
INTRODUCTION

 It has been said many times over that
Science and Technology is the engine of economic
gowth1. Yet there has not a simple formula that
correlates economic growth with science and
technology or research and development. This
paper is an attempt to develop a simple
mathematical formula that relates economic
development to research and development.

Formulating a module of an economic
development based on Research and
Development (R&D).

Fundamental Principle 1
Human and historical experiences clearly

indicate that it is a fundamental principle that
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economic development and military superiority
heavily depend upon the level of development of
science and technolgy.

Therefore, revitalizing S+T and R+D for
deployment for sustainable development in Africa
clearly imply the impact of these on economic
development of the African continent. In a simple
graphical form,  this message may be represented
as shown in Fig. 1. The principle is similar to  the
principle of supply and demand found in economics2.
Thus, as science and technology develops from
point A to B and C, there is a concomitant rise in
the economic sphere from point A to B and finally
to C. The economic development is intertwined with
scientific and technological development as
expressed in Fig. 1.



264 Kiremire, Curr. World Environ.,  Vol. 4(2), 263-275 (2009)

  
S

C
IE

N
C

E
 A

N
D

 T
E

C
H

N
O

L
O

G
Y

(S
T
)

E
C

O
N

O
M

Y
 (

E
C
)

S&T = SCIENCE AND
TECHNOLOGY

S&T = SCIENCE AND
TECHNOLOGY

Fig. 1: Expected Economic Development with Time

Fig. 2: Expected S&T Development with Time
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If the economy has to develop with time,
science and technology(S&T) have to grow with time
as shown in Fig. 2. Hence, it is a fair assumption
that the level of the economy ( EC ) is directly
proportional to the level of science and technology
( ST ). This is represented by Figs. 2 and 3.

If we assume that the relationship between
EC and ST is linear, then this can be expressed by a
simple equation:

EC = k ST + L0    ……………(i)

where k is the gradient  that depends mainly on the
level of investment in ST and L is the current level of
economic development.

If the economy is doing extremely well (or
revolutionized), the an exponential graph may be
obtained as shown in Fig. 4.  The exponential curve
could arise when there is make revolutions in
science and technology.
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Fig. 3: Dependence of Economy on Science and Technology( ST)

Fig. 4 : Exponential Changes of Economy with Science and Technology( ST )
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Fundamental Principle 2
We also know that Science and

Technology (ST) is heavily  dependent upon the

development of research  (R and D or simply RD ).
In other words, as RD increases, so will ST.

Also the development of science and
technology (ST ) heavily depends upon research
and development (RD ). If we also assume a linear
relationship, then another simple equation can be
set up as in equation (ii). This is shown in Fig. 5.

ST = mRD + L1 …………..(ii)

Substituting ST in (i), we get

EC = k ( mRD + L1) + L0  = kmRD + kL1 + L0 …….(iii)

EC = nRD + L2 ………….(iv), Where n =  km and L2 = kL1 + L0

Fig. 5: Dependence of Science and Technology( ST) on Research and Development, RD
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Fig. 6: Dependence of Science and Technology( ST) on Research and Development, RD
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From the equation EC = n RD + L2 , n  is a gradient
that  depends mainly upon the level of investment
in Research and Development ( R&D). The graph
shows that as the level of RD increases, the level of

the economic development also increases. This is
shown in Fig. 6.  If there are major discoveries in
RD, the impact on the economy could be exponential
as indicated in Fig. 7.

If a  combination of the mixture of linear and
exponential economic development occurs, we
could have what is shown in Fig. 8.

Fig. 7 : Exponential Changes of Economy with Research and Development( RD )
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Fig. 8: Variation of an Economy associated with Revolutions in in RD
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Summary

 R&D                      S&T                ECONOMY

In other words, Research& Development
drives Science &Technology and Science
&Technology drive the economy.

Some of the major inventions in science and
technology

The major breakthroughs in inventions
(R&D) began around 1800. The following is a list of
some of them3.

1800-1900  Period
1800    Battery

Gas lighting, steam-powered locomotive,
electric light, improved printing, plastic surgery,
photographic camera, miner's lamp, stethoscope,
balloon, cement, electromagnet, matches,
microphone, typewriter, Braille printing, sewing
machine, reaper, electric dynamo, corn planter,
refrigerator, propeller, revolver, telegraph, postage
stamp, Morse code, platform scale, rubber
vulcanization, bicycle, hydrogen fuel cell, stapler,
first vulcanized rubber, anesthesia for tooth
extraction, antisceptics, dental chair, safety pin,
dishwasher, advanced sewing machine, gyroscope,
manned glider, fiber optics, rayon, washing machine,
internal combustion engine, elevator, machine gun,
dynamite ( 1866, Alfred Nobel), modern typewriter,
traffic lights, barbed wire, telephone, carpet
sweeper, first moving pictures, practical long-lasting
bulb, toilet paper, modern seismograph, film for
cameras, automatic player piano, fountain pen, coca
cola, radar, gramophone, contact lenses, drinking
straws, AC motor and transformer, escalator, diesel-

fueled combustion engine, vacuum flask, zipper,
roller coaster, and motor-driven vacuum cleaner

1900-2000   Period
Disposable razor blades, powered

controlled airplane, parachute, liquid fuel rocket,
electronic television, sliced bread, antibiotics,
ballpoint pen, helicopter, Geiger counter,
gyrocompass, Haber Process, neon lighting, x-ray,
cruiser missile, ultra centrifuge, insulin, computer,
credit card, communication satellite, bullet train,
microwave oven, integrated circuit, laser, video
game, Rubik's cube, mobile phones, compact disc,
global positioning system, Viagra, plasma television,
World Wide Web, Memory card, DNA fingerprinting,
Internet, Artificial heart, digital camera, personal
computer, ARPNET, automatic teller machine,
electric compact calculator, and synthetic diamond,
computer mouse, packet switching, space station,
email, oil eating bacteria, and  genetically modified
organisms(GMOs).

2001-Present
Artificial liver, fuel cell bike, self-cleaning

windows, Braille Glove, Phone tooth, Nano-tex, birth
control patch, foveon camera chip, date rape drug
spotter, solar tower, vir tual keyboard, optical
camouflage system, hybrid car(Toyota), Ice Bike,
Infrared fever screening system, No-contact Jacket,
Thinking shoes, Flower Sound, and  SonoPrep.

Impact of research and development on the
economy
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DISCUSSION

There are three modules proposed for the
economic development namely:- the linear module
(Fig. 6), the exponential module ( Fig. 7) and the
mixed module (Fig. 8). However the reality on the
ground indicate that if Science and Technology  with
its R&D are properly implemented, the economic
gains follow the exponential curve as shown in Fig.
9 of Western Europe countries4. It is also a good
idea to assume that the Western European model
can be adopted to cover all the developed nations
both collectively and singly.

There are a number of factors that
influence the exponential curve. Among others,
these include :-the intensity of R&D (amount of GDP
%), the rate of implementing R&D(the capacity,
commitment  and skills of the people involved in
the implementation of R&D), and duration of
implanting R&D(how long it has taken  implementing
R&D). As these factors vary from country to country,
the levels of economic development do vary as well.
For instance, since the second world war, USA
invested heavily in S&T and R and D. The R and D
investment rose from about 0.1 billion per year in
1953 to 40 billion per year in 2003. This rose to
US$ 51.9 billion6. This is about 51,900% increase.
This is illustrated by Fig. 105.

The most important economic fact of the last century:
GDP has increased 30fold (Samuelson)

Fig. 9: The exponential increase in economy of Western European countries5
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Malaysian Case Study
United States represents a case of a very

highly developed country. Let us take Malaysia as
a case of a medium developing country. She has
increased her R&D rate from 0.22% GDP in 1996
to 0.70% in 20027. This is an increase of 318%.
Furthermore, Malaysia invested heavily in science
and technology capacity building6. Malaysian policy
focussed on the following themes:
• Funding projects of high national priority
and can be commercialized.
• Funding projects that address the needs
of Malaysian Industry.
• Encouraging collaborative efforts among
research institutions and
• Enhancing R&D linkages between public
and private sector.

Categorization of world countries
The nations of the world have been

categorized in a number of ways. These include,
Rich and Poor countries, First  world, Second world
and Third world countries, Developed and
Developing countries, the North and South
countries.  On the basis of the Human Development
Index(HDI)7, the world countries have been
classified as VERY HIGHLY DEVELELOPED
COUNTRIES , HDI = 0.950 AND OVER, D= HIGHLY
DEVELOPED COUNTRIES, HDI = 0.800-0.900,MD
=MEDIUM DEVELOPED COUNTRIES, HDI =
0.500-0.799, and LD = LOWLY DEVELOPED
COUNTRIES, HDI= BELOW 0.500. Human
development index takes into account the Life
Expectancy, the Knowledge and Education and
Standard of living8. Since a modern economy

Fig. 10: USA R&D contributions from 1953-20036.
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depends heavily upon Research and Development,
we can  develop another concept defined as the
product between R&D % of GDP and the GDP itself.
We can call the number so obtained,  Research
Development Index(RDI in mega units).The
countries of the world can then be arranged
according to the RDI values. The list of countries
so obtained is shown in Table 1 along with some
other relevant information. This allows us to
categorize world nations into three groups, namely
HIGLY DEVELOPED COUNTRIES ( RDI = 4000
and above), MEDIUM DEVELOPED COUNTRIES
(RDI = 3999 -500), and LOWLY DEVELOPED
NATIONS(RDI = below 500). RDI appears to be
more realistic than HDI. For instance, Russia is and

India and China are put in the second and third
ranking levels of development by HDI respectively
(see Table 1)while RDI scale puts them in the first
rank of developed countries. They have advanced
technologies including nuclear capabilities with huge
economies and it is not a surprise therefore that
are even members of the current G20 countries. It
is rather unfair for HDI to put  Malaysia and
Singapore into the 2nd rank while the economic
giant China into the 3rd rank. It is also quite amazing
that small economies such as Iceland and Cyprus
are regarded as 1st rank developed in comparison
to Russia, China and India. These anomalies have
been addressed by the RDI ranking.

Table 1: GDP numbers and R&D numbers of some countries7

Definition: Research and development (R&D) expenditures for most recent year available between 1990 and 20008.

(A) HIGHLY DEVELOPED COUNTRIES:

Rank Name R&D GDP RDI Patents9-10 Nobel HDI7

(%GDP)13 (US$million)12 mega Units Prizes11

1 USA 2.5 14,441,425 361,036 22,096,055 320 D D
2 Japan 2.8 4,910,692 137,499 718,729 16 D D
3 Germany 2.3 3,673,105    84,481 261,683 103 D D
4 France 2.2 2,866,951    63,073 99,397 57 D D
5 UK 1.8 2,680,000    48,240  99,760 116 D D
6 Canada 1.7 1,499,551    25,492   79,327 18 D D
7 South Korea 2.7 929,124 25,082 62,767 1 D D
8 Italy 1.0 2,213,893 22,139 44,125 20 D D
9 Russia 1.1 1,676,586 18,442 3,902 23 D
10 Sweden 3.8 478,961 18,201 34,783 28 D D
11 Netherlands 2.0 876,970 17,539 34,423 18 D D
12 Australia 1.7 1,013,461 17,229 21,607 10 D D
13 Switzerland 2.6 500,260 13,007 41,980 25 D D
14 Spain 0.8 1,601,954 12,816 6,301 7 D D
15 Brazil 0.8 1,572,839 12,583 2,210 - D D
16 Belgium 1.6 506,183 8,099 14,661 11 D D
17 Norway 1.7 451,830 7,681 5,350 11 D D
18 Israel 3.7 202,101 7,478 17,178 9 D D
19 India 0.6 1,206,684 7,240 4,082 9 M D
20 Austria 1.6 414,828 6,637 13,065 21 D D
21 Denmark 1.9 340,029 6,461 10,745 13 D D
22 Mexico 0.4 1,088,128 4,353 1,912 3 D
23 China 0.1 4,327,448 4,327 7,222 6 MD
24 Ireland 1.5 267,579 4,014 2,558 6 D D
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Table 1 continues

Rank Name R&D GDP RDI Patents9-10 Nobel HDI7

(%GDP)13 (US$million)12 mega Units Prizes11

(B) MEDIUM DEVELPED COUNTRIES:
25 Poland 0.7 537,866 3,765 646 10 D
26 Turkey 0.5 729,983 3,650 238 1 D
27 Egypt 1.9 162,617 3,090 94 4 MD
28 Czech Republic 1.3 216,354 2,813 413 5 DD
29 Singapore 1.1 181,939 2,001 4,466 - D
30 Ukraine 1.0 179,604 1,796 256 2 MD
31 Iran 0.5 335,233 1,676 40 2 MD
32 South Africa 0.6 276,764 1,661 3,456 9 MD
33 Argentina 0.5 324,767 1,624 1,052 5 D
34. Romania 0.8 200,074 1,601 180 3 D
35 New Zealand 1.2 128,409 1,541 3,011 3 DD
36 Portugal 0.6 244,640 1,468 272 2 DD
37 Hungary 0.7 155,930 1,092 2,401 10 D
38 Chile 0.6 169,458 1,017 272 2 D
39 Venezuela 0.3 319,443 958 652 1 D
40 Slovakia 1.0 95,404 954 62 1 D
41 Malaysia 0.4 221,606 886 1,117 - D
42 Croatia 1.2 69,332 832 160 1 D
43 Slovenia 1.5 54,639 820 245 1 D
44 Indonesia 0.1 511,765 512 235 - MD

(C) LOWLY  DEVELOPED NATIONS:
45 El Salvador 2.2 22,115 487 21 - MD
46 Kazakhstan 0.3 135,601 407 23 - D
47 Iceland 2.1 17,549 369 258 1 DD
48 Belarus 0.6 60,288 362 66 - D
49 Philippines 0.2 166,909 334 354 - MD
50 Thailand 0.1 273,313 273 480 - MD
51 Togo 8.4 2,890 243 - - LD
52 Nigeria 0.1 207,116 207 31 1 MD
53 Estonia 0.8 23,232 186 42 - D
54 Latvia 0.4 34,054 136 20 1 D
55 Tunisia 0.3 40,348 121 - - MD
56 Uganda 0.8 14,529 116 5 - MD
57 Guatemala 0.2 38,956 76 45 2 MD
58 Cyprus 0.2 24,943 50 42 - DD
59 Costa Rica 0.1 29,828 30 229 1 D
60 Trinidad -Tobago 0.1 24,806 25 46 1 D
61 Armenia 0.2 11,928 24 12 - MD
62 Madagascar 0.2 9,254 19 4 - MD
63 Mauritius 0.2 8,738 17 7 - D
64 Kyrgyzstan 0.2 5,049 10 4 - MD
65 Mongolia 0.1 5,258 5 - - MD
66 Burundi 0.3 1,097 3 - - LD

RESEARCH AND DEVELOPMENT INDEX (RDI )
RANKING OF SOME COUNTRIES
4,000 AND ABOVE ………..HIGHLY DEVELOPED COUNTRIES
3999-500 ……………………..MEDIUM DEVELOPED
BELOW 500…………………..LOWLY DEVELOPED NATIONS

HUMAN DEVELOPMENT INDEX (HDI )RANKING OF
SOME COUNTRIES7

DD = VERY HIGHLY DEVELELOPED COUNTRIES ,
HDI = 0.950 & OVER

D= HIGHLY DEVELOPED COUNTRIES, HDI = 0.800-0.900
MD =MEDIUM DEVELOPED COUNTRIES, HDI = 0.500-0.799
LD = LOWLY DEVELOPED COUNTRIES, HDI= BELOW 0.500
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HDI has some contradictions. For instance,
Russia is put into the same category as Trinidad
and Tobago, Malaysia , Costa Rica, or Mauritius. In
RDI categorization, Russia, China and India are
powers to reckon  with and hence they can be
regarded as highly developed countries.

The impact of RDI on various key sectors of the
economy

The RDI units are proportional to the
amount of funding available for investment in
research and development activities of a nation. The
more RDI units are invested, the more the research
output, the faster the economy grows. The Research
and Developments funds are usually given to those
institutions that have the capacities and talents to
conduct research. These include among others,
universities, research centres, research institutes,
research corporations, certain government units,
industrial parks, incubation centres. The RDI units
of USA are greater than those of the combined RDI
units of Japan, Germany, France, UK  and Canada.
It is not a surprise therefore that the top 10 ranked
universities(July 2009 by webometrics) associated
with production of a total of 409 Nobel Prize winners
are from USA and among the top 50 universities
(webometrics ranking January 2008), 44 are from
USA. This year (2009), six US universities namely,
John Hopkins, University of California, San
Francisco, University of Wisconsin- Madison,
University of Michigan, University of California-Los
Angeles, and University of California-San Diego
received more than US$ 6 billion for research from
Government14.  It was through R&D that Stanford
University  immensely contributed to the creation
of the SILICON VALLEY15. Also the RAND
corporation16 has done tremendous amount of work
to boost the American economy through research
and development.  Research Institutes are also well
funded. Among the top 10 research institutes 8 are
from USA17. It should be noted that some countries
divert some of  the R&D funds into military related
research. America also tops the list of 2009 in
military expenditure of US$ 607.0 billion(41.5% of
world total)18.

The status of RDI levels in Africa
Africa's vision

During African liberation struggle, the
rallying call was "no country is free until every inch

of the continent is free". After the liberation struggle,
some African countries have even took further steps
to set a time frame by which they will be as highly
economically developed as today's  developed
countries19. Examples are given in Table 1.

Table 1: Time frame for development
of some African countries19.

Country Vision

South Africa 2014
Botwana 2016
Malawi 2020
Nigeria 2020
Ghana 2020
Gambia 2020
Ethiopia 2020
Lesotho 2020
Mozambique 2025
Burundi 2025
South Africa 2025
Tanzania 2025
Zambia 2030
Egypt 2030
Qatar 2030
Bahrain 2030
Senegal 2030
Namibia 2030
Kenya 2030
Uganda 2035
Cameroon 2035

As can be seen from the table, the pledge
is within the next 10-25 years from today, that these
countries will be as developed as say USA, Sweden
or Australia or even Russia. Unfortunately given the
prevailing low levels of Research and Development
in most of the African countries, the VISIONS may
turn out to be nothing but 'pipe dreams'.

According to a journalist, Gumisai Mutume
who attended the AU meeting of the Heads of State
in Addis Abbaba in 2007, he reported as follows:
"At a January 2007 summit of the continent's political
body, the African Union, Heads of State "strongly
urged" all AU countries to allocate at least 1 per
cent of their gross domestic product(GDP) to
research and development by 2020.
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They also pledged to revitalize African
universities - many of which have declined due to
dwindling support over the last few decades - and
to promote the study of science and technology by
young people.

Declaring 2007 the year of science and
technology, the leaders, who met in Addis Ababa,
Ethiopia, agreed to a series of other initiatives to
promote S&T in Africa."

As can be seen from Table 1, the RDI levels
for the few African countries represented are
extremely low. Even if the data were available for
other missing African countries the picture would
not change much. Egypt which is topping the African
list has RDI of 3,090 units as compared to USA
which is topping the world with 361,031 units.  Egypt
is about the same level as that of Turkey. The next
ranked in Africa is South Africa with 1,661 RDI units.
The lower value of South Africa as compared to
Egypt is mainly due to its low R&D percent of 0.6
as compared to 1.9 for Egypt. The R&D percentage
of 0.1 for the oil giant Nigeria is quite embarrassing.
It is quite amazing that Togo has a R&D figure  of
8.4%. This needs to be verified. If it is true, this is
extremely encouraging and we hope it will be
maintained.  The combined RDI units for Egypt,
South Africa, Nigeria, Madagascar, Mauritius,

Uganda, and Burundi are 5,356. This above that of
Mexico and lower than that of Denmark.

These observations are in line with other findings20-21.
• The African continent has 14.5 % of global

population.
• It has 1.1% of the world's scientific

researchers.
• It has 1 scientist/engineer for every 10,000

people as compared to 20-50 for developing
countries and

• Science and technology gap between Africa
and the rest of the world is on the rapid
increase.

Recommendations for stimulating R&D in Africa
1. Total commitment and belief in S&T.
2. Put  in place and implement S& T policies.
3. Massive mission-oriented education in S&T.
4. Heavy investment in R&D at universities and

research centres.
5. Promote incubation centres and science

parks.
6. Create and promote the culture of spin-off

companies.
7. Pay special attention to information

technology(IT).
8. Cut down on military expenditure and divert

the funds to R&D.
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