to boost
co-operation in science and technology (see Table 20.6).
A report by the African Observatory of Science, Technology
and Innovation on scientific production in the African Union
between 2005 and 2010 indicates that only 4.1% of scientific
papers published by Africans involved co-authors from the
same continent in 2005–2007 and 4.3% in 2008–2010 (AOSTI,
2014).
Judging from the publication record, ECOWAS research
focuses on medical and biological sciences, even if Nigeria
did publish 1 250 research articles on agriculture between
2008 and 2014. Agricultural research takes a back seat in most
ECOWAS countries, despite being a priority. This is hardly
surprising, given the small number of PhDs in agriculture
emerging from the universities of most West African countries
and the generally low level of investment in agriculture.
Research in mathematics, astronomy and computer science is
negligible, even among the subregion’s leaders, Nigeria and
Ghana (Figure 18.6).

COUNTRY PROFILES
BENIN
A need to match R&D with development
needs
In Benin, the Ministry of Higher Education and Scientific Research
is responsible for implementing science policy. The National
Directorate of Scientific and Technological Research handles
planning and co-ordination, whereas the National Council for
Scientific and Technical Research and National Academy of
Sciences, Arts and Letters each play an advisory role.
Financial support comes from Benin’s National Fund for
Scientific Research and Technological Innovation. The
Benin Agency for the Promotion of Research Results and
Technological Innovation carries out technology transfer
through the development and dissemination of research results.
The regulatory framework has evolved since 2006 when the
country’s first science policy was prepared. This has since
been updated and complemented by new texts on science
and innovation (the year of adoption is between brackets):
n A manual for monitoring and evaluating research

structures and organizations (2013);
n A manual on how to select research programmes and

projects and apply to the National Fund for Scientific
Research and Technological Innovation (2013) for
competitive grants;
n A draft act for funding scientific research and innovation

and a draft code of ethics for scientific research and
innovation were both submitted to the Supreme Court in
2014;
n A strategic plan for scientific research and innovation

In the great majority of ECOWAS countries, more than eight
out of ten scientific articles catalogued in the Web of Science
between 2008 and 2014 had foreign partners. In the case of
Cabo Verde, Guinea-Bissau and Liberia, this was even the case
for the totality of articles, although it must be said that these
three countries have a low output. There are two exceptions
to the rule: in Côte d’Ivoire, three-quarters of articles (73%)
had foreign co-authors between 2008 and 2014 and, in
Nigeria, just over one-third (37%). In comparison, the average
for members of the Organisation for Economic Co-operation
and Development (OECD) is 29%. As for G20 countries, they
publish just under 25% of articles with foreign partners on
average. The average for sub-Saharan Africa is 63%.

(under development in 2015).
Equally important are Benin’s efforts to integrate science into
existing policy documents:
n Benin Development Strategies 2025: Benin 2025 Alafia (2000);
n Growth Strategies for Poverty Reduction 2011–2016 (2011);
n Phase 3 of the Ten-year Development Plan for the Education

Sector, covering 2013–2015;
n Development Plan for Higher Education and Scientific

Research 2013–2017 (2014).
The priority areas for scientific research are health, education,
construction and building materials, transportation and trade,
culture, tourism and handicrafts, cotton/textiles, food, energy
and climate change.
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The main research structures are the Centre for Scientific and
Technical Research, National Institute of Agricultural Research,
National Institute for Training and Research in Education,
Office of Geological and Mining Research and the Centre for
Entomological Research. The University of Abomey-Calavi also
deserves mention for having been selected by the World Bank
as a centre of excellence in applied mathematics (Table 18.1).
The main challenges facing R&D in Benin are the:
n unfavourable organizational framework for R&D: weak

governance, a lack of co-operation between research
structures and the absence of an official document on the
status of researchers;
n inadequate use of human resources and the lack of any

motivational policy for researchers; and the
n mismatch between R&D and development needs.

BURKINA FASO
S&T have become a development priority
Since 2011, Burkina Faso has clearly made S&T
a development priority. The first sign was the creation of
the Ministry of Scientific Research and Innovation in January
2011. Up until then, management of STI had fallen under the
Department of Secondary and Higher Education and Scientific
Research. Within this ministry, the Directorate General for
Research and Sector Statistics is responsible for planning. A
separate body, the Directorate General of Scientific Research,
Technology and Innovation, co-ordinates research. This is
a departure from the pattern in many other West African
countries where a single body fulfils both functions.
In 2012, Burkina Faso adopted a National Policy for Scientific
and Technical Research, the strategic objectives of which are
to develop R&D and the application and commercialization
of research results. The policy also makes provisions for
strengthening the ministry’s strategic and operational capacities.

in parallel, applied sciences and technology and social and
human sciences. To complement the national research
policy, the government has prepared a National Strategy to
Popularize Technologies, Inventions and Innovations (2012) and
a National Innovation Strategy (2014).
Other policies also incorporate science and technology, such as
that on Secondary and Higher Education and Scientific Research
(2010), the National Policy on Food and Nutrition Security (2014)
and the National Programme for the Rural Sector (2011).
In 2013, Burkina Faso passed the Science, Technology and
Innovation Act establishing three mechanisms for financing
research and innovation, a clear indication of high-level
commitment. These mechanisms are the National Fund for
Education and Research, the National Fund for Research and
Innovation for Development and the Forum of Scientific
Research and Technological Innovation7. The creation of national
funds for R&D is one of the recommendations of ECOPOST.
The other most important actors are the National Centre
for Scientific and Technological Research, Institute for
Environment and Agricultural Research, National Agency for
Biodiversity, National Council for Phytogenetic Resources
Management and the Technical Secretariat for Atomic Energy.
Responsibility for technology transfer and the popularization
of research results falls to the National Agency for the
Promotion of Research Results and the National Centre for
Scientific and Technological Research.
Burkina Faso faces a number of challenges in developing R&D:
n a small pool of researchers: 48 per million population in 2010;
n a lack of research funding,
n outdated research facilities,
n poor access to information and internet: 4.4% of the

population in 2013;
n an insufficient utilization of research results; and
n brain drain.

Before he passed away in December 2013, Nelson Mandela,
a champion of education, lent his name to two graduate
universities entrusted with the mission of producing a
new generation of Africa-focused researchers, the African
Institutes of Science and Technology in Tanzania and Nigeria.
A third is planned for Burkina Faso.

A dual priority is to promote innovative, effective and
accessible health systems; the growing number of doctoral
candidates in medicine and related fields is a step in the right
direction (Figure 18.3). The government wishes to develop,

7. Funding comes from the national budget and various annual subsidies: 0.2% of
tax revenue, 1% of mining revenue and 1% of the revenue from operating mobile
phone licenses. The funds also benefit from royalties on sales from the results of
research and the patent license agreement concerning inventions funded by the
public purse.
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One of the key priorities is to improve food security and
self-sufficiency by boosting capacity in agricultural and
environmental sciences. The creation of a centre of excellence
at the International Institute of Water and Environmental
Engineering (2iE) in Ouagadougou within a World Bank
project (Table 18.1) provides essential funding for capacitybuilding in these priority areas. Burkina Faso also hosts the
African Biosafety Network of Expertise (Box 18.1).

Figure
18.6:
Scientific
publication trends in West Africa, 2005–2014
UNESCO
SCIENCE
REPORT
Scientists from Gambia and Cabo Verde publish most in international journals
Per million inhabitants, 2014
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West African scientists publish much more in health than in agriculture
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37

10
21
5
1
38
1
26
32 4 85

782

2

58

22

54

45

1

495 37

1

862

51
2
8

9

2 2
7 7

103

163

189

30
266
87 109

2 747

78

478

7

4 71

68

111

5

Agriculture

Astronomy

Biological sciences

Geosciences

Mathematics

Medical sciences

21

Chemistry

1

261
91

750

87 7 46

4

6

1
10
6

2261

2

302

23

160

Senegal

7

204

3

292
66

50

3
22

99

5 1
22 26
5

4

13

3

394

13

76

75

35

114

336

67

1

259

16
11
70 5

Guinea-Bissau 1

Togo

90

22

33
78

648

6

Mali

49

286

Ghana

Liberia

2

95

3

427

Gambia 6

Guinea

39

23
78

6
6

471

15

3

7

89

Physics

1
5
1
2 12

1
2

Engineering

Computer science

Other life sciences

4
33

Psychology

Social sciences

Note: Totals exclude unclassified articles.

A wide range of scientific partners, including in Africa
Main foreign partners, 2008–2014 (number of papers)
2nd collaborator

3rd collaborator

4th collaborator

5th collaborator

Benin

France (529)

Belgium (206)

USA (155)

UK (133)

Netherlands (125)

Burkina Faso

France (676)

USA (261)

UK (254)

Belgium (198)

Germany (156)

Cabo Verde

Portugal (42)

Spain (23)

UK (15)

USA (11)

Germany (8)

Côte d’Ivoire

France (610)

USA (183)

Switzerland (162)

UK (109)

Burkina Faso (93)

Gambia

UK (473)

USA (216)

Belgium (92)

Netherlands (69)

Kenya (67)

Ghana

USA (830)

UK (636)

Germany (291)

South Africa (260)

Netherlands (256)

Guinea

France (71)

UK (38)

USA (31)

China (27)

Senegal (26)

Guinea-Bissau

Denmark (112)

Sweden (50)

Gambia /UK (40)

–

USA (24)

Liberia

USA (36)

UK (12)

France (11)

Ghana (6)

Canada (5)

Mali

USA (358)

France (281)

UK (155)

Burkina Faso (120)

Senegal (97)

Niger

France (238)

USA (145)

Nigeria (82)

UK (77)

Senegal (71)

Nigeria

USA (1309)

South Africa (953)

UK (914)

Germany (434)

China (329)

Senegal

France (1009)

USA (403)

UK (186)

Burkina Faso (154)

Belgium (139)

Sierra Leone

USA (87)

UK (41)

Nigeria (20)

China/Germany (16)

–

Togo

France (146)

Benin (57)

USA (50)

Burkina Faso (47)

Côte d'Ivoire (31)
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1st collaborator

Source: Thomson Reuters’ Web of Science, Science Citation Index Expanded, data treatment by Science–Metrix, November 2014
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CABO VERDE
A model for civil rights and development
Cabo Verde remains a model for political rights
and civil liberties in Africa, according to a country study by the
African Development Bank in 2014. Thanks to its sustained
economic performance, this isolated and fragmented territory
with a dry Sahelian climate and scarce natural resources
acceded to the World Bank’s middle-income category in 2011.
In order to maintain the momentum, the government has
devised its third Growth and Poverty Strategy Paper covering
the period 2012–2016. Expanding the coverage of health
service delivery and human capital development have been
designated priority areas, in order to ensure inclusive growth,
with an emphasis on technical and vocational training.
In recent years, Cabo Verde has invested more than 5% of
GDP in education. This strategy has paid off. The literacy rate
is now the highest in West Africa (98%), with 93% of young
people being enrolled in secondary school and one in five in
tertiary education (Table 18.3).
Plans to strengthen research
Research spending, on the other hand, remains among the
lowest in West Africa, at 0.07% of GDP in 2011. The Ministry
of Higher Education, Science and Culture plans to strengthen
the research and academic sectors by placing emphasis
on greater mobility, through exchange programmes and
international co-operation agreements. As part of this
strategy, Cabo Verde is participating in the Ibero-American
academic mobility programme that expects to mobilize
200 000 academics between 2015 and 2020.
ICTs at the heart of development plans
Cabo Verde Telecom linked all the islands by fibre optic cable
in 2000. In December 2010, it joined the West African Cable
System project8 to provide residents with an alternative
access route to high-speed internet. Thanks to this, internet
penetration more than doubled between 2008 and 2013
to 37.5% of the population. As the cost remains high, the
government provides centres where people can surf the
internet free of charge.
The government now plans to build a ‘cyber-island’ which
would develop and offer ICT services, including software
development, computer maintenance and back office
operations. Approved in 2013, the Praia Technology Park is a
step in this direction; financed by the African Development
Bank, it is expected to be operational by 2018.
The government launched the Mundu Novu project in
2009 to modernize education. The project is introducing
the concept of interactive education into teaching and
8. See: www.fosigrid.org/africa/cape-verde
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mainstreaming informatics into curricula at different levels.
Some 150 000 computers are being distributed9 to public
schools. By early 2015, the Mundu Novu education plan
had equipped 18 schools and training centres with internet
access, installed the Wimax antenna network across the
country, produced teaching kits on ICTs for 433 classrooms
in 29 pilot schools (94% of all classrooms), given university
students access to digital libraries and introduced courses
in information technology, in addition to implementing an
Integrated Management and Monitoring System for university
students.

CÔTE D’IVOIRE
A plan to consolidate peace and promote
inclusive growth
With the political crisis now over, the incoming government
of President Alassane Ouattara has vowed to restore the
country to its former leading role in sub-Saharan Africa. The
National Development Plan for 2012–2015 has two primary
objectives: to achieve double-digit growth by 2014 and to
turn Côte d’Ivoire into an upper middle-income country
by 2020. A second national development plan is under
preparation for 2016–2020.
The budget for the National Development Plan is broken down
into five strategic areas: greater wealth creation and social equity
(63.8%, see Figure 18.7), provision of quality social services for
vulnerable populations, particularly women and children (14.6%),
good governance and the restoration of peace and security
(9.6%), a healthy environment (9.4%) and the repositioning of
Côte d’Ivoire on the regional and international scenes (1.8%).
Key targets of the Plan requiring recourse to S&T include:
n rehabilitation of the railway linking Abidjan to Burkina

Faso’s border, rehabilitation and extension of the ports of
Abidjan and San Pédro, creation of a new airline company
(infrastructure and transport);
n increasing the productivity of yam, banana plantain and

manioc by at least 15% (agriculture);
n creation of two transformation units for iron and

manganese and one for gold refining (mining);
n construction of the Soubré dam, electrification of 200 rural

communities each year (energy);
n establishment and equipping of three technopoles

to promote innovation, transformation of 50% of raw
materials into value-added goods (industry and SMEs);
9. Microsoft has given the official government agency working on Mundu Novu,
Operational Information Society Nucleus, a 90% discount on the operating systems
being installed in schools, through an agreement signed in August 2010.
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n expansion of the country’s fibre optic10 network,

introduction of an e-education programme, establishment
of cybercentres in every municipality (post and ICTs);
n construction and equipping of 25 000 classrooms,

construction of four universities and a university village,
rehabilitation of several existing universities (education);
n rehabilitation of hospitals and clinics, free health care for

children under the age of five, free childbirth care and free
emergency care (health);
n construction of latrines in rural areas, rehabilitation of

sewage systems in Abidjan and Yamoussoukro (sanitation);
n connection of 30 000 low-income families each year to

Apart from low investment, other challenges include
inadequate scientific equipment, the fragmentation of
research organizations and a failure to exploit and protect
research results.
Côte d’Ivoire does not yet have a dedicated STI policy.
Related policies are implemented by the Ministry of Higher
Education and Scientific Research. The main planning
body is the Directorate General of Scientific Research and
Technological Innovation and its technical directorate.
For its part, the Higher Council for Scientific Research
and Technological Development serves as a forum for
consultation and dialogue with stakeholders and research
partners.

subsidized piped water (drinking water);
n rehabilitation of the lagoon and Cocody Bay in Abidjan and

construction of a technopole to treat and recycle industrial
and dangerous waste (environment).
Figure 18.7: Priority sectors of Côte d’Ivoire’s
National Development Plan to 2015
Within budget devoted to greater wealth creation and social equity (%)
Agriculture

Research and innovation are promoted and funded by the
National Agricultural Investment Programme (est. 2010),
the Policy Support Programme for Scientific Research (est.
2007), the Interprofessional Fund for Agricultural Research
and Advice (est. 2002), the National Fund for Scientific and
Technological Research (yet to be established) and the
Ivorian Fund for the Development of National Enterprises
(est. 1999).

Industry and SMEs
Hydrocarbons
9.53

8.81

13.30

8.63
8.61
4.02

38.9

Energy

Mining
Economy
Commerce: 2.63
Post and ICTs: 2.28
Scientific research: 1.20
Tourism: 0.42
Handicrafts: 0.67

Infrastructure and transportation
Source: Ministry of Planning and Development (2012) National Development
Plan, 2012–2015

Infrastructure is a top priority
The share of the Plan devoted to scientific research remains
modest (Figure 18.7). Twenty-four national research
programmes group public and private research and
training institutions around a common research theme.
These programmes correspond to eight priority sectors for
2012–2015, namely: health, raw materials, agriculture, culture,
environment, governance, mining and energy; and technology.

10. Just 2.4% of Ivoirians had internet access in 2012.

Other key structures include the Pasteur Institute, Centre
for Oceanological Research, National Centre for Agronomic
Research, National Institute of Public Health, Centre for
Ecological Research and the Centre for Economic and Social
Research.

GAMBIA
A desire to link training with STI
development
Gambia’s Programme for Accelerated Growth and
Employment, covering the period 2012–2015, drives its own
vision of attaining middle-income status. One of the smallest
countries in West Africa, with a per capita GDP of PPP$ 1 666,
Gambia is conscious of the need for a robust STI capacity to
address its pressing development challenges. Just 14% of
the population has access to internet, for instance, and only
three in four Gambians have access to a clean water supply.
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According to the Ministry of Higher Education and Research,
Côte d’Ivoire devotes about 0.13% of GDP to GERD.

The following structures foster innovation and technology
transfer: the Department for the Promotion of Research
and Technological Innovation, the Ivorian Organization for
Intellectual Property and Promotion and the Centre for the
Demonstration of Technologies. To this list should be added
the Ivorian Society of Tropical Technology. Set up in 1979, this
government centre promotes agro-industrial innovation and
provides training in the preservation and transformation of
crops (manioc, banana plantain, cashew nut, coconut, etc.)
into value-added goods such as soap and cocoa butter.
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The establishment of the Ministry of Higher Education,
Research, Science and Technology in 2007 signals the
country’s desire to link the training of skilled personnel
with STI development. Other encouraging signs are the
president’s decision to make 2012 the Year of Science,
Technology and Innovation, the efforts to establish the
first-ever national academy of sciences in Gambia and the
adoption of the National Science, Technology and Innovation
Policy 2013–2022, prepared with UNESCO’s assistance.
This policy aims specifically to foster entrepreneurship
among youth and women, in order to enhance their
employability. It also aims to modernize both agriculture
(peanuts and derivatives, fish, cotton lint, palm kernels)
and national industries (tourism, beverages, agricultural
machinery assembly, woodworking, metalworking, clothing)
to create quality products and services.
A number of institutions provide research and training,
the main ones being the University of Gambia, the
National Agricultural Research Institute, the Centre for
Innovation against Malaria, the Public Health Research and
Development Centre, the Medical Research Council and the
International Trypanotolerance Centre.
Low tertiary enrolment, little R&D
Development indicators for Gambia are fairly encouraging
for a small country with limited resources. Public
expenditure on education has quadrupled since 2004 to
4.1% of GDP. Of this, just 7% (0.3% of GDP) is invested in
tertiary education. Although nine out of ten children attend
primary school, enrolment rates have not progressed
at either the primary or secondary levels since 2009,
suggesting that the government may be focusing on
improving the quality of primary and secondary education
(Table 18.3). Tertiary enrolment remains extremely low, at
just 3% of the 18–25 age cohort, even though it has risen in
recent years.
Just 0.13% of GDP is spent on R&D (2011). Gambia does have
the particularity, though, of having an active private nonprofit sector, which performs nearly half of R&D11 according
to available data – although it should be noted that the
business enterprise sector has not been surveyed. On the
whole, however, STI in Gambia is characterized by
inadequate infrastructure and insufficient skills and
institutional capacity to realize its science and innovation
goals, combined with a lack of funding. The National Science,
Technology and Innovation Policy is intended to address
these constraints.

11. This may be at least partly due to the fact that the Medical Research Council
in Gambia, a unit of the UK’s council of the same name, is classified as a private
non-profit institution.

488

GHANA
A desire to create a science culture
The Ghana Shared Growth and Development
Agenda 2014–2017 contextualizes the sector-specific policies
for agriculture, industry, health and education defined by
the National Science, Technology and Innovation Policy12
(2010). The main objectives of this policy are to use STI to
reduce poverty, increase the international competitiveness
of enterprises and promote sustainable environmental
management and industrial growth. The long-term goals
of the policy are to create a science and technology culture
oriented towards problem-solving.
Ghana has one of West Africa’s most developed national
innovation systems. There is a Council for Scientific and
Industrial Research, established in 1958, with 13 specialized
institutes for research on crops, animals, food, water and
industry. The export of cocoa contributed over 40% of the
country’s foreign exchange earnings up until the 1980s and
still contributes about 20%. The Cocoa Research Institute
of Ghana plays an important role in developing the cocoa
industry, through research into crop breeding, agronomy,
pest management and extension services, among others.
Other scientific institutions include the Ghana Atomic Energy
Commission, the Centre for Scientific Research into Plant
Medicine and the Noguchi Memorial Institute for Medical
Research at the University of Ghana.
Ghana has only a small pool of researchers (39 per million
population in 2010) but they are increasingly publishing
in international journals. Ghana’s scientific publication
record almost tripled between 2005 and 2014 (Figure 18.6).
This performance is all the more noteworthy in that Ghana
devoted just 0.38% of GDP to GERD in 2010 (see Table 19.5).
Greater investment needed to stimulate R&D
Between 2004 and 2011, Ghana invested 6.3% of GDP in
education, on average, and between one-fifth and one-quarter
of this in higher education. The number of students enrolled
in degree courses shot up from 82 000 to 205 000 (12% of the
age cohort) between 2006 and 2012 and the number of PhD
candidates from 123 to 867 (see Table 19.4).
The investment in education has not lived up to expectations,
as it has not acted as a stimulus for R&D. This is because science
and engineering are accorded insufficient status in Ghana.
Government scientists and academics (who perform 96%
of GERD) receive an inadequate budget and private sector
opportunities are rare. In the 2000s, successive governments
made efforts to enhance the infrastructure for modern business
12. This policy followed a review of Ghana’s national innovation system by UNCTAD,
the World Bank and Ghana’s Science and Technology Policy Research Institute.

West Africa
development. They fostered business incubators for ICTs,
industrial parks for textiles and garments and smaller
experimental incubators within research institutes like the
Food Research Institute. These are all located in the AccraTema metropolis where they are too inaccessible for the
thousands of entrepreneurs living outside the capital who
need these facilities to develop their businesses.

economic environments and to identify opportunities for
access to new markets through innovation and creativity.
Over the period 2013–2015, economic intelligence poles
are being established for the administration (public
services) and private sector (employers);
n clean industries;
n security of intellectual and economic property;

Despite insufficient investment, some universities maintain
high standards, such as the University of Ghana (1948),
the country’s oldest, and Kwame Nkrumah University
of Science and Technology (KNUST, 1951). Both have
been selected for the World Bank’s African Centres of
Excellence project (Table 18.1). KNUST has developed
a reputation for excellence in engineering, medicine,
pharmacy, basic sciences and applied sciences. In 2014,
the government established a centre of excellence in
petroleum engineering at KNUST with the World Bank
which will serve as a hub for developing Africa’s capacity in
the oil and gas value chain. In all, seven public universities
conduct extensive R&D.13
Within the World Bank project, the West Africa Centre for
Crop Improvement at the University of Ghana is receiving
US$ 8 million for research and the training of crop breeders
at PhD and MSc levels over 2014–2019, as well as for the
provision of other services. The West Africa Centre on the
Cell Biology of Infectious Pathogens within the University
of Ghana and KNUST’s Regional Water and Environmental
Sanitation Centre are receiving similar support (Table 18.1).

GUINEA
Middle-income status by 2035
Following the death of President Lansana
Conte in 2008, Guinea experienced a severe political crisis
until the election of the current President Alpha Conde
in November 2010. This challenging political transition
plunged the country into an economic recession in 2009
(-0.3% growth), prompting the government to extend its
Poverty Reduction Strategy to 2012.
The ambition of the new authorities is to transform Guinea
into a middle-income economy within 25 years. This
ambition will be articulated in Guinea 2035, which was under
preparation in 2015. The government intends to promote:
n the collection of economic intelligence, in order to

anticipate changes in the national and international

information, in the priority areas of science and industrial,
technological and medical production processes.
Key reforms in higher education and research
The government has made it a priority to achieve universal
primary education by 2015, in line with the Millennium
Development Goals. The roadmap for achieving this ambition
is the government’s Programme for the Education Sector
2008–2015, adopted in 2007. By 2009, 85% of children were
attending primary school but this share had barely progressed
by 2012, no doubt owing to the political unrest in 2008 and
2009. The share of secondary pupils rose from 34% to 38%
between 2008 and 2012 (Table 18.3). Guinea’s education
effort accounted for 2.5% of GDP in 2012, one of the lowest
proportions in West Africa.
One-third of education expenditure goes on higher education.
One in 10 Guineans aged between 18 and 25 years is enrolled
at university, one of the highest rates in West Africa. Important
reforms are under way in Guinea to improve university
governance and the financing of institutions of higher learning
and scientific research, to create an advanced (doctoral)
graduate school, implement a system of quality assurance and
develop relevant professional networks in higher education.
The government is also promoting access to ICTs and their
use in teaching, scientific research and administration. Guinea
currently has one of the lowest rates of internet penetration in
Africa, at just 1.5% (2012).
A need to review the legal framework for R&D
The development of R&D is governed by the Guidance Law
for Scientific and Technical Research. This law has not been
updated since its adoption on 4 July 2005, nor implemented
or reviewed.
The Ministry of Higher Education and Scientific Research is the
main body responsible for policies related to higher education
and scientific research. Within the ministry, the National
Directorate for Scientific and Technical Research (DNRST) is
responsible for the implementation of the policy and research
institutions that constitute the executive component. The
DNRST is also responsible for designing, developing and coordinating the monitoring and evaluation of national policy.
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13. In addition, there are ten polytechnics, one in each of Ghana’s ten
administrative regions and 23 institutes for vocational and technical training.
The evolving policy on polytechnics is to transform these into technical
universities.

n management and exploitation of knowledge and

UNESCO SCIENCE REPORT
In addition to the Ministry of Higher Education and Scientific
Research, there is a Higher Council of Scientific and Technical
Research. This consultative body related to on matters has
national S&T policy; it consists of representatives of ministries,
the scientific community and users of the products of
research.
R&D funding comes from two sources: the state, through the
national development budget, allocates grants to research
institutions, documentation centres and universities; and
international co-operation. In recent years, R&D in Guinea has
received financial assistance from France, via its Aid Fund for
Co-operation and the Priority Solidarity Fund, as well as from
Japan, Belgium, Canada, the World Bank, UNDP, UNESCO, the
Islamic Educational, Scientific and Cultural Organization and
others.

GUINEA-BISSAU
Political troubles have undermined the
economy
Once hailed as a model for African development, GuineaBissau has suffered a civil war (1998–1999), followed by
several coups d’état, the latest in April 2012. Political
instability has undermined the economy, making it one of the
poorest countries in the world.
Guinea-Bissau is dependent on primary crops – mainly
cashew nuts for its foreign exchange – and subsistence
agriculture. There are other resources that could be exploited
and processed, such as fish, timber, phosphates, bauxite, clay,
granite, limestone and petroleum deposits.
Guinea-Bissau’s long-term vision is encapsulated in GuineaBissau 2025 Djitu ten (1996). The government’s vision is
articulated in the first National Strategy for Poverty Reduction
covering the period 2008–2010 and its successor covering
2011–2015. The title of the latter reflects the strategy’s
overarching goals, Reducing Poverty by Strengthening the
State, Accelerating Growth and Achieving the Millennium
Development Goals.
Higher education policy currently under review
Like most WAEMU countries which share a common currency
(the CFA), Guinea-Bissau has made considerable efforts in the
past five years to improve its higher education system. These
efforts have been supported by Guinea-Bissau’s partners
and especially by WAEMU through its Support to Higher
Education, Science and Technology Project and its assistance
in developing Guinea-Bissau’s higher education policy in 2011.
This policy is currently under review, in consultation with key
stakeholders, particularly private-sector employers, socioprofessional organizations, policy-makers and civil society.
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Thus, like other WAEMU countries, Guinea-Bissau has held
national consultations on the future of higher education and
scientific research. In March 2014, the Ministry of Education
organized a national dialogue on this topic on the theme of
What Future for Higher Education and Scientific Research
in Guinea-Bissau in the Short, Medium and Long Term? The
consultation brought together a wide range of national and
foreign stakeholders. The recommendations emanating from
this consultation, combined with the election of President
José Mario Vaz in May 2014 and the consequential removal
of the sanctions imposed by the African Union after the
coup d’état in 2012, should enable Guinea-Bissau to take this
reform agenda forward.

LIBERIA
Strong economic growth has not spilled
over into the STI sector
Liberia is a country recovering from a quarter of a century of
civil war. Although it has turned the page of strife since the
election of President Ellen Johnson Sirleaf in 2005, the economy
remains in ruins and, since early 2014, has been struggling with
the crippling effects of the Ebola epidemic. With GDP per capita
of just PPP$ 878 in 2013, Liberia remains one of the poorest
countries in Africa.
The country does have considerable natural assets, including
the largest rainforest in West Africa. Its economy is based on
rubber, timber, cocoa, coffee, iron ore, gold, diamonds, oil and
gas. Between 2007 and 2013, the economy grew by 11% on
average. Even though this economic recovery is commendable,
it has not spilled over into the STI sector.
Low public spending on agriculture and education
Nor has public spending risen in such key sectors as
agriculture (less than 5% of GDP) and education (2.38% of
GDP), where just 0.10% of GDP goes to higher education.
Although Liberia has achieved universal primary education,
less than half of pupils attend secondary school. In addition,
university enrolment has stagnated: almost the exact same
number of students (33 000) were enrolled in degree courses
in both 2000 and 2012. At the other extreme, Liberia shares
the distinction with Sierra Leone of devoting more of GDP to
health (15%) than any other country in sub-Saharan Africa.
An emphasis on better governance
Liberia has set its sights on becoming a middle-income country
by 2030, in its National Vision: Liberia Rising 203014 (Republic of
Liberia, 2012). The first priority will be to create the conditions
for socio-economic growth, through better governance
14. Liberia Rising 2030 follows on the heels of Lifting Liberia, the country’s poverty
reduction strategy for 2008–2011.
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practices such as respect for the rule of law, infrastructure
development, a more business-friendly environment, free
basic education and more trained teachers, investment in
technical and vocational education and higher education.
Liberia Rising cites a World Bank Doing Business survey (2012)
in which 59% of Liberian firms identified lack of electricity
and 39% lack of transportation as a major constraint.
With the entire infrastructure for energy generation and
distribution having been destroyed by the war, it is planned
to make greater use of renewable energy and to install
affordable power services, with ‘more access to fuel that
does not contribute to deforestation.’ Being able to supply
electricity to most of the economy is considered ‘essential’
for achieving middle-income status. Emphasis is being
placed on ensuring greater inclusiveness, as ‘instability and
conflict remain the primary risk to long-term wealth creation
in Liberia…The challenge will be to turn away from the
traditional practice of concentrating wealth and power in the
elite and in Monrovia (the capital).’
It is expected that financing for the National Vision will come
essentially from large mining companies – including those
currently prospecting offshore for oil and gas – and from
development partners. In 2012, FDI contributed 78% of GDP,
by far the largest share in sub-Saharan Africa (Republic of
Liberia, 2012).
Liberia has not yet published an STI policy but it does have a
national industrial policy, Industry for Liberia’s Future (2011),
a National Environmental Protection Policy (2003), a National
Biosafety Framework (2004) and a National Health Policy
(2007).
An S&T college for the University of Liberia
In higher education, the main development has been the
commissioning of the T.J.R. Faulkner College of Science and
Technology in 2012 at the University of Liberia. The latter was
founded in 1862 and already had two colleges, the College of
Agriculture and Forestry and the College of Medicine. Other
universities also have science and engineering faculties.
Liberia also has specialized institutions such as the Liberia
Institute for Biomedical Research and the Central Agriculture
Research Institute.

A policy but no long-term plan for research
In 2009, the Ministry of Secondary and Higher
Education and Scientific Research developed a National Policy
for Higher Education and Scientific Research (MoSHESR, 2009). It
has three main objectives:
n to strengthen the social and economic utility of higher

education and research;
n to regulate the flow of students enrolled in higher

education, in order to establish the best possible
compromise between the needs of the labour market,
social demand and the available means; and
n to optimize available resources by directing the lion’s share

towards teaching and research, while making better use
of the private sector’s potential role, in order to limit social
spending.
Despite the guidance offered by this science policy, no
strategic plan for developing long-term scientific research has
yet been formally adopted, nor any document defining the
human, material and financial resources needed to mobilize
and implement such a policy. The United Nations’ Economic
Commission for Africa did support a study in 2009–2011
on developing a national STI policy and an accompanying
implementation plan but this process was perturbed by the
military coup in 2011 which preceded the Touareg rebellion
in the north. In the absence of these elements, departments
or individuals within education and research structures
continue to initiate research projects themselves or, in some
cases, the initiative is taken by donors, an only too familiar
pattern in Africa.
From one university to five
Until 2011, Mali had a single university, established in 1996.
Nearly 80 000 students enrolled in the 2010–2011 academic
year, 343 of whom were PhD candidates (Table 18.4). In
order to accommodate the burgeoning student numbers,
the government decided to divide the University of Bamako
into four separate entities in 2011, each with its own institute
of technology: the University of Science, Techniques and
Technologies in Bamako; University of Arts and Humanities
in Bamako; University of Social Sciences and Management in
Bamako; and the University of Law and Political Sciences in
Bamako.
In parallel, the University of Segou was approved by decree in
2009 and welcomed its first cohort of 368 students in January
2012, according to the Malian journal L’Essor. The Faculty of
Agriculture and Veterinary Medicine was the first to open,
followed by the Faculty of Social Sciences, the Faculty of
Health Sciences and the Faculty of Science and Engineering. It
is planned to set up a vocational training centre on campus.
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The National Commission on Higher Education is responsible
for developing STI. There is also a Renewable Energy Agency,
a Forestry Development Authority and an Environmental
Protection Agency. Currently, the Ministry of Education holds
responsibility for science education and research, through
its Division for Science and Technology Education. There
are calls, however, for the establishment of a Ministry of
Research, Science and Technology.

MALI
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Since 2009, the UNESCO Office in Bamako has been
implementing a project to help university professors adopt the
three-tier degree cycle (bachelor’s– master’s –PhD). UNESCO
collaborated with the University of Bamako and the National
Directorate of Higher Education in organizing a mission to
Dakar in April 2013 for about 20 university professors, so
that they could study doctoral schools and quality assurance
mechanisms in Senegal with a view to emulating these in
Mali. UNESCO also ran a number of national and international
workshops, including one on the use of ICTs to improve
education and research. The University of Bamako has since
joined the African Network of Scientific and Technological
Institutions, hosted by the UNESCO Nairobi office.

NIGER
The country’s first STI policy
In Niger, several ministries are involved in
designing S&T policy but the Ministry of Higher Education,
Scientific Research and Innovation is the principal player.
The National Policy on Science, Technology and Innovation was
approved in 2013 and was awaiting adoption by parliament in
2015. In parallel, UNESCO is helping Niger develop a strategic
implementation plan.
In March 2013, Niger participated in a subregional workshop15 in
Dakar co-organized by UNESCO’s Global Observatory of STI Policy
Instruments (GO➞SPIN) programme and AOSTI. The workshop
was the first step in mapping research and innovation in Niger.
In 2010, Niger created a Support Fund for Scientific Research
and Technological Innovation (FARSIT). With an annual
budget of CFA 360 million (€ 548 000), FARSIT aims to support
research projects of socio-economic relevance; strengthen
the capacity of institutions, teams and laboratories to conduct
R&D; encourage creativity and technological innovation; and
improve research training.

long-term planning document for education as a whole, from
the pre-primary to tertiary levels. The previous plan in 2001
focused solely on basic education, encompassing pre-school,
primary school, adult literacy and non-formal education.

NIGERIA
The National Fund for STI approved
Nigeria plans to use its Vision 20:2020: Economic
Transformation Blueprint (2009) to place it among the top
20 economies16 in the world by 2020, with annual per capita
income of at least US$ 4 000. Vision 20:2020 integrates STI
into the development of key economic sectors and is built on
three pillars, namely: optimizing the nation’s key sources of
economic growth; guaranteeing the productivity and wellbeing of Nigerians; and fostering sustainable development.
One of the nine strategic targets of Vision 20:2020 was initially
to set up a US$ 5 billion endowment fund to finance the
establishment of a National Science Foundation. This fund was
pledged by former President Olusegun Obasanjo (1999–2007)
towards the end of his mandate and has not materialized.
Progress towards other targets is hard to evaluate for lack of
data, examples being the target of investing a share of GDP in
R&D comparable to that of the 20 leading economies or that of
increasing numbers of R&D personnel.
In 2011, the Federal Executive Council approved the
allocation of 1% of GDP to set up a National Science,
Technology and Innovation Fund. This strategy features in
the Science, Technology and Innovation Policy approved by
the Federal Executive Council in 2011, which recommends
putting in place reliable funding arrangements to ensure that
R&D focuses on national priorities. Four years later, this fund
has not yet materialized.

A first long-term plan for all levels of education
University enrolment rates in Niger are among the lowest in
Africa, at just 175 students per 10 000 population (Table 18.3).
Developing a viable higher education system of quality thus
remains a major challenge for a country where half the population
is less than 15 years of age. In 2010, three new universities were
founded: the University of Maradi, the University of Zinder
and the University of Tahoua.

A policy shift towards innovation
The policy also recommended a shift in research focus from
basic research to innovation. In his foreword, the Federal
Minister of Science and Technology17 observed that ‘one
notable feature of this policy is the emphasis on innovation,
which has become a tool for fast-tracking sustainable
development.’ President Goodluck Jonathan put it this way:
‘we are going to run our economy based on S&T because
nowhere in this world can you move the economy without
S&T…for the next four years, we will emphasize S&T so much

In 2014, the government adopted a Programme for the
Education and Training Sector, 2014–2024.This is Niger’s first

16. For details of Nigeria 20:2020, see the UNESCO Science Report 2010: the Current
Status of Science around the World, p. 309.

15. The workshop was attended by high-level experts, government officials,
researchers, statisticians and parliamentary commission staff from Burkina Faso,
Burundi, Côte d’Ivoire, Gabon, Niger and Senegal.

17. The Federal Ministry of Science and Technology is supported by the National
Council on Science and Technology, the National Assembly Committees on
Science and Technology and the National Centre for Technology Management.
Nigeria being a federal republic, there are also relays in the state ministries and
assemblies.
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Box 18.4: Taxing business to upgrade tertiary education in Nigeria
One of the strategies outlined in Nigeria’s
Science, Technology and Innovation
Policy (2011) is for funding frameworks
to be set up with various partners.

for managing and disbursing tax funds
to public tertiary institutions. It is also
responsible for monitoring the utilization
of funds.

One such framework is the TETFund.
It was established under the Tertiary
Education Trust Fund Act of 2011
to serve as the agency responsible

Under the fund, a 2% education tax is
imposed on the assessable profits of all
registered companies in Nigeria. TETFund
then disburses 50% of the money to

because we have no choice.’ The aim is to transform Nigerians
into ‘science and technology thinking entities.’
The policy also recommended founding a National Research
and Innovation Council. This was effectively established in
February 2014. Membership includes the federal ministers
of science and technology; education; information and
communications technology; and environment.
The emphasis in STI is on space science and technology,
biotechnology and renewable energy technologies. Although
Nigeria has had a National Biotechnology Development
Agency since 2001, the National Biosafety Management
Agency Bill lingered in parliament for years; the bill was finally
passed in 2011 but was still awaiting presidential consent in
early 2015.
In 2012, an International Centre for Biotechnology was
established under the auspices of UNESCO at the University
of Nigeria in Nsukka. The institute provides high-level training
(including at subregional level), education and research,
particularly in areas related to food security, conservation of
harvested crops, gene banking and tropical diseases.
Some key goals of the Science, Technology and Innovation
Policy are to:
n develop an endogenous capability in launching and

exploiting Nigeria’s own satellites (it already has three) for
telecommunications and research;
n run advanced field trials of genetically modified crops

designed to increase agricultural productivity and food
security (see also Box 18.1);
n promote solar technology systems as dependable

n promote the design and use of local construction

materials and a ‘green construction culture’ through the
development of ‘green homes’ and ‘green cement;’

Source: www.tetfund.gov.ng

n establish or develop technology transfer offices to improve

intellectual property protection and thereby encourage
industrial R&D;
n build the Sheda Science and Technology Complex

(SHESTCO) in Abuja within the Silicon Valley Project,
which is developing a high-tech capability in ICTs,
materials science, solar and new technologies, along with
skills in engineering and maintenance. In a visit to the
complex in October 2014, the Federal Minister of Science
and Technology, Dr Abdu Bulama, pledged to ‘do everything
under our mandate to ensure Silicon Valley becomes a
reality. Hence, we are partnering with UNESCO, Poland
and other international bodies to fast-track the
process.’
The success of Nigeria’s ambitious programme will rest on its
strategy for developing human resources (Box 18.4). Nigeria
currently has 40 federal universities, 39 state universities and
50 private universities, according to the Nigeria Universities
Commission. There are also 66 polytechnics, 52 monotechnics
and about 75 research institutes.
Despite this, federal spending on R&D in 2007 represented
only about 0.22% of GDP, according to the UNESCO
Institute for Statistics, and over 96% of this was provided
by the government. These statistics should improve as
implementation of the Science, Technology and Innovation
Policy progresses.
Economic diversification an urgent necessity
The president has implemented two schemes to support
the economy since 2010:
n With power outages costing the Nigerian economy

billions of dollars each year, the president launched a
Roadmap for Power Sector Reform in 2010. Central to
this scheme has been the privatization of the state
electricity provider, the Power Holding Company of
Nigeria, which has been broken up into 15 different
companies.
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back-ups to the national grid and to address energy
needs in marginalized communities;

universities, 25% to polytechnics and
25% to teachers’ colleges. Grants are
provided for the purchase of essential
physical infrastructure for teaching
and learning, research and publication
and academic staff training and
development.
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n In October 2011, the president launched the Youth

Enterprise with Innovation in Nigeria (You Win)18 grant
scheme to generate jobs. By 2015, some 3 600 aspiring
entrepreneurs between 18 and 45 years had received up
to 10 million naira each (US$ 56 000) to help them launch
or expand their business, mitigate start-up risks or set up
spin-offs from existing businesses. A fledgling ICT business
and dental clinic figure among the recipients.
One of the goals of Vision 20:2020 is to diversify the economy,
yet, by 2015, oil and gas still accounted for 35% of Nigeria’s
economic output and 90% of its exports, according to OPEC.
With the Brent crude price having more than halved to about
US$ 50 since mid-2014, Nigeria has devalued the naira and
announced plans to cut public spending by 6% in 2015. More
than ever, economic diversification is an urgent necessity.

SENEGAL
A focus on higher education reform
In 2012, Senegal adopted a National Strategy
for Economic and Social Development for
2013–2017, based on the vision of its Senegal Emerging Plan,
Senegal’s development plan for becoming an upper middleincome country by 2035. Both documents consider higher
education and research as a springboard to socio-economic
development and thus a priority for reform.
In early 2013, a national dialogue was held on the future of
higher education. It produced 78 recommendations that the
Ministry of Higher Education and Research has since translated
into an action plan entitled Priority Programme Reform and
the Development Plan for Higher Education and Research,
2013–2017 (PDESR). This action plan was adopted in stages by
the Presidential Council on Higher Education and Research
through 11 presidential decisions taken by the Head of State,
including a funding commitment of US$ 600 million over five
years.
In its first year of implementation, PDESR created three
new public universities: the University of Sine Saloum of
Kaolack in central Senegal, specializing in agriculture, the
Second University of Dakar, situated 30 km from Dakar and
specializing in basic sciences, and the Virtual University of
Senegal. Within the plan, a network of vocational training
institutes and upgraded laboratories has been developed
with the introduction of high bandwidth to connect public
universities with one another.
A lot remains to be done, however. There is little synergy
in R&D, which suffers from a low budget and inadequate
18. See: www.youwin.org.ng
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equipment, a low status for researchers and a lack of
university–industry linkages. Research results are also
insufficiently applied, owing to weak oversight and relatively
low scientific output (Figure 18.6).
New governing bodies and an astronomical observatory
The creation of a National Council of Higher Education,
Research, Innovation, Science and Technology in 2015
should allow Senegal to meet some of these challenges.
It will act as a consultative committee to the Minister of
Higher Education and Research and as a monitoring body.
The ongoing construction of Senegal’s first planetarium and
mini-astronomical observatory could also be a sign of a
growing science culture.
A law passed in December 2014 should also help to galvanize
research. The law creates a governing board for universities.
Half of board members must be external to the university,
such as from the private sector.
Another new development has been the creation of the
Directorate-General for Research in 2014. Placed under the
Ministry of Higher Education and Research, it is responsible
for planning and co-ordinating research at the national level,
especially that conducted by universities and academic
research institutes. The ministry relies on the National Agency
for Applied Scientific Research, the National Academy of
Science and Technology of Senegal and the Senegalese
Agency for Intellectual Property and Technological Innovation
to promote Senegalese research.
Some national research institutions fall under the authority
of other ministries, such as the Institute for Food Technology
(Ministry of Mines and Industry), the Senegalese Institute
for Agricultural Research and the National Institute for Soil
Science (Ministry of Agriculture).
The Ministry of Higher Education and Research runs an
extension programme called Centres for Research and
Experimentation to promote technology transfer. These
centres popularize innovative research that improves social
welfare.
Several research funds, including one targeting women
The public sector uses a variety of instruments to fund
research:
n the Impulse Fund for Scientific and Technical Research, set

up in 1973 and transformed in 2015 into the National Fund
for Research and Innovation;
n the Project for Supporting and Promoting Female Teachers

and Researchers in Senegal (2013), which only funds
women applicants;

West Africa
n the National Fund for Agricultural and Food Research,

set up in 1999, which funds research and the
commercialization of results for users; and
n the Fund for Scientific and Technical Publications, set up in

the 1980s.

SIERRA LEONE
Inclusive, green and middle-income by 2035
Sierra Leone also aspires to become ‘an inclusive,
green middle-income country by 2035’, in the words of the
country’s Agenda for Prosperity: the Road to Middle Income
Status, 2013–2018.19 Current GDP per capita may be only US$
809 per year but the fact that GDP progressed by 20.1% in
2013 gives cause for hope of realizing this goal. Sierra Leone
has, of course, been struggling with the Ebola epidemic. Some
95 health workers have died, a sad reminder of the country’s
inadequate health facilities: there is just one doctor for 50 000
people.
Among the Agenda for Prosperity’s objectives to 2035, those
which will depend upon science and technology include:

Fourah Bay College, founded in 1827, is the oldest
Western-type university in West Africa. Currently, it is part
of the University of Sierra Leone, the country’s only university
boasting a Faculty of Engineering and a Faculty of Pure and
Applied Sciences.

TOGO
A first STI policy
In July 2014, Togo took a major step by
developing its first National Policy for Science, Technology
and Innovation and the action plan for its implementation.
In addition, a Presidential Council on the Future of Higher
Education and Research was established, following a national
consultation. Togo has identified such a wide range of priority
research areas that they encompass almost all scientific fields:
agriculture, medicine, natural sciences, humanities, social
sciences and engineering and technology.
The Ministry of Higher Education and Research is responsible
for implementing science policy, in tandem with the
Directorate for Scientific and Technical Research, which is in
charge of co-ordination and planning.

n a health care and delivery system within a 10-km radius of

every village;
n modern infrastructure with reliable energy supplies;
n world-standard ICTs (just 1.7% of the population had

internet access in 2013);
n private-sector led growth creating value-added products;
n an effective environmental management system in place

that protects biodiversity and is capable of pre-empting
environmental disasters;
n becoming a model in responsible and efficient natural

resource exploitation.

19. This document follows on from Agenda for Change, 2007–2012.

Togo’s main research centres are the Universities of Lomé
and Kara, together with the Institute for Agronomic Research,
which manages an extension service. To date, though, the
country has neither a structure for promoting research and
technology transfer, nor any funding to drive it.
The country faces a host of other challenges, including poorly
equipped – or even totally unequipped – laboratories, an
unattractive working environment for scientists and a lack of
information.

CONCLUSION
Research networks need sustainable funding
The overall development goal for ECOWAS countries is to attain
lower or upper middle-income status. This ambition permeates
their respective development plans and policies. Even for those
countries which have moved into the middle-income bracket,
there is the fundamental challenge of diversifying the economy
and ensuring that wealth creation impacts positively on the
lives of all citizens. Development entails building roads and
hospitals, expanding railways, installing telecommunications,
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In 2006, the Ministry of Education, Science and Technology
engaged a participatory process for the drafting of the
Sierra Leone Education Sector Plan: a Road to a Better Future
(2007–2015). The Plan emphasizes human resource
development, starting with the bottom of the pyramid. Despite
this laudable intention, public expenditure on education only
increased from 2.6% to 2.9% of GDP between 2007 and 2012.
The share devoted to tertiary education likewise rose little:
from 19% to 22% of total expenditure on education (0.7% of
GDP in 2012). In the Plan, the ministry projected that student
enrolment in public universities would rise to about 15 000 by
2015 and to 9 750 in private and distance institutions offering
vocational training, including for teachers (MoEdST, 2007).

Togo does not have a biotechnology policy but it does have
a framework for biosafety. In April 2014, the Ministry of
Environment and Forest Resources organized a consultative
workshop to align Togo’s revised biosafety law with
international biosafety regulations and best practices (Box 18.1).
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developing a reliable, responsible energy network, improving
agricultural productivity, producing value-added goods,
improving sanitation systems and so on. Any one of these areas
needs science or engineering, or both.
Countries have made a big effort in recent years to expand
their university and research networks. These institutions must
not remain empty shells. They must be nurtured, staffed with
competent people who have the means to dispense quality
education and conduct creative research that is responsive
to socio-economic problems and market needs. That
necessitates sustainable investment. In this regard, Nigeria’s
tax on businesses for use in upgrading universities serves as
an interesting funding model that could be replicated in other
West African countries which host multinationals.
ECOWAS countries are formulating beautifully crafted policies
and programmes but these must also be implemented, funded
and monitored, so that progress can be measured and future
plans adapted to the shifting reality. New scientific programmes
are emerging that are well-designed and well-funded, like the
African Centres of Excellence (Table 18.1). Hopefully, these
programmes will create a momentum that will have a lasting
impact on these countries and the wider subregion.
In our view, there are five main challenges for the years to
come. West African governments need to:
n invest more in science and engineering education, in order

to develop the skilled labour force necessary to become
a middle-income country within 20 years; the number of
engineers and agricultural researchers is particularly low in
most countries;
n establish viable national S&T policies, in other words,

policies that are accompanied by an implementation
plan that foresees an evaluation of implementation
and a relevant funding mechanism for research and the
commercialization of results;
n make a greater effort to reach the national target of

devoting 1% of GDP to R&D, if they are serious about
becoming middle-income countries within 20 years;
greater government investment would have the
advantage of allowing researchers to work on topics of
national interest rather than those proposed by donors;
n encourage the business sector to participate more actively

in R&D , in order to stimulate demand for knowledge
production and technological development, while
reducing budgetary pressure on governments, which tend
to bear the greatest funding burden for R&D, along with
donors; in this context, governments which have not yet
done so should put in place national funds to help local
innovators protect their intellectual property rights, as
recommended by ECOPOST; other measures could include

496

making provision for representatives of the private sector
to sit on the governing boards of universities and research
institutes, as Senegal has done (see p. 494), tax incentives
to support business innovation, the creation of science and
technology parks and business incubators to encourage
start-ups and public–private partnerships and research
grants to support collaborative research between the
government, industry and academia in priority areas;
n foster exchanges and intraregional collaboration among

West African researchers, while maintaining partnerships
beyond the subregion, in order to ensure the quality and
impact of scientific production; the African Centres of
Excellence project and the WAEMU centres of excellence
offer a golden opportunity for researchers across the
region to ‘put their heads together’ to solve common
development problems and respond to market needs.
KEY TARGETS FOR SUB-SAHARAN AFRICA
n Raise GERD to 1% of GDP in all ECOWAS countries;
n Raise the share of public expenditure on agriculture to

10% of GDP in all ECOWAS countries;
n Establish a national fund in each ECOWAS country to

help local innovators protect their intellectual property;
n Establish a free trade area and customs union in each

regional economic community by 2017 and across the
entire continent by 2019;
n A continent-wide African Common Market to be

operational by 2023;
n Put in place a continent-wide economic and monetary

union by 2028, with a parliament and single currency to
be managed by the African Central Bank.
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Most countries have based their long-term planning
(‘vision’) documents on harnessing science, technology
and innovation to development.
Kevin Urama, Mammo Muchie and Remy Twingiyimana

A schoolboy studies at home using a book illuminated by a single electric LED lightbulb in
July 2015. Customers pay for the solar panel that powers their LED lighting through regular
instalments to M-Kopa, a Nairobi-based provider of solar-lighting systems. Payment is made
using a mobile-phone money-transfer service.
Photo: © Waldo Swiegers/Bloomberg via Getty Images
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19 . East and Central Africa

East and Central Africa

Burundi, Cameroon, Central African Republic, Chad, Comoros, Congo (Republic of), Djibouti,
Equatorial Guinea, Eritrea, Ethiopia, Gabon, Kenya, Rwanda, Somalia, South Sudan, Uganda

INTRODUCTION
Mixed economic fortunes
Most of the 16 East and Central African countries covered
in the present chapter are classified by the World Bank
as being low-income economies. The exceptions are
Cameroon, the Republic of Congo, Djibouti and the newest
member, South Sudan, which joined its three neighbours
in the lower middle-income category after being promoted
from low-income status in 2014. Equatorial Guinea is the
region’s only high-income country but this classification
masks great variations in income levels; poverty is
widespread and life expectancy at birth is among the
region’s lowest, at 53 years (Table 19.1).
All but four nations are classified as heavily indebted poor
countries, the exceptions being Djibouti, Equatorial Guinea,
Kenya and South Sudan. Poverty and high unemployment
are endemic in the region. Life expectancy varies between
50 and 64 years, a strong indicator of the developmental
challenges facing the region.
The region’s economic fortunes have been a mixed bag
since 2010. Several countries have managed to raise their
GDP growth rates, or at least maintain them at 2004–2009
levels: Burundi, Chad, Comoros, Eritrea and Kenya.
Two have sustained some of the highest growth rates in
Africa – Cameroon and Ethiopia – and one recorded 24%
growth in its first year of existence: South Sudan. Of note
is that only two of these countries are oil-exporters: Chad
and South Sudan.
Five of the continent’s top 12 oil-producing countries are
found in East and Central Africa (Figure 19.1). Economic
growth is expected to slow down in Africa’s oil-exporting
countries, following a slump in Brent crude prices since
mid-2014, as African exporters have fewer reserves than
the Gulf States to tide them over until prices recover.
Analysts suggest several explanations for the current drop
in value of conventional sources of oil. On the one hand,
clean energy policies have fostered the development of
more fuel-efficient technology, including in the automotive
industry. In parallel, technological developments in
hydraulic fracturing (fracking) and horizontal drilling have
made it profitable to extract oil from unconventional
sources, such as tight rock formations [shale oil in the USA
and oil (tar) sands in Canada], deep-sea oil (most countries
are now finding deposits) and biofuels (Brazil and others);
high global oil prices until recently have allowed countries
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which invest in these technologies to take a growing share of
the global oil market. This highlights the need for oil-producing
African countries to invest in science and technology (S&T) to
maintain their own competitiveness in the global market.
Half the region is ‘fragile and conflict-affected’
Other development challenges for the region include civil strife,
religious militancy and the persistence of killer diseases such
as malaria and HIV, which sorely tax national health systems
and economic productivity. Poor governance and corruption
undermine economic activity and foreign investment in
several countries. Those which score poorly in Transparency
International’s Corruption Perceptions Index also tend to rank
poorly in the Ibrahim Index of African Governance (Table 19.1):
Burundi, Central African Republic, Chad, Republic of Congo,
Eritrea, Somalia and South Sudan. Interestingly, both indices
consider Rwanda as having the best governance record in East
and Central Africa.
Seven countries are classified as ‘fragile and conflict-affected’
by the World Bank, namely Burundi, Central African Republic,
Chad, Comoros, Eritrea, Somalia and South Sudan. In particular,
the Central African Republic and South Sudan have experienced
civil war in recent years. These conflicts tend to affect their
neighbours as well, such as by disrupting trade flows, creating
streams of cross-border refugees, or giving rise to cross-border
attacks. For instance, South Sudanese have been seeking asylum
in Uganda and the Boko Haram (literally, ‘books are forbidden’)
sect in Nigeria has made violent incursions into neighbouring
Cameroon and Niger and could threaten the trade route
between Cameroon and Chad.
Meanwhile, Kenya’s economy has suffered from terrorist attacks
by the Somalian Al-Shabaab group which have undermined
the country’s important tourist industry, in particular. In April
2015, Al-Shabaab massacred 148 students and staff at Garissa
University, the only such institution in the north of the country,
which had only opened in 2011. Across the border, Somalia is
engaged in a fragile process of state- and peacebuilding, its
economy in ruins after two decades of political instability and
insecurity.
In the Central African Republic, the economy has suffered
considerably since late 2012 when rebel groups took control
of towns in the centre and north of the country. Despite the
deployment of peacekeepers from the African Union, United
Nations and France and the signing of a ceasefire in July 2014,
the situation remains volatile. For the first decade of the century,
the country had experienced positive, albeit erratic, growth.
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6.80
5.64
5.83
6.65
4.59
0.54
5.56
-36.00
3.97
3.50
3.44
8.48
8.70
5.00
-4.84
1.33
10.49
5.89
4.80
7.59
2.30
0.33
5.74
5.49
11.31
2.41
4.97
2.15
3.20
7.44
5.12
4.10
5.39
4.68
4.00
2.80
5.28
5.52
–
2.21
13.13
2.78
7.28
5.12
3.27
6.71
4.48

1
9
2
3
3
8
6
4
1
2
1
4
10
7
2
1
6
1
4
6
2
1
56
6
8
30
5
2
35
9
8
3
1
5
6
25
4
4
4
83
1
21
27
11
17
3
9

44
18
3
21
38
2
34
51
49
30
41
40
47
35
45
50
32
27
23
7
42
48
17
10
31
33
16
28
1
22
6
29
37
11
12
9
5
25
52
4
–
24
19
15
36
13
46

88.6
5.0
38.6
7.7
41.7
–
39.9
14.6
7.8
17.7
–
17.0
14.9
61.4+1
–
9.2
2.4
–
–
7.0
8.3
–
24.6
–
–
7.9
9.6
15.3
88.9
8.5
23.6
4.8
36.9
30.2
–
35.1
97.1
10.9
–
58.0
–
48.5
6.6
13.2
26.2
41.3
40.6

93.9
57.1
91.9
43.6
68.8
–
51.3
58.8
39.8
87.0
–
43.2
76.0
92.1+1
–
42.6
13.2
–
75.8
54.4
52.4
35.8
42.7
–
–
28.6
42.1
28.1
99.2
33.6
67.2
34.3
45.6
60.3
–
59.9
96.3
36.7
–
81.3
–
38.9
55.0
48.4
41.6
49.1
79.2

Mobile phone
subscriptions per 100
population, 2013

No of products
accounting for more than
75% of exports, 2012

7 736
1 791
15 752
1 684
772
6 416
2 830
604
2 089
1 446
5 868
809
3 210
2 999
33 768
1 196
1 380
19 264
1 661
3 992
1 253
1 407
2 795
2 576
878
1 414
780
1 642
17 714
1 105
9 583
916
5 602
1 474
2 971
2 242
24 587
1 544
–
12 867
2 030
6 685
2 443
1 391
1 674
3 925
1 832

Internet access per 100
population, 2013

GDP growth rate (%),
2013

51.9
59.3
47.4
56.3
54.1
74.9
55.0
50.1
51.2
60.9
58.8
49.9
50.8
61.8
53.1
62.8
63.6
63.4
58.8
61.1
56.1
54.3
61.7
49.3
60.5
64.7
55.2
55.0
74.5
50.2
64.3
58.4
52.5
64.0
66.3
63.4
74.2
45.6
55.0
56.7
55.2
48.9
61.5
56.5
59.2
58.1
59.8

Access to electricity (%),
2011

GDP per capita
(current PPP$), 2013

3.05
2.64
0.86
2.82
3.10
0.95
2.51
1.99
2.96
2.36
2.46
2.70
2.38
1.52
2.74
3.16
2.52
2.34
3.18
2.05
2.51
2.41
2.65
1.10
2.37
2.78
2.81
3.00
0.38
2.44
1.92
3.87
2.78
2.71
2.50
2.89
0.50
1.84
2.91
0.69
3.84
1.45
3.01
2.55
3.31
3.26
3.13

Access to improved
water, (%), 2011

Life expectancy at birth
(years), 2013

22 137
10 600
2 039
17 420
10 483
504
22 819
4 709
13 211
752
4 559
69 360
20 805
886
778
6 536
96 506
1 711
1 909
26 442
12 044
1 746
45 546
2 098
4 397
23 572
16 829
15 768
1 249
26 473
2 348
18 535
178 517
12 100
198
14 548
93
6 205
10 806
53 140
11 739
1 268
50 757
6 993
38 845
15 021
14 599

Access to improve d
sanitation (%), 2011

Annual population
growth rate (%), 2014

Angola
Benin
Botswana
Burkina Faso
Burundi
Cabo Verde
Cameroon
Central African Republic
Chad
Comoros
Congo, Rep.
Congo, Dem. Rep.
Côte d'Ivoire
Djibouti
Equatorial Guinea
Eritrea
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritius
Mozambique
Namibia
Niger
Nigeria
Rwanda
Sao Tome & Principe
Senegal
Seychelles
Sierra Leone
Somalia
South Africa
South Sudan
Swaziland
Tanzania
Togo
Uganda
Zambia
Zimbabwe

Population (‘000s),
2014

Table 19.1: Socio-economic indicators for sub-Saharan Africa, 2014 or closest year

99.4
28.2
45.7
13.1
–
–
53.7
–
–
–
37.8
9.0
59.3
–
–
31.9
23.2
60.0
–
72.0
–
–
19.2
19.0
–
14.3
7.0
–
99.4
20.2
60.0
–
48.0
–
–
56.5
–
–
–
84.7
–
–
15.0
26.5
14.6
22.0
37.2

19.10
4.90
15.00
4.40
1.30
37.50
6.40
3.50
2.30
6.50
6.60
2.20
2.60
9.50
16.40
0.90
1.90
9.20
14.00
12.30
1.60
3.10
39.00
5.00
4.60
2.20
5.40
2.30
39.00
5.40
13.90
1.70
38.00
8.70
23.00
20.90
50.40
1.70
1.50
48.90
–
24.70
4.40
4.50
16.20
15.40
18.50

61.87
93.26
160.64
66.38
24.96
100.11
70.39
29.47
35.56
47.28
104.77
41.82
95.45
27.97
67.47
5.60
27.25
214.75
99.98
108.19
63.32
74.09
71.76
86.30
59.40
36.91
32.33
129.07
123.24
48.00
118.43
39.29
73.29
56.80
64.94
92.93
147.34
65.66
49.38
145.64
25.26
71.47
55.72
62.53
44.09
71.50
96.35

+n = n years after reference year
Note: Not included in the African Governance column of this table are Algeria (20th), Egypt (26th), Libya (43rd), Mauritania (39th), Morocco (14th) or Tunisia (8th).
Source: World Bank’s World Development Indicators, April 2015; for exports: AfDB, OECD & UNDP (2014) African Economic Outlook 2014; for African Governance Index:
Mo Ibrahim Foundation (2014) Ibrahim Index of African Governance – Country Profiles: www.moibrahimfoundation.org; for water, sanitation and electricity: WHO,
World Bank’s World Development Indicators; UNICEF, UNDP and International Energy Agency, compiled by UNESCO
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Estimated barrels per day (’000s)
2 427

Nigeria
Angola

1 756

Algeria

1 721
661

Egypt

516

Libya
Equatorial Guinea

269

Congo, Rep

267

Sudan

262

South Sudan

262

Gabon 240
Ghana

106

Chad

103

Source: www.eia.gov

South Sudan’s economic fortunes have been largely tied
to its oil exports, which in turn have fluctuated wildly due
to internal unrest and according to the state of political
relations with neighbouring Sudan, through which its export
pipeline runs. Over the past year, Equatorial Guinea has had
to contend with stagnant world oil prices which have held
its own GDP in check.
Ethiopia has been the shining star in the region, maintaining
its double-digit growth rate over the past few years. Uganda
has been another strong performer, although its growth
seems to have been somewhat stunted by the slow global
recovery from the 2008–2009 financial crisis. Eritrea has
made some of the biggest gains, having managed to turn
negative growth prior to 2010 into a 4.8% average ever
since. On the whole, it does not appear as if the global crisis
has had a major lasting impact on economies in the region,
although the slowing-down of the Chinese economy since
2014 is a potential cause for concern for resource-exporting
countries.
Regional integration can favour development
Most countries in East and Central Africa are still in the early
stages of transition from traditional agrarian to modern
industrial economies, as evidenced by the generally large
contribution of agriculture to GDP (Figure 19.2). Agriculture
even contributes more than half of GDP in Central African
Republic, Chad and Sierra Leone. Notable exceptions to the
rule are the Republic of Congo and Gabon, where the oil
industry dwarfs all other economic activities.

Public spending on agriculture tends to be fairly low, at
less than 5% of GDP for most countries (Table 19.2). This
has obvious implications for expenditure on agricultural
R&D as a subset of the total. So far, only three countries
have reached the target in the Maputo Declaration (2003) of
devoting 10% of GDP to agriculture: Burundi (10%), Niger
(13%) and Ethiopia (21%). The large proportion of the working
population employed in agriculture is another indicator of
these countries’ levels of development. The lack of economic
diversification handicaps both agrarian and fossil-fuel based
economies, as they tend to be heavily dependent on natural
resources for foreign exchange, in particular.
Public expenditure on health is low in most countries, the
exceptions being Burundi (4.4% of GDP), Djibouti (5.3%)
and Rwanda (6.5%) in 2013. These same three countries also
accord a high priority to education (more than 5% of GDP), as
do Comoros (7.6% in 2008), the Republic of Congo (6.2% in
2010) and Kenya (6.7% in 2010).
Military expenditure tends to account for less than 2% of GDP
in the region, with the notable exception of Chad (2.0% in
2011), Burundi (2.2% in 2013), Central African Republic
(2.6% in 2010), Djibouti (3.6% in 2008), Equatorial Guinea (4.0%
in 2009) and, above all, South Sudan (9.3% in 2012) [Table 19.2].
The credibility of political institutions and election outcomes
remains a major challenge. Owing to instability and
governance challenges in East Africa, the region was the
continent’s lowest recipient of foreign direct investment (FDI)
in 2008 and 2009. In 2013, FDI flowed most abundantly into
the economies of Djibouti (19.6% of GDP), the Republic of
Congo (14.5%) and Equatorial Guinea (12.3%). Whereas the
oil industry was the main pole of attraction in the latter two
countries, FDI flowed mostly into Djibouti’s port area, which
is strategically located on trade routes to the Middle East.
The region’s resource potential is expected to attract greater
FDI flows in future. Potential areas for investment include
oil and mineral exploration in Chad, Ethiopia, Sudan and
Uganda, intensified economic and business reforms led by
Rwanda and large infrastructure projects, such as the ongoing
construction of the Ethiopian Grand Renaissance Dam and the
development of geothermal energy in Kenya (see p. 524).
Intraregional trade is important for many small or landlocked
East and Central African economies but it is severely hindered
by the poor state of transport infrastructure. A major
challenge will be to develop railway and road linkages to
ports, so as to better connect countries with one another and
the global economy.
Regional integration offers one means of addressing the
challenges outlined above. Political co-operation is just as
essential as economic co-operation, however, in order to
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Figure 19.1: Top 12 crude oil-producing countries
in Africa, 2014
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Figure 19.2: Composition of GDP in sub-Saharan Africa by economic sector, 2013 (%)
Angola
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Botswana 2.5
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Cameroon

47.2

Eritrea

43.0

32.0
49.6

20.2

Guinea

43.7

59.9

26.4
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27.0

50.2

37.2

43.4

51.7

17.5

58.4

7.5

43.0

56.5

Agriculture

20.8
33.9

56.9
Services

Note: Data are unavailable for Equatorial Guinea, Gambia, Somalia and South Sudan.
Source: World Bank‘s World Development Indicators, April 2015
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Regional integration also offers an opportunity for greater
solidarity in an emergency situation. One illustration of
this new paradigm is the decision by the East African
Community in October 2014 to send a contingent of
600 health professionals to West Africa, including
41 doctors, to combat the Ebola epidemic (see p. 472).
A step closer to regional integration
There are three main regional economic communities in
East Africa: the Common Market for Eastern and Southern
Africa (COMESA1), the East African Community (EAC) and
the Intergovernmental Authority on Development (IGAD).
There is quite a lot of overlap, with many member states
belonging to more than one regional trade bloc. Djibouti,
Eritrea, Ethiopia and Sudan belong to both COMESA and
IGAD, for instance, Burundi and Rwanda to both COMESA
and EAC and Kenya and Uganda to all three. Some
countries also belong to the Southern African Development
Community (SADC), such as Tanzania, which is a member
of the EAC. This overlap can potentially strengthen regional
co-operation, as long as the various blocs co-ordinate their
policies. The ultimate goal for the African Union is
to develop an African Economic Community by 2023
(see Box 18.2).
The EAC was established in 1967 but collapsed in 1977
before being resuscitated in 2000. COMESA was founded
in 1993 as the successor to the Preferential Trade Area for
Eastern and Southern Africa. Both founding treaties make
provisions for co-operation to develop STI. A number of
East and Central African countries have also entered into
bilateral co-operation agreements with South Africa in
science and technology, most recently Ethiopia and Sudan
in 2014 (see Table 20.6).
1. For the members of these regional communities, see Annex 1. Tanzania is
profiled in Chapter 20 on the SADC countries, see p. 559

The Inter-University Council for East Africa (IUCEA) was
formally integrated into the operational framework of
the EAC by the East African Legislative Assembly in 2009
through the IUCEA Act. IUCEA has been entrusted with
the mission of developing a Common Higher Education
Area by 2015. In order to harmonize higher education
systems in EAC countries, IUCEA established the East
African Quality Assurance Network in 2011, which is in the
process of developing a regional policy and an East African
qualifications framework for higher education. IUCEA also
established a partnership with the East African Business
Council in 2011 to foster joint research and innovation by
the private sector and universities and identify areas for
curricular reform. The two partners organized the region’s
first forum for academia and private firms under the
auspices of the EAC in Arusha in 2012 and a second with
the East African Development Bank in Nairobi in 2013.
On 1 July 2010, the five EAC members – Burundi, Kenya,
Rwanda, Tanzania and Uganda – formed a common
market; the agreement provides for the free movement
of goods, labour, services and capital. In 2014, Rwanda,
Uganda and Kenya agreed to adopt a single tourist visa.
Kenya, Tanzania and Uganda have also launched the East
African Payment System. On 30 November 2013, the EAC
countries signed a Monetary Union Protocol with the aim
of establishing a common currency within 10 years.
The EAC Common Market Protocol (2010) makes provisions
for market-led research, technological development
and the adaptation of technologies in the community,
in order to support the sustainable production of goods
and services and enhance international competitiveness.
States are to collaborate with the East African Science
and Technology Commission and other institutions to
develop mechanisms for commercializing indigenous
knowledge and ensuring intellectual property protection.
Member states also undertake to establish a research
and technological development fund for the purpose of
implementing the provisions in the protocol. Other clauses
include:
n promoting linkages among industries and other

economic sectors within the EAC community;
n promoting industrial R&D and the transfer, acquisition,

adaptation and development of modern technology;
n promoting sustainable and balanced industrialization to

cater for the least industrialized members;
n facilitating the development of micro-, small and

medium-sized (SME) enterprises and promoting
indigenous entrepreneurs; and
n promoting knowledge-based industries.
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deal with civil, ethnic and cross-border conflicts, as well as
to manage access to, and possible disputes over, natural
resources that straddle national boundaries, including
river catchments. The construction of the Ethiopian
Grand Renaissance Dam on the Blue Nile illustrates the
importance of intraregional dialogue. Once completed,
it will be the largest hydroelectric power plant in Africa
(6 000 MW) and the eighth-largest in the world. After Egypt
expressed reservations, a Tripartite National Committee
was set up with Sudan which met for the first time in
September 2014. This led to the signing of a tripartite
co-operation agreement in the Sudanese capital on
23 March 2015 which established the principle of energysharing by both upstream and downstream countries once
the dam is completed. The ten points of the agreement
were being debated in Egypt and Ethiopia in mid-2015.
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Table 19.2: Investment priorities in sub-Saharan Africa, 2013 or closest year

Military
expenditure
(% of GDP),
2013
Angola
Benin
Botswana
Burkina Faso
Burundi
Cabo Verde
Cameroon
Central African Republic
Chad
Comoros
Congo, Rep.
Congo, Dem. Rep.
Côte d'Ivoire
Djibouti
Equatorial Guinea
Eritrea
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritius
Mozambique
Namibia
Niger
Nigeria
Rwanda
Sao Tome & Principe
Senegal
Seychelles
Sierra Leone
South Africa
South Sudan
Swaziland
Tanzania
Togo
Uganda
Zambia
Zimbabwe

4.9
1.0
2.0
1.3
2.2
0.5
1.3
2.6-3
2.0-2
–
1.1-3
1.3
1.5-1
3.6-5
4.0-4
–
0.8
1.3
0.6-6
0.5
–
1.7-1
1.6
2.1
0.7
0.5
1.4
1.4
0.2
0.8-3
3.0
1.1-1
0.5
1.1
–
0.002
0.9
0.001
1.1
9.3-1
3.0
0.9
1.6-2
1.9
1.4
2.6

Public health
expenditure
(% of GDP),
2013

Public
expenditure
on agriculture
(% of GDP),
2010

Public
expenditure
on education
(% of GDP),
2012

2.5
2.5
3.1
3.7
4.4
3.2
1.8
2.0
1.3
1.9
3.2
1.9
1.9
5.3
2.7
1.4
3.1
2.1
3.6
3.3
1.7
1.1
1.9
9.1
3.6
2.6
4.2
2.8
2.4
3.1
4.7
2.4
1.1
6.5
2.0
2.2
3.7
1.7
4.3
0.8
6.3
2.7
4.5
4.3
2.9
–

<5
<5
<5
11
10
<5
<5
<5
6
–
–
–
<5
–
<5
–
21
–
8
9
–
<5
<5
<5
<5
8
28
11
<5
6
<5
13
6
7
7
14
<5
<5
<5
–
5
7
9
<5
10
–

3.5-2
5.3-2
9.5-3
3.4-1
5.8
5.0-1
3.0
1.2-1
2.3-1
7.6-4
6.2-2
1.6-2
4.6-4
4.5-2
–
2.1-6
4.7-2
–
4.1
8.1-1
2.5
–
6.6-2
13.0-4
2.8
2.7
5.4-1
4.8-1
3.5
5.0-6
8.5-2
4.4
–
4.8
9.5-2
5.6-2
3.6-1
2.9
6.6
0.7-1
7.8-1
6.2-2
4.0
3.3
1.3-4
2.0-2

Government
expenditure
on tertiary
education
(% of GDP),
2012
0.2-6
0.8-2
3.9-3
0.8
1.2
0.8-1
0.2
0.3-1
0.4-1
1.1-4
0.7+1
0.4-2
0.9-5
0.7-2
–
–
0.2-2
–
0.3
1.1-1
0.8
–
1.1-6
4.7-4
0.1
0.4
1.4-1
1.0-1
0.3
0.6-6
2.0-2
0.8
–
0.6
–
1.4-2
1.2-1
0.7
0.8
0.2-1
1.0-1
1.7-2
1.0
0.4
0.5-7
0.4-2

Expenditure
on tertiary
education
(% total public
expenditure on
education), 2012

FDI inflows
(% of GDP),
2013

8.7-6
15.6-2
41.5-3
20.2-1
20.6
16.6-1
7.8
27.3-1
16.3-1
14.6-4
10.9-2
24.0-2
21.0-5
16.5-2
–
–
3.5-2
–
7.4
13.1-1
33.4
–
15.4-6
36.4-4
3.6
15.2
26.6-1
21.3-1
7.9
12.1-6
23.1-2
17.6
–
13.3
–
24.6-2
32.5-1
23.2
11.9
25.3-1
12.8-1
28.3-2
26.1
11.5
25.8-7
22.8-2

-5.7
3.9
1.3
2.9
0.3
2.2
1.1
0.1
4.0
2.3
14.5
5.2
1.2
19.6
12.3
1.3
2.0
4.4
2.8
6.7
2.2
1.5
0.9
1.9
35.9
7.9
3.2
3.7
2.2
42.8
6.9
8.5
1.1
1.5
3.4
2.0
12.3
3.5
2.2
–
0.6
4.3
1.9
4.8
6.8
3.0

-n/+n: data refer to n years before or after reference year
Source: for education: UNESCO Institute for Statistics; for agriculture: ONE.org (2013) The Maputo Commitments and the 2014 African Union Year of Agriculture;
for all other variables: World Bank’s World Development Indicators, April 2015
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The Intergovernmental Authority on Development (IGAD)
was created in 1996 to supersede the Intergovernmental
Authority on Drought and Development, which had been
founded by Djibouti, Ethiopia, Kenya, Somalia, Sudan and
Uganda in 1986, after a severe famine. Eritrea and South
Sudan joined IGAD after gaining independence in 1993
and 2011 respectively. The IGAD Climate Prediction and
Applications Centre, based in Nairobi, Kenya, began life as
the Drought Monitoring Centre in 1989, before being fully
integrated into IGAD through a related protocol in 2007.
In addition to the eight IGAD countries, the centre counts
Burundi, Rwanda and Tanzania among its members. More
recently, the Regional Centre on Groundwater Resources
Education, Training and Research in East Africa was set up
at the Kenya Water Institute in Nairobi in 2011, under the
auspices of UNESCO.
IGAD’s current flagship programme (2013–2027) sets out
to develop drought-resilient communities, institutions and
ecosystems in the IGAD region by 2027. The seven thrusts of
IGAD’s Drought Resilience programme are:
n Natural resources and environment;
n Market access, trade and financial services;
n Livelihoods support and basic social services;
n Research, knowledge management and technology

transfer;
n Conflict prevention, resolution and peace-building; and
n Co-ordination, institutional development and

partnership.

TRENDS IN STI POLICY AND
GOVERNANCE
An alignment with the continent’s long-term vision
The programmes of COMESA, EAC and IGAD have been
aligned with those of Africa’s Science and Technology
Consolidated Plan of Action (CPA, 2005–2014). When
implementation of the CPA was reviewed in 2012, on the

recommendation of the Fourth African Ministerial Conference
on Science and Technology in Egypt (AMCOST, 2013)2, the
reviewers noted that ‘the COMESA region has developed an
innovation strategy which calls for a strong collaboration
between COMESA and the NEPAD Agency and the African
Union Commission in implementing the strategy.’ They went
on to say that ‘the CPA has also been used as a template for
formulating the science and technology policy for IGAD. In the
East African Community, a programme from the CPA has been
embedded into the health sector, leading to the launch of the
African Medicines Regulatory Harmonization programme in
March 2012.’
The SADC and the Economic Community of West Africa
(ECOWAS) have also ‘domesticated the Plan of Action:’
the SADC adopted a Protocol on Science, Technology and
Innovation in 2008 (see p. 537) and the CPA has informed the
formulation of the ECOWAS Policy on Science and Technology
(see p. 476).
The review of the CPA revealed significant achievements in
the following areas:
n Establishment of four networks of centres of excellence

within the African Biosciences Initiative (Box 19.1), as well as
two complementary networks, Bio-Innovate (Box 19. 1) and
the African Biosafety Network of Expertise (see Box 18.1);
n Establishment of a virtual African Laser Centre, which

counted 31 member institutions in 2012;
n Establishment of the African Institutes of Mathematical

Sciences (see Box 20.4);
n Establishment of the Southern Africa and West Africa

Networks of Water Centres of Excellence;
n Launch of the African Science, Technology and Innovation

Indicators Initiative;
n Establishment of the African Observatory for Science,

Technology and Innovation in Equatorial Guinea;
n Launch of the African Medicines Regulatory Harmonization

programme in the EAC in 2012;
n Introduction of African Union Competitive Research Grants

administered by the African Union Commission – the
first and second calls for research proposals took place
in December 2010 and January 2012 for projects in postharvest technologies and agriculture; renewable and
sustainable energy; water and sanitation; fisheries and
climate change;
2. This review was conducted by a high-level panel of eminent scientists
supported by a group of experts from the African Academy of Sciences, AUC,
NEPAD Agency, AfDB, UNECA, UNESCO and the International Council for Science,
among others.
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Fourteen out of 20 COMESA members have formed a free-trade
zone since 2000 (see Box 18.2). This agreement has facilitated
trade in the tea, sugar and tobacco sectors, in particular. Intraindustry linkages have also evolved considerably, with trade
in semi-manufactured goods among member states having
overtaken trade in similar products with the rest of the world.
In 2008, COMESA agreed to expand its free-trade zone to
include EAC and SADC members. Negotiations are currently
under way for a COMESA–EAC–SADC Tripartite Free Trade
Agreement by 2016.
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Box 19.1: Networks of centres of excellence in biosciences
In 2002, the Biosciences Eastern and
Central Africa Network (BecA) became
the first of four subregional hubs to be
established by NEPAD, with support
from the Canadian government. The
hubs were set up within the African
Biosciences Initiative, a cluster of three
programmes for biodiversity science
and technology, biotechnology and
indigenous knowledge systems.
BecA manages the African Biosciences
Challenge Fund, established in 2010.
The fund has the dual function of
capacity-building and R&D projectfunding on a competitive basis. BecA
runs training workshops and provides
fellowships to scientists and graduate
students from African national
agricultural research organizations and
universities.*
BecA regularly launches calls for
researchers interested in implementing
their projects over a maximum
12-month period at the network’s hub,
the International Livestock Research
Institute in Nairobi. Priority research
areas include improving control of
priority livestock diseases; harnessing
genetic diversity for conservation,
resistance to disease and improved
productivity; molecular breeding of
important food security crops; plant–
microbe interactions; orphan crops;
the biological control of crop pests,
pathogens and weeds; genomics and
metagenomics; climate-smart forage
grasses; mixed livestock–crop systems;
and soil health.
A number of institutes have offered
their facilities to the hub for regional
use. These nodes are the University of
Buea (Cameroon), Ethiopian Institute
of Agricultural Research, National
Agricultural Research Organization
(Uganda); Kigali Institute of Science
and Technology (Rwanda) and the
University of Nairobi (Kenya).
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BecA has established a wide range of
partnerships, including with African
Women in Agricultural Research and
Development and the Association for
Agricultural Research in Eastern and
Central Africa. In 2012 and 2013, UNESCO
funded the participation of 20 women
scientists in the hub’s Advanced Genomics
and Bioinformatics workshops.
The Bio-Innovate network was set up in
2010 under BecA as a successor of BioEARN.
It promotes the use of biosciences to
improve crop productivity, smallholder
farmers’ resilience to climate change
and to add value to local bio-resources
by increasing the efficiency of the agroprocessing industry. Funded by Sweden,
the network covers Burundi, Ethiopia,
Kenya, Rwanda, Tanzania and Uganda.
An encouraging evaluation
An evaluation of the fund by Dalbert
Global Development Advisors published
in April 2014 observed that the fund
had ‘achieved considerable growth and
impact, reaching circa 500 individual
scientists and researchers across the
region over the past three years’. Some
30 FTE scientists were due to receive
fellowships in 2014, the same number
as the previous year. Among the
250 respondents to the evaluators’ survey,
90% gave the hub a high score of
4.2 out of five for the quality of the
facilities and training. One in three
researchers (33%) and 43% of workshop
participants between 2010 and 2013 were
women, noted the report, a proportion
the hub wished to raise to 50%. This offers
the hub a ‘unique opportunity to provide
mentoring opportunities’ for women, the
report states, recalling that ‘the majority of
those who produce, process and market
Africa’s food are women’.
Of some concern was that one in four
research staff indicated spending more
than 50% of their time on administrative
tasks. The report also noted that the hub

remained financially vulnerable, with a
small number of primary donors and no
evidence to suggest that alumni would
return in large numbers as fee-paying
users of the hub’s modern facilities.
Up until now, the programme has been
supported primarily by the Australian
and Swedish governments, the
Syngenta Foundation for Sustainable
Agriculture and the Bill and Melinda
Gates Foundation.
One of four African bioscience networks
From 2005 onwards, NEPAD established
three other networks within the African
Biosciences Initiative. These are the
Southern African Network for Biosciences
(SANbio), with its hub at the Council
for Scientific and Industrial Research in
Pretoria (South Africa); the West African
Biosciences Network (WABNet), with
its hub at the Institut sénégalais de
recherches agricoles in Dakar (Senegal),
and; the Northern Africa Biosciences
Network (NABNet), based at the National
Research Centre in Cairo (Egypt).
Each network has several nodes
which co-ordinate R&D in a particular
area. Those for SANBio, for instance,
are Northwest University in South
Africa (indigenous knowledge), the
University of Mauritius (bioinformatics),
Mauritius National Livestock Research
Centre (livestock production),
University of Namibia (mushroom
production and commercialization
for rural communities), University of
Malawi–Bunda College (fisheries and
aquaculture); and the SADC Plant
Genetics Resources Centre in Zambia
(gene banking). Research programmes
have also been strengthened at other
partner institutions within each network.
Source: http://hub.africabiosciences.org;
www.nepad.org/humancapitaldevelopment/abi
*from Burundi, Cameroon, Central Africa Republic,
Democratic Republic of Congo, Equatorial Guinea,
Eritrea, Ethiopia, Gabon, Kenya, Madagascar,
Rwanda, São Tomé & Príncipe, Somalia, South
Sudan, Sudan, Tanzania and Uganda
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n institutionalization of a biennial ministerial forum on STI,

n Living together – building society; and
n Wealth creation.

In order to achieve the objectives within these six priority areas,
the following four pillars have been defined:
n Upgrading and/or building research infrastructure;

The review also identified the following shortfalls in CPA
implementation, among others:
n The failure to set up the ‘African Science and Technology

Fund was one of the landmark and visible weaknesses in
implementation of the CPA; the modest achievements
recorded should be viewed in this context.’ With hardly
any governments having raised GERD to the target level
of 1% of GDP, more than 90% of funding mobilized for
implementation of the CPA came from bilateral and
multilateral donors.
n STI priorities ought to have been linked to priorities of

other development sectors to enhance impact.
n There should have been a differentiated approach to

enable countries with limited human and infrastructural
capacity (such as in post-conflict countries) to participate
fully in CPA programmes.
n The lack of targets and a robust monitoring and evaluation

strategy to track progress in implementation has led to
minimal demonstration of the CPA’s achievements. There
should have been a strong, operational accountability
framework for implementing partners.
n There was a limited focus on assessing how research

efforts are contributing to solving needs in agriculture,
food security, infrastructure, health, human capacity
development and poverty reduction.
n Recent research on indigenous knowledge has mainly

focused on documentation rather than sustainable
exploitation.
n There has been inadequate linkage of the CPA to other

continental frameworks and strategies.
Adopted by the African Union in 2014, the Science, Technology
and Innovation Strategy for Africa (STISA-2024) is the first
of five ten-year plans which intend to accelerate Africa’s
transition to an innovation-led, knowledge-driven economy
by the year 2063 (Agenda 2063). STISA-2024 focuses on the
following six priority areas:
n Eradication of hunger and achieving food security;
n Prevention and control of diseases;
n Communication (physical and intellectual mobility);
n Protecting our space;

n Enhancing technical and professional competences;
n Innovation and entrepreneurship; and
n Providing an enabling environment for STI development in

Africa.
STISA-2024 can learn from the review of the CPA. For instance,
the reviewers considered a pan-African fund as being vital to
sustain the networks of centres of excellence, encourage creative
individuals and institutions to generate and apply science and
technology and to promote technology-based entrepreneurship.
Although STISA-2024 states that ‘it is urgent to set up’ an African
Science and Technology Innovation Fund, it identifies no
specific funding mechanism. Notwithstanding this, the African
Union Commission has already heeded another of the review’s
recommendations by encouraging member countries to align
their national and regional strategies on STISA-2024.
Gender equality on the development agenda
The 2012 review observed that, although the CPA did not have
specific programmes in this area, implementing institutions had
put initiatives in place to promote the role of women in STI. One
initiative they cited were the regional scientific awards for women
(US$ 20 000), which recompensed 21 recipients between 2009 and
2012. The EAC, ECOWAS, SADC and the Economic Community of
Central African States have all participated in these awards.
A number of governments in East and Central Africa are also
promoting gender equality in their policies and development
plans. Examples are:
n Burundi’s Vision 2025 promises an energetic policy to

promote gender equality and greater participation by
women in education, politics and economic development.
In 2011, 14.5% of researchers were women (Figure 19.3).
n Chad adopted a National Policy on Gender in 2011 which is

being implemented by the Ministry of Social Action, Family
and National Solidarity.
n In the Republic of Congo, a Ministry for the Promotion of

Women and Integration of Women in National Development
was established in September 2012.
n Ethiopia’s Growth and Transformation Plan 2011–2015 plans

to raise the proportion of women university students to
40%. In 2013, 13.3% of researchers were women (Figure
19.3). The Ethiopian Minister of Science and Technology
happens to be a woman, Demitu Hambisa.
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in partnership with UNESCO, the African Development
Bank (AfDB) African Union Commission and United Nations
Economic Commission for Africa (UNECA). The first forum
took place in in Nairobi in April 2012, the second in Rabat
in October 2014.
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Figure 19.3: Women researchers in sub-Saharan Africa,
2013 or closest year (%)
Namibia (2010)

43.7

South Africa (2012)

43.7

Mauritius (2012)

41.9
39.8

Cabo Verde (2011)
Madagascar (2011)

35.4

Mozambique (2010)

32.2

Lesotho (2011)

31.0

Zambia (2008)

30.7

Botswana (2012)

27.2

Angola (2011)

27.1

Kenya (2010)

25.7

Tanzania (2010)

25.4

Zimbabwe (2012)

25.3

Senegal (2010)

24.9

Uganda (2010)

24.3

Nigeria (2007)

23.3

Burkina Faso (2010)

23.1

Gabon (2009)

22.4

Cameroon (2008)

21.8

Rwanda (2009)

21.8

Gambia (2011)

20.0

Malawi (2010)

19.5

Ghana (2010)

18.3

Mali (2011)

16.0

Burundi (2011)
Ethiopia (2013)
Togo (2012)

14.5
13.3
10.2

Note: Recent data are unavailable for some countries.
Source: UNESCO Institute for Statistics, April 2015

n Gabon adopted a National Gender Equality and Equity

Policy in 2010. In 2009, 22.4% of researchers were
women (Figure 19.3) and, in 2013, 16% of parliamentary
seats were held by women (World Bank, 2013).

n The Government of Kenya produced a policy brief in 2014

on Mainstreaming Gender in the National STI Policy of Kenya,
in partnership with UNESCO and the African Technology
Policy Studies network; the policy brief served as an
addendum to the draft National Science, Technology and
Innovation Policy of 2012.
The emergence of technology and innovation hubs
In his blog for the World Bank, Tim Kelly observed in April 2014
that ‘one of the key features of the African digital renaissance
is that it is increasingly home-grown. In other sectors of the
African economy, such as mining or agribusiness, much of
the know-how is imported and the wealth extracted but
Africa’s 700 million or so mobile subscribers use services that
are provided locally and they are also downloading more
applications that are developed locally’.3
One of the main sources of locally developed applications are the
technology hubs springing up across Africa (Figure 19.4). There
are now over 90 such hubs across the continent, which vary in
size and composition. Some have served as models, such as iHub
in Kenya, BongoHive in Zambia, MEST in Ghana, the Co-creation
hub in Nigeria and SmartXchange in South Africa. One of the more
recent additions is the Botswana Innovation Hub (see p. 547).
Spiralling from the MPesa, Kenya’s money transfer service
via a mobile phone, many applications have now been
developed for different sectors ranging from agriculture and
health to crowd-sourcing weather information for disaster risk
reduction. While the impact of these technology hubs is yet to
be systematically documented, an early prognosis is that this
type of social innovation is already creating more prosperous
societies in Africa (Urama and Acheampong, 2013).
Some of the start-ups graduating from incubators are tapping
into the mobile phone app and banking revolution that is
sweeping across East Africa. One example is MyOrder, an app
which effectively enables street vendors to launch mobile web
shops, with clients placing orders and making payments by
mobile phone. Another app is Tusqee, which makes it possible
for school administrators to send pupils’ grades to their
parents’ phones (Nsehe, 2013).

n In Rwanda, the Ministry of Gender and Family Promotion

is situated in the Office of the Prime Minister. Rwanda’s
2003 Constitution made provisions for a Gender
Monitoring Office, which was established in 2007. The
Constitution stipulates that both sexes should occupy
no less than 30% of all decision-making bodies, thereby
encouraging Rwandan women to compete for senior
positions. Women won 51 out of the 80 seats (64%)
in Rwanda’s 2013 parliamentary elections, confirming
Rwanda as world leader for this indicator. In research,
however, women remain a minority (21.8% in 2009,
Figure 19.3).
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If the start-ups cannot do it alone, neither can the technology
incubators. Conscious of the economic impact of innovation,
some governments are investing in the development of
technology hubs. Kenya even plans to establish hubs in all
47 of its counties (see p.523). This is coherent with the adoption
of policies in recent years which encompass innovation by
Burundi in 2011, Ethiopia in 2010, Uganda in 2009 and Rwanda
in 2005, among others.
3. See: http://blogs.worldbank.org/ic4d/tech-hubs-across-africa-which-will-belegacy-makers
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Figure 19.4: Technology hubs in East and Central Africa, 2014
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Persistently low internet penetration
Low internet penetration nevertheless prevents many East and
Central African countries from seizing fully the opportunities
offered by ICTs for socio-economic development. Penetration
rates of less than 7% are found in Burundi, Cameroon, Central
African Republic, Chad, Comoros, Congo, Eritrea, Ethiopia and
Somalia (Table 19.1). Kenya leads the region for this indicator,
having realized the feat of raising internet penetration from
14% to 39% of the population between 2010 and 2013, a
compound annual growth rate of 41%.
Mobile phone subscriptions are far more widespread,
reaching from one-quarter (Burundi) to more than 200%
(Gabon) of the population. Their ubiquity has inspired countless
applications for mobile phones.
Prizes for science and innovation
A growing number of national and regional prizes have been
introduced recently to encourage research and innovation.

One example is the Olusegun Obasanjo Prize for Science and
Innovation, named after the former president of Nigeria and
implemented by the African Academy of Sciences. Also of
note are the Annual Innovation Awards run by COMESA since
February 2014 to celebrate individuals and institutions that
have used STI to further the regional integration agenda.
Other actors are establishing prizes. In November 2014,
the Moroccan Bank of Trade and Industry announced the
creation of the African Entrepreneurship Award, with an
endowment of US $1 million. This private bank operates
in 18 African countries and around the world. In 2009, the
annual Innovation Prize for Africa was established by the
African Innovation Foundation, a Zurich-based, non-profit
organization; the Innovation Prize is open to all Africans, with
prize money valued at US$ 150 000. Now in its fourth year,
the prize has been held in Ethiopia, South Africa and Nigeria.
So far, it has attracted around 2 000 applications from
48 African countries.
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TRENDS IN EDUCATION AND R&D
Generally low public spending on higher education
Public spending on education as a share of GDP varies
considerably across the region (Table 19.2). The share of public
education spending earmarked for tertiary education ranges
from over 25% in some countries to just 3.5% in Ethiopia.
Primary school enrolment rates have grown in recent years in
all countries for which data are available (Table 19.3). There is
much greater variability in enrolment rates at secondary and
tertiary levels; more than half of countries record secondary
enrolment rates of less than 30% and, in the others, the
enrolment of girls trails that of boys. Female secondary
school enrolment rates remain below those of males in all but
Rwanda and Comoros. At tertiary level, Cameroon, Comoros
and Congo have recorded enrolment rates of over 10% in
recent years, whereas Kenya’s rate was a disappointing 4% at
last count in 2009; Cameroon has recorded particularly rapid
progress, raising its enrolment rate from 5.8% in 2005 to 11.9%
in 2011. The gender disparity is also evident at tertiary level
and is particularly pronounced in the Central African Republic,
Chad, Eritrea and Ethiopia, where the male participation rate is
more than 2.5 times higher than that for females (Table 19.3).
Data are only available by field of study for Cameroon and
Ethiopia but these offer an interesting contrast. In both
countries, most of those studying S&T at university were
enrolled in scientific disciplines in 2010. The ratio of
engineering to science students was much higher in Ethiopia
(59%) than in Cameroon (6%). In Ethiopia, enrolment in
agriculture was almost as high as in engineering or health
sciences, whereas it was by far the least popular field of study

in S&T in Cameroon (Figure 19.5), a state of affairs also
observed in West and Southern Africa (see Chapters 18 and
20). The CPA review lamented the fact that young African
researchers were reluctant to train in fields such as
agricultural science which lacked popular appeal and was
of the view that ‘the shortage of qualified personnel in such
fields was a big challenge for the continent.’
A greater R&D effort by some countries
In Kenya, gross domestic expenditure on research and
development (GERD) is approaching the CPA target of 1% of
GDP; it has also risen in recent years in Ethiopia (0.61%), Gabon
(0.58%) and Uganda (0.48%) [Figure 19.6 and Table 19.5].
Figure 19.5: Science and engineering students
in Cameroon and Ethiopia, 2010

Cameroon

Ethiopia

Bachelor’s and Master’s
66 007

32 761
39 139

2 047
874

32 880

2 863

35 811
PhD

241

149

236

48
47

127

467

42
Science

Engineering

Agriculture

Health

Source: UNESCO Institute for Statistics, May 2015

Table 19.3: Gross enrolment ratio for education in East and Central Africa, 2012 or closest year
Primary
Burundi
Cameroon
Central African R.
Chad
Comoros
Congo, Rep.
Djibouti
Equatorial Guinea
Eritrea
Ethiopia
Kenya
Rwanda
Somalia
South Sudan
Uganda

Male
138.0
117.9
109.3
108.2
105.9+1
105.5
73.1
91.8
–
93.4-6
114.1
132.3
37.6-5
102.9-1
106.5+1

Female
136.9
103.2
81.3
82.4
99.9+1
113.4
65.9
89.6
–
80.5-6
114.6
135.1
20.8-5
68.1-1
108.2+1

Secondary
Total
137.4
110.6
95.2
95.4
103.0+1
109.4
69.5
90.7
–
87.0-6
114.4
133.7
29.2-5
85.7-1
107.3+1

Male
33.0
54.3
3.6
31.2
62.8+1
57.5
49.4
32.8-7
–
35.5-6
69.5
30.8
10.1-5
–
28.7+1

Female
24.2
46.4
12.1
14.3
65.0+1
49.8
38.1
23.6-7
–
22.3-6
64.5
32.8
4.6-5
–
25.0+1

Tertiary
Total
28.5
50.4
17.8
22.8
63.9+1
53.7
43.8
28.2-7
–
28.9-6
67.0
31.8
7.4-5
–
26.9+1

Male
4.2-2
13.7-1
4.2
3.6-1
10.6
12.7
5.9-1
–
3.0-2
4.2-7
4.8-3
7.8
–
–
4.9-1

Female
2.2-2
10.1-1
1.5
0.9-1
9.1
8.0
4.0-1
–
1.1-2
1.3-7
3.3-3
6.0
–
–
3.8-1

Total
3.2-2
11.9-1
2.8
2.3-1
9.9
10.4
4.9-1
–
2.0-2
2.8-7
4.0-3
6.9
–
–
4.4-1

-n/+n: data refer to n years before or after reference year
Note: Gross enrolment includes pupils of all ages, including those below or above the official age for the given level of education. See also glossary, p. 738.
Source: UNESCO Institute for Statistics, May 2015
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Table 19.4: Tertiary enrolment by level of programme in sub-Saharan Africa, 2006 and 2012 or closest years
Bachelor’s
and
master’s

PhD or
equivalent

Year

Postsecondary
non-degree

Bachelor’s
and
master’s

PhD or
equivalent

Total
tertiary

48 694

2011

–

–

–

142 798

50 225

2011

–

–

–

110 181

22 257

2011

–

–

–

39 894

30 472

2012

16 801

49 688

2 405

68 894

–

–

29 269

Total
tertiary

Angola

2006

Benin

2006

Botswana

2006

Burkina Faso

2006

Burundi

2006

–

–

–

17 953

2010

–

Cabo Verde

2006

–

–

–

4 567

2012

580

Cameroon

2006

14 044

104 085

2 169

120 298

2011

–

–

Central African Rep.

2006

1 047

3 415

0

4 462

2012

3 390

9 132

0

12 522

Chad

2005

–

–

–

12 373

2011

–

–

0

24 349

Comoros

2007

–

–

–

2 598

2012

–

–

Congo, Dem. Rep.

2006

–

–

–

229 443

2012

–

–

Congo, Rep.

–

–

–

–

–

2012

18 116

20 974

213

39 303

Côte d'Ivoire

2007

60 808

–

–

156 772

2012

57 541

23 008

269

80 818

–

–

–

–

Eritrea

0
–
–
9 270

48 694

0

–

–

–

–

21 202

0

10
–

11 800
244 233

0
–

6 087
511 251

2010

4 679

7 360

0

12 039

Ethiopia

2005

0

191 165

47

191 212

2012

173 517

517 921

1 849

693 287

Ghana

2006

27 707

82 354

123

110 184

2012

89 734

204 743

867

295 344

Guinea

2006

–

–

–

42 711

2012

11 614

89 559

0

101 173

Guinea-Bissau

2006

–

–

–

3 689

–

–

–

–

–

Kenya

2005

36 326

69 635

7 571

113 532

–

–

–

–

–

Lesotho

2006

1 809

6 691

0

8 500

2012

15 697

9 805

Liberia

25 507

–

–

–

2012

10 794

33 089

0

43 883

2006

9 368

37 961

2 351

49 680

2012

33 782

54 428

2 025

90 235

Malawi

2006

0

6 298

0

6 298

2011

–

–

–

12 203

–

2012

8 504

88 514

260

97 278

Mauritius

2006

9 464

12 497

260

22 221

2012

8 052

32 035

78

40 165

Mozambique

2005

0

28 298

0

28 298

2012

0

123 771

8

123 779

Namibia

2006

5 151

8 012

22

13 185

–

–

–

Niger

2006

2 283

8 925

0

6 222

15 278

2005

658 543

724 599

8 385

–

–

–

Rwanda

2006

–

11 208
1 391
527
37 149

2012

Nigeria

2012

–

–

0

71 638

Sao Tome & Principe

2006

0

2012

1 421

0

1 421

Senegal

2006

62 539

2010

–

–

–

92 106

Seychelles

2006

0

2012

–

–

–

100

South Africa

–

–

5

Madagascar

Mali

–

–

11 210

–

–

–

–

–
0

–

–
0

–
0

–

0
–

0
–

0
–

–

2012

0

336 514

–

–

264
–

21 764
–

655 187

14 020

1 005 721

Swaziland

2006

0

5 692

0

5 692

2013

7 823

234

8 057

Tanzania

2005

8 610

39 626

3 318

51 554

2012

–

142 920

386

166 014

Togo

2006

3 379

24 697

0

28 076

2012

10 002

55 158

457

65 617

Uganda

2006

–

–

–

92 605

2011

–

–

–

140 087

–

–

–

–

–

2012

26 175

–

–

94 012

Zimbabwe

0

Note: Data are unavailable for Equatorial Guinea, Gabon, Gambia, Sierra Leone, Somalia, South Sudan and Zambia.
Source: UNESCO Institute for Statistics, May 2015
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The government tends to be the main source of R&D
spending but the business enterprise sector contributes more
than 10% of GERD in Gabon and Uganda (Table 19.5). Foreign
sources contribute a sizeable share of GERD in Burundi (40%),
Kenya (47%), Tanzania (42%) and Uganda (57%).
Although two R&D surveys have been published4 since 2011
within Africa’s Science, Technology and Innovation Indicators
Initiative, there is a paucity of data on researchers in most of
East and Central Africa. According to available data, Gabon
and Kenya have the highest density of researchers by head
count (Figure 19.7).
Distinct progress for the six most prolific countries
Four countries dominate scientific publishing (Cameroon,
Ethiopia, Kenya and Uganda) but productivity is also rising in
Gabon, the Republic of Congo and Rwanda, albeit from low
levels (Figure 19.8). Gabon, Cameroon and Kenya count the
most articles per million inhabitants but it is Ethiopia which
has shown the most rapid progress, more than doubling its
production since 2005 to take second place behind Kenya
4. The first surveys were published in the African Innovation Outlook in 2011 and 2014.
Funds have been secured from Sweden to 2017 for the third edition of the Outlook.

in terms of volume; Ethiopia’s output remains modest,
however, at just nine publications per million inhabitants.
The lion’s share of articles focus on life sciences but research
is growing in geosciences in Cameroon, Ethiopia, Kenya and
Uganda. Of note is that Cameroon has a diverse research
portfolio, leading the region for the number of Web of
Science articles in chemistry, engineering, mathematics and
physics in 2014. Overall, the growth in scientific publications
in most countries reflects greater political support for S&T.
Very few patents since 2010
Only two ECA countries have obtained patents from the
United States Patent and Trademark Office in the past five
years. Cameroon registered four utility patents (for new
inventions) in 2010, followed by three in 2012 and four in
2013. This is a dramatic improvement on the two patents
generated by Cameroon in the period 2005–2009. The other
country is Kenya; it registered seven utility patents between
2010 and 2013, which is nevertheless a marked decline from
the 25 patents it received in the previous five-year period.
No other types of patent (design, plant or reissue) have been
granted since 2010, indicating that ECA countries continue
to struggle to generate and register new inventions.

Figure 19.6: GERD in sub-Saharan Africa by field of science, 2012 or closest year (%)
Available countries
Botswana (2012)

30.0

7.9

30.0

Burundi (2010)
Ethiopia* (2010)

6.5

4.7

15.5

14.0
7.4

5.3

Nigeria (2007)

33.0

South Africa (2011)

33.0

Uganda (2010)

9.0

3.9
12.2

Natural Sciences

7.1

4.4
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6.2

17.3

4.1

23.1

8.0
28.8

24.3
27.3
10.3

19.3

10.3

18.1
17.2

48.9
18.1

Engineering

Medical & health sciences

7.7

29.8
Agricultural sciences

3.9
6.6

10.9

1.6

16.7

3.9

8.0

64.4

*Whenever data do not add up to 100% for this indicator, it is because part of the data remain unattributed.
Source: UNESCO Institute for Statistics, April 2015

3.0

44.8
16.3

14.8

13.2

7.2

27.5
34.5

Mauritius (2012)

4.8

47.4

13.3

Madagascar* (2011)

Togo (2012)

2.9 1.7

95.2

Kenya (2010) 4.2

Mozambique (2010)

27.3

12.6

3.2
2.2

21.9
14.1

Social sciences

Humanities

East and Central Africa

818

Figure 19.7: Researchers in sub-Saharan Africa per million inhabitants (HC), 2013 or closest year

South Africa (2012)

350
Gabon (2009)

Senegal (2010)

344

318

285

261

233

Botswana (2012)

123
Malawi (2010)

343

120
Nigeria (2007)

Namibia (2010)

115
Benin (2007)

Kenya (2010)

109
Madagascar (2011)

Mauritius (2012)

105
Ghana (2010)

Cabo Verde (2011)

96
Togo (2012)

Cameroon (2008)

87
Ethiopia (2013)

206

83
Uganda (2010)

Congo, Dem. Rep. (2009)

74
Burkina Faso (2010)

200
73
Angola (2011)

Zimbabwe (2012)

69

54
Rwanda (2009)

Tanzania (2010)

49
Zambia (2008)

66

40
Burundi (2011)

Mali (2010)

35
Gambia (2011)

64

31
Central African Rep. (2009)

Mozambique (2010)

21
Lesotho (2011)

631
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Source: UNESCO Institute for Statistics, April 2015

Table 19.5: GERD in sub-Saharan Africa, 2011
GERD (% of GDP)

GERD per capita
(current PPP$)

GERD per
researcher (HC)
in current PPP$
thousands

Business

Government

Higher
education

Private
non-profit

Abroad

Botswana
Burkina Faso
Burundi
Cabo Verde
Congo, Dem. Rep.
Ethiopia
Gabon
Gambia
Ghana
Kenya
Lesotho
Madagascar
Malawi
Mali
Mauritius
Mozambique
Namibia
Nigeria
Senegal
Seychelles
South Africa
Tanzania
Togo
Uganda
Zambia

GERD by source of funds (%), 2011*

0.26+2
0.20-2
0.12
0.07
0.08-2
0.61+2
0.58-2
0.13
0.38-1
0.79-1
0.01
0.11
1.06-1
0.66-1
0.18+1
0.42-1
0.14-1
0.22-4
0.54-1
0.30-6
0.73+1
0.38-1
0.22+1
0.48-1
0.28-3

37.8+2
2.6-2
0.8
4.5
0.5-2
8.3+2
90.4-2
2.0
11.3-1
19.8-1
0.3
1.5
7.8-1
10.8-1
31.1+1
4.0-1
11.8-1
9.4-4
11.6-1
46.7-6
93.0+1
7.7-1
3.0+1
7.1-1
8.5-3

109.6+2
–
22.3
17.3
2.3-2
95.3+2
258.6-2
59.1
108.0-1
62.1-1
14.3
13.3
–
168.1-1
109.3+1
60.6-1
34.4-1
78.1-4
18.3-1
290.8-6
113.7+1
110.0-1
30.7+1
85.2-1
172.1-3

5.8+2
11.9-2
–
–
–
0.7+2
29.3-2
–
0.1-1
4.3-1
–
–
–
–
0.3+1
19.8-1
0.2-4
4.1-1
–
38.3+1
0.1-1
13.7-1
–

73.9+2
9.1-2
59.9-3
100
100
79.1+2
58.1-2
38.5
68.3-1
26.0-1
–
100.0
–
91.2-2
72.4+1
18.8-1
78.6-1
96.4-4
47.6-1
–
45.4+1
57.5-1
84.9+1
21.9-1
–

12.6+2
12.2-2
0.2-3
–
–
1.8+2
9.5-2
–
0.3-1
19.0-1
44.7
–
–
–
20.7+1
–
–
0.1-4
0.0-1
–
0.8+1
0.3-1
0.0+1
1.0-1
–

0.7+2
1.3-2
–
–
–
0.2+2
45.6
0.1-1
3.5-1
–
–
–
–
0.1+1
3.0-1
–
1.7-4
3.2-1
–
2.5+1
0.1-1
3.1+1
6.0-1
–

6.8+2
59.6-2
39.9-3
–
–
2.1+2
3.1-2
15.9
31.2-1
47.1-1
3.4
–
–
8.8-1
6.4+1
78.1-1
1.5-1
1.0-4
40.5-1
–
13.1+1
42.0-1
12.1+1
57.3-1
–

-n/+n: data refer to n years before or after reference year
*Whenever data do not add up to 100% for this indicator, it is because part
of the data remain unattributed.

Note: Data are missing for some countries.
Source: UNESCO Institute for Statistics, April 2015; for Malawi: UNESCO
(2014) Mapping Research and Innovation in the Republic of Malawi (p. 57)
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4

6 16

Psychology

11
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3
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6
3
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Gabon 6

44
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Gabon was the most productive in 2014
Articles per million inhabitants for the most productive countries

Gabon

80.1

Cameroon

30.9

Kenya

30.2

Congo, Rep.

24.3

Uganda

19.5

Rwanda
Ethiopia

71.0% 95.3%
Lowest (Ethiopia) and highest (Rwanda) share of foreign
co-authors among 7 most prolific countries, 2008–2014;
the G20 average is 24.6%

11.8
9.0

Scientists co-author most with partners outside Africa, some also with Kenya and South Africa
Main foreign partners of the 12 countries with the most publications, 2008–2014 (number of papers)
1st collaborator

2nd collaborator

3rd collaborator

4th collaborator

5th collaborator

Burundi

Belgium (38)

China (32)

USA (18)

Kenya (16)

UK (13)

Cameroon

France (1 153)

USA (528)

Germany (429)

South Africa (340)

UK (339)

Cent. African Rep.

France (103)

USA (32)

Cameroon (30)

Gabon (29)

Senegal (23)

Chad

France (66)

Switzerland (28)

Cameroon (20)

UK/USA (14)

Congo, Rep.

France (191)

USA (152)

Belgium (132)

UK (75)

Djibouti

France (31)

USA/UK (6)

Canada (5)

Spain (4)

Eritrea

USA (24)

India (20)

Italy (18)

Netherlands (13)

UK (11)

Ethiopia

USA (776)

UK (538)

Germany (314)

India (306)

Belgium (280)

Gabon

France (334)

Germany (231)

USA (142)

UK (113)

Netherlands (98)

Kenya

USA (2 856)

UK (1 821)

South Africa (750)

Germany (665)

Netherlands (540)

Rwanda

USA (244)

Belgium (107)

Netherlands (86)

Kenya (83)

UK (82)

Uganda

USA (1 709)

UK (1 031)

Kenya (477)

South Africa (409)

Sweden (311)

Switzerland (68)

Source: Thomson Reuters’ Web of Science, Science Citation Index Expanded; data treatment by Science–Metrix
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COUNTRY PROFILES

n curb population growth from 2.5% to 2% per year to

preserve gains in agricultural productivity and arable land,
90% of the population currently living off the land and
more than half the population being under 17 years5
of age;

BURUNDI
An STI policy and the launch of R&D surveys
Burundi is a landlocked country with an economy
dominated by subsistence agriculture. It has enjoyed a period
of political stability and rapid economic development since
the end of the civil war a decade ago. The World Bank’s Doing
Business report even named Burundi one of the world’s top
economic reformers in 2011–2013 for its efforts to streamline
business, attract foreign investment and climb out of the league
of the world’s poorest countries (World Bank, 2013).

n halve the current level of poverty (67% of the population)

and ensure food security;
n improve the country’s capacity to absorb the latest

technology, in order to foster growth and competitivity;
n raise GDP per capita from US$ 137 in 2008 to US$ 720 and

ensure annual economic growth of 10%;
n expand the urbanized population from 10% to 40% to

preserve land;
In 2010, the Department of Science, Technology and Research
was created within the Ministry of Higher Education and Scientific
Research to co-ordinate STI across the economy. Burundi then
adopted a National Policy on Science, Research and Technological
Innovation in 2011 (Tumushabe and Mugabe, 2012).
In 2011, Burundi published its Vision 2025 document.
The main targets to 2025 are to:

n make environmental protection and the rational use of

natural resources a priority.
The EAC Secretariat commissioned an assessment in 2011,
in order to designate five centres of excellence in the
community for EAC funding. The National Institute of Public
Health in Burundi was one of the five; it provides training,
diagnosis and research (Box 19.2).

n achieve universal primary education;
n instigate good governance in a state of law, with regular

elections;

5. The annual population growth rate in Burundi had accelerated to 3.1% by 2014,
see Table 19.1.

Box 19.2: African centres of excellence in biomedical sciences
The EAC commissioned a study in
2011 which designated 19 centres of
excellence from five EAC partner states.
In October 2014, the 10th ordinary
meeting of the EAC Sectorial Council of
Ministers responsible for Health selected
five of these centres for first-phase EAC
funding, namely: the National Institute
of Public Health (Burundi), Rift Valley
Technical Training Institute (Kenya),
University of Rwanda,* Uganda Industrial
Research Institute and Taasisi ya Sanaa
na Utamaduni Bagamoyo (Tanzania).
Complementing the EAC project, the
African Development Bank (AfDB)
approved bilateral loans in October
2014 amounting to US$ 98 million to
finance the first phase of its own East
Africa’s Centres of Excellence for Skills
and Tertiary Education in Biomedical
Sciences programme.
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The AfDB project will contribute to
developing a highly skilled labour force
in biomedical sciences to meet the EAC’s
immediate labour market needs and
support implementation of EAC’s ‘free’
labour market protocols. One potential
area for growth is medical tourism.
The first phase of the AfDB project will
support the creation of specialized
centres of excellence in nephrology
and urology in Kenya, cardiovascular
medicine in Tanzania, biomedical
engineering and e-health in Rwanda and
oncology in Uganda. During the project’s
second phase, a centre of excellence
will open in Burundi in nutritional
sciences. The East Africa Kidney Institute
will operate as part of the University
of Nairobi and its teaching hospital,
Kenyatta National Hospital. The other
centres of excellence will be established

at the University of Rwanda’s College
of Medicine and Health Sciences,
the Uganda Cancer Institute and, in
Tanzania, at Muhimbili University of
Health and Allied Sciences. Some
140 master’s and 10 PhD students will
benefit from the programme, as well as
300 interns.
The centres of excellence will be
expected to collaborate with
internationally renowned
establishments to develop quality
curricula, joint research, promote interuniversity exchanges and mentoring
programmes and to give access to
documentary resources.
*formerly the Kigali Institute of Science and
Technology
Source: AfDB press release and personal
communication; authors

East and Central Africa
Since joining the African Science, Technology and Innovation
Indicators Initiative in August 2013, Burundi has been
conducting national surveys of research and innovation to
inform policy-making.

n mandatory ICT-related programmes have been introduced

CAMEROON

The policy’s implementation has nevertheless been hampered
by a lack of financial resources, the inadequate synergy
between the government and external partners and the weak
state capacity for project management. Between 2007 and
2013, internet penetration spread only from 2.9% to 6.4% of
the population. Despite this, two innovation hubs have been
set up in recent years (Box 19.3).

n a training programme for state personnel working in ICTs;
n measures to enhance the legal, regulatory and institutional

framework governing ICTs, in order to provide a
competitive environment for companies offering electronic
communications services, catalyse innovation and promote
service diversification and cost reduction; and
n an upgrade of the telecommunications network, such as

n the Prime Minister’s Office has implemented a National

Governance Programme.

The government is also supporting companies and fostering
linkages between research and professional communities,
in order to develop an indigenous ICT sector to realize
the country’s Vision 2035. Adopted in 2009, this planning
document aims to turn Cameroon into a newly industrialized
country by 2035. Vision 2035 estimates that the informal
sector represents 80–90% of the economy. Targets include:
n raising the share of manufacturing from 10% to 23% of

GDP (it had almost reached 14% by 2013, see Figure 19.2);
n reducing the share of products from forestry, agriculture

fibre-optic cables.
The policy has spawned the following initiatives to promote
the deployment of ICTs, among others (IST-Africa, 2012):
n the Ministry of Scientific Research and Innovation has

issued an action plan for an information and knowledge
society;
n the Ministry of Higher Education has implemented an ICT

development programme in tertiary institutions;
n the Ministry of Secondary Education has built multimedia

resource centres at secondary schools;
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Developing ICTs to catch up
In September 2007, the National Agency for
Information and Communication Technologies published
the National Policy for the Development of Information and
Communication Technologies. Several programmes and
projects were established under this policy for the post-2010
period, including (IST-Africa, 2012):

in primary and secondary schools; and

and aquaculture from 20.5% to 10% of exports by
developing manufacturing;
n raising investment from 17% to 33% of GDP to drive

technological development;
n expanding the number of tractors from 0.84 per 100

hectares to 1.2 per hectare;
n raising the proportion of doctors from 7 to 70 per

100 000 inhabitants; similar progress is to be realized
among teachers, including in engineering fields: ICTs, civil
engineering, agronomists, etc.;

Box 19.3: ActivSpaces and CiHub: giving start-ups a head-start in Cameroon
One important complementary
scheme to government initiatives
has been the creation of community
technology and innovation hubs. A
pioneer in this field is ActivSpaces; it
provides facilities for web and mobile
programmers, designers, researchers
and entrepreneurs at co-working
spaces in two Cameroonian cities,
Douala and Buea. The hub aims to
promote African-made technology,
innovation and entrepreneurship,
especially among youth and women.

Since 2015, ActivSpaces has been
offering a six-month incubator
or accelerator programme called
Activation Bootcamp, which provides
entrepreneurs with legal advice,
mentorship, assistance in registering
a start-up company and financial
seeding, in return for a 5% share of
equity in the venture. ActivSpaces
also hosts various events, including a
Demonstration Day to allow bootcamp
participants to showcase their
products and services.

Another innovation hub and
incubator, the Cameroon Innovation
Hub (CiHub), provides a launchpad for
young tech entrepreneurs to develop
start-ups based on internet and
mobile technology to help address
the country’s social challenges.
CiHub facilitates interactions among
developers, entrepreneurs, companies
and universities.

Source: compiled by authors
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n raising the share of secondary and tertiary students

specializing in S&T subjects from 5% to 30%;
n reducing the annual population growth rate from

2.8% to 2.0% through economic development and the
emancipation of women, which will in turn encourage
family planning;
n increasing access to drinking water from 50% to 75% of the

Badila fields, which are operated by the mining company
Glencore Xstrata, and a new field managed by a subsidiary of
the China National Petroleum Corporation (CNPC). According
to the Minister of Finance, Kordje Bedoumra, Chad has
commissioned consultancy firms from France and the Russian
Federation to inventory potential mineral deposits of gold,
nickel and uranium, in an effort to diversify the economy
(Irish, 2014).

population; and
n doubling energy consumption, mainly through the

development of hydropower and gas.

CENTRAL AFRICAN REPUBLIC
The priority: getting child refugees back to
school
The civil war since 2012 has severely disrupted the country’s
social fabric, generating an estimated 200 000 displaced
persons. Since President Bozizé fled the country in 2013, first
Michael Djotodia then Catherine Samba-Panza have served as
interim president, Ms Samba-Panza since January 2014.
With a fragile ceasefire agreement in place since July
2014 and international peacekeepers on the ground, the
country has begun rehabilitating infrastructure. The current
transitional government and the Ministry of National
Education and Higher Education and Scientific Research have
been given the mandate of promoting STI for the recovery
and sustainable development of the country. The ministry’s
top priority, however, is to resuscitate the education system
from primary to university levels. The greatest challenge
facing the education sector are the many school-age children
living in refugee camps, compounded by the exodus of
educated people, including teachers and professors.

CHAD
Plans to diversify mining
In recent years, Chad has suffered from flooding
and drought, as well as conflict on its borders. Relations
with Sudan improved after the signing of a non-aggression
pact in 2010 but instability in Libya, Nigeria and Central
African Republic since 2012 has forced it to raise its defence
budget to handle a flood of refugees and counter growing
cross-border threats, including that posed by the Boko
Haram sect.
The economy has become dependent on oil over the past
decade. This has produced erratic growth patterns as oil
production has fluctuated. Chad hopes to double production
in 2016, thanks to increased output from its Mangara and
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Chad is one of the world’s least developed countries, ranking
183rd in the 2012 Human Development Index. Despite
improvements in school attendance and access to clean
drinking water (Tables 19.3 and 19.1), many Chadians still face
severe deprivation and most Millennium Development Goals
will not be met, according to the World Bank.
Chad has no specific STI policy. However, the law of 2006
mandates the Ministry of Higher Education and Scientific
Research to co-ordinate STI.

COMOROS
Mobile phone technology fairly developed
The three small islands which make up
Comoros group a population of 752 000, half of whom are
under the age of 15. The economy is agrarian (37.1% of
GDP), with manufacturing accounting for just 7% of national
income. Although less than 7% of the population had access
to internet in 2013, nearly one in two inhabitants (47%)
subscribed to a mobile phone. Improved sanitation reaches
only 17% of the population but 87% have access to clean
water (Table 19.1).
In 2008, Comoros devoted a relatively large share of GDP
to education (7.6%), one-sixth of which went to higher
education (Table 19.2). One in ten (11%) young people
attend the country’s single public university, the University
of Comoros, founded in 2003. By 2012, the university had a
student roll of over 6 000, double that in 2007, but no PhD
students (Table 19.4).

REPUBLIC OF CONGO
A push to modernize and industrialize
The Republic of Congo was the world’s fourth
fastest-growing economy in 2010, according to the World
Bank. The government plans to turn Congo into an emerging
economy by 2025, through Vision 2025. Adopted in 2011, this
document foresees the diversification and modernization
of the economy, which is heavily dependent on oil, and
the development of secondary and tertiary education to
provide the necessary skills base. To promote the rule of
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the Minister of Higher Education and Research. The university
plans to organize an international seminar on geohazards
in early 2016. It is currently establishing an observatory to
monitor climate change in East Africa, in collaboration with
Yale University and the Massachusetts Institute of Technology
in the USA.

Within a three-year agreement signed in December
2014, UNESCO is helping Congo to reinforce research
and innovation by mapping Congo’s STI ecosystem
and developing instruments to ensure better policy
implementation and a better status for researchers. One
obstacle to innovation has been the lack of awareness of
intellectual property rights, which has led to new knowledge
being patented by better-informed competitors (Ezeanya,
2013). In 2004, Congo had requested UNESCO’s support
for the development of a national science and technology6
policy. This led to the adoption of an action plan for 2010–
2016. The new agreement reinforces existing programmes by
focusing on modernization and industrialization.

Eight out of ten citizens work in the services sector, with
manufacturing accounting for just 2.5% of GDP in 2007
(Figure 19.2). Djibouti’s transformation into a modern
hub is increasingly dependent on how well it can acquire
technology from the global economy and adapt this to its
level of development. FDI comes mainly from the Middle East
and is high (19.6% of GDP in 2013) but tends to flow to the
country’s strategic port on the Red Sea. Investment projects
with the potential for technology transfer and local capacitybuilding need strengthening. Greater statistical capability in
STI indicators would also help the government to monitor
improvements in this area.

To reflect the importance accorded to STI, the Ministry of
Scientific Research and Technological Innovation has been
separated from the Ministry of Higher Education, the Ministry
of Primary and Secondary Education and the Ministry of
Technical and Vocational Education. In January 2012, the
Ministry of Scientific Research and Technological Innovation
entered into a partnership with the Congolese company
ISF Technologies to develop and integrate ICT solutions
with business intelligence to optimize the performance of
enterprises.
In Congo, university–industry ties tend to spring from
initiatives by individual universities to support small
enterprises. For example, the private non-profit ICAM School
of Engineering in Pointe-Noire and Douala established a
programme in November 2013 offering SMEs technical
support.

DJIBOUTI
Education a priority
Expenditure on public education accounted
for 4.5% of GDP in 2010. Schooling is free and seven out
of ten children now attend primary school, although the
ratio is higher for boys than for girls (Table 19.3). Until the
founding of the University of Djibouti in 2006, students had
to go abroad to study and could apply for a government
sponsorship, a situation which fostered brain drain. In May
2014, the university launched an e-campus in the presence of
6. For details of UNESCO’s work with the Republic of Congo since 2004, see the
UNESCO Science Report 2010.

Since joining the World Intellectual Property Organisation
in 2002, Djibouti has enacted a law on the Protection of
Copyright and Neighbouring Rights (2006) and a second law
on the Protection of Industrial Property (2009).

EQUATORIAL GUINEA
International commitment, little domestic
output
Founded in 1995, the National University of Equatorial Guinea
is the country’s main tertiary institution. It has faculties of
agriculture, business, education, engineering, fisheries and
medicine.
In 2012, President Obiang Nguema Mbasogo made funds
available for the UNESCO–Equatorial Guinea International
Prize for Research in the Life Sciences. In addition to
rewarding research undertaken by individuals, institutions
or other entities, the prize promotes the establishment and
development of centres of excellence in the life sciences. The
fact that the prize is international in character rather than
aimed at citizens of Equatorial Guinea has attracted criticism
within the country, which has high levels of poverty, despite
being classified as a high-income country thanks to its oil-rent
economy.
In February 2013, Equatorial Guinea applied to the African
Union to host the African Observatory for Science, Technology
and Innovation, the mandate of which is to collect data on
the continent’s STI capabilities. Having offered US$ 3.6 million
and being the only applicant, Equatorial Guinea won the bid.
Progress in establishing the facility has since been hampered
by various administrative and political obstacles.
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law, emphasis is being laid on strengthening participatory
and inclusive democracy. There are programmes to develop
physical (transportation) and virtual (ICTs) connections to
domestic and foreign markets. Two key infrastructure projects
are under way, the construction of a dam at Imboulou (120 MW)
and the rehabilitation of the Congo Ocean railway.

UNESCO SCIENCE REPORT
Despite these two high-profile international commitments,
there is little information available on STI policy and
implementation in Equatorial Guinea and, somewhat
ironically, the country does not participate in STI data
surveys. The Web of Science catalogued just 27 scientific
articles from Equatorial Guinea between 2008 and 2014,
placing Equatorial Guinea on a par with Comoros and
Somalia for this indicator (Figure 19.8).

ERITREA
Urgent development challenges
Eritrea faces numerous development challenges.
Just 0.9% of the population had access to internet in 2013
and 5.6% a mobile phone subscription (Table 19.1). There
is also little access to improved sanitation (9%) and clean
water (43%). To compound matters, the population is
growing at one of the fastest rates in sub-Saharan Africa:
3.16% in 2014 (Table 19.1).
Two-thirds of the population worked in the services sector
in 2009. With gold accounting for 88% of exports in 2012
(see Figure 18.1), there is an urgent need to diversify the
economy to ensure sustainability and attract FDI, which
contributed just 1.3% of GDP in 2013. Economic growth
has been erratic, attaining 7.0% in 2012 but only 1.3% in
2013.
The Eritrea Institute of Technology is the main institution for
higher studies in science, engineering and education. The
facilities and capacity of the institute are continually being
upgraded, thanks to largely external funding, although
the Ministry of Education also contributes. The number of
students graduating each year is rising steadily but from a
low starting point. In 2010, just 2% of the 18–23 year-old
cohort was enrolled in university and there were not as yet
any PhD students (Tables 19.3 and 19.4). The number of
Eritrean publications in the Web of Science dropped from
29 in 2006 to 22 in 2014 (Figure 19.8).
The National Science and Technology Council (NSTC),
Eritrean Science and Technology Development Agency
(ESTDA) and National Science and Technology Advisory
Board were all established in 2002. The NSTC is responsible
for the formulation, review and approval of policies but
no specific S&T policy has been published since 2002,
as far as can be ascertained. ESTDA is an autonomous
corporate body with two main objectives: to promote and
co-ordinate the application of S&T for development under
the guidance of NSTC and to build the national capability
for R&D.
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ETHIOPIA
An ambitious plan for growth and
transformation
For the past decade, Ethiopia has enjoyed
some of the fastest economic growth in Africa among
agrarian economies. The government is now focusing on
modernization and industrialization to realize its ambition
of turning Ethiopia into a middle-income economy by 2025.
The government recognizes that STI will be a prerequisite for
realizing its Growth and Transformation Plan for 2011–2015.
A government report has since mapped progress over the
first two years of implementation (MoFED, 2013):
n improved crop and livestock productivity and soil and

water preservation through research;
n greater generation and dissemination of geoscience

data and more problem-solving research related to
mining;
n the development of alternative construction

technologies for road-building;
n the start of construction of a national railway network;
n sustainable technology transfer in medium and large-

scale manufacturing industries to improve their export
capacity, fostered through privatization and measures
to attract foreign investors: by 2012, this sub-sector
had registered growth of 18.6%, close to the target of
19.2%; there was 13.6% growth in value-added industrial
products by 2012 but export earnings from textiles, leather
goods, pharmaceuticals and agroprocessing have been
disappointing, owing to low productivity and inadequate
technological capability, a lack of inputs and other
structural problems;
n the development of renewable energy, including

through the Ashegoda and Adama-2 wind energy
projects, the Great Ethiopian Renaissance Dam on the
Blue Nile and the ongoing development of biofuel plants
(jatropha, caster, etc.) on 2.53 million hectares of land;
n the development of a Climate Resilient Green Economy

Vision and Strategy, as well as the enforcement of
compliance with environmental laws and capacitybuilding in the mitigation of greenhouse gases;
n the number of tertiary-level students rose from 401 900

to 693 300 between 2009 and 2011; the target is for 40%
of students to be women by 2015;
n a national survey of research and innovation in 2011–2012

found that 0.24% of GDP was being devoted to GERD,
the same level as in 2009. The survey also inventoried
91 researchers per million population;
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Figure 19.9: GERD/GDP ratio in East and Central Africa,
2013, or closest year (%)
Selected countries

n the transformation of the Ethiopian economy from a

centralized to an open market economy, with concomitant
political power decentralization;
n global advances in the understanding and application of

STI and rapid socio-economic changes at national level;

Kenya (2010)

0.79

Ethiopia (2013)

0.61

Gabon (2009)

0.58

n the imperative of developing a national STI capability, in

order to seize the opportunities offered by global progress
in scientific knowledge and technology; and
n the fragmented, unco-ordinated and uneconomic use of

limited resources which characterized STI at the time.
The revised National Science, Technology and Innovation
Policy has been operational since 2010. It seeks to ‘build
competitiveness through innovation.’ Its strengths include
upgrading the Science and Technology Commission to
ministerial level with a consequential name change to
Ministry of Science and Technology, advocating an annual
government allocation of at least 1.5% of GDP for STI in all
sectors and the creation of a centralized innovation fund for
R&D resourced from a contribution of 1% of the annual profits
realized in all productive and service sectors. As of mid-2015,
neither the annual government allocation, nor the innovation
fund were yet operational. The GERD/GDP ratio has risen,
though, to 0.61% of GDP in 2013 (Figure 19.9), according
to the UNESCO Institute for Statistics, which also reported a
steep increase in the proportion of women researchers from
7.6% to 13.3% between 2010 and 2013.
Two programmes stand out:
n the National Priority Technology Capability Programmes

launched in 2010 in the areas of agricultural productivity
improvement, industrial productivity and quality
programmes, biotechnology, energy, construction and
material technologies, electronics and microelectronics,
ICTs, telecommunications and water technology; and
n the ongoing Engineering Capacity-Building Programme

launched in 2005, which is jointly financed and
implemented by the governments of Ethiopia and Germany
within Ethiopian–German Development Co-operation.
Priority sectors include textiles, construction, leather,
agro-processing, pharmaceuticals/chemicals and metal.
In 2014, it was decided to place universities specializing in
science and technology which have ties with industry under the
new Ministry of Science and Technology to promote innovation
in academia and stimulate technology-driven enterprises.
The first two universities in Addis Ababa and Adama were
transferred from the Ministry of Higher Education in 2014.

Uganda (2010)

0.48

Tanzania (2010)
Burundi (2011)

0.38
0.12

Source: UNESCO Institute for Statistics

GABON
A plan to green Gabon by 2025
Gabon is one of the most stable countries
in Africa. Despite being one of the continent’s rare upper
middle-income economies, it is characterized by considerable
inequality in income distribution. There is also limited
infrastructure, including in the transport, health, education
and research sectors (World Bank, 2013).
The economy is dominated by oil but, with production
starting to decline, the government has been implementing
political and economic reforms since 2009 to transform
Gabon into a developed country by 2025. This ambition is
encapsulated in the government strategy, Emerging Gabon:
Strategic Plan to 2025, which aims to set the country on the
path to sustainable development, ‘which is at the heart of
the new executive’s policy’,7 according to the Strategic Plan.
Adopted in 2012, it identifies two parallel challenges: the
need to diversify an economy dominated by oil exports
(84% in 2012, see Figure 18.2) and the imperative of reducing
poverty and fostering equal opportunity.
The three pillars of the plan are:
n Green Gabon: to develop the country’s natural resources

in a sustainable manner, beginning with an inventory of
22 million ha of forest (85% of the land cover), 1 million ha
of arable land, 13 national parks and 800 km of coastline;
n Industry Gabon: to develop local processing of raw

materials and the export of high value-added products;
7. Gabon’s President Ali Bongo Ondimba took office in October 2009.
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In parallel, the National Science and Technology Policy (2007)
has been revised with UNESCO support, in order to take the
following considerations into account:

UNESCO SCIENCE REPORT
n Services Gabon: to foster quality education and training,

in order to turn Gabon into a regional leader in financial
services, ICTs, green growth, tertiary education and health.
The plan foresees the adoption of a National Climate Plan
to limit Gabon’s greenhouse gas emissions and forge an
adaptation strategy. The share of hydropower in Gabon’s
electricity matrix is to progress from 40% in 2010 to 80%
by 2020. In parallel, inefficient thermal power stations are
to be replaced with clean ones to bring the share of clean
energy to 100%. By 2030, Gabon plans to export 3 000 MW
of hydropower to its neighbours. Efforts will also be made to
improve energy efficiency and reduce pollution in such areas
as construction and transportation.
This new paradigm is to be ensconced in a law on sustainable
development which will create a fund compensating the
negative effects of development. Moreover, in conformity
with the Gaborone Declaration (see Box 20.1), natural capital is
to be integrated into the national accounting system.

education, including the Council for Education, Training
and Research, which will be responsible for evaluating the
implementation of the government’s education policy.
Steps taken to implement the Strategic Plan
Since 2011, the government has taken a number of steps to
implement Emerging Gabon: Strategic Plan to 2025, including:
n the creation of a Research Unit on Tuberculosis at the

Albert Schweitzer Hospital in Lambaréné in February 2011,
in response to the growing prevalence of tuberculosis;
n the creation of a joint Centre for Environmental Research

by Gabon and the University of Oregon (USA) in June
2011, with a focus on the mitigation of, and adaptation to,
climate change and environmental governance, including
the development of ecotourism;
n the construction of a School of Mining and Metallurgy in

Moanda in October 2012 to produce more scientists and
engineers in these areas;
n the opening of a digital campus at the School of Water

Quality education a priority
Quality education is another priority of the Strategic Plan to
2025. Four technical secondary schools offering 1 000 places
are to be established to raise the proportion of pupils
benefiting from this education from 8% to 20% and thereby
provide key economic sectors such as the wood, forestry,
mining,8 metallurgy and tourism industries with skilled
personnel.
In order to adapt university curricula to market needs, existing
universities will be modernized and a Cité verte de l’éducation
et du savoir (Green City of Education and Knowledge) will be
created in the heart of the country in Booué. Constructed
using green materials and running on green energy, this
complex will group a campus, research centres and modern
housing. Foreign universities will be encouraged to set
up campuses on site. A research fund will be created for
academic projects selected on a competitive basis and an
information technology park will be set up in partnership
with the National Agency for Digital Infrastructure and
Frequencies.
All primary and secondary schools are to be equipped with
a multimedia room and a mechanism will be put in place
to enable all teachers and university students to acquire a
computer.
In parallel, the plan foresees a broad administrative and legal
reform to improve efficiency and foster the rule of law. A
number of new bodies will be established to foster quality
8. In 2010, Gabon attracted over US$ 4 billion for the wood, agriculture and
infrastructure sectors, according to the government.
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Affairs and Forestry in February 2013 to produce more
engineers;
n the creation of three new vocational training centres in

June 2013;
n the official presentation of the National Climate Plan to the

president in November 2013 by the National Council on
Climate Change, a body created by presidential decree in
April 2010;
n the establishment of a Ministry of Higher Education and

Scientific Research in April 2014; and
n the adoption of the law on sustainable development in

August 2014; this law has raised some concerns in civil
society as to whether it will protect the territorial rights
of third parties, particularly those of local and indigenous
communities (Malouna, 2015).
The government has recently entered into two public–private
partnerships. In December 2012, it established a ‘fun’ approach
to learning about HIV which targets youth, called Gaming for
HIV Prevention, in partnership with Shell Gabon. In February
2013, the government also partnered with Ireland Blyth
Limited to develop the Gabonese seafood and maritime
industries.
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KENYA

n Construction of Africa’s largest wind farm began in 2014,

within the Lake Turkana Wind Power Project;
n In recognition of the economic potential of ICTs, the

government announced in December 2013 that it would be
establishing technology incubation hubs in all 47 counties.
Under the Science, Technology and Innovation Act of
2013, the Ministry of Education, Science and Technology
is attributed responsibility for formulating, promoting and
implementing policies and strategies in higher education,
STI in general and R&D in particular, as well as technical,
industrial, vocational and entrepreneurship training.

Flagship projects within Vision 2030 include the following:

The act established a National Commission for Science,
Technology and Innovation, a regulatory and advisory body
that is also responsible for quality assurance. Its specific
functions include:

n Five industrial parks are being established for SMEs in key

n developing priority areas for STI; co-ordinating the

urban centres, the majority in agro-processing.
n The Nairobi Industrial and Technology Park is being

developed within a joint venture with Jomo Kenyatta
University of Agriculture and Technology.
n Konza Technology City is under construction in Nairobi

(Box 19.4).
n Geothermal energy is being developed in the Rift Valley,

within a programme to increase energy generation
to 23 000 MW that is mobilizing private capital for the
development of renewable energy (Box 19.5).
9. Nairobi is also home to the African Network of Scientific and Technological
Institutions (ANSTI), an NGO hosted by UNESCO since its inception in 1980. ANSTI
awards PhD and master’s scholarships and travel grants. Since 2010, ANSTI has awarded
45 L’Oréal-UNESCO Fellowships for Women in Science to foster research and innovation.

implementation and financing of policies with other
institutional bodies, including local governments, the
new National Innovation Agency and the new National
Research Fund (see overleaf);
n providing accreditation for research institutes;
n fostering private-sector involvement in R&D; and
n undertaking annual reviews of scientific research systems.

The act further empowered the National Commission for
Science, Technology and Innovation to establish advisory
research committees to counsel the commission on specific
programmes and projects and maintain a database of these
and to foster R&D and education in relevant areas, in particular.
The act also establishes a requirement for any person wishing
to engage in R&D to obtain a government license.

Box 19.4: Konza Technology City, Kenya’s ‘Silicon Savannah’
Konza Technology City was
originally designed as a technology
park centred on business process
outsourcing and information
technology-enabled services. The
Kenyan government contracted the
International Finance Corporation to
conduct an initial feasibility study in
2009. However, while the study was
being conducted, the consulting
design partners recommended
that the project be expanded into
a technology city. The Kenyan
government agreed and has branded
Konza the ‘Silicon Savannah’.

A 5 000-acre site located some 60 km
from Nairobi was procured in 2009
and the new greenfield investment
(see glossary, p. 738) commenced. The
financing arrangement is based on
a public–private partnership model,
whereby the government provides basic
infrastructure and supporting policy
and regulatory frameworks, leaving
private investors to build and operate
the industrial development. Ultimately,
Konza should include a university
campus, residential accommodation,
hotels, schools, hospitals and research
facilities.

Development of the techno-city is being
directed by the Konza Technopolis
Development Authority, which has
authority over marketing, the subleasing
of land, guiding real estate development,
managing funding from public and
private sources and liaising with local
authorities to ensure quality services.
Construction of Konza Technology City
began in early 2013 and is expected to
take 20 years. It is hoped to create
20 000 jobs in information technology
by 2015 and 200 000 by 2030.
Source: www.konzacity.go.ke; BBC (2013)
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A game-changing act?
STI policy in Kenya has been given a major
boost by the Science, Technology and Innovation Act passed
in 2013. The act contributes to the realization of Kenya Vision
2030, which foresees the country’s transformation into a
middle-income economy with a skilled labour force between
2008 and 2030. Kenya already hosts9 several hubs for training
and research in life sciences, including the Biosciences Eastern
and Central Africa Network (Box 19.1) and the International
Centre for Insect Physiology and Ecology. In line with Vision
2030, Kenya is participating in the AfDB’s East Africa’s Centres
of Excellence for Skills and Tertiary Education in Biomedical
Sciences programme (Box 19.2).
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The Kenya National Innovation Agency was established under
the act to develop and manage the national innovation
system. It has been tasked inter alia with the following:

across government; and the promotion of ICT literacy,
capacity, innovation and enterprise, in accordance with the
Kenya National ICT Master Plan: Towards a Digital Kenya, which
runs from 2014 to 2018.

n institutionalizing linkages between relevant stakeholders,

including universities, research institutions, the private
sector and government;
n setting up science and innovation parks;
n promoting a culture of innovation;
n maintaining relevant standards and databases; and
n disseminating scientific knowledge.

The act also created the National Research Fund and made
provisions for the fund to receive 2% of Kenya’s GDP each
financial year. This substantial commitment of funds should
enable Kenya to reach its target of raising GERD from 0.79% of
GDP in 2010 to 2% by 2014.
Kenya reviewed its Science, Technology and Innovation Policy
in 2012 but the revised policy is still before parliament. The
draft is nonetheless serving as a reference document for the
Ministry of Education, Science and Technology.
Towards a digital Kenya
In August 2013, the Ministry of Information, Communication
and Technology established a state-owned corporation
named the Information and Communication Technology
Authority. Its functions include centralized management of
all government ICT functions; maintenance of ICT standards

In the past few years, there has been an explosion in ICT activity
in Kenya, often centred on innovation hubs. One pioneer is
iHub, set up in Nairobi in 2010 by an independent technologist
named Erik Hersman to provide an open space for the
technology community, including young tech entrepreneurs,
programmers, investors and technology companies. iHub has
forged relationships with several multinational corporations,
including Google, Nokia and Samsung, as well as with the
Kenyan government’s ICT Board (Hersman, 2012).
Another innovation hub is @iLabAfrica, established in January
2011 as a research centre within the Faculty of Information
Technology at Strathmore University, a private establishment
based in Nairobi. It stimulates research, innovation and
entrepreneurship in ICTs.
A related development in Kenya is the formation of
innovation incubation programmes. A prominent example
is NaiLab, an incubator for start-up ICT businesses which
offers a three-to-six-month programme in entrepreneurship
training. NaiLab started out as a private company in 2011,
in collaboration with the crowdfunding platform 1%CLUB
and consultancy firm Accenture. In January 2013, the Kenyan
government formed a partnership with NaiLab to launch a
US$ 1.6 million, three-year technology incubation programme
to support the country’s burgeoning technology start-up

Box 19.5: Geothermal energy for Kenya’s development
Just one in five Kenyans has access to
electricity and demand is rising (Table
19.1). Almost half of electricity comes
from hydropower but the growing
frequency of drought is causing water
and power shortages which affect all
sectors of the Kenyan economy. As a
stop-gap measure, the government
has engaged private energy companies
which import fossil fuels such as coal
and diesel, a costly option which also
causes considerable air pollution.
Vision 2030 (2008) has identified energy
as being a pillar of the country’s
development strategy. Vision 2030
is being implemented through
successive five-year medium-term
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plans. It sets an ambitious goal of
increasing the capacity of the national
power supply from 1 500 MW at present
to about 21 000 MW by 2030.
To address the energy challenge while
maintaining a low carbon footprint, Kenya
plans to develop its geothermal fields
in the Rift Valley. These fields have been
inadequately tapped until now, despite
their potential to produce an estimated
14 000 MW. Current installed geothermal
capacity corresponds to just 1.5% of this
potential.
The Geothermal Development Company
(GDC) was formed in 2009 under the
Energy Act (2006) to implement the

National Energy Policy. The GDC is a
government body which cushions
investors from the high capital
investment risks associated with
drilling geothermal wells. The GDC is
expected to drill as many as 1 400 wells
to explore steam prospects and make
productive wells available to successful
bidding investors from both public and
private power companies.
In the fiscal year budget for 2012–2013,
the Kenyan government allocated
US$ 340 million to the exploration and
development of geothermal energy
and coal. Of this amount, just
US$ 20 million went to the GDC.
Source: WWAP (2014)
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Nairobi is also home to m:Lab East Africa, which provides a
platform for mobile entrepreneurship, business incubation,
developer-training and application-testing.

RWANDA
Infrastructure, energy and ‘green’
innovation a priority
In a context of rapid economic and demographic growth, STI
holds one of the keys to Rwanda’s sustainable development.
This conviction is embodied in Rwanda’s Vision 2020 (2000)
for becoming a middle-income country by 2020 and in its
National Policy on Science, Technology and Innovation, published
in October 2005 with support from UNESCO and the United
Nations University. The priority given to STI is also reflected
in Rwanda’s First Economic Development for Poverty Reduction
Strategy, 2007–2012. If STI is not an explicit priority in the
Second Economic Development for Poverty Reduction Strategy,
2013–2018, it is implicit in the priority given in the document
to ICTs, energy and ‘green’ innovation (Figure 19.10), as well as
in the proposal to create a Climate Change and Environment
Innovation Centre. The five priorities are to:

n invest in hard and soft infrastructure to meet the energy

demand of the private sector; in line with the Energy
Policy (2012), the procurement process will be made more
transparent and competitive; public finance will be used
to ‘de-risk’ electricity generation projects for the private
sector, in order to attract a wider range of investors
on better terms; an energy development fund will be
established with donor support to finance feasibility
studies on geothermal, peat and methane resources and
hydropower; in addition, the Kigali Economic Zone will
also be finalized with an associated technopole;
n increase access to public goods and resources in priority

economic sectors by building a new international airport,
expanding the national airline, Rwandair, and finalizing
plans for the establishment of a railway connection; a
strategic focus on exports and re-exports to Burundi and
eastern Democratic Republic of Congo; investment in
hard and soft infrastructure to accelerate growth in the
tourism and commodity sectors and expand exports in
manufacturing and agro-processing;
n strengthen the investment process by targeting large

foreign investors in priority economic sectors, increasing
long-term savings and thereby raising the amount of credit
available to the private sector to 30% of GDP by 2018, as
well as by strengthening the private sector through tax
and regulatory reform;
n facilitate and manage urbanization, including the

promotion of affordable housing;
Figure 19.10: Breakdown of priority areas for Rwanda’s
Economic Transformation to 2018
Private sector
development and
youth: 17.3

Energy: 36.3

ICTs: 11.9
Share of
expenditure
2013–2018
(%)
Finance:
0.8
Decentralization:
0.8

Transport: 11.7

Environment and natural
resources: 1.1

Agriculture: 10.5

Urbanization & rural
settlements: 9.5
Source: Government of Rwanda (2013) Second Economic Development for
Poverty Reduction Strategy, 2013–2018

n pursue a ‘green economy’ approach to economic

transformation, with a focus on green urbanization and
green innovation in public and private industry; a pilot
green city is being launched by 2018 to ‘test and promote
a new approach to urbanization’ that employs various
technologies to create sustainable cities; in parallel, a
green accounting framework is being put in place to assess
the economic benefits of environmental protection.
There is no dedicated ministry for science and technology
in Rwanda but, in 2009, the Directorate-General of Science,
Technology and Research was established under the Ministry
of Education to implement the National Policy on Science,
Technology and Innovation. In 2012, the government officially
launched the National Commission for Science and Technology
(NCST). The NCST has been strategically positioned in the Prime
Minister’s Office to serve as an advisory body on matters related
to STI across all economic sectors. It became operational in 2014.
The National Industrial Research and Development Agency
(NIRDA) was established in June 2013, in line with the National
Industrial Policy of April 2011. The main mission of this research
body is to produce home-grown technological and industrial
solutions to meet national and regional market needs.
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sector (Nsehe, 2013). These funds will enable NaiLab to
broaden its geographical scope to other Kenyan cities and
towns, helping start-ups to obtain information, capital and
business contacts.

UNESCO SCIENCE REPORT
Towards more scientists and engineers with better skills
In 2012, Carnegie Mellon University in Rwanda was
established as a regional centre of excellence in ICTs. It is the
first US research institution to offer degrees in Africa through
an in-country presence. The government decided to partner
with this leading private research university in the USA, in
order to produce ICT engineers and leaders who understand
the balance between technology, business and innovation to
meet the needs of industry.

Plans to become an African ICT hub
In the past five years, Rwanda has put infrastructure in
place to enable it to become an ICT hub in Africa. This
infrastructure includes the Kigali Metropolitan Network, a
fibre optic network linking all government institutions with
a high-capacity national backbone connecting the whole
country. The national backbone also links Rwanda with
neighbouring countries, including Uganda and Tanzania,
and through them to the submarine cables SEACOM and
EASSy.

Rwanda had only 11.8 articles per million inhabitants indexed
in the Web of Science in 2014 (Figure 19.8). In September
2013, parliament passed a law establishing the University of
Rwanda as an autonomous academic research institution.
This large university is the product of the merger of seven
public institutions of higher learning into a single university.
The philosophy behind creating the University of Rwanda was
to produce better-trained graduates and to strengthen the
research capacity of Rwanda’s higher education system. The
University of Rwanda has already entered into an agreement
with the Swedish International Development Agency to
produce 1 500 PhDs between 2012 and 2022.

The Information Technology Innovation Centre (kLab) was
established in 2012. It has been conceived as a place where
young software developers and recent university graduates
from computer science and engineering programmes
can come to work on their entrepreneurial projects. This
technology incubator partners with universities, research
centres and private companies to provide mentoring for
innovative start-ups, helping them to acquire business skills
and transfer technology. Since its inception, kLab has been
supported by the Rwanda Development Board.
In 2012, Rwanda constructed a state-of-the-art data-hosting
facility for public and private institutions, the National
Data Centre. A Health Management Information System
(TRACnet) has also been deployed since 2005 to increase
the efficiency of Rwanda’s HIV and AIDS programme and
enhance the quality of patient care country-wide.

In October 2013, UNESCO’s Abdus Salam International Centre
for Theoretical Physics (ICTP) in Trieste (Italy) established a
branch in Rwanda. Hosted by the College of Science and
Technology at the University of Rwanda, ICTP Rwanda aims to
increase the number of scientists graduating at master’s and
PhD levels in strategic areas of science, technology, engineering
and mathematics. In 2012, the government adopted a policy of
allocating 70% of university scholarships to students enrolled
in S&T fields to increase the number of graduates. Moreover,
through the Presidential Scholarship Programme established in
2006, pupils from science streams who excel in their secondary
schooling get the chance to study in the USA in science or
engineering. In 2013, two-thirds of graduates at bachelor level

The government is currently developing an ICT park in
Kigali, in partnership with Carnegie Mellon University and
the AfDB, for a total investment of US$ 150 million. The
park will support growth of the following clusters: energy;
internet, multimedia and mobile telecommunications;
knowledge; e-government; finance; and ICT services and
exports.
Table 19.6: University graduates in Rwanda, 2012/2013
Bachelor’s
Male

Master’s

Female

Male

PhD

Female

Male

Female

Education

763

409

3

3

0

0

Humanities and arts

187

60

0

0

1

0

3 339

3 590

261

204

0

0

Social sciences, business and law
Science

364

204

1

6

0

0

Engineering, manufacturing and construction

462

205

39

11

0

0

Agriculture

369

196

0

0

0

0

Health and welfare

125

211

5

4

0

0

Services

171

292

0

0

0

0

5 780

5 167

309

228

1

0

TOTAL
Source: Government of Rwanda
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Schemes to boost innovation and a green economy
The Rwanda Innovation Endowment Fund was established
in 2012 by the Ministry of Education, in partnership with
UNECA. The fund supports R&D to develop innovative
market-oriented products and processes in three priority
sectors of the economy: manufacturing, agriculture and
ICTs. For the initial phase, seed funding of US$ 650 000
was provided: US$ 500 000 by the government and the
remainder by UNECA. The first call for project proposals
drew 370 applications, leading to the selection of just eight
projects, which each received about US$ 50 000 in May
2013. After this proof of concept, it was decided to conduct
a second round which is expected to fund ten inventions by
March 2015.
In January 2013, the Ministry of Education established
the Knowledge Transfer Partnership programme,
in collaboration with the AfDB to foster industrial
development. So far, the programme has sponsored five
partnerships between private companies and the University
of Rwanda’s two Colleges of Science and Technology
and Agriculture and Veterinary Medicine. The company
contributes its idea for product or service development and
the university provides the appropriate expertise.
In September 2008, Rwanda banned plastic bags. The law
prohibits the manufacture, usage, importation and sale of
polythene bags in Rwanda. These have been replaced by
biodegradable bags made from materials such as cotton,
banana and papyrus.
In parallel, the government introduced a National Fund for
Environment and Climate Change in Rwanda (FONERWA),
which acts as a cross-sectorial financing mechanism to
further Rwanda’s objectives of green and resilient growth
within the National Green Growth and Climate Resilience
Strategy. For instance, FONERWA is involved in identifying
funding for the pilot ‘green city’ to be launched by 2018.
FONERWA’s most recent (sixth) call for proposals resulted in
14 projects receiving funding; these had been put forward
by private companies, NGOs, Rwandan districts and the
Ministry of Infrastructure. The projects include the provision
of solar power to off-the-grid communities, the construction
of microhydropower plants, rainwater harvesting and re-use
and gardening for urban poor in developed marshlands of
Kigali.

SOMALIA
A first innovation hub
Somalia is in the process of state- and
peacebuilding. In the run-up to elections in 2016, it is
developing a constitution with key provisions on powerand resource-sharing. The government is also pursuing the
development of federalism by building the capacity of interim
regional administrations and establishing such bodies where
none exists. The government has also recently applied to
become a member of the EAC.
The Al-Shabaab group continues to terrorize the population
in parts of the country under its control. About 730 000
Somalis face acute food insecurity, the vast majority of them
internally displaced people. Some 203 000 children require
emergency nutrition, mainly due to lack of access to clean
water, sanitation infrastructure and better hygiene, according
to the United Nations Humanitarian Co-ordinator for Somalia,
Philippe Lazzarini, in January 2015.
Agriculture is the mainstay of Somalia’s largely informal
economy, accounting for about 60% of GDP and employing
two-thirds of the labour force. The country continues to rely
heavily on international aid and remittances, as well as imports
of food, fuel, construction materials and manufactured goods.
The more stable parts of the country can nevertheless boast of
a vibrant private sector, including as concerns the provision of
such vital services as finance, water and electricity.
Somalia’s first innovation hub was established in 2012.
Somaliland provides mobile and internet services and
fosters social enterprise incubation and social and disruptive
innovation (see glossary, p. 738), accompanied by training. The
hub was set up by Reconstructed Living Lab, a registered social
enterprise based in South Africa, with its partner Extended Bits
and funding from the Indigo Trust, a UK-based foundation.

SOUTH SUDAN
Priorities: raising education and R&D
spending
The world’s youngest nation and Africa’s 55th country, South
Sudan gained independence after seceding from Sudan in
July 2011. Its economy is highly dependent on oil, which
generates about 98% of government revenue. Part of this
revenue goes towards paying Sudan for the right to use its
pipelines to transport oil to the sea for export.
With the economy suffering from a dearth of skilled human
resources in all the key sectors, education is a government
priority. The Education Act (2012) states that ‘primary
education shall be free and compulsory to all citizens in South
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obtained their degree in social sciences, business and law,
compared to 19% in S&T fields: 6% in engineering, 5% each
in science and agriculture and 3% in health and welfare.
Among graduates in S&T fields, engineering students
were the most likely to enrol in a master’s programme
(Table 19.6).
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Sudan without discrimination.’ The government’s education
plan is placing emphasis on teachers and on raising public
expenditure on education to improve access and learning
outcomes. South Sudan has the second-highest rate of
population growth in sub-Saharan Africa after Niger (3.84%, see
Table 19.1) and there is a big discrepancy in access to primary
education: whereas there is universal primary education for
boys, the gross enrolment ratio for girls was just 68% in 2011.
Tertiary education in South Sudan is provided by five
government-sponsored universities and more than 35 private
tertiary institutions. An estimated 20 000 students were
enrolled in the country’s universities in 2011, according to
data from various universities; these data also indicate that
enrolment is higher in social sciences and humanities than in
S&T fields. The S&T-based faculties are particularly affected by
a shortage of teaching staff.
The Ministry of Higher Education, Science and Technology
has six directorates, including the Directorate of Technical and
Technological Innovation (DTTI). The latter is a programme
unit supporting the modernization of South Sudan through
investment in technical education and the generation and
transfer of technology. DTTI is composed of two departments
covering technology and entrepreneurship. Whereas the
former is responsible for developing technology policies and
managing S&T-based institutions and programmes, the latter is
responsible for establishing and managing institutions offering
technical, vocational and entrepreneurial training and for laying
the foundations for cottage industries. There are no official
government statistics available on R&D but the government has
expressed the intention of raising spending on research, with
emphasis on applied sciences to improve living standards.

A Millennium Science Initiative and innovation fund
The National Council for Science and Technology (NCST)
falls under the Ministry of Finance, Planning and Economic
Development. The council’s strategic objectives include:
the rationalization of S&T policy to boost technological
innovation; enhancing the national system of research,
intellectual property, product development and technology
transfer; strengthening public acceptance of science and
technology; and upgrading institutional research capacity.
In 2007, the NCST launched the Millennium Science Initiative
(2007–2013), which was co-financed by the World Bank. At a
time when the economy’s formal sector was expanding rapidly
and real investment was rising sharply, the NCST considered
that continued economic progress would require more and
better use of knowledge and more and better qualified human
resources for science and technology.10 The NCST identified
the following shortcomings in higher education:
n Very few science degree programmes exist; enrolment

in basic sciences is negligible. Laboratories are generally
scarce, under-equipped and obsolete.
n Very limited funding exists for capital or recurrent

expenses for S&T training; almost all research funding
comes from external (donor) sources, making it
unsustainable and difficult to ensure a national research
for development-driven agenda.
n Despite the burgeoning enrolment, very little systematic

attention is being paid to the development of domestic
graduate education. Fewer than 500 professors in the
entire country have PhDs and fewer than 10 new PhDs are
awarded annually in sciences and engineering.
n Fee policies and lack of adequate S&T infrastructure

UGANDA
Sustainability at the heart of STI policy
The overarching arm of the National Science,
Technology and Innovation Policy (2009) is to ‘strengthen
national capability to generate, transfer and apply scientific
knowledge, skills and technologies that ensure sustainable
utilisation of natural resources for the realisation of Uganda’s
development objectives.’
The policy precedes Uganda Vision 2040, which was launched
in April 2013 to transform ‘Ugandan society from a peasant
to a modern and prosperous country within 30 years,’ in the
words of the Cabinet. Uganda Vision 2040 vows to strengthen
the private sector, improve education and training, modernize
infrastructure and the underdeveloped services and
agriculture sectors, foster industrialization and promote good
governance, among other goals. Potential areas for economic
development include oil and gas, tourism, minerals and ICTs.
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encourage the expansion of undergraduate programmes
in arts and humanities, resulting in a dwindling intake for
S&T courses and a general lack of interest in, and focus on,
S&T.
n The universities and the general tertiary system, be it

public or private, lack strategies to improve conditions for
research.
To correct these shortcomings, the Millennium Science
Initiative incorporated the following components:
n A funding facility provided competitive grants through

three windows: top-end research involving both
senior researchers and graduate students; the creation
of undergraduate programmes in basic science and
engineering; and, thirdly, support for co-operation with
the private sector, which consisted in company internships
for students and grants for technology platforms through
10. see: www.uncst.go.ug/epublications/msi_pip/intro.htm
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which firms and researchers could collaborate on solving
problems of direct interest to industry.
visits by top scientists and researchers to change negative
perceptions that deterred Ugandans from pursuing careers
in science. A National Science Week was also established. In
parallel, this second component sought to strengthen the
institutional capacity of the NCST and Uganda Industrial
Research Institute and, more generally, to improve policy
implementation, evaluation and monitoring.
In July 2010, the Presidential Initiative on Science and
Technology offered a further boost by creating a fund to
foster innovation at Makerere University over the next five
years (Box 19.6).
Thriving innovation hubs
The Uganda Investment Authority is a parastatal agency that
works in conjunction with the government to facilitate private
sector investment. One of the authority’s most flourishing
sectors is ICTs. This sector has seen major investment in
recent years to develop Uganda’s backbone infrastructure
network, which is comprised of fibre-optic cables and related
equipment, as well as mobile broadband infrastructure.
Uganda has a thriving innovation hub named Hive Colab,
which was launched in 2010 by AfriLabs and is headed
by Barbara Birungi. It serves as a collaborative space to
facilitate interaction among technology entrepreneurs,

Another incubator, the Consortium for enhancing University
Responsiveness to Agribusiness Development Limited
(CURAD), is a public–private partnership which targets
young innovators in the agribusiness sector with the goal of
generating new enterprises and employment. This non-profit
company was launched in May 2014 and is based at Makerere
University.
In September 2013, the government launched a Business
Process Outsourcing Incubation Centre at the Uganda
Bureau of Statistics House (Biztech Africa, 2013). The facility
can accommodate 250 agents and is run by three private
companies. The Government of Uganda has targeted this
industry to address youth unemployment and stimulate
investment in information-technology-enabled services
Business incubation and STI research are also promoted by
the Uganda Industrial Research Institute.
Two annual prizes have also incentivized innovation in
Uganda. Each year since 2012, Orange Uganda, a division

Box 19.6: The Presidential Innovations Fund in Uganda
When President Museveni visited
Makerere University in December 2009,
he noticed that many undergraduate
students had produced interesting
prototypes of machines and
implements and that PhD students
and senior researchers were working
on inventions with potential for
transforming rural Ugandan society
but that innovation was being held
back by the lack of modern research
and teaching laboratories.

The fund became operational in July
2010. It covered the cost of modernizing
laboratories and the implementation of ten
projects at the university. It also financed
undergraduate science and engineering
programmes, academia–private sector
partnerships, student internships,
science policy formulation and science
popularization in schools and communities.
By 2014, the projects had developed:

Energy Conservation;
n	
more than 30 innovation clusters for

metal, salt, coffee, milk, pineapple, etc.;
n appropriate irrigation;
n	
a vehicle design project (the Kiira EV

car), which evolved into the Centre
for Research in Transportation
Technologies;
n	
makapads, the only sanitary wear

n	
an academic records management

After the visit, he decided to create a
Presidential Innovations Fund endowed
with UGX 25 billion (circa US$ 8.5 million)
over five years to support innovationrelated projects at the university’s
College of Engineering, Art, Design and
Technology.

n	
a Centre for Renewable Energy and

system;
n	
more than 30 internet laboratories

(ilabs) in the Department of Electrical
and Computer Engineering;
n	
a business incubator, the Centre for

Technology Design and Development;

for women in Africa made from
natural materials (papyrus and paper),
including for maternity use;
n	
a Community Wireless Resource

Centre.
Source: http://cedat.mak.ac.ug/research/
presidential-initiative-project.html
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n An Outreach Programme proposed a series of school

web and mobile app developers, designers, investors, venture
capitalists and donors. Hive Colab provides facilities, support
and advice to members to help them launch successful
start-up enterprises. The hub offers a virtual incubation
platform that is intended to assist entrepreneurial activity,
particularly in rural areas. Its three programme focus areas
are ICTs and mobile technologies, climate technologies and
agribusiness innovation.
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of France Telecom, has sponsored the Community
Innovations Awards, a competition for mobile apps that
encourages university students to innovate in the areas of
agriculture, health and education. Since 2010, the Uganda
Communications Commission has also organized the
Annual Communications Innovation Awards, which reward
excellence in ICT innovation that contributes to national
development goals. The prizes are awarded in several
categories, including digital content, ICT for development,
service excellence, business excellence and young ICT
innovators.
A rise in researchers and R&D spending
Uganda provides quite detailed data on research, making it
possible to monitor progress. R&D funding climbed between
2008 and 2010 from 0.33% to 0.48% of GDP. The business
enterprise sector’s share of R&D funding progressed from 4.3%
to 13.7% over this period and spending on engineering from
9.8% to 12.2%, to the detriment of agricultural R&D, which
appears to have shrunk from 53.6% to 16.7% of total spending,
according to the UNESCO Institute for Statistics.
The number of researchers has climbed steadily over the
past decade, even doubling between 2008 and 2010 in head
counts from 1 387 to 2 823, according to the UNESCO Institute
for Statistics. This represents a leap from 44 to 83 researchers
per million inhabitants. One in four researchers is a woman
(Figure 19.3).
Enrolment in higher education rose from 93 000 to 140 000
between 2006 and 2011, in a context of strong population
growth of 3.3% per year. In 2011, 4.4% of young Ugandans
were enrolled at university (Tables 19.1, 19.3 and 19.4).
The number of scientific publications tripled between 2005
and 2014 but research remains focused on life sciences
(Figure 19.8). In 2014, the Uganda Industrial Research Institute
was selected for a programme which is developing centres
of excellence in biomedical sciences (Box 19.2). Interestingly,
Kenya and South Africa count among Uganda’s top five
research partners (Figure 19.8).

CONCLUSION
Social and environmental innovation emerging priorities
The period since 2009 has witnessed a considerable gain
in interest for STI in East and Central Africa. Most countries
have based their long-term planning (‘vision’) documents
on harnessing STI to development. Most governments are
perfectly cognizant of the need to seize the opportunity of
sustained growth to modernize and industrialize, in order to
participate effectively in a rapidly evolving world economy
and ensure sustainability. They know that infrastructure
development, better health care, food, water and energy
security and economic diversification will require a critical
mass of scientists, engineers and medical staff who are
currently in short supply. These planning documents tend
to reflect a common vision for the future: a prosperous
middle-income country (or higher) characterized by good
governance, inclusive growth and sustainable development.
Governments are increasingly looking for investors rather
than donors. Conscious of the importance of a strong
private sector to drive investment and innovation for socioeconomic development, governments are devising schemes
to support local businesses. As we have seen, the fund
developed by Rwanda to foster a green economy provides
competitive funds to successful public and private applicants.
In Kenya, the Nairobi Industrial and Technology Park is being
developed within a joint venture with a public institution,
Jomo Kenyatta University of Agriculture and Technology.
In the past few years, governments have witnessed the
economic spin-offs from the first technology incubators in
Kenya, which have been incredibly successful in helping startups capture markets in information technology, in particular.
Many governments are now investing in this dynamic sector,
including those of Rwanda and Uganda. Spending on R&D is
on the rise in most countries with innovation hubs, driven by
greater investment by both the public and private sectors.
Most of the social innovation observed in East and Central
Africa since 2009 tackles pressing development issues:
overcoming food insecurity, mitigating climate change,
the transition to renewable energy, reducing disaster risk
and extending medical services. The leading technological
breakthrough in the region (the MPesa payment service via a
mobile phone) had been designed to bridge the rural–urban
divide in access to banking services, addressing the financial
needs of the poor masses at the bottom of the pyramid. This
technology has since permeated virtually all sectors of the
East African economy, mobile payments having become a
common feature of banking services.
We have seen that both pan-African and regional bodies
are themselves now convinced that STI is one of the keys to
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the continent’s development. This is illustrated by the prizes
for science and innovation offered by the African Union
Commission and COMESA, for instance, and by the programme
launched in 2014 by the African Development Bank to develop
five centres of excellence in biomedical sciences.

n	Raise GERD to 1% of GDP in countries of the region;
n Raise GERD in Kenya from 0.98% (2009) to 2% of

GDP by 2014;
The sources of East and Central Africa’s heightened interest
in STI are multiple but the global financial crisis of 2008–2009
certainly played a role. It boosted commodity prices and
focused attention on beneficiation policies in Africa. The
global crisis also provoked a reversal in brain drain, as visions
of Europe and North America struggling with low growth
rates and high unemployment discouraged emigration and
encouraged some to return home. Returnees are today playing
a key role in STI policy formulation, economic development and
innovation. Even those who remain abroad are contributing:
remittances are now overtaking FDI inflows to Africa.
The focus on sustainable development is a fairly new trend.
The commodities boom in recent years has brought home to
governments that they are sitting on a gold mine – literally,
in some cases. Growing foreign interest in the natural
endowments of countries such as Burundi, Cameroon, Gabon
and Rwanda has made them increasingly conscious of the
need to preserve their rare and valuable ecosystems to ensure
their own sustainable development.

n Countries that signed the Maputo Declaration are to

devote at least 10% of GDP to agriculture;
n Raise the proportion of Ethiopian women university

students to 40%;
n Establish four technical secondary schools to raise the

share of Gabonese pupils benefiting from this type of
education from 8% to 20% by 2025;
n Raise the share of hydropower in Gabon’s electricity

matrix from 40% in 2010 to 80% by 2020;
n Establish a Green City of Education and Knowledge

in Gabon by 2030, as well as a research fund and
information technology park;
n Raise the amount of credit available to the private

sector in Rwanda to 30% of GDP by 2018;
n Launch a pilot green city in Rwanda by 2018.

With 1 billion potential consumers across the continent, one
key challenge will be to remove the barriers to intraregional
and pan-African trade. An important step forward in this
regard would be an overhaul of immigration laws within
Africa. Currently, it is much easier for an average British or
American citizen, for instance, to travel across Africa than for
the average African. Reducing immigration requirements
for Africans within Africa would considerably enhance the
mobility of skilled personnel and knowledge spillovers.
By modernizing infrastructure, developing manufacturing and
value addition, improving the business climate and removing
barriers to pan-African trade, countries should be in a position
to develop the local industries and jobs they will need to
employ their rapidly growing populations. Greater regional
integration will not only foster socio-economic development
but also better governance and political stability, such as
by favouring the multilateral resolution of disputes through
dialogue, whenever possible, and through military means
whenever unavoidable. The current co-operation between
Cameroon, Chad, Niger and Nigeria to combat the Boko
Haram terrorist sect illustrates this new paradigm of intraregional co-operation. Another example is the EAC’s decision
to send a contingent of medical personnel to West Africa in
October 2014 to help combat the Ebola epidemic.
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An important aspect of economic integration
would be the transition from national innovation
systems to a single regional innovation system.
Erika Kraemer-Mbula and Mario Scerri

A humanoid robot directs traffic at
a busy intersection in Kinshasa, in
the Democratic Republic of Congo.
This solar-powered prototype
is equipped with four cameras that
allow it to record traffic. The information
is then transmitted to a centre which
analyses traffic infractions. This robot and its
twin were designed by a group of Congolese
engineers based at the Kinshasa Higher
Institute of Applied Techniques (ISTA).
Photo: © Junior D. Kannah/AFP/Getty Images)
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20 . Southern Africa
Angola, Botswana, Democratic Republic of Congo, Lesotho, Madagascar, Malawi, Mauritius,
Mozambique, Namibia, Seychelles, South Africa, Swaziland, Tanzania, Zambia, Zimbabwe

Erika Kraemer–Mbula and Mario Scerri

INTRODUCTION

Despite this heterogeneity, there is considerable potential for
regional integration, which is being increasingly driven by the
Southern African Development Community (SADC). A Protocol on
Trade in Services signed in 2012 seeks to negotiate progressively
the removal of barriers to the free movement of services within
the SADC.
Intra-SADC trade is relatively modest and has not grown to any
significant degree in the past five years, owing partly to the
similarity of the resource-based economies across the region,
a cumbersome regulatory framework and inadequate border
infrastructure (AfDB, 2013).2 Nevertheless, compared to other
African regional economic communities (see Box 18.2), the SADC
bloc still displays the most dynamic intraregional trade of the
continent, albeit mostly directed towards South Africa. The SADC
trades very little with the rest of Africa, the region’s trade being
mostly oriented towards the rest of the world.
On 10 June 2015, the 26 countries which make up the three
regional communities of SADC, the Common Market for
Southern and Eastern Africa (COMESA) and the East African
Community (EAC) formally launched a Free Trade Area. This
should accelerate regional integration.3
Relative political stability
The SADC region enjoys relative political stability and democratic
political processes, although internal fragmentation continues to
characterize the ruling political parties in most countries. For the
past six years, SADC membership has remained relatively stable,
1. The Democratic Republic of Congo, Mozambique, Tanzania, Zambia and
Zimbabwe experienced annual average GDP growth of about 7% from 2009 to
2013 but these five countries, along with Angola, Lesotho and Malawi, are also
currently listed by the United Nations as being least developed countries.
2. In 2008, intra-SADC imports constituted only 9.8% of the region’s total imports and
intra-SADC exports 9.9% of SADC’s total exports. Being the most diversified economy,
South Africa is also the dominant exporter (68.1% of all intra-SADC exports) but only
accounted for 14.8% of intra-SADC imports in 2009.
3. For the composition of these regions, see Annex I.

The SADC is striving to maintain peace and security within
its member states, including through the SADC tribunal,
which was established in Gaborone (Botswana) in 2005 then
dismantled in 2010 before being revived by a new protocol in
2014, albeit with a diminished mandate. The SADC Regional
Early Warning Centre is also based in Gaborone. This centre
was established in 2010 to prevent, manage and resolve
conflict, in conjunction with national early warning centres.
In 2014, five SADC countries held presidential elections –
Botswana, Malawi, Mozambique, Namibia and South Africa
– Namibia being the first African country to cast presidential
ballots electronically through an e-voting system. The SADC
aims to attain equal representation of men and women in
key decision-making positions by 2015, through the SADC
Protocol on Gender and Development, which entered into
force in early 2013 after being signed in 2008. However,
only five SADC countries are anywhere near reaching parity
in parliament, having gone above the 30% threshold set
previously by regional leaders for the representation of
women: Angola, Mozambique, Seychelles, South Africa and
Tanzania. Of note is that President Joyce Banda of Malawi
became the SADC’s first woman president in 2012. Three
years later, renowned biologist Ameenah Gurib-Fakim made
history by becoming Mauritius’ first woman president.
Widespread poverty in two-thirds of countries
The population is growing fast, at 2.5% per year on average
between 2009 and 2013. By 2013, the region counted
a combined population of over 294 million. Human
development varies widely, from a high of 0.771 on the
UNDP’s index in Mauritius to a low of 0.337 in the Democratic
Republic of Congo. A promising trend is that ten countries
advanced in the overall world ranking from 2008 to 2013.
Madagascar, Seychelles and Swaziland, on the other hand,
have slipped a few places (Table 20.1).
The SADC’s aggregate economy still displays features of
a developing region, with worrying unemployment levels
in some countries. Poverty and inequality persist, despite
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Lifting trade barriers to foster regional integration
The Southern Africa Development Community (SADC) is home
to 33% of sub-Saharan Africa’s population and contributes
about 43% of its GDP (US$ 684 billion in 2013). The region
combines middle-income countries with some of the fastestgrowing economies in Africa1 and some of the poorest.
Nothing underscores the region’s diversity more than the fact
that one country alone generates about 60% of GDP within the
SADC and one-quarter of the continent’s GDP: South Africa.

with the exception of Madagascar, which was suspended in 2009
following a coup d’état then reintegrated in January 2014 after
its return to constitutional government. If Madagascar is now
emerging from five years of political turmoil and international
sanctions, the Democratic Republic of Congo is still recovering
from the violence inflicted by armed groups who were
neutralized by a United Nations peacekeeping force in 2013.
Political tensions remain in Lesotho, Swaziland and Zimbabwe.
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Table 20.1: Social landscape of Southern Africa

Change since
2009 (%)

HDI ranking,
2013 (change
since 2008)

Unemployment
rate, 2013
(% of total
labour force)

Poverty rate*,
2010 (change
since 2000)

Gini, 2010
(change since
2000)

21.5

13

149(2)

2.0

4

67.5

Population
(millions),
2013
Angola

6.8

67.42(-)

42.60(-)

108

(2)

18.4

27.83

60.46(-)

12

187

(1)

8.0

95.15

44.43

2.1

4

163

24.7

(-)

73.39

54.17(+)

Madagascar

22.9

12

155

3.6

(+3)

95.1

40.63(+)

Malawi

16.4

12

174(0)

7.6

88.14(-)

46.18(+)

1.2

1

63

(9)

8.3

(+)

1.85

35.90(+)

25.8

11

179(1)

8.3

82.49(-)

45.66(-)

Namibia

2.3

7

16.9

43.15

61.32(-)

Seychelles

0.1

2

–

1.84

65.77

52.8

4

119

Swaziland

1.2

6

148

Tanzania

49.3

Zambia
Zimbabwe

Botswana
Congo, Dem. Rep.
Lesotho

Mauritius
Mozambique

South Africa

TOTAL SADC

(0)
(-3)

127

(3)

70(-12)

(-)

(-)

24.9

26.19

65.02(-)

(-5)

22.5

(-)

59.11

51.49(-)

13

160(5)

3.5

73.00(-)

37.82(+)

14.5

13

143

13.3

86.56

57.49(+)

14.1

10

160(16)

5.4

–

–

293.8

10

–

–

–

(2)

(7)

–

(-)

(+)

* calculated as the share of the population living on less than US $2 per day.
Note: The reference year for the poverty rate and Gini index is 2010 or the closest year; see glossary, p.738.
Source: World Bank’s World Development indicators, April 2015; for HDI: UNDP’s Human Development Reports

Figure 20.1: Public expenditure on education in
Southern Africa as a share of GDP, 2012 or closest
year (%)
Lesotho (2008)

4.7

Botswana (2009)

13.0

3.9

Namibia (2010)

9.5

2.0

8.5

Swaziland (2011) 1.0

7.8

South Africa (2013) 0.8

6.2

Tanzania (2010)

1.7

Malawi (2011)

1.4

6.2
5.4

Mozambique (2006) 0.6

5.0

Mauritius (2013) 0.3

3.7 2.0

Seychelles (2011)

1.2

3.6
3.5

Angola (2010)
Madagascar (2012) 0.4

2.7

Zimbabwe (2010) 0.4

2.0

Congo,
Dem. Rep. (2010) 0.4
Zambia (2008)

1.6

1.3
Tertiary education

Source: UNESCO Institute for Statistics, May 2015
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the fact that health and education remain top priorities
for most countries, accumulating substantial portions of
public expenditure (see Figure 20.1 and Table 19.2). The
proportion of the population living on less than US$ 2 a day
remains extremely high in ten SADC countries for which data
are available (Table 20.1). Moreover, even the Seychelles
and South Africa, where a fraction of the population lives
beneath the poverty line, report high levels of inequality,
which even increased over the period 2000–2010.

All levels of education

Foreign investment has doubled since 2007
Foreign direct investment (FDI) in Southern Africa almost
doubled from 2007 to 2013 to US$ 13 billion. This was
mainly due to record high inflows to South Africa and
Mozambique, mostly for infrastructure development and
the gas sector in Mozambique (Table 20.2). The proportion
of national investment financed by donors is a good proxy
indicator of the degree of economic self-sustainability.
Once again, the region shows a high level of disparity in
the degree of self-sustainability, with a clear distinction
between countries that exhibit virtually no reliance on
overseas development assistance (ODA) for national
investment requirements and those where ODA is a
significant contributor. Lesotho, Malawi and Swaziland show
a growing reliance on ODA over the period under study. In
other countries, such as Mozambique, Tanzania, Zambia and

Southern Africa

Table 20.2: Economic landscape of Southern Africa
GDP per capita in PPP$ millions
(2011 constant prices)
2013

5-year
change
(%)

7 039

7 488

12 404
657

Lesotho
Madagascar

Angola
Botswana
Congo, Dem. Rep.

Malawi
Mauritius
Mozambique
Namibia

Overseas development
assistance/GFCF*

2009
(%)

2013
(%)

6.4

2.4

6.8

15 247

22.9

-7.8

5.8

783

19.1

2.9

8.5

2 101

2 494

18.7

3.4

5.5

26.5

33.0

1 426

1 369

-4.0

-4.0

2.4

14.9

30.0

713

755

5.9

9.0

5.0

64.3

153.9

15 018

17 146

14.2

3.0

3.2

6.7

893

1 070

19.7

6.5

7.4

130.8

Patents,
2008–2013
FDI inflow,
2013
(% of GDP)

2009
(%)

2013
(%)

2.1

1.6

-5.7

7

7.8

2.2

1.3

0

87.2

38.3

5.2

0

1.9

0

7.9

0

3.2

0

5.9

2.2

0

85.0

42.8

0

-1

8 089

9 276

14.7

0.3

5.1

13.1

7.8

6.9

2

Seychelles

19 646

23 799

21.1

-1.1

5.3

9.8

5.2

12.3

2

South Africa

11 903

12 454

4.6

-1.5

2.2

1.7

1.8

2.2

663

Swaziland

6 498

6 471

-0.4

1.3

2.8

17.2

31.9

0.6

6

Tanzania

2 061

2 365

14.7

5.4

7.3

35.6

26.2

4.3

4

Zambia

3 224

3 800

17.8

9.2

6.7

–

17.4-3

6.8

0

Zimbabwe

1 352

1 773

31.2

6.0

4.5

76.7

46.3

3.0

4
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2009

GDP growth

-n = data refer to n years before reference year
*Gross fixed capital formation, see the glossary, p. 738
Source: World Bank’s World Development Indicators, April 2015; patent data from USPTO database

Zimbabwe, this reliance has dropped significantly in recent
years, even if it remains high.
The SADC economy is highly dependent on natural resources,
with mining and agriculture constituting substantial
segments of economic activity. From Figure 20.2, we can see
that the production structure of most SADC economies tends
to be resource-based, with a relatively small manufacturing
sector, except in Swaziland. The region is vulnerable to
extreme weather events such as cyclical drought and
flooding. Angola, Malawi and Namibia have all experienced
below-normal rainfall in recent years, affecting food4 security.
In 2014, Madagascar embarked on a nation-wide campaign
to contain a locust outbreak which threatened staple crops.
There has been a worrying drop in government funding
for agricultural R&D by SADC countries and development
agents, despite the continent’s commitment, in the Maputo
Declaration (2003), to devoting at least 10% of GDP to
agriculture. By 2010, only a handful of SADC countries
devoted more than 5% of GDP to agriculture, notably
Madagascar, Malawi, Tanzania and Zambia (see Table 19.2).
4. The Regional Early Warning System, Famine Early Warning System and Climate
Services Centre are all based at the SADC centre in Gaborone (Botswana). The
SADC Plant Genetic Resource Centre is located in Lusaka (Zambia). All were
established about two decades ago. See www.sadc.int

The region’s strong dependence on natural resources has led
to wild economic fluctuations and rendered it vulnerable to
global economic crises, such as that which led to an economic
slowdown in 2009. Since 2010, the region has enjoyed
persistent growth, with prospects for a return to pre-2009
growth rates of 5–6% in 2015 (AfDB et al., 2014).
Four ratifications of SADC protocol on STI
The Southern African Development Community Treaty of 1992
provides the legal framework for co-operation among SADC
member states. It has since been enriched by the adoption
of 27 protocols in priority areas.5 In its Protocol on Science,
Technology and Innovation (2008), the SADC stresses the
importance of S&T for achieving ‘sustainable and equitable
socio-economic growth and poverty eradication’. It provides
the basis for the development of institutional mechanisms for
regional co-operation and co-ordination in the following areas:
n policy training;
n the role of women in science;
n strategic planning;
5. The SADC Treaty calls for the harmonization of political and socio-economic
policies for the region to attain the objective of sustainable development, whereas
the protocols promote legal and political co-operation.
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Figure 20.2: GDP in SADC countries by economic sector, 2013 or closest year
Angola
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32.1
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13.2

29.9

44.8

43.8

47.7

33.8

43.0
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8.2

33.9

56.9
Agriculture

7.4

23.2

56.5

12.0

6.3

11.3

67.8

9.6

10.9

20.8

86.3

7.5

10.7
17.0

50.2

6.1

Tanzania

Zimbabwe

18.8
24.3

29.0

Seychelles 2.4

Zambia

16.1

54.2
72.5

South Africa 2.3
Swaziland-2

11.7

31.8
57.5

3.2

Mozambique
Namibia

16.6

38.2

26.4

Malawi
Mauritius

41.0

8.3

Madagascar-4

5.7

36.9

20.8

-1

7.2

57.8

31.1
Industry

12.8

Manufacturing as a subset of industry

-n = data refer to n years before reference year
Source: World Bank’s World Development Indicators, April 2015

n intellectual property rights;
n indigenous knowledge systems;
n climate change; and
n high-performance computing, as exemplified by the Blue

Gene project launched by IBM in 1999, which spent the
next decade developing supercomputers with low power
consumption.
The protocol is based on a broad definition that extends
considerably beyond science and technology.6 A portfolio
committee briefing by the South African Department of
Science and Technology (RSA, 2011) notes that the protocol
is an essential first step towards regional integration, with
steady growth in self-financed bilateral co-operation.
It considers that the SADC has become Africa’s leading
regional economic community. However, the briefing also
points out that the regional STI desk remains under-resourced
and mostly ineffectual. As a result, member states are
still reluctant to support it. To date, the protocol has only
been ratified by four countries: Botswana, Mauritius,
Mozambique and South Africa. For the protocol to enter into
force, it must be ratified by two-thirds of member states
(10 countries).

Two primary policy documents operationalize the SADC Treaty,
the Regional Indicative Strategic Development Plan for 2005–2020
(RISDP, 2003) and the Strategic Indicative Plan for the Organ
(SIPO, 2004). The RISDP identifies the region’s 12 priority areas
for both sectorial and cross-cutting intervention, mapping out
goals and setting up concrete targets for each. The four sectorial
areas are: trade and economic liberalization, infrastructure,
sustainable food security and human and social development.
The eight cross-cutting areas are:
n poverty;
n combating the HIV/AIDS pandemic;
n gender equality;
n science and technology;
n information and communication technologies (ICTs);
n environment and sustainable development;
n private sector development; and
n statistics.

Targets include:
n ensuring that 50% of decision-making positions in the

public sector are held by women by 2015;
6. The term ‘national innovation system’ refers to ‘a set of functioning institutions,
organisations and policies which intervene constructively in pursuit of a common
set of social and economic objectives’, as defined by the SADC Secretariat in 2008.
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n raising gross domestic expenditure on research and

development (GERD) to at least 1% of GDP by 2015;

Southern Africa
n increasing intra-regional trade to at least 35% of total

SADC trade by 2008 (10% in 2008);
n increasing the share of manufacturing to 25% of GDP by

2015 (Figure 20.2); and
n achieving100% connectivity to the regional power grid for

all member states by 2012 (see Table 19.1).

A vulnerable environment despite legal frameworks
The region’s commitment to sustainable development is
reflected in the SADC Treaty and countries’ active participation
in major multilateral environmental7 agreements. Although
there has been some progress in environmental management
in recent years, Southern Africa remains very vulnerable to
climate change; it also suffers from high levels of pollution,
biodiversity loss, inadequate access to clean water and
sanitation services (see Table 19.1), land degradation and
deforestation. It has been estimated that over 75% of land is
partially degraded and 14% severely degraded. Soil erosion has
been identified as the primary cause of declining agricultural
production. For the past 16 years, the SADC has had a protocol
governing wildlife, forestry, shared water courses and the
environment, including climate change, the SADC Protocol on
Wildlife Conservation and Law Enforcement (1999).
More recently, SADC has initiated a number of regional and
national initiatives to mitigate the impact of climate change.
In 2013, ministers responsible for the environment and natural
resources approved the development of the SADC Regional
Climate Change programme. In addition, COMESA, EAC and
SADC have been implementing a joint five-year initiative since
2010 known as the Tripartite Programme on Climate Change
Adaptation and Mitigation, or The African Solution to Address
Climate Change. Five SADC countries have also signed the
Gaborone Declaration for Sustainability in Africa (Box 20.1).
Regional policy frameworks, a continental strategy
In 2014, the Science, Technology and Innovation Strategy
for Africa (STISA–2024) replaced Africa’s previous decadal
framework, Africa’s Science and Technology Consolidated Plan
of Action (CPA, 2005–2014). The CPA had been the continent’s
first consolidated attempt to accelerate Africa’s transition to
an innovation-led knowledge economy. As part of the Plan of
7. such as the UN Framework Convention on Climate Change, UN Convention to
Combat Desertification, the UN Convention on Biological Diversity and the Ramsar
Convention on Wetlands

However, the CPA implementation raised a number of
concerns related to:
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A 2013 mid-term review of RISDP noted that limited progress
had been made towards STI targets, owing to the lack of human
and financial resources at the SADC Secretariat to co-ordinate
STI programmes. In Maputo in June 2014, SADC ministers of STI,
education and training adopted the SADC Regional Strategic
Plan on Science, Technology and Innovation for 2015–2020 to
guide implementation of regional programmes.

Action, several networks of centres of excellence have been set
up. Within the African Biosciences Initiative, four subregional
hubs have been established, including the Southern African
Network for Biosciences (SANbio), based at the Council for
Scientific and Industrial Research in Pretoria since 2005
(see Box 19.1). SADC countries also participate in the African
Biosafety Network of Expertise (see Box 19.1).

n its narrow focus on generating R&D, with less concern for

the use of scientific output;
n insufficient funding to allow full implementation of

programmes;
n excessive reliance on external financial support targeting

short-term activities and solutions; and
n the failure to link it with other pan-African policies such as

continent-wide agriculture and environmental protection
projects.
STISA emerged in 2014, following a high-level review of the
CPA (see p. 505). This strategic framework is the next decadal
stepping stone towards the goals of the African Union’s Agenda
2063, also known as ‘the Africa we want.’ In Agenda 2063, the
African Union provides a broad vision and action plan for
building a more prosperous and united Africa over the next
50 years. STISA displays a stronger focus on innovation and
science for development than its predecessor. It foresees the
establishment of an African Science, Technology and Innovation
Fund (ASTIF) but the financial sources needed to operate the
fund remain undetermined. The lack of committed funds
from member states and the broadness of STISA’s objectives
have raised multiple questions as to the feasibility of its
implementation. It will take more than a commitment from
member states to devoting 1% of GDP to R&D – the target
enshrined in the African Union’s Khartoum Declaration of 2007 –
to make ASTIF operational.
In adopting STISA in 2014, the heads of state and government
called upon member states, regional economic communities
and development partners to align, connect and use STISA as
a reference framework in designing and co-ordinating their
own development agendas for STI.
Concerning intellectual property, the proposal to create a
Pan-African Intellectual Property Organization (PAIPO) has
regained momentum since the idea was first put forward in
2007 at the African Union Summit in Khartoum. However, the
development and publication in 2012 of the draft statutes
creating PAIPO have been the object of substantial criticism,
from questioning the impact of stronger intellectual property
protection in Africa to concerns about how PAIPO would
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Box 20.1 The Gaborone Declaration for Sustainability in Africa
In May 2012, the heads of state of
Botswana, Gabon, Ghana, Kenya,
Liberia, Mozambique, Namibia,
Rwanda, South Africa and Tanzania
gathered in Gaborone for a two-day
summit, in the company of several
public and private partners.

practices that promote sustainable
employment, food security,
sustainable energy and the protection
of natural capital through protected
areas and other mechanisms;

UNESCO SCIENCE REPORT 2015

By adopting the Gaborone Declaration
for Sustainability in Africa, the ten
countries engaged themselves in a
multi-year process. They recommitted
to implementing all conventions and
declarations promoting sustainable
development and undertook to:
n	
integrate the value of natural

capital into national accounting
and corporate planning and
reporting processes, policies and
programmes;
n	
build social capital and reduce

poverty by transitioning agriculture,
extractive industries, fisheries
and other natural capital uses to

n	
build knowledge, data, capacity and

policy networks to promote leadership
and a new model of sustainable
development and to increase
momentum for positive change.
The overall objective of the Declaration
was ‘to ensure that the contributions of
natural capital to sustainable economic
growth, maintenance and improvement
of social capital and human well-being
are quantified and integrated into
development and business practice.’
This statement was propelled by the
signatories’ realization that GDP has its
limitations as a measure of well-being
and sustainable growth.
The interim secretariat of this initiative
is being hosted by the Department of

align its mandate with those of the two existing regional
organizations, the African Regional Intellectual Property
Organisation (ARIPO)8 and the African Intellectual Property
Organisation for French-speaking Africa, which already
operate under separate regimes themselves.
The Swakopmund Protocol on the Protection of Traditional
Knowledge and Expressions of Folklore was adopted in Namibia
in April 2010 by nine ARIPO member States: Botswana, Ghana,
Kenya, Lesotho, Liberia, Mozambique, Namibia, Zambia
and Zimbabwe. The protocol will only enter into force once
six ARIPO member states have deposited instruments of
ratification (for signatories) or accession (for non-signatories),
which was not the case in 2014. Any state that is a member of
the African Union or the United Nations Economic Commission
for Africa (UNECA) may also sign up to it.
The AU–NEPAD African Action Plan for 2010–2015 expressly
underscores the important role that harmonized regional
policies could play in adapting to climate change. Africa’s
commitment to protecting its unique natural resources
8. The current members of ARIPO are Botswana, Gambia, Ghana, Kenya,
Lesotho, Malawi, Mozambique, Namibia, Sierra Leone, Liberia, Rwanda, São Tomé
& Príncipe, Somalia, Sudan, Swaziland, Tanzania, Uganda, Zambia and Zimbabwe.

540

Environmental Affairs within the
Botswanan Ministry of Environment
Wildlife and Tourism, with technical
support from Conservation
International, a non-governmental
organization. Conservation
International has pledged funding
for a situational analysis which will
provide baseline information on
where the ten countries stand with
respect to the agreed actions outlined
above and set priorities for moving
forward.
Since the 2012 summit, an
implementation framework has
been drafted to track progress. In
2012, for instance, Gabon adopted a
strategic plan to 2025 which foresees
integrating natural capital into the
national accounting system and
the adoption of a national climate
plan, among other moves to foster
sustainable development (see p. 521).
Source: www.gaboronedeclaration.com

is guided at pan-African level by the African Model Law
for the Protection of the Rights of Local Communities,
Farmers and Breeders and for the Regulation of Access to
Biological Resources (2001). The prioritization of biodiversity
conservation in pan-African programmes and policies was
again manifest in 2011 when the African Union encouraged
all member states to adhere to international agreements
on biodiversity, including the Nagoya Protocol on Access to
Genetic Resources and Sharing of Benefits Arising from their
Utilization and the Convention on Biological Diversity (2010).

TRENDS IN STI GOVERNANCE
Two-thirds of SADC countries have STI policies
Despite the different stages of development in terms of STI
governance in Southern Africa, there is a shared and common
interest in achieving sustainable development through the
promotion of STI. This has engendered a plethora of
institutional arrangements and bodies mandated with
co-ordinating and supporting STI, as well as widespread
formulation of related policies and strategies. Innovation,
however, remains a secondary objective of policy formulation
and, although policies are intended to support the STI ecosystem,

Southern Africa

A study conducted by UNESCO within its Global Observatory
of STI Policy Instruments (GO➞SPIN) found a high correlation
between scientific productivity and effective governance.
Only seven African countries shared positive values for both
government effectiveness and political stability: Botswana, Cabo
Verde, Ghana, Mauritius, Namibia, the Seychelles and South
Africa. The great majority of African countries had negative
values for both indicators, including Angola, the Democratic
Republic of Congo, Swaziland and Zimbabwe (UNESCO, 2013).
Disparities in research and development (R&D) are evident
across the region. This phenomenon is illustrated by the
GERD/GDP ratio, which ranges from a low of 0.01% in Lesotho
to a high of 1.06% in Malawi (Figure 20.3). South Africa’s own
ratio (0.73%) is down from 0.89% in 2008. South Africa filed
96% of SADC patents between 2008 and 2013 and, together
with Botswana, counts by far the greatest density of researchers
(Figure 20.4). South Africa also stands out for the fairly equal
division between the government (45%) and business
enterprise (38%) sectors in terms of R&D funding and thus the
maturity of industrial R&D in this country (see Table 19.5).
SADC economies have receded in the KEI
Only four SADC countries have conducted national
innovation surveys under the African Science, Technology
and Innovation Indicators (ASTII) programme, making
comparisons subject to caution. What does emerge from the
ASTII report published in 2014 is that the percentage of firms
describing themselves as being innovation active is quite
high, with 58.5% in Lesotho, 65.4% in South Africa, 61.3% in
Tanzania and 51% in Zambia.
Table 20.4 presents SADC rankings in the World Bank’s
Knowledge Economy Index (KEI) and Knowledge Index (KI).
Although these indices are largely based on the perceptions
of the business sector and offer an inevitably biased view
of the national innovation system, they do offer a basis for
comparison. It is evident from this table that most SADC
economies have receded in these international rankings since
2000, with Botswana, South Africa and Lesotho sliding the
most. The four countries showing the highest KEI values are
Mauritius, South Africa, Botswana and Namibia. South Africa
is seen as having the most developed innovation system,
whereas Mauritius offers the strongest incentive regime.

Table 20.3: STI planning in SADC countries
STI policy
document

Date of adoption/
period of validity

Angola

Yes

2011

Botswana

Yes

1998; 2011

Congo, Dem. Rep.

No

Lesotho

Yes

2006–2011

Madagascar

Yes

2013

Malawi

Yes

2011–2015

Mauritius

No

Mozambique

Yes

2003; 2006–2016

Namibia

Yes

1999

Seychelles

No

South Africa

Yes
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they remain firmly linked to the state apparatus for S&T, with little
participation by the private sector in policy design. In 2014, 11
out of the 15 SADC countries had STI policies in place (Table 20.3).
However, STI policy documents are rarely accompanied by
implementation plans and allocated budgets for implementation.
Some SADC countries without dedicated policies for STI
nevertheless appear to be relatively active in developing
programmes to promote university–industry collaboration and
innovation. Mauritius is one such example (see p. 551).

2010

Swaziland

(draft)

Tanzania

Yes

1996; 2010

Zambia

Yes

1996

Zimbabwe

Yes

2002; 2012

Source: compiled by authors

Figure 20.3: GERD/GDP ratio in Southern Africa,
2012 or closest year
GERD/GDP (%)
1.06

Malawi (2010)
0.73

South Africa (2012)
Mozambique (2010)

0.42

Tanzania (2010)

0.38

Zambia (2008)

0.28

Botswana (2012)
Mauritius (2012)
Namibia (2010)

0.26
0.18
0.14

Madagascar (2011) 0.11
Congo, Dem. Rep (2009)
Lesotho (2011)

0.08
0.01

Source: UNESCO Institute for Statistics, August 2015;
for Malawi: UNESCO (2014a)
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Gender equity to be enshrined in national constitutions
Gender inequality is still a major social issue in Southern
Africa. Women make up more than four out of ten researchers
in just three countries: Mauritius, Namibia and South Africa
(Figure 20.5). Only three countries report female participation
in research across the public and private sectors: Botswana,
South Africa and Zambia.
The SADC Protocol on Gender and Development (2008)9 set
ambitious targets in this respect. One target stipulates that
States Parties are to endeavour to ensure that ‘by 2015, at
least 50% of decision-making positions in the public and
private sectors are held by women, including [through]
the use of affirmative action.’ Currently, South Africa (42%),
Angola (37%), Mozambique (35%) and Namibia (31%) have
achieved a participation rate of 30% and above for women
in political representation but other countries lag far behind,
including Botswana (11%). In Malawi, the proportion of
parliamentary seats held by women increased from 14% to
22% between 2004 and 2009.
The protocol recommends that gender equity be enshrined
in national constitutions by 2015. State Parties are also to
enact laws by this date which promote equal access to, and
retention at, all levels of education, including tertiary. By
2014, only seven countries had achieved parity in primary
education,10 nine countries11 had passed the threshold of a
minimum of 50% female enrolment in secondary schools
and seven counted more young women at university than
young men12 in 2014 (Morna et al., 2014). It is clear that most
Southern African countries will not achieve either the targets
of the SADC Protocol on Gender and Development or the
Millennium Development Goal on gender equality by 2015.
SADC students among world’s most mobile
‘SADC students are among the most mobile in the world,
with six out of every 100 tertiary students studying abroad’
(UIS, 2012). In 2009, 89 000 SADC students studied outside
their home country, representing 5.8% of tertiary enrolment
in the region. This ratio is higher than the regional average
for sub-Saharan Africa (4.9%) and three times the world
average (2.0%).
One explanation can be found in the SADC Protocol on
Education and Training (1997), which sets out to facilitate
mobility. Only three signatory countries (South Africa,
Swaziland and Zimbabwe), however, have respected the
9. This protocol was signed by all but three SADC countries: Botswana, Malawi and
Mauritius.
10. Botswana, Malawi, Seychelles, South Africa, Swaziland, Tanzania and Zimbabwe
11. Botswana, Lesotho, Madagascar, Mauritius, Namibia, Seychelles, South Africa,
Swaziland and Zimbabwe
12. Botswana, Lesotho, Mauritius, Namibia, South Africa, Swaziland and Zambia
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Figure 20.4: Researchers (HC) in Southern Africa per
million inhabitants, 2013 or closest year
Per million inhabitants
South Africa (2012)

818

Botswana (2012)

344

Namibia (2010)

343
285

Mauritius (2012)
Congo, Dem. Rep (2009)

206

Zimbabwe (2012)

200

Malawi (2010)
Madagascar (2011)
Angola (2011)

123
109
73

Tanzania (2010) 69
Mozambique (2010) 66
Zambia (2008)
Lesotho (2011)

49
21

Source: UNESCO Institute for Statistics, April 2015

agreement in the protocol that countries cease charging higher
fees for SADC students than for national students, a practice
considered a potential barrier to student mobility (UIS, 2012).
Students who travel abroad from Botswana, Lesotho,
Madagascar, Namibia, Swaziland and Zimbabwe tend to be
concentrated in a single destination: South Africa.13 The latter
hosted about 61 000 international students in 2009, two-thirds
of whom came from other SADC nations. South Africa is not
only the leading host country in Africa but also ranks 11th
among host countries worldwide. Its higher education sector is
well developed, with strong infrastructure and several respected
research institutions that appeal to international students.
Students from Angola, Malawi, Mozambique, the Seychelles,
South Africa, Tanzania and Zambia tend to be dispersed across a
wide range of host countries (UIS, 2012).
A growing number of publications
South Africa stands out for having the greatest number of
researchers per million inhabitants (Figure 20.4) and by far the
greatest output in terms of publications and patents
(Figure 20.6 and Table 20.2). When population is taken into
account, it comes second only to Seychelles for the number
of articles.
13. with the exception of students from Madagascar, who prefer France
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Table 20.4: KEI and KI rankings for 13 SADC countries, 2012

Rank

Change in
rank since
2000

Knowledge
Index

Economic
Incentive
Regime

Innovation

Education

ICTs

62

1

Mauritius

5.5

4.6

8.22

4.41

4.33

5.1

67

-15

South Africa

5.2

5.1

5.49

6.89

4.87

3.6

85

-18

Botswana

4.3

3.8

5.82

4.26

3.92

3.2

89

-9

Namibia

4.1

3.4

6.26

3.72

2.71

3.7

106

-9

Swaziland

3.1

3.0

3.55

4.36

2.27

2.3

115

-4

Zambia

2.6

2.0

4.15

2.09

2.08

1.9

119

-6

Zimbabwe

2.2

2.9

0.12

3.99

1.99

2.6

120

-12

Lesotho

2.0

1.7

2.72

1.82

1.71

1.5

122

-6

Malawi

1.9

1.5

3.33

2.65

0.54

1.2

127

-2

Tanzania

1.8

1.4

3.07

1.98

0.83

1.3

128

-2

Madagascar

1.8

1.4

2.79

2.37

0.84

1.1

129

5

Mozambique

1.8

1.0

4.05

1.76

0.17

1.1

142

-1

Angola

1.1

1.0

1.48

1.17

0.32

1.4
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Country

Knowledge
Economy
Index

Note: Rankings are for a total of 145 countries.
Source: World Bank

South Africa increased the number of its publications by
23% from 2009 to 2014 but the strongest growth rate was
recorded by Angola and the Democratic Republic of Congo,
albeit from a low base. The most prolific countries can
boast of an average citation rate above the G20 average
(Figure 20.6).
With nearly one-third of their publications concentrated in
chemistry, engineering, mathematics and physics over the
2008–2014 period, Mauritius and South Africa are more
akin to developed countries than other SADC countries
where research tends to favour health-related sciences.
Almost all countries share an inclination for geosciences,
however (Figure 20.6).
When it comes to international collaboration, South African
and Mauritian scientists stand out once more. Whereas just
over half of South African articles (57%) and two-thirds of
Mauritian articles (69%) had a foreign author over 2008–2014,
the ratio among their SADC neighbours varied from 80% in
Botswana to 96% in Mozambique and Zambia.

Figure 20.5: Women researchers (HC) in Southern Africa,
2012 or closest year
Women (%)

Namibia (2010)

43.7

South Africa (2012)

43.7
41.9

Mauritius (2012)
35.4

Madagascar (2011)
32.2

Mozambique (2010)
Lesotho (2011)

31.0

Zambia (2008)

30.7

Botswana (2012)

27.2

Angola (2011)

27.1

Tanzania (2010)

25.4

Zimbabwe (2012)

25.3

Malawi (2010)

19.5

Note: Data are unavailable for some countries.
Source: UNESCO Institute for Statistics, April 2015
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SEYCHELLES

trends in SADC countries,
2005–2014

1.20

Average citation rate, 2008–2012, for the four countries
with the most output: South Africa, Tanzania, Malawi
and Zimbabwe; the G20 average is 1.02

SWAZILAND

Output from Malawi and Mozambique has
almost tripled since 2005

LESOTHO

10 000
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South Africa 9 309
South Africa 9 309
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Strong
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Mauritius 89

80
49

Angola 45

49
22
21
17
22
12
21
5
17
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52005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

Seychelles
Angola
45 34
Swaziland
Seychelles 25
34
Lesotho
1625
Swaziland
Lesotho 16

Southern Africa

Life sciences and geosciences dominate
Cumulative totals by field, 2008–2014

Angola 2

48

Botswana

8

1

58

Congo, Dem. Rep. 17
Lesotho
58

Malawi

76

Mauritius

24

Mozambique

38

298

76

7 41

192

16 6

50

23

15

Madagascar

8

7

1

1
140

7

3 23
1

80

131

104

29

58

Tanzania

4 329

256

10

1 045

173

69

Medical sciences

4 3
272
470 3 424
749
1
9
9
3
5115
23 94
22 3
12 37
12 5
19 34

8 758
9

26
1 278

478
2
9 21

161

Physics

Other life sciences

13

318
Engineering

Computer science

Chemistry

Biological sciences

Astronomy

Mathematics

1 714
17

4

534

Agriculture

6

30

5 022

1 10

41
80
336
8
1
14
61
3

423

Zimbabwe

386 3 655

69

17 1

43

44

13 696

Zambia 29

22

125

72

1 398
South Africa 1 863
17
Swaziland

7
1
18
1 188
39 5
7 34
2
7 18
6
7
20
9
9
3
16 3

171

Psychology

Geosciences

Social sciences

Seychelles and South Africa have the most publications per million inhabitants
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Publications per million inhabitants, 2014
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South Africa is a key research partner for most SADC countries
Main foreign partners, 2008–2014 (number of papers)

1st collaborator

2nd collaborator

3rd collaborator

4th collaborator

5th collaborator

Angola

Portugal (73)

USA (34)

Brazil (32)

UK (31)

Spain/France (26)

Botswana

USA (367)

South Africa (241)

UK(139)

Canada (58)

Germany (51)

Congo, Dem. Rep.

Belgium (286)

USA (189)

France (125)

UK (77)

Switzerland (65)

Lesotho

South Africa (56)

USA (34)

UK (13)

Switzerland (10)

Australia (8)
South Africa (78)

Madagascar

France (530)

USA (401)

UK (180)

Germany (143)

Malawi

USA (739)

UK (731)

South Africa (314)

Kenya /N.lands (129)

Mauritius

UK (101)

USA (80)

France (44)

India (43)

South Africa (40)

Mozambique

USA (239)

Spain (193)

South Africa (155)

UK (138)

Portugal (113)

Namibia

South Africa (304)

USA (184)

Germany (177)

UK (161)

Australia (115)

Seychelles

UK (69)

USA (64)

Switzerland (52)

France (41)

Australia (31)

South Africa

USA (9 920)

UK (7 160)

Germany (4 089)

Australia (3 448)

France (3 445)

Swaziland

South Africa (104)

USA (59)

UK (45)

Switz./ Tanzania (12)

Tanzania

USA (1 212)

UK (1 129)

Kenya (398)

Switzerland (359)

South Africa (350)

Zambia

USA (673)

UK (326)

South Africa (243)

Switzerland (101)

Kenya (100)

Zimbabwe

South Africa (526)

USA (395)

UK (371)

Netherlands (132)

Uganda (124)

Source: Thomson Reuters’ Web of Science, Science Citation Index Expanded; data treatment by Science–Metrix
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COUNTRY PROFILES
The following section will be analysing the viability of
national innovation systems, in terms of their potential to
survive, grow and evolve. We shall be employing a broad
‘national innovation systems’ approach to examining the
interconnectedness of STI and development (Table 20.5).

ANGOLA
Progress in higher education, despite
governance issues
Angola is considered as having a viable national innovation
system (Table 20.5). The biggest obstacle to the country’s
development prospects lies in governance. Angola ranks
poorly on the Corruption Perceptions Index (161st out of
175) and Ibrahim Index of African Governance (44th out of
52, see Table 19.1). A recent UNESCO study has identified a
correlation between low scientific productivity and ineffective
governance (UNESCO, 2013).
Angola has the advantage of being minimally reliant on donor
funding for its investment needs, being the second-largest
oil producer in Africa after Nigeria and one of SADC’s fastestgrowing economies (see Figure 19.1). It ranks in the top half
of SADC countries for GDP per capita and saw average annual
growth of almost 3% over the period 2008–2013. Angola’s
income inequality is relatively low among SADC countries but
it has a high poverty rate. It is deemed to have medium human
development.
Table 20.5: Status of national innovation systems in the
SADC region
Category
Fragile

Democratic Republic of Congo, Lesotho,
Madagascar, Swaziland, Zimbabwe

Viable

Angola, Malawi, Mozambique, Namibia,
Seychelles, Tanzania, Zambia

Evolving

Botswana, Mauritius, South Africa

Note: National innovation systems can be analysed and categorized in terms
of their potential to survive, grow and evolve. The assessment of viability
thresholds is a complex exercise beyond the scope of the present chapter.
The authors nevertheless propose the present set of three categories for a
preliminary classification of national innovation systems in the SADC region.
Fragile systems tend to be characterized by political instability, whether
from external threats or internal political schisms. Viable systems encompass
thriving systems but also faltering ones, albeit in a context of political stability.
In evolving systems, countries are mutating through the effects of policy and
their mutation may also affect the emerging regional system of innovation.
Source: elaborated by authors
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There have been concerns over the environmental impact
of oil exploration and extraction, particularly the effect of
offshore drilling on the fishing industry. Combined with the
uncertain sustainability of global oil prices and domestic
stocks, not to mention the fact that the oil industry does not
generate significant local employment, this concern led the
government to create a Sovereign Wealth Fund in 2012 to
invest profits from oil sales in the development of a number of
local industries, in an effort to diversify the country’s economy
and spread prosperity (AfDB, 2013).
Full data on R&D expenditure are unavailable but there are
few institutions performing research and the number of
researchers is low. The country’s KEI and KI values are the
lowest among SADC countries. In 2011, the Ministry of Science
and Technology published the National Policy for Science,
Technology and Innovation. The policy sets out to organize and
develop the national STI system, identify funding mechanisms
and to harness STI to sustainable development.
The prolonged civil war (1975–2002) not only left higher
education in a time warp but also caused many academics to
emigrate. Since the end of the war, the number of universities
has mushroomed from two (1998) to over 60 today with a
student roll of more than 200 000. In 2013, the government
launched a National Plan for Training Professionals. Moreover,
in a bid to anchor higher education in its development efforts,
Angola is hosting the Centre of Excellence for Science Applied
to Sustainability, which was established in 2011 and received
its first intake of students in 2013. The centre plans to produce
100 PhDs within a decade. The first of its kind in Africa, it
provides research and training on sustainable development
that is open to all Africans. The centre is located within the
University of Agostinho Neto in Luanda (SARUA, 2012).

BOTSWANA
Good governance
Along with Tanzania, Botswana has one of the
longest post-independence histories of political stability in
Africa. A multiparty democracy, it is deemed the continent’s
best-performing country by the Corruption Perceptions Index
(31st out of 175) and ranks third in Africa in the Ibrahim Index
of African Governance (see Table 19.1). Real GDP per capita
is relatively high and growing but the country nevertheless
ranks second in the SADC for inequality and there is
widespread poverty (Table 20.1). Botswana’s incidence of HIV
(18.5% of the population) is also among the highest in the
world, according to the Botswana AIDS Impact Survey of 2013.
Botswana is the world’s top producer of diamonds, in terms
of value. Despite being heavily reliant on the mining sector,
Botswana has escaped the ‘resource curse’ to a large extent

Southern Africa
by delinking public expenditure and revenue from the mining
sector. This revenue is invested in a savings fund to enable an
anti-cyclical fiscal policy. Revenue from diamonds has been
invested in public goods and infrastructure and the government
has long established universal scholarship schemes which fully
subsidize education at all levels (AfDB, 2013).

In 2010, the government published its Economic
Diversification Drive. A year later, it revised the Companies
Act to allow applicants to register their company without
the involvement of company secretaries, thereby reducing
business start-up costs. The government has also introduced
a points-based system to allow skilled expatriates to work in
Botswana (UNESCO, 2013).
The centrepiece of the government’s strategy is the
development of six innovation hubs. The first of these
was established in 2008 to foster the commercialization
and diversification of agriculture. The second to be set up
was the Botswana Diamond Hub. Until recently, rough
diamonds accounted for 70% of Botswana’s exports. After
these exports contracted during the global financial crisis
of 2008–2009, the government decided to derive greater
benefits from its diamond industry by renegotiating
agreements with multinational companies like De Beers in
2011 and setting up a Diamond Technology Park in Gaborone
in 2009 as a hub for the local cutting and polishing of
diamonds, as well as the manufacture of diamond jewellery.
By 2012, the government had licensed 16 diamond polishing
and cutting companies (UNESCO, 2013).
Hubs are also being put in place for innovation and the
transport and health sectors. As of 2012, the Botswana
Innovation Hub’s governing bodies had approved and
registered 17 entities that will operate in the park. These
include academic institutions like the University of Botswana
and companies active in such diverse areas as custom design
and the manufacture of drilling rigs, specialized mining
exploration technologies, diamond jewellery design and
manufacturing, as well as ICT applications and software. By
2013, basic services had been installed on the 57-acre plot in
Gaborone, such as water mains and electricity, and the site
was ready for intensive development (UNESCO, 2013).

Botswana has two public and seven private universities. The
University of Botswana is primarily a teaching institution,
whereas the newly established Botswana International
University of Science and Technology, which welcomed its first
267 students in September 2012, is R&D-based and determined
to raise the academic qualifications of staff. There has been
considerable progress in education over the past decade
(SARUA, 2012). Scientific publications also increased from 133 to
210 between 2009 and 2014 (Figure 20.6).
The National Policy on Research, Science, Technology and
Innovation (2011) is accompanied by an implementation plan
(2012). The policy sets the target of raising the GERD/GDP ratio
from 0.26% in 2012 to over 2% by 2016 (Republic of Botswana,
2011, p. 6). This target can only be reached within the specified
time frame by raising public spending on R&D. The policy has
four main thrusts:
n Development of a co-ordinated and integrated approach to

STI planning and implementation;
n Development of STI indicators, in accordance with the

guidelines of the OECD’s Frascati and Oslo Manuals;
n The launch of regular participatory foresight exercises; and
n The strengthening of institutional structures responsible for

policy monitoring and implementation.
The 2011 policy is a revision of the country’s first Science and
Technology Policy (1998). The 2011 policy has been consolidated
with the 2005 Botswana Research, Science and Technology Plan
(2005), following the recommendations of a review conducted
by UNESCO in 2009. The main reason for the review was to align
Botswana’s policy with Vision 2016 outlined in the Tenth National
Development Plan. The review concluded that the same obstacles
to R&D persisted in 2009, implying that the 1998 policy had
made little impact on job and wealth creation (UNESCO, 2013).
In 2013, Botswana initiated the development of a National
Climate Change Strategy and Action Plan. A climate change
policy will be developed first, followed by the strategy. The
process will reportedly be highly consultative, with the
participation of rural inhabitants.
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Even before the slump in international demand during the
global financial crisis of 2008–2009, diamond mining had
been contributing less to economic growth with each plan
period. This led the government to make diversifying the
economy a priority of the Tenth National Development Plan
for 2009–2016. The government considers private-sector
participation as being ‘critical’ to the Tenth Plan’s success
and enhancing the role of R&D as being the most effective
way of fuelling entrepreneurship and private-sector growth
(UNESCO, 2013).

In addition, an education hub has been approved by the
Government Implementation Co-ordinating Office, with
the objective of developing quality education and research
training to make Botswana a regional centre of excellence and
promote economic diversification and sustainable growth.
High unemployment (18.4% in 2013, see Table 20.1) has been
linked to the mismatch between skills development and market
needs, together with slow private-sector growth. The Botswana
Education Hub will be co-ordinating its activities with those
of the other five hubs in agriculture, innovation, transport,
diamonds and health (UNESCO, 2013).

UNESCO SCIENCE REPORT
DEMOCRATIC REPUBLIC
OF CONGO
A new academy of science and technology
The ongoing armed conflict in the Democratic
Republic of Congo remains a major obstacle to the
development of a national innovation system. The country
shows the lowest HDI and GDP per capita and the highest
poverty rate of any SADC member. The country’s dependence
on donor funding is high and climbed steeply between 2007
and 2009. The country also scores poorly (40th) in the Ibrahim
Index of African Governance (see Table 19.1).
The Democratic Republic of Congo does not have a national
STI policy. Scientific research capacity exists mainly in public
universities and government-owned research institutes.
The Ministry of Scientific Research and Technology supports
five research organizations active in the fields of agriculture,
nuclear energy, geology and mining, biomedicine,
environment and conservation, as well as a geographical
institute.
In 2012, the Academy for the Advancement of Science and
Technology for Innovation was established in Kinshasa, driven
by the community of researchers and financed by members’
contributions, donations and legacies, with support from the
Ministry of Scientific Research and Technology. Another sign
of the scientific community’s dynamism is the near-tripling of
its research output between 2008 and 2014 (Figure 20.6).
The Democratic Republic of Congo has a relatively large
higher education sector, with a total of 36 publicly funded
universities, 32 of which were established between 2009
and 2012 (SARUA, 2012). There seems to be little interaction
between universities and industry and, to date, a single
business incubator has been established in the country.
The Academic Instruction Act (2011) has replaced the
former policy framework for higher education dating from
1982. Another influential document is Vision 2020, which
aims to develop a university curriculum attuned to national
development priorities through three key strategies: the
promotion of entrepreneurship, the development of
technical and vocational skills and the provision of the
relevant human capital through improved teacher training.
The Poverty Reduction Strategic Paper of 2005 had articulated
the need for teacher training and better vocational and
technical skills and identified higher education as being
a central player in meeting national development needs
(AfDB et al., 2014).

LESOTHO
A compact to develop the private sector
and social services
In mid-2014, this mountainous kingdom with a population
of two million experienced a political crisis after parliament
was suspended, prompting an attempted military coup.
The SADC brokered a solution to the crisis which resulted in
parliamentary elections being brought forward by two years
to March 2015. The party of the outgoing prime minister was
returned to power in what the SADC described as a ‘free, fair
and credible’ election.
According to national figures, 62.3 % of the population
lives below the national poverty line and unemployment is
high, at 25.4% With 23% of 15–49 year-olds infected with
HIV,14 average life expectancy stands at less than 49 years.
Human development is low, with Lesotho ranking 158th out
of 187 countries in 2012, despite having registered some
improvement since 2010 (Government of Lesotho and UNDP,
2014). GDP per capita grew by 18.7% over the period
2009–2013 (Table 20.2).
Three in four inhabitants live in rural areas and are dependent
on subsistence agriculture. Since agricultural productivity is
low and only 10% of the land is arable, Lesotho relies heavily
on imports from South Africa. It also depends on its South
African neighbour for employment and for the purchase of its
main natural resource: water.
Within the country, the government remains the main
employer and greatest consumer, accounting for 39% of GDP
in 2013. Lesotho’s largest private employer is the textile and
garment industry; approximately 36 000 Basotho, mainly
women, work in factories which produce garments for export
to South Africa and the USA (see Figure 18.2). Diamond
mining has grown in recent years and may contribute 8.5% to
GDP by 2015, according to current forecasts. Lesotho remains
extremely dependent on donor funding.
In 2007, Lesotho signed a six-year US$ 362.5 million
Millennium Challenge Account Compact to strengthen the
health care system, develop the private sector and broaden
access to improved water supplies and sanitation. Thanks to
Lesotho’s ‘strong performance’ and ‘continued commitment
to democratic principles and good governance’, the country
became eligible in December 2013 to apply for a second
compact15 funded by the Millennium Challenge Account. The
process of compact development takes two years, so, if the
application is successful, the second compact will become
effective in 2017.
14. See: www.unaids.org/en/regionscountries/countries/lesotho
15. See: www.lmda.org.ls
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Major obstacles to economic growth, private sector-led
entrepreneurship and poverty alleviation in Lesotho relate
to the fact that the government has not managed to use its
resources efficiently to provide public services that encourage
high levels of private investment and entrepreneurship.

The National Science and Technology Policy for 2006–2011
envisioned raising government funding of R&D to 1% of the
annual national budget and recommended establishing new
institutions, including the Lesotho Advisory Commission
on Science and Technology to manage S&T policy
implementation and the Lesotho Innovation Trust Fund to
mobilize funding for STI. The Department of Science and
Technology – located in the Ministry of Communications,
Science and Technology – is responsible for promoting
and co-ordinating STI policy, according to the detailed
implementation plan developed in 2010. The plan required
that measures be taken to ensure that all segments of society
benefit from STI, in keeping with the Basotho spirit of letsema.
However, to date, the policy remains largely unimplemented
and has not been revised.

MADAGASCAR
A research policy oriented towards
development
In Madagascar, the coup d’état of 2009 resulted in international
sanctions which have curtailed donor funding. Today, the
economy is faltering: GDP per capita dropped by 10.5% over
the period 2008–2013. Madagascar has the second-highest
reported poverty rate within the SADC after the Democratic
Republic of Congo, even though it has a median ranking
within the community for human development.
In terms of governance, Madagascar actually dropped from
118th to 127th place out of 175 countries between 2013 and
2014 in the Corruption Perceptions Index. All governance
indices identify political instability as an aggravating factor for
corruption – and vice versa – and as being the main obstacle to
creating an enabling and healthy business environment (IFC,
2013). Like many countries, Madagascar observes International

Madagascar has a low GERD/GDP ratio (0.11% in 2011).
R&D is spread across several research institutes which cover
agriculture, pharmaceuticals, oceanography, environment,
veterinary sciences, nuclear energy, botany and zoology,
among other areas. The country counts six public universities
and three technical universities, eight national centres of
research and 55 privately funded universities and colleges.
Enrolment has increased dramatically since 2005 and doctoral
programmes are offered by 29 discipline-based schools or
departments within both public and private universities.
The government has identified higher education as a major
agent of national development. For example, Challenge 5 of
the Madagascar Action Plan 2007–2012 identifies the need to
transform higher education. Its specific goals are to:
n ensure competitiveness, creativity and the employability

of graduates;
n foster research and innovation;
n offer diversified courses to meet national socio-economic

needs;
n improve the governance of public universities; and
n develop high-quality private universities and technical

institutes.
Between 2000 and 2011, the number of students enrolled in
Madagascar’s public universities more than doubled from
22 166 to 49 395, according to the Ministry of Education
and Scientific Research. Nearly half attended the University
of Antananarivo. The great majority of PhD students were
enrolled in science and engineering disciplines (SARUA, 2012).
The student population at both public and private universities
almost doubled between 2006 and 2012 to 90 235 but the
number of PhD candidates actually shrank (Table 19.4).
Madagascar does not have a national STI policy but it did
adopt a national research policy in December 2013 to
promote innovation and the commercialization of research
results for socio-economic development. This policy is
accompanied by five Master Plans of Research related to
renewable energies, health and biodiversity, agriculture and
food security, environment and climate change. These plans
have been identified as priorities for R&D; other plans are
being elaborated in 2015–2016.
Moreover, a Competitive Fund for Research and Innovation
is currently being set up. It is intended to strengthen the
relationship between research and socio-economic benefits
and to throw bridges between public researchers and the
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Much of STI policy still to be implemented
Lesotho’s basic R&D indicators depict a poorly developed STI
sub-sector with the lowest GERD/GDP ratio (0.01% in 2011)
of any SADC country (Figure 20.3). The country has a single
public university, the National University of Lesotho (est.
1945) and a number of other public and private tertiary-level
institutions. The private establishments partly compensate for
the limited capacity of the public sector to satisfy enrolment
needs. Clearly, public resources need to be better utilized at
all levels, if STI is to be harnessed to meeting the country’s
development needs.

Anti-Corruption Day each year on 9 December. The theme in
2013 was ‘Zero Corruption, 100% Development’.

UNESCO SCIENCE REPORT
private sector, as outlined by the national research policy.
This fund is financed by the government, as well as by
bilateral and multilateral partners.
In 2012, the Ministry of Higher Education and Scientific
Research advocated a radical reform, emphasizing the
importance of improving the interface between scientific
research and the country’s development goals.

MALAWI
Wooing investors to diversify the economy
Malawi has been a multiparty parliamentary
democracy since 1994. For the past 10 years, the economy
has grown annually by 5.6% on average, making it the sixthfastest growing economy in the SADC. It is projected that,
between 2015 and 2019, annual growth in real GDP will
range from 6% to 5% (IMF, 2014). Malawi’s ratio of donor
funding to capital formation rose considerably over the
period 2007–2012. At the same time, its attempts to diversify
the agriculture sector and move up the global value chain
have been seriously constrained by poor infrastructure, an
inadequately trained work force and a weak business climate
(AfDB et al., 2014).
Malawi has one of the lowest levels of human development
in the SADC (see Tables 19.1 and 20.2) but it is also one of
three African countries that ‘are making especially impressive
progress for several Millennium Development Goals,’ along
with Gambia and Rwanda, including with regard to primary
school net enrolment (83% in 2009) and gender parity, which
has been achieved at primary school level (UNESCO, 2014a).
The economy is heavily dependent on agriculture, which
accounts for 27% of GDP (Figure 20.2) and 90% of export
revenue. The three most important export crops are tobacco,
tea and sugar – with the tobacco sector alone accounting
for half of exports (see Figure 18.2). Malawi spends more on
agriculture (as a share of GDP) than any other African country
(see Table 19.2). Over 80% of the population is engaged in
subsistence farming, with manufacturing earning just 10.7%
of GDP (Figure 20.2). Moreover, most products are exported in
a raw or semi-processed state.
Malawi is conscious of the need to attract more FDI to foster
technology transfer, develop human capital and empower
the private sector to drive economic growth. FDI has been
growing since 2011, thanks to a government reform of
the financial management system and the adoption of an
Economic Recovery Plan. In 2012, the majority of investors
came from China (46%) and the UK (46%), with most FDI
inflows going to infrastructure (62%) and the energy sector
(33%) [UNESCO, 2014a].
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The government has introduced a series of fiscal incentives
to attract foreign investors, including tax breaks. In 2013,
the Malawi Investment and Trade Centre put together an
investment portfolio spanning 20 companies in the country’s
six major economic growth sectors, namely agriculture,
manufacturing, energy (bio-energy, mobile electricity),
tourism (ecolodges) and infrastructure (wastewater services,
fibre optic cables, etc.) and mining (UNESCO, 2014a).
In 2013, the government adopted a National Export Strategy
to diversify the country’s exports (Government of Malawi,
2013). Production facilities are to be established for a wide
range of products16 within the three selected clusters: oil
seed products, sugar cane products and manufacturing. The
government estimates that these three clusters have the
potential to represent more than 50% of Malawi’s exports
by 2027 (see Figure 18.2). In order to help companies adopt
innovative practices and technologies, the strategy makes
provision for greater access to the outcome of international
research and better information about available technologies;
it also helps companies to obtain grants to invest in such
technologies from sources such as the country’s Export
Development Fund and the Malawian Innovation Challenge
Fund (Box 20.2) [UNESCO, 2014a].
Productive scientists, few university places
Despite being one of the poorest countries in the world,
Malawi devoted 1.06% of GDP to GERD in 2010, according to a
survey by the Department of Science and Technology, one of
the highest ratios in Africa. Also noteworthy is that Malawian
scientists publish more in mainstream journals – relative to
GDP – than any other country of a similar population size
(UNESCO, 2014a).
Enrolment in higher education struggles to keep up with
rapid population growth. Despite a slight improvement, only
0.81% of the age cohort was enrolled in university by 2011.
Moreover, although the number of students choosing to
study abroad increased by 56% between 1999 and 2012, their
proportion decreased from 26% to 18% over the same period
(UNESCO, 2014a).
Malawi’s first science and technology policy from 1991 was
revised in 2002. Despite being approved, the 2002 policy
has not been fully implemented, largely due to the lack of
an implementation plan and an unco-ordinated approach to
STI. This policy has been under revision in recent years, with
UNESCO assistance, to re-align its focus and approaches with
the second Malawi Growth and Development Strategy (2013)
and with international instruments to which Malawi is a party
(UNESCO, 2014a).
16. including cooking oil, soaps, lubricants, paints, animal feed, fertilizers, snacks
and cosmetics
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Among the notable achievements stemming from the
implementation of national STI policies in recent years are the:
n establishment, in 2012, of the Malawi University of Science

and Technology and the Lilongwe University of Agriculture
and Natural Resources (LUANAR18) to build STI capacity.
This brings the number of public universities to four, with
the University of Malawi and Mzuzu University;
n improvement in biomedical research capacity through the

five-year Health Research Capacity Strengthening Initiative
(2008–2013) awarding research grants and competitive
scholarships at PhD, master’s and first degree levels,
supported by the UK Wellcome Trust and DfID;
n strides made in conducting cotton confined field trials,

with support from the US Program for Biosafety Systems,
Monsanto and LUANAR (see Box 18.2).
n introduction of ethanol fuel as an alternative fuel to petrol

and the adoption of ethanol technology;

17. A Science and Technology Fund was also established by the Science and
Technology Act of 2003 to finance research and studies through government
grants and loans; it was not yet operational by 2014 (UNESCO, 2014b).

n launch of the ICT Policy for Malawi in December 2013,

to drive the deployment of ICTs in all economic and
productive sectors and improve ICT infrastructure in rural
areas, especially via the establishment of telecentres; and
n a review of secondary school curricula in 2013.

MAURITIUS
Competing with South Africa as an
investment hub
Mauritius is a small island nation with 1.3 million inhabitants.
Unemployment is low and the country counts the secondhighest GDP per capita in the SADC; it grew by more than
17% over the period 2008–2013. Mauritius also ranks
second-highest in the SADC region for human development
and has the third-best score in the Corruption Perceptions
Index (47th out of 175), behind Botswana (31st) and
Seychelles (43rd). In 2012, there were almost twice as
many students enrolled in higher education as in 2006
(Table 19.4).
The economy is driven by tourism, textile manufacturing,
sugar and financial services. There has been a rapid
diversification of the economic base towards ICTs,
seafood, hospitality, property development, health care,
renewable energy, education and training, which have
attracted both local and foreign investors. Mauritius’
status as an investment hub for new businesses has also
provided significant opportunities for offshore companies.
This diversification is largely due to the government’s
determination to move the economy up the value chain
towards an economy based on high skills and technology.
The strategy has worked: in 2013, Mauritius overtook
South Africa to become the most competitive economy in
sub-Saharan Africa.

18. LUANAR was delinked from the University of Malawi in 2012.

Box 20.2: The Malawi Innovation Challenge Fund
The Malawi Innovation Challenge Fund
(MICF) is a new competitive facility,
through which businesses in Malawi’s
agricultural and manufacturing
sectors can apply for grant funding
for innovative projects with potential
for making a strong social impact and
helping the country to diversify its
narrow range of exports.
The fund is aligned on the three
clusters selected within the country’s

National Export Strategy: oil seed
products, sugar cane products and
manufacturing.
The MICF provides a matching grant
of up to 50% to innovative business
projects to help absorb some of
the commercial risk in triggering
innovation. This support should
speed up the implementation of new
business models and/or the adoption
of technologies.

The first round of competitive bidding
opened in April 2014.
The fund is endowed with US$ 8
million from the United Nations
Development Programme and the
UK Department for International
Development.

Source: AfDB press release and personal
communication; authors
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The National Science and Technology Policy of 2002 envisaged
the establishment of a National Commission for Science and
Technology to advise the government and other stakeholders
on science and technology-led development. Although the
Science and Technology Act of 200317 made provision for
the creation of this commission, it only became operational
in 2011, with a secretariat resulting from the merger of the
Department of Science and Technology and the National
Research Council. The Secretariat of the National Commission
for Science and Technology reviewed the current Strategic
Plan for Science, Technology and Innovation (2011–2015) but,
as of early 2015, the revised STI policy had not yet met with
Cabinet approval (UNESCO, 2014a).

UNESCO SCIENCE REPORT
To a large extent, the radical transformation of the Mauritian
economy has been informed by a policy document entitled
Maurice Ile Durable (Mauritius: Sustainable Island), adopted in
2011. This document anchors economic development firmly
in sustainability and has five interlinking foci: energy, the
environment, education, employment and equity. Mauritius
passed an Energy Efficiency Act in 2011 and has adopted
an Energy Strategy for 2011 –2025 which stresses sustainable
building design and transportation, together with the
development of renewable energy sources such as solar,
geothermal and hydropower.
Mauritius has been a central player in the implementation
of the Programme of Action for the Sustainable Development
of Small Island Developing States, having hosted one of the
three landmark meetings19 which are driving this programme,
in 2005. Mauritius led a call, in 2014, for the establishment
of a UNESCO centre of excellence on ocean science
and innovation for capacity-building and research, as a
contribution to the 2030 Agenda for Sustainable Development.
The call was endorsed by the Mauritius Ministerial Declaration
adopted by Mauritius, Comoros, Madagascar and the
Seychelles at the conclusion of a high-level meeting on
strengthening STI policy and governance for the sustainable
development of small island developing states and their
resilience to climate change.
A series of moves to boost R&D
In 2012, Mauritius devoted 0.18% of GDP to GERD
(Figure 20.3). About 85% of public R&D expenditure is
invested in S&T-related fields. The sectors with the highest
expenditure (together accounting for about 20% of total
spending on S&T) are agriculture, environment and ocean/
marine sciences, followed by health and ICTs, which account
for about 4–7% of total spending. Mauritius has set itself the
target of increasing public expenditure on R&D to 1% of GDP
by 2025 and expects the private sector to contribute at least
50% of national expenditure on R&D by this date.
In 2009, the Mauritius Research Council held a series of
consultations. In addition to its advisory role, this government
agency co-ordinates and funds research to give industries
the edge in innovation. The consultations produced the
following proposals for:
n raising private spending on R&D;
n strengthening intellectual property laws;
n promoting market-driven research;
n consolidating the linkages between researchers in the

public sector and industry; and
19. First adopted in Barbados in 1994, this programme was updated in Mauritius in
2005 then again in Samoa in 2014.
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n instituting fiscal measures to attract private investment

in R&D.
In response to these recommendations, the government took
a series of measures to boost R&D, including the:
n provision, in 2014, of Rs 100 million (circa US $3 million)

to fund R&D, including through the Public Sector
Collaborative Research Scheme and the Small Business
Innovation Scheme, operated by the Mauritius Research
Council; the main project areas are: biomedicine;
biotechnology; energy and energy efficiency; ICTs; land
and land use; manufacturing technology; science and
technology education; social and economic research; and
water resources;
n amendment, in 2014, to the Mauritius Research Council Act

to provide for a National Research and Innovation Fund;
n establishment of the International Institute of Technology

Research Academy, which moved to its main campus
in 2015, through a memorandum of understanding
between the Indian Institute of Technology in India and
the Mauritius Research Council, in collaboration with the
University of Mauritius; and, lastly,
n provision, in 2013, for the recruitment of 30 experienced

international lecturers for the country’s two universities –
the University of Mauritius and the University of Technology20 –
to foster greater research and improve teaching standards.
The Mauritius Research Council is the main co-ordinating
agency of the Ministry of Tertiary Education, Science, Research
and Technology. The ministry is currently overseeing the
formulation of the country’s first National Policy and Strategy
on Science, Technology and Innovation covering the period
from 2014 to 2025. The main foci of the draft policy are:
n human competencies in the STI sector;
n the role of the public research sector;
n the link between science and society;
n technology absorption and innovation;
n investment in research and innovation;
n meeting challenges through enhanced research;
n promotion of African STI initiatives; and
n governance and sustainability.

Some challenges remain for policy formation; there is a need
to bring coherence and a long-term vision to the forefront
of STI governance and to bridge the gap between public
research institutions and private businesses.
20. Three other institutions offer higher education: the Mauritius Institute of
Education, the Mahatma Gandhi Institute and the Mauritius College of the Air.

Southern Africa
MOZAMBIQUE

Neither the country’s Science and Technology Policy (2003), nor
the Mozambique Science, Technology and Innovation Strategy,
approved in 2006 with a horizon of 10 years, has yet delivered
on its promises. The Strategy establishes a set of priorities to
eradicate extreme poverty, harness economic growth and
improve the social well-being of all Mozambicans. It is being
implemented in conjunction with international partners.
The GERD/GDP ratio (0.42% in 2010) for Mozambique places
it in the middle range of SADC countries but the density of
researchers is low: just 66 per million inhabitants in 2010
(head count), excluding the business sector.
To foster implementation of the Science and Technology Policy,
Mozambique created a National Research Fund in 2006 that is
operated by the Ministry of Science and Technology. Funding
goes to numerous projects for scientific research, innovation
and technology transfer in the following areas: agriculture,
education, energy, health, water, mineral resources,
environmental sustainability, fisheries and marine sciences
and botanical sciences.
The country has 16 research institutions, in addition to several
national research councils active in the fields of water, energy,
agriculture, medicine and ethno-botany, among others. The
National Academy of Science dates from 2009.
Mozambique has 26 institutions of higher education, half of
which are privately run. However, public institutions account
for the majority of students, particularly Eduardo Mondlane
University and Universidade Pedagogica. Demand for higher
education is growing rapidly: there were four times more
students enrolled in 2012 (124 000) than in 2005 (see Table 19.4).
Like several of its neighbours, Mozambique is currently
mapping its science system, in partnership with UNESCO’s
Global Observatory of STI Policy Instruments (GOSPIN).

With its newfound political stability and income from
aluminium, gas and coal, Mozambique has an unprecedented
opportunity to accelerate development and improve social
welfare. To generate income in a sustainable way, however,
wealth must be managed and transformed into assets that
can continue to serve the country’s long-term interests.

NAMIBIA
A need to diversify the economy
While Namibia is classified as a middle-income
country on the basis of its GDP per capita, its Gini coefficient
(see the glossary, p. 738) reveals one of the world’s highest
levels of inequality, despite a modest improvement since 2004.
Namibia also suffers from an unemployment rate of 16.9 %
(Table 20.1) and widespread poverty, with the majority of the
population surviving on subsistence agriculture. To this must
be added the impact of long periods of severe drought and
a high prevalence of HIV and AIDS. Namibia also ranks 128th
out of 186 countries for human development. These indicators
point to the formidable obstacles that Namibia must overcome,
if it is to shake off its over-reliance on mining (see Figure 18.2),
which only employs about 3% of the population.
Namibia’s long-term development strategy is guided by
Vision 2030, a planning document adopted in 2004 to ‘reduce
inequalities and move the nation significantly up the scale
of human development, to be ranked high among the
developed countries21 in the world.’ Five ‘driving forces’ were
identified to realize the objectives of Vision 2030: education,
science and technology; health and development; sustainable
agriculture; peace and social justice; and gender equality.
In 2010, Namibia still had a low GERD/GDP ratio (0.14%) but it
did count 343 researchers (head count) per million inhabitants,
one of the region’s better ratios. The country’s KEI and KI
values are also quite high, even though Namibia dropped nine
places between 2000 and 2012. Two factors no doubt explain
this relatively good performance: Namibia’s market-friendly
environment, which benefits from its proximity to South
Africa; and its two reputable universities which have produced
a critical mass of skilled workers over the past two decades, as
well as a small, well-trained professional and managerial class.
21. See: www.gov.na/vision-2030
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An opportunity to accelerate development
Mozambique’s high growth rate over the past
decade (6.0–8.8% per year) dates from the start
of aluminium and natural gas production in the 2000s, which
brought in substantial FDI. The country’s reliance on donor
funding, while still high, decreased dramatically between 2007
and 2012. However, economic growth has not yet translated
into human development. Mozambique still ranks 185th out
of 187 countries, there having been no change since 2007.
Poverty is widespread. This situation is a major obstacle to
economic diversification, especially when combined with high
financial costs, poor infrastructure and an inhibitive regulatory
framework (AfDB, 2013). Mozambique also scores poorly on
the Corruption Perceptions Index (119th out of 175) and the
Ibrahim Index of African Governance (see Table 19.1).

The ultimate aim is to use this mapping exercise as the basis
for drawing up a revised STI policy that could be applied to
such critical areas as mitigating the consequences of climate
change; exploring new energy sources; generating innovation
to foster social inclusion; promoting the sustainable
management and conservation of freshwater; terrestrial
resources and biodiversity; and disaster resilience.

UNESCO SCIENCE REPORT
Two reputable universities
Taken together, the Namibia University of Science and
Technology (formerly the Polytechnic of Namibia) and the
University of Namibia account for 93% of student enrolment,
the remainder being assured by two private institutions.
The University of Namibia boasts a student population of
about 19 000 and a network of 12 satellite campuses and
9 regional centres nationwide. It has Faculties of: Agriculture
and Natural Resources; Economics and Management Science;
Education; Engineering; Health Sciences; Humanities and
Social Sciences; Law; and Natural Sciences. The university
offers 12 PhD programmes and has so far awarded 122 PhDs.
It has put incentives in place to encourage researchers to
publish their findings.
The Namibia University of Science and Technology strives to
‘enhance innovation, entrepreneurship and competitiveness
in Namibia and the SADC region.’ It counts seven schools/
faculties and 10 centres of excellence, which served a student
body of over 12 000 in 2014. A Cooperative Education Unit
(CEU) was established in 2010, in order to give graduates the
skills required by industry. The CEU collaborates with industry
in the design of its curricula and co-ordinates a programme
through which students compete for an internship or
industrial placement to put what they have learned into
practice.
A three-year programme to boast STI
Within the Ministry of Education, it is the Directorate for
Research, Science and Technology under the Department of
Tertiary Education, Science and Technology which ensures
co-ordination of science. In 2013, Namibia established a
National Commission on Research, Science and Technology,
pursuant to the Research, Science and Technology Act (2004).
The commission is mandated to implement the Biosafety Act
of 2006. It has also been entrusted with developing a threeyear National Research, Science, Technology and Innovation
Programme, with UNESCO’s22 assistance. The programme
stems from the directives of the National Policy on Research,
Science and Technology, adopted in 1999.
A national consultative workshop was held in March 2014
to pave the way towards an implementation strategy for
the National Research, Science, Technology and Innovation
Programme. Participating researchers, innovators and
entrepreneurs assisted in identifying national priority fields,
taking into consideration Namibia’s Industrial Policy (2013),
its current economic blueprint, the Fourth National
Development Plan (2012–2017) and Vision 2030. The
programme will seek to create an environment more
conducive to research and innovation in the essential areas
22. See: http://tinyurl.com/unesco-org-policy-namibia
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of policy, human resource development and the related
institutional framework.
In 2013, UNESCO helped Namibia to develop a manual
for operationalizing the National Research, Science and
Technology Fund. The first disbursement from the fund was
made jointly with South Africa in March 2014 (30 projects for
a value of N$ 3 million, circa US$ 253 000). This was followed
by a first national disbursement in May 2014 (27 projects for
N$ 4 million). The funds from the second and third national
calls for research proposals are due to be disbursed in May
2015. The grant recipients thus far are the University of
Namibia, Polytechnic of Namibia, Ministry of Fisheries and
Marine Resources, Ministry of Education and an NGO, the
Desert Research Foundation of Namibia.
Namibia is also participating in UNESCO’s GOSPIN
programme, in order to put a reliable information system in
place to monitor STI policy implementation.

SEYCHELLES
A first university and national STI institute
Having recovered from virtual economic
collapse in 2007–2008, Seychelles is now a rising star (AfDB
et al., 2014). It comes out on top in the SADC region for
GDP per capita, human development and unemployment
and poverty levels. It is also one of the top-scorers for good
governance, low corruption and general security. Despite
these achievements, not everyone in this small island state
is seeing the benefits. The economy is primarily based on
tourism, agriculture and fisheries but economic growth has
been led almost exclusively by the tourism sector. As a result,
Seychelles has the greatest level of inequality of any SADC
country.
There are no recent R&D data for Seychelles. In 2005, the
country had a low GERD/GDP ratio (0.30%) and, given its
population of 93 000, only a handful of researchers: 14. The
main research institute is the Seychelles Centre for Marine
Research and Technology (est. 1996).
Seychelles’ first university dates only from 2009; it welcomed
its first 100 students in 2012 (see Table 19.4). Though still in
its infancy, the University of Seychelles is developing rapidly.
It has already established strong collaboration with other
universities in the SADC region (SARUA, 2012).
Parliament passed a bill creating the country’s first National
Institute of Science, Technology and Innovation in 2014. In
January 2015, the government upgraded the Department of
Entrepreneurship Development and Business Innovation to
ministry status, adding the portfolio of investment.

Southern Africa
SOUTH AFRICA

South Africa is the main destination for FDI inflows to the SADC
region, attracting about 45% of the region’s FDI in 2013, a slight
decrease from 48% in 2008. South Africa is also establishing itself
as a main investor in the region: over the same six-year period, its
outward flows of FDI almost doubled to US$ 5.6 billion, powered
by investment in telecommunications, mining and retail in
mostly neighbouring countries. In 2012, South Africa invested
in more new FDI projects in Africa than any other country in
the world. Moreover, among emerging economies, it is the
second-biggest investor in least developed countries after
India, according to the United Nations Conference on Trade
and Development.
Through the Department of Science and Technology, South
Africa has entered into 21 formal bilateral agreements with
other African countries in science and technology since 1997,
most recently with Ethiopia and Sudan in 2014 (Table 20.6).
Within three-year joint implementation plans which define
spheres of common interest, co-operation tends to take the
form of joint research calls and capacity-building through
information- and infrastructure-sharing, workshops, student
exchanges, development assistance and so on.
A negative trade balance in high-tech
South Africa trades mainly with Botswana (21%), Swaziland,
Zambia and Zimbabwe (12% each) and Angola (10%). This
contrasts with the main destinations for South African FDI,
which are Mauritius (44 %), Tanzania (12%) and Mozambique
(7%). Table 20.7 shows that South Africa has a consistently
high negative trade balance in high-tech products, along
with the rest of the SADC economies, making it a peripheral
national innovation system in the global arena.
STI to help diversify the economy by 2030
The vision of the National Development Plan (2012) is for
South Africa to become a diversified economy firmly
grounded in STI by 2030. This transition is guided by the
Ten-Year Innovation Plan (2008–2018) and its five
‘grand challenges’: biotechnology and the bio-economy

n the decision in 2012 to host the € 1.5 billion project to

build the world’s largest radio telescope in South Africa
and Australasia; this is bringing significant opportunities
for research collaboration (see Box 20.3), attracting leading
astronomers and researchers at all stages of their careers
to work in Africa; it is worth noting that South African
astronomers co-authored 89% of their publications with
foreign collaborators during 2008–2014;
n the National Bio-economy Strategy, approved in 2013, which

positions bio-innovation as an essential tool for reaching the
country’s industrial and social development goals;
n within the DST, a reorganization of some programmes in

the past five years to give greater emphasis to innovation
that addresses social challenges; the Socio-Economic
Innovation Partnerships programme within DST is
responsible for the downstream innovation chain, through
sub-programmes on innovation for inclusive development
and the green economy, among others;
n the launch of the DST Technology Top 100 internship

programme in 2012, which places unemployed science,
technology and engineering graduates in high-tech
companies; in 2013 and 2014, one in four of the 105 interns
were offered permanent employment with their host
companies at the end of the one-year programme; in 2015,
a further 65 candidates were placed with companies in the
Gauteng and Western Cape Provinces; it is planned to expand
the network of private firms involved in the programme.
A fund to boost sagging private sector R&D
South Africa’s GERD/GDP ratio (0.73% in 2012) has dropped from
a high of 0.89% in 2008. This has been mostly due to a sharp drop
in private sector R&D, in spite of rising public spending on R&D.
However, South Africa’s research output
still comprises about 85% of Southern Africa’s total output
(Lan et al., 2014).
To help reach the target of a GERD/GDP ratio of at least 1%,
the Sector-Specific Innovation Fund was launched in 2013.
This fund targets specific industrial sectors, which partner
with the government through the DST to support the
industry’s specific research, development and innovation
needs, through a co-funding arrangement. This funding
instrument also addresses one of the recommendations from
the 2012 Ministerial Review Report, which called for greater
interaction between DST and the private sector.
The R&D tax incentive programme introduced in 2007 and
amended in 2012 gives a 150% tax deduction for expenditure
on eligible scientific or technological R&D undertaken by
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Outward FDI flows have doubled
South Africa is currently Africa’s second-largest
economy after Nigeria. Despite having a population of only
53 million, it generates about one-quarter of African GDP. It
is classified as a middle-income country and has a relatively
solid national innovation system. With its regional political
influence and growing economic presence in Africa, the
country has the potential to drive economic growth across
the continent. For the moment, its weight is felt most by its
immediate SADC neighbours, through the development of
trading partnerships, political agreements, business linkages
and movements of people.

(formerly pharmaceuticals); space; energy security; global
change; and understanding of social dynamics. Among the
achievements so far, we could cite:
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Angola (2008)

l

Human and social sciences

Material sciences and
nanotechnology

l

Basic sciences

Aeronautics

Indigenous knowledge

Environment and
climatechange

Mathematics

ICTs

Energy

l

Mining / Geology

l

Water management

Nuclear medical technology

Algeria (1998)

Laser technology

Space

Agriculture /Agro-processing

Biotechnology

Biosciences

STI policy

Intellectual property

Joint co-operation
agreement (signed)

Human development

Table 20.6: South Africa’s bilateral scientific co-operation in Africa, 2015

l

Botswana (2005)*

l

l

Egypt (1997)

l
l

l

l

l

l

l

l

l

l

Ethiopia (2014)
Ghana (2012)*

l

Kenya (2004)*

l

Lesotho (2005)

l

Malawi (2007)

l

l

l

l

l

l

l

l

l

Mali (2006)
Mozambique (2006)*

l

Namibia (2005)*
Nigeria (2001)

l

Rwanda (2009)

l

l

l

l

l

l

l

l

l

l

l

l
l

l

l

l

Senegal (2009)
Sudan (2014)
Tanzania (2011)

l

l

l

Tunisia (2010)

l

Uganda (2009)

l

l
l

Zambia (2007)*
Zimbabwe (2007)

l

l
l

l

l

l

l

l

l

l

l

l

l

l
l
l

*partner of the African Very Long Baseline Interferometry Network and of the Square Kilometre Array
Source: compiled by authors via the DST

enterprises or individuals. The 2012 amendment requires
companies to apply for pre-approval of their R&D projects
in order to qualify. The programme has grown over the
past eight years and has provided tax reductions to nearly
400 claimants, nearly half of which are small and mediumsized enterprises. The programme has managed to leverage
more than ten times the value in R&D from a R 3.2 billion
government contribution to this incentive.
The earlier DST Innovation Fund (1999) has been transformed
into a range of funding instruments grouped under the
Technology Innovation programme administered by the
Technology Innovation Agency, which has been operative
since 2010. Some of the most recently launched funds include
the Youth Technology Innovation Fund (2012) targeting
innovators between the ages of 18 and 30 who receive
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vouchers enabling them to access services and/or resources
that they could not otherwise afford, and a Seed Fund (2012)
to assist universities in bridging financing requirements, in
order for them to translate university research output into
ideas that can be commercialized.
The Technology and Human Resources for Industry (THRIP)
scheme matches investment by industry in projects where
researchers from public institutions, including universities,
serve as project leaders and students are trained through
projects in industry. THRIP was established in 1994 and was
the object of an external evaluation in 2013; this was followed
by a review of some THRIP processes that has been dubbed
the ‘re-invigoration of THRIP’. This review led to a series of new
measures, including the provision of student bursaries for the
first time and the introduction of a ‘first-come-first-served’ rule

Southern Africa
most recent is the Centre of Excellence in Scientometrics and
Science, Technology and Innovation Policy, the work of which
is expected to lead to better decision-making in STI policy and
consolidate related national information systems.

An older scheme which has helped to increase the number
of black and female researchers is the South African Research
Chairs Initiative (SARChI) established in 2006. SARChI was
externally reviewed in 2012 and, by 2014, had awarded a
total of 157 chairs. The Centres of Excellence funding scheme
launched in 2004 currently has a network of 15 research
centres, five of which were established in 2014. One of the

The National Development Plan (2012) has fixed a target of
producing 100 000 PhDs by 2030 to improve the country’s
capacity for research and innovation. The DST has significantly
increased its funding for postgraduate students. By 2014,
34 PhDs were being produced per million inhabitants but this
is still below the target of 100 PhDs per million inhabitants
fixed by the Plan.

Table 20.7: International trade by the SADC in high-tech products, 2008–2013, in US$ millions
TOTAL
Import
2008
251.7

Botswana

2009
352.9

2010
248.0

274.1

303.7

2008

2009

2010

24.4

2011

–

21.1

–

0.4

1.6

–

7.4

10.7

5.5

52.6

152.4

1.7

3.4

2.0

22.7

2012

2013

15.1

44.6

62.7

–

–

–

–

–

16.6

28.4
151.8

177.0

141.6

Malawi

112.5

148.9

208.3

285.4

Mauritius

284.3

327.8

256.6

255.2

344.8

343.5

101.1

21.9

6.2

9.8

10.6

6.3

Mozambique

167.3

148.6

125.4

134.1

189.2

1 409.2

6.1

23.8

0.5

71.2

104.7

82.1

Namibia

199.5

403.8

334.9

401.9

354.6

378.9

22.0

108.0

32.1

–

2013

254.1

Seychelles

–

2012

Madagascar

Lesotho

–

Export

2011

140.2
–

–

–

–

–

–

0.2

2.0
–

...
11.0

42.8

49.3

46.6

–

–

–

–

–

71.7

10 480.4

7 890.5

10 190.3

11 898.9

10 602.2

11 170.9

2 056.3

1 453.3

1 515.6

2 027.3

2 089.1

2 568.6

Tanzania

509.1

532.2

517.4

901.7

698.4

741.6

11.8

18.1

27.4

43.0

98.9

50.0

Zambia

209.7

181.9

236.4

354.9

426.7

371.2

8.8

5.9

4.6

222.0

55.2

40.0

Zimbabwe

116.8

201.1

393.3

343.1

354.2

447.3

80.0

7.3

9.2

9.7

20.4

18.5

South Africa

Note: Rankings are for a total of 145 countries.
Source: World Bank

Box 20.3: South Africa wins bid to host radio telescope
In 2012, South Africa and Australia
won a bid to build the world’s largest
radio telescope, the Square Kilometre
Array (SKA), at a cost of € 1.5 billion.
As a result, South Africa will work with
eight African partners, six of them
from within the SADC: Botswana,
Madagascar, Mauritius, Mozambique,
Namibia and Zambia. The other two
are Ghana and Kenya.
South Africa is also co-operating with
other SADC countries in skills training,
through the African SKA Human
Capital Development Programme,
which has been operating since 2005.
In 2012, the programme awarded

about 400 grants for studies in astronomy
and engineering from undergraduate to
postdoctoral level, while also investing
in training programmes for technicians.
Astronomy courses are being taught as a
result of the SKA Africa project in Kenya,
Madagascar, Mauritius and Mozambique.
This work is complemented by an
agreement signed in 2009 between
Algeria, Kenya, Nigeria and South Africa
for the construction of three low-Earthorbiting satellites within the African
Resource Management Constellation
(ARMC). South Africa will build at least
one out of the three, construction of
which (ZA-ARMC1) began in 2013.

The development of qualified
personnel and researchers is a
critical prerequisite for the successful
implementation of the SKA project
in South Africa and the construction
of new satellites under the ARMC
agreement. These initiatives will
develop Africa’s technological and
human capacities in Earth observation,
for use in urban planning, land cover
mapping, disaster prediction and
monitoring, water management, oil
and gas pipeline monitoring and so on.

Source: compiled by the authors
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to accelerate the uptake of awarded funds. From 2010
to 2014, THRIP supported an average of 1 594 students and
954 researchers per year, showing steady growth in the
numbers of black and female researchers over the years.
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A popular destination for scientists and students
Within the SADC, South Africa hosts the largest number
of leading scientists, consistent with its leading role in
African science. Southern Africa is known for its unhindered
circulation of scientific personnel and research mobility,
with South Africa playing an important role as a hub for
higher education and research in the region. Nearly half
of the researchers in South Africa (49%) are transitory,
spending fewer than two years in the country’s research
centres (Lan et al., 2014).
South African universities attracted 61 000 foreign African
students in 2009, providing potential human capital for
South Africa and facilitating a greater integration with
the rest of the continent (UIS, 2012). Students from SADC
countries pay the same fees as local students. This is in
accordance with the SADC Protocol on Education and
Training and effectively means that the South African
taxpayer subsidizes their studies. Other initiatives, such
as the African Institute for Mathematical Sciences (AIMS),
further encourage the circulation of students, scientists and
researchers in the region and beyond (Box 20.4).

SWAZILAND
STI development undermined by social
problems
The Kingdom of Swaziland is the second-smallest country in
Southern Africa after the Seychelles, with a population of less
than 1.3 million. In spite of being classified as a lower middleincome country, Swaziland shares characteristics with Africa’s
low-income countries. About 78% of the population derives
its livelihood from subsistence agriculture and 63% lives
in poverty that is exacerbated by regular food shortages.
Unemployment has remained high over the past decade, at
about 23% (Figure 20.1). There is also a high prevalence of
HIV and AIDS: 26% among the adult population.
The ratio of donor funding to capital formation is high
but fell considerably over 2007–2009. Economic growth
has been sluggish for over a decade, hovering between
1.3% and a high of 3.5% in 2007. In 2011, the country even
slipped into recession (-0.7%). GDP per capita is nevertheless
situated at the higher end of the SADC scale (Table 20.1).
The economy is closely tied to that of neighbouring South

Box 20.4: A network of African Institutes for Mathematical Sciences
The African Institute for Mathematical
Sciences (AIMS) is a pan-African network
of centres of excellence for postgraduate
education, research and outreach in
mathematical sciences. The first AIMS
institute was founded in Cape Town
(South Africa) in 2003.
Four other institutes have since been
set up in Senegal (2011), Ghana (2012),
Cameroon (2013) and Tanzania (2014).
That in Senegal proposes courses in both
French and English. So far, these five
institutes have produced 731 graduates,
one-third of whom are women.
The institutes teach both basic and
applied mathematics, covering a large
range of mathematical applications
in physics (including astrophysics and
cosmology), quantitative biology,
bioinformatics, scientific computing,
finance, agriculture modelling and so on.
The institute in Cape Town was set
up with the support of six universities
which continue to contribute to the
academic programme: Cambridge and
Oxford (UK), Paris Sud XI (France) and
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Cape Town, Stellenbosch and Western
Cape (South Africa).
In addition to its academic programmes,
AIMS South Africa has a research centre
in interdisciplinary areas like cosmology,
computing and finance. The institute also
directs the AIMS Schools Enrichment Centre
for primary and secondary school teachers,
which also organizes public lectures,
workshops and master classes and supports
maths clubs in schools across the country.
The other AIMS institutes also provide
community services. AIMS Senegal has
developed an innovative teaching module
for secondary school maths teachers and
has partnered with local businesses to
raise funds for the creation of a national
contest on computer applications and
mathematical modelling, with a focus on
finding development-oriented solutions.
Scholars and lecturers from AIMS Ghana
have equipped teachers at Biriwa Junior
High School with an innovative teaching
module. AIMS Cameroon is planning to
launch its own research centre to host
resident and visiting researchers from
universities in Cameroon and beyond.

AIMS is the brainchild of South African
cosmologist Neil Turok, whose family
had been exiled for supporting
Nelson Mandela during the Apartheid
years. Knowing Mandela’s passion
for education, Turok had no difficulty
persuading him to endorse the project.
After AIMS South Africa won the TED
Prize in 2008, Turok and his partners
developed the AIMS Next Einstein
Initiative, the goal of which is to build
15 centres of excellence across Africa by
2023. The Government of Canada made
a US$ 20 million investment in 2010,
through its International Development
Research Centre, and numerous
governments in Africa and Europe have
followed suit.
The plan for a vast network is gathering
momentum. In October 2015, a forum is
taking place in Dakar under the auspices
of UNESCO’s International Basic Sciences
Programme to take the project to the
next stage.
Source: www.nexteinstein.org; Juste Jean-Paul Ngome
Abiaga, UNESCO

Southern Africa
Africa for trade and its currency is pegged on the South
African rand.

Swaziland has four universities and five colleges. However, only
the University of Swaziland can claim to have research centres
and institutes, such as the Swaziland Institute for Research in
Traditional Medicine, Medicinal and Indigenous Food Plants.
In 2012, public expenditure on education accounted for 7.8%
of GDP. Although only 13% of this went to higher education,
this still represents a healthy investment of 1% of GDP (see
Table 19.2). Although education remains the top priority,
government spending on education has since become a
casualty of the poor economic situation.
Enrolment in higher education remains low but is progressing:
there were 8 057 tertiary students in 2013, up from 5 692 seven
years earlier (see Table 19.4). One key development has been
the introduction of PhD programmes in recent years, including
one in agriculture at the University of Swaziland since 2012.
Some 234 students were enrolled in PhD programmes in 2013.
A survey conducted by the UNESCO Windhoek Office in
2008 found that the University of Swaziland had the highest
concentration of researchers, followed by the Energy
Department of the Ministry of Natural Resources and Energy
and the Agricultural Research Division of the Ministry of
Agriculture. Some industries and public enterprises also
engage in sporadic research (SARUA, 2009). Swaziland scores
highly on the KEI and KI index, despite having dropped nine
places between 2000 and 2012.
STI is acknowledged as being a top national priority in the
National Science, Technology and Innovation Policy, which was
drawn up in 2011 but has yet to be approved by parliament.
UNESCO has been accompanying this process since 2008,
when it prepared a status report of STI in Swaziland at the
Ministry of Education’s behest. The process has spawned
the development of a National Science, Mathematics and
Technology Education Policy, implemented by the Ministry of
Education and Training. A Royal Science and Technology Park
is also currently under construction, funded jointly by the
Government of Swaziland and Taiwan, China.
In November 2014, a Directorate for Science, Technology
and Innovation was established within the Ministry of
Information, Communication and Technology. The directorate

Funding instruments such as venture capital and tax relief for
R&D are non-existent in Swaziland, as donors have tended to
focus on providing aid. The draft STI policy acknowledges the
need to develop a diverse range of financial instruments and
funding bodies to stimulate innovation.

UNITED REPUBLIC OF TANZANIA
Consistently high economic growth
Tanzania has been a multiparty parliamentary
democracy since the early 1990s. In common with much
of Africa, growing indebtedness and falling commodity
prices forced the country to adopt a series of IMF structural
adjustment programmes from 1986 until the early 2000s.
The country’s poor economic performance over this period
prompted a progressive abandonment of neoliberalism.
Economic indicators have since picked up, with growth
averaging 6.0–7.8% per year since 2001. Though still high,
donor funding dropped substantially between 2007 and
2012. As the economy becomes less reliant on donor funding,
it may gradually diversify.
So far, impressive growth has not significantly altered
the country’s economic structure, which is still based on
agriculture. The latter accounted for 34% of GDP in 2013,
compared to 7% for manufacturing. GDP per capita remains
low by SADC standards but nevertheless progressed between
2009 and 2013 (Table 20.2). Tanzania is also a member of the
East African Community (see Chapter 19), with which its trade
more than doubled between 2008 and 2012 (AfDB et al., 2014).
Tanzania’s low level of human development has improved
somewhat in recent years. The country has the lowest level of
income inequality within the SADC and little unemployment
(just 3.5%) but its poverty rate is the highest among SADC
countries with viable national innovation systems.
Policies to harness STI to development
The Vision 2025 document adopted in 1998 aspires to
‘transform the economy into a strong, resilient and
competitive one, buttressed by science and technology’.
Tanzania’s first National Science and Technology Policy (1996)
was revised in 2010 and renamed the National Research
and Development Policy. The policy recognizes the need to
improve the process of prioritization of research capacities,
international co-operation in strategic R&D areas and
planning for human resources; it also makes provisions for the
establishment of a National Research Fund. This policy was, in
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Nine out of ten adults are literate, one of the continent’s
highest ratios. By 2010, the Orphaned and Vulnerable
Children’s Initiative launched in 2002 and the State Funded
Primary Education Programme (2009–2013) had together
contributed to a 10% increase in primary school enrolment,
which stood at 86%.

is responsible for finalizing the National Science, Technology
and Innovation Policy. A National Commission for Research,
Science and Technology is also being established to replace
the existing National Research Council.
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turn, reviewed in 2012 and 2013. Tanzania also published a
policy on biotechnology in December 2010. It is a member
of the African Biosafety Network of Expertise (see Box 18.1).
The main body in charge of STI policy in Tanzania is the
Ministry of Communication, Science and Technology and its
main co-ordinating agency, the Commission for Science and
Technology (COSTECH). COSTECH co-ordinates a number
of research institutes engaged with industry, health care,
agriculture, natural resources, energy and the environment.
Tanzania occupies the second-lowest rank for the KEI and
KI among the viable national innovation systems in the
SADC region. Basic R&D indicators send conflicting signals.
Despite a GERD/GDP ratio of 0.38% of GDP, there were just
69 researchers (head count) per million population in 2010.
One in four researchers is a woman (see Figure 19.3). The
UNESCO Dar es Salaam office has been leading the reform
of STI in Tanzania within the United Nations Development
Assistance Programme for 2011–2015 (formerly the One

UN Programme) since 2008. As part of this programme,
UNESCO commissioned a series of studies, including one
on biotechnology and bio-entrepreneurship (Box 20.5) and
another on the participation of women in industries based
on science, engineering and technology, which spawned a
project to improve Maasai homes (Box 20.6).
Even though Tanzania has eight public institutions of higher
education and a plethora of private institutions, fewer than half
of secondary school-leavers who qualify for entry obtain a place
at university. The establishment of the Nelson Mandela African
Institute of Science and Technology in Arusha in 2011 should
augment Tanzania’s academic capacity considerably. This
university has been designed as a research-intensive institution
with postgraduate programmes in science, engineering and
technology. Life sciences and bio-engineering are some of the
initial niche areas, taking advantage of the immense biodiversity
in the region. Together with its sister institution set up in Abuja
(Nigeria) in 2007, it forms the vanguard of a planned pan-African
network of such institutes.

Box 20.5: Challenges facing Tanzania’s bio-industry
A report commissioned by UNESCO
has identified a number of
challenges for Biotechnology and
Bio-entrepreneurship in Tanzania (2011).

product does not affect an academic’s
remuneration and researchers are
evaluated solely on the basis of their
academic credentials and publications.

It observes, for instance, that, although
the first academic degree courses
in biotechnology and industrial
microbiology were introduced at
Sokoine University of Agriculture in
2004 and at the University of Dar es
Salaam in 2005, Tanzania still lacks
a critical mass of researchers with
skills in biotech-related fields like
bioinformatics. Even when scientists
have been sent abroad for critical
training, poor infrastructure prevents
them from putting their newly gained
knowledge into practice upon their
return.

The current lack of university–industry
collaboration leaves academic research
disconnected from market needs
and private funding. The University
of Dar es Salaam has made an effort
to expose students to the business
world by creating a Business Centre
and setting up the Tanzania Gatsby
Foundation’s project to fund student
research proposals of relevance to
SMEs. However, both of these schemes
are of limited geographical scope and
uncertain sustainability.

Problems encountered in diagnostics
and vaccination stem from the reliance
upon biologicals produced elsewhere.
Biosafety regulations dating from
2005 prevent confined field trials with
genetically modified organisms.
Incentives are lacking for academics
to collaborate with the private sector.
Obtaining a patent or developing a
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Most research in Tanzania is largely
donor-funded via bilateral agreements,
with donor funds varying from 52%
to 70 % of the total. Research has
benefited greatly from these funds but
it does mean that research topics are
preselected by donors.
The conditions for export and business
incubation have improved in recent
years, thanks to the adoption of an
export policy and a Programme for

Business Environment Strengthening
for Tanzania in 2009. However, no
specific fiscal incentives have been
envisioned to promote business in
the biotechnology sector, resource
limitations being given as the principal
cause. Private entrepreneurs have
appealed for tax regimes to support
ideas developed domestically and for
the provision of loans and incubation
structures to allow them to compete
against foreign products.
The report also observes that
communication and co-ordination
between the relevant ministries may
also need optimizing, in order to
provide the necessary resources for
policy implementation. For example,
lack of co-ordination between
COSTECH, the Ministry of Health
and Social Welfare and the Ministry
of Industry, Trade and Marketing
appears to be hindering potential
implementation and exploitation
of patent exemptions related to the
agreement on Trade-related Aspects of
Intellectual Property Rights.

Source: Pahlavan (2011)

Southern Africa
ZAMBIA

The higher education sector consists of three public
universities, the University of Zambia, Copperbelt University
and, since 2008, Mulungushi University. There are also

Zambia’s GERD/GDP ratio is modest (0.28% in 2008) and it
counts just 49 researchers per million inhabitants. When
indicators for unemployment (13% in 2013), education and
poverty (Table 20.1) are taken into account, Zambia’s national
innovation system is clearly struggling but viable.
A fund to spur research
Zambia’s National Science and Technology Policy dates
from 1996 and the Science and Technology Act from 1997.
These milestones have given rise to three key science and
technology institutions, the National Science and Technology
Council (NSTC), National Technology Business Centre (est.
2002) and National Institute for Scientific and Industrial
Research (a research body which replaced the National
Council for Scientific Research dating from 1967). The NSTC
provides grants through the Strategic Research Fund, Youth

Box 20.6: Simple technology brings Maasai better homes
The concept of innovation is often
associated with high technology
and thus perceived by many African
communities as being beyond the
reach of the poor. Affordable solutions
exist, however, for making life more
comfortable.
In 2012, the UNESCO Dar es Salaam
office worked with the advocacy group
Tanzanian Women in Science and the
NGO Tanzanian Women Architects
for Humanity to design a series of
improvements to the adobe (mud)
dwellings of Maasai women in the
village of Ololoskwan, at the request of
a group of Maasai women.
Home-building tends to fall to the
womenfolk in Maasai communities.
The architects taught the women a
number of techniques for improving
the comfort, safety and durability
of their homes (bomas). In order to
raise the ceiling and strengthen the
structure, existing poles were replaced
with sturdier, longer ones. To protect
the bomas from water leakage, the

architects designed roofs with eaves
and overhangs. Sloping aprons were
introduced at the foot of the walls
to protect them from splashing rain.
Troughs made of ferro-cement were
fitted round the roof overhangs to
catch rainwater and channel it into
drums at the base of the structure.
To ensure the mud plaster would not
erode over time, the Maasai women
were shown how to add bitumen and
kerosene oil to the adobe mixture of
clay and sand. The adobe was then
blended with cow dung to produce a
hard cement. This lengthened the time
before the structures would need any
maintenance from two to 5−10 years.
The stove in the centre of the room
was relocated to a corner and
surrounded on two sides by a clay
brick wall, in order to help direct
smoke upward. A hood or chimney
channelled the smoke outside.
The windows were enlarged to let in
more light and improve ventilation.

Solar panels were introduced to
provide lighting. The SunLite Solar Kit
(circa US$ 50) consists of a solar panel,
control-box with charger and battery
and a bright LED light; the kit comes
with a long cable and wiring that can
be connected to most mobile phones,
enabling owners to charge their own
mobile phones and earn extra income
from providing the service to others.
The two Maasai showhomes were
completed in August 2012. Nearby
villages sent emissaries, many of whom
were so impressed that they offered
to pay the women to build model
homes for them. The women are now
contemplating setting up a small
construction business.
This project was funded by the United
Nations Development Assistance
Plan for 2011–2015, within a wider
drive to give women a bigger
role in harnessing STI to national
development.
Source: Anthony Maduekwe, UNESCO
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Impediments to economic transformation
Zambia’s economic growth has been derived
mainly from the commodities boom (especially copper),
fuelled by demand from China. However, growth has not
resulted in job creation and poverty reduction, as Zambia has
not yet managed to diversify its resource-based economy by
developing manufacturing and adding value to commodities.
Copper exports constitute about 80% of foreign exchange
earnings but only 6% of total revenue. Although agriculture
employs about 85% of the labour force, it contributes only 10%
of GDP (see Figure 19.2). Productivity is low, with agriculture
representing only about 5% of exports, mostly due to its
weak linkages with manufacturing. The combination of poor
infrastructure, an inappropriate regulatory and tax regime,
limited access to finance, a low level of skills and the generally
high cost of doing business are all major impediments to
economic transformation in Zambia (AfDB et al., 2014).

32 private universities and colleges and 48 public technical
institutes and colleges. Demand nevertheless far outstrips
supply, as there are only enough places for one-third of
qualifying school-leavers. The low remuneration of academic
staff relative to other SADC countries has also resulted in an
exodus of qualified academics (SARUA, 2012).
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Innovation Fund and Joint Research Fund. It also administers
the Science and Technology Development Fund instituted by
the Science and Technology Act (1997). This fund encourages
research that contributes to the goals of the Fifth (2006–2010)
and Sixth National Development Plans and Vision 2030 (2006)
for a prosperous middle-income nation by 2030, especially
projects targeting a better standard of living, innovation,
value addition to natural resources and the integration of
locally produced technologies in the Zambian industrial
sector, not to mention the purchase, maintenance or repair
of equipment. For its part, the National Technology Business
Centre (est. 2002) administers a Business Development Fund.
A strong commitment to agriculture
A Biosafety Act was adopted in 2007 (see map in Box 18.1).
Zambia is surpassed only by Malawi within the SADC region
for the level of public expenditure on agriculture: 10% of GDP
in 2010. However, the country’s main centre for agricultural
research, the Zambian Agricultural Research Institute, ‘is in a
dire situation’, having suffered a 30% decline in the staffing
table, which counted 120 professional staff, 120 technicians
and 340 support staff in 2010. The institute plays an essential
role in maintaining laboratories for specialized research,
while managing the country’s seed bank. Very little donor
funding has been forthcoming, leaving the government to
shoulder 90–95% of the burden. The private non-profit Golden
Valley Agricultural Research Trust23 is trying to compensate
for the staff cuts at its sister institute but it, too, is reliant on
government and international donor funding – only 40%
of its income comes from commercial farming and contract
research (UNESCO, 2014b).

crops such as wheat and maize. In parallel, FDI shrank after
the imposition of Western sanctions and the suspension of
IMF technical assistance due to the non-payment of arrears.
Hyperinflation was only brought under control in 2009
after the adoption of a multicurrency payment system and
economic recovery programme. Once stabilized, the economy
grew by 6% in 2009 and FDI increased slightly; by 2012, it
amounted to US$ 392 million (UNESCO, 2014b).
Zimbabwe continues to score poorly for governance indicators.
In 2014, it ranked 156th (out of 175) in the Corruption Perceptions
Index and 46th (out of 52) in the Ibrahim Index of African
Governance (see Table 19.1). The economy remains fragile,
plagued by high external debt, degraded infrastructure and an
uncertain policy environment (AfDB et al., 2014). The lack of
co-ordination and coherence among governance structures
has led to poor implementation of existing policies and the
multiplication of research priorities (UNESCO, 2014b).
An uncertain policy environment
The Second Science and Technology Policy was launched in June
2012, after being elaborated with UNESCO assistance. It replaces
the earlier policy dating from 2002 and has six main objectives:
n Strengthen capacity development in STI;
n Learn and utilize emerging technologies to accelerate

development;
n Accelerate commercialization of research results;
n Search for scientific solutions to global environmental

challenges;
n Mobilize resources and popularize science and technology;

ZIMBABWE
A country emerging from a long crisis
Between 1998 and 2008, the Zimbabwean
economy contracted by a cumulative 50.3%, sending GDP
per capita plummeting to less than US $400. In July 2008,
inflation peaked at 231 000 000%. By this time, 90% of the
population was unemployed and 80% were living in poverty.
Infrastructure had deteriorated, the economy had become
more informal and there were severe food and foreign
currency shortages. The economic crisis was accompanied
by a series of political crises, including a contested election
in 2008 which resulted in the formation of a government of
national unity in February 2009 (UNESCO, 2014b).
The economic crisis coincided with the implementation of
the Fast-track Land Reform Programme from 2000 onwards
which compounded the decline in agricultural production by
reducing the cropping area of traditionally large commercial
23. The Agricultural Research Trust has also been active in Zimbabwe since 1981.
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and
n Foster international collaboration in STI.

The Second Science and Technology Policy cites sectorial
policies with a focus on biotechnology, ICTs, space sciences,
nanotechnology, indigenous knowledge systems, technologies
yet to emerge and scientific solutions to emergent
environmental challenges. The policy makes provisions for
establishing a National Nanotechnology Programme. There
is also a National Biotechnology Policy which dates from
2005. Despite poor infrastructure and a lack of both human
and financial resources, biotechnology research is better
established in Zimbabwe than in most sub-Saharan countries,
even if it tends to use primarily traditional techniques.
The Second Science and Technology Policy asserts the
government commitment to allocating at least 1% of GDP
to GERD, focusing at least 60% of university education on
developing skills in science and technology and ensuring that
school pupils devote at least 30% of their time to studying
science subjects (UNESCO, 2014b).

Southern Africa
Following the elections of 2013, the incoming government
replaced the Medium Term Plan 2011–2015 elaborated by its
predecessor with a new development plan, the Zimbabwe
Agenda for Sustainable Economic Transformation (ZimAsset,
2013–2018). One objective of ZimAsset is to rehabilitate and
upgrade national infrastructure, including the national power
grid, road and railway network, water storage and sanitation,
buildings and ICT-related infrastructure (UNESCO, 2014b).

The same year, the government approved four national research
priorities proposed by the Research Council of Zimbabwe:
n The social sciences and humanities;
n Sustainable environmental and resource management;
n Promoting and maintaining good health; and
n The national security of Zimbabwe.

A worrying exodus of skills
Zimbabwe has a long research tradition that dates back a
century. However, the economic crisis has precipitated an
exodus of university students and professionals in key areas
of expertise (medicine, engineering, etc.) that is of growing
concern. More than 22% of Zimbabwean tertiary students are
completing their degrees abroad. In 2012, there were just 200
researchers (head count)24 employed in the public sector, onequarter of whom were women. The government has created
the Zimbabwe Human Capital Website to provide information
for the diaspora on job and investment opportunities in
Zimbabwe. Of note is that ZimAsset contains no specific
targets for increasing the number of scientists and engineers
(UNESCO, 2014b).
Despite the turbulence of recent years, Zimbabwe’s education
sector remains sound. In 2012, 91% of youth aged 15–24 years
were literate, 53% of the population aged 25 years or more
had completed secondary education and 3% of adults held a
tertiary qualification. The government is planning to establish
two new universities with a focus on agricultural science and
technology: Marondera and Monicaland State Universities
(UNESCO, 2014b).

Poor linkages with industry
Public–private linkages remain weak. With the exception
of the long-standing tobacco industry and others oriented
towards agriculture, there has traditionally been little
collaboration between industry and academia in Zimbabwe.
The current regulatory framework hampers the transfer of
technology to the business sector and the development of
industrial R&D, despite the commercialization of research
results being one of the major goals of the Second Science,
Technology and Innovation Policy (UNESCO, 2014b).
The government is currently analysing new legislation that
would promote local cutting and polishing of diamonds to
create an estimated 1 700 new jobs. It has already slashed
license fees for local cutting and polishing firms. Mining
accounts for 15% of GDP and generates about US$ 1.7 billion
in exports annually; despite this, the government receives
royalties of only US$ 200 million. Currently, the entire stock
of diamonds is exported in raw form. The new legislation will
require companies to pay a 15% value-added tax but they will
incur a 50% discount if they decide to sell their diamonds to the
Minerals Marketing Corporation of Zimbabwe (UNESCO, 2014b).

CONCLUSION
From economic integration to a regional innovation
system?
To date, intra-African trade remains dismally low, at
approximately 12% of total African trade,25 in spite of the
formation of numerous regional economic communities. Both
prominent pan-African organizations, such as the African
Union (AU) and the New Partnership for Africa’s Development
(NEPAD), and regional bodies such as SADC have clear visions
of the criteria for integration and the rationale behind it. The
development of regional STI programmes is high on the list of
priorities. However, several factors are hampering economic
integration, including the similar economic structure of
countries – based on mineral resources and agriculture –, poor
economic diversification and low levels of intraregional trade.
Nevertheless, the most formidable obstacle of all to regional
integration is probably the resistance of individual governments
to relinquishing any national sovereignty.

The long-standing University of Zimbabwe is particularly
active in research, producing more than 44% of Zimbabwe’s
scientific publications in 2013. Productivity is fairly low but the
number of publications has grown since 2005 (Figure 20.6).

Some argue that the only feasible route to the sustainable
socio-economic development that has eluded most African
countries is to pursue regional integration.

24. or 95 full-time equivalents

25. compared to about 55% in Asia and 70% in Europe
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In 2013, the Ministry of Science and Technology Development
(dating from 2005) was disbanded and its portfolio
relegated to the newly established Department of Science
and Technology within the Ministry of Higher and Tertiary
Education, Science and Technology Development.

The past decade has seen an extraordinary rise in the number
of copublications with foreign partners, which now represent
75–80% of all Zimbabwean publications in the Web of Science
(UNESCO, 2014b).

UNESCO SCIENCE REPORT
This counter-argument agitates the promise of a huge
internal market and the opportunities that it would offer for
the development of economies of scale and scope. Another
convincing argument arises from the increasingly urgent
requirement for Africa to engage in a unified manner with a
world that is increasingly characterized by economic blocs
and large emerging economic powers.
An important aspect of economic integration would be
the transition from national innovation systems to a single
regional innovation system. Along with the establishment
of free trade areas in order to construct the planned
common market with full mobility of goods and services,
capital and people, this would require the convergence
of formal institutions, including labour market legislation,
environmental regulation and policies governing
competition. The opening up of borders to the free
movement of people and services would also enable informal
cross-border pools of tacit knowledge and social capital to
emerge. The ultimate goal would be the emergence of a
regional innovation system on the back of the development
of an increasingly diversified economic system.
The AU-NEPAD African Action Plan for 2010–2015 has
identified a number of obstacles to the evolution of national
innovation systems across the region which resonate with
those identified by the SADC Regional Indicative Strategic
Development Plan back in 2003, namely:
n SADC economies are dominated by agriculture and mining

with a poorly developed manufacturing sector;

KEY TARGETS FOR SOUTHERN AFRICA
n	Raise GERD in SADC countries to at least 1% of GDP by

2015;
n	Ensure that 50% of decision-making positions in the

public sector in SADC countries are held by women by
2015;
n	Increase trade among SADC countries to at least 35% of

total SADC trade, compared to 10% in 2008;
n	Increase the share of manufacturing in SADC countries

to 25% of GDP by 2015;
n	Achieve 100% connectivity to the regional power grid

for all SADC member states by 2012;
n	Raise the share of public expenditure on agriculture to

10% of GDP in all SADC countries;
n	Raise the GERD/GDP ratio in Botswana from 0.26% in

2012 to over 2% by 2016;
n	Raise public expenditure on R&D in Mauritius to 1% of

GDP by 2025, with a further 0.5% of GDP to come from
the private sector;
n	Focus at least 60% of university education in Zimbabwe

on developing skills in science and technology;
n	Generate 100 000 PhDs in South Africa by 2030;
n	Generate 100 PhDs by 2024 from Angola’s new Centre of

Excellence for Science Applied to Sustainability.

n The GERD/GDP ratio is significantly lower in most SADC

countries than the 1% benchmark set by the African Union
in 2003 for the African continent;
n Governments offer few incentives for private-sector

investment in R&D;
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