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Abstract

The emphasis of education policies in Africa on primary and

secondary and tertiary education has recently been critized, the main

reason being that although enrolment rates have increased, economic

growth rates have hardly been affected. In fact this has been the

reason why many people believe that a shift in emphasis to a higher

level of education should take place.

In this paper we argue that it may be wrong to shift already

scarce resources to one sector. Providing universal primary and

secondary education is a moral and ethical responsibility that must be

taken seriously. It would therefore be wrong to deprive Africa's citizens

of this basic human right - notwithstanding the increase in enrolment

rates, which are still dismally low.

Rather, we emphasize here that the low impact of increased

enrolment rates in education on growth may rather be the result of

inappropriate education curricula in such that labour market

requirements are not sufficiently met. Hence, more emphasis in these

levels should be on science education and technology (SET) as this is

vital in increasingly knowledge-based economies.
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Introduction

For years it has been argued that more investment in
education will result in higher growth. In fact, one of the main
development strategies of the Brettonwood institutions has
been to promote investment in education, with a focus on

primary and secondary education as the rates of return on

investment in the former were argued to dominate significantly
returns in investment in higher education (see Psacharopoulos
1994), However, after a decade of investment in education the
concept that investment in education is sufficient for growth needs
to be revisited.

Facts

Africa spends more on education as a percentage of GDP
as compared to other regions with the same GDP per capita (below

$2000 3.8% in 1993 for Africa as against 2.7% for Asia) However
its Human Development Index (HDI) is lower (life expectancy 48 9
in Africa, 70.2 in East Asia in 1998) than almost every region as is
tts enrolment rate in primary and secondary education Even
though it spends a higher proportion than OECD countries, yet its
enrolments rates are dismal in comparison (see box 1).

Many African countries have made major efforts to provide
universal primary education. Thus, lower level school enrollments
have increased rapidly in Africa. Yet, growth has not responded as
expected (See Box 2). In fact, a large number of SSA's economies
have regressed. The question that therefore arises is why this has
happened, and how to avoid this in the future. Is it due to either
internal and/or allocative inefficiencies or possibly centralization
issues?

An alternative explanation, one that is pursued in this
report, is that that the curriculum is badly adapted to employment
opportunities and market realities.

The focus on rates of return theory regarding primary and
secondary education has recently come under fierce attack" for
one, the data used has been shown to be unreliable: the results
were obtained having applied dubious methodologies (see Bennell
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1996), Hence, e.g. studying the rates of return to education

focusing on wage earners or public employees does not draw a

valid picture given that forma! sector employment is minute

compared to informal sector employment in SSA (Bennetl, 1996).

in addition, the conventional wisdom that primary education

increases farm productivity is mainly based on non-African results

(Collier and Gunning, 1997).

Box_1: Expenditure and.Enrolment - a Comparison

The figure below shows the average proportion of GNI (gross national income) per capita thai is

spent per primary student as well as the enrolment rate (gross) of primary students. Comparing

the expenditure on primary and secondary education in Sub-Saharan Africa to that of high

income OECD countries or even of other country with low levels of GDP, the contrast is rather

stark. Enrolment rates in primary education have always been significantly tower in SSA than in

OECD countries, even though (up to the mid-70s) SSA spent a significantly higher proportion of

its gross national income per primary student than OECD countries (since the 80s, SSA has

spent less on primary pupils than OECD countries). In comparison to similarly poor countries

(defined here has having a PPP adjusted per capita GDP of less than $2000), Africa has on

average spent more, yet its enrolment rates have constantly been lower.

This may imply that either a threshold of absolute expenditure must be spent on primary pupils to

promote enrolment or that the way SSA has spent its money is inefficient relative to the OECD.

DOECD Expenditure/student, primary

B SSA Expenditure/student primary

El <S20OO gross enrollment, primary

a <$2000 Expenditure/student, primary

HOECD gross enrollment, primary

B SSA gross enrollment, primary

Source: WDI 2001

Rather than finding lower rates of return on education for

secondary and tertiary than for primary education, researchers are

now concluding that there is a convex relationship between rates of

return on education across the three levels (primary, secondary



and tertiary) in Africa.1 Declines in the returns to primary and
secondary education that are consistent with the expansion of the
schooling system have been found (see Appleton et al., 1999 for
e.g. Kenya), whilst increases in the returns to tertiary education
have been noted to simultaneously have increased.

It has also been argued that the measures of education
used in studies reiating them to growth were misperceived ~ the
effect of the quantity of education was usually used whilst a
measure of quality may thought to be more appropriate Hence

one might ask whether the fall in the return to primary education
has been due to declining quality, or whether it is a normal
phenomena of decreasing marginal returns to each additional pupil.

BOX 2: Enrolment and Growth in SSA

it has been argued that even though Africa has expanded its focus on primary and
secondary education, growth rates have failed to react, in fact, the graph below
shows that there does indeed not seem to be a stable relationship between the
growth rate m Sub-Saharan Africa and enrolment rates in primary and secondary
education (here gross enrolment rates were used). Whereas the latter two have
steadily increased over the last 30 years, there is no observable effect on the growth
rate. 3

Regarding the data, 5-year moving averages were taken in all cases to mitigate the
effects of shocks that may have occurred. Also, average rates mask minima and
maxima, in the case of secondary enrolment this varied between 5 3% (Tanzania) to

?°1JSt/7 fnCa) m 1996' f0r primary enrolm*rt between 131.3% (Namibia) to
rj

Enrolment and Growth

10

— -* — MA Primary ■MA Secondary

4 2

-^r I- 0

■MA Growth

World Employment, 1996/97, van der Hoeven, 2000 ■ for other African
examples see Mwabu & Schultz, 1996, on South Africa and Krishnan et
al. 1998, on Ethiopia.



It is clear that as Africa lacks the appropriate approach to

investment in education in an all-encompassing manner; given the

outlined facts, the question has arisen whether or not the main

focus should be on primary education at the expense of tertiary

education,2
However, the argument we make here is that rather than

the African education policy being wrongly focused by emphasizing

primary and secondary education, one can make the case for

identifying a lack of an appropriate link between education policy

and labour market requirements.

The role that labour-demand plays in developing economies

is the key to educational match. In other words, the curriculum fit to

employment opportunities gives rise to a higher return to education

at all levels as well as links the educational system to the

productive sectors of the economy.

Providing universal primary and eventually universal

secondary education in Africa is a moral and ethical necessity. The

reforms proposed of developing Science and Technology

Education (SET) are precisely to meet this match between labor

markets and education. The resources available for such an

exercise need to be increased, which is not an easy task in Africa.

Tnere are though a number of points to consider prior to debating

the feasibility or otherwise of SET, these being:

• The efficiency of public spending. As was shown above

Africa spends on education a larger percentage than

Asia yet the latter has a better HDI index as well as a

better demand supply as will be seen further on. Thus

efficiency and effectiveness of public spending on

education must be a focus of any educational program;

• Resources spent on primary and secondary education

should be refocused within the same levels of spending

on SET to increase returns on the investment made; and

• Investment in SET would increase private rates of return

and the interest of the private sector in co-funding the

educational process since it meets their skilled labour

requirements.

2 It has e.g. in fact been difficult to show that education has a significant

impact on agricultural production in Africa (Owens & Hoddinott, 1999, and

Weir, 1999).



Arguing that the already scarce resources should shift to
the tertiary sector seems misplaced - this would lead to a
deterioration of the already dismal enrollment rates The more
relevant argument to make is that the resources should be
refocused, investing in SET at all levels of education.

Rather, the key is to mobilize people's creativity and potential
to develop technological innovations and better understand their
surroundings - to do so, sound public policy is needed. In
particular, the approach to devising education curricula has to be
revised as the question arises whether the growth impasse is due
to insufficient generation of employment opportunities, rather than
the lack of education. In other words, primary and secondary
education are not sufficiently addressing the needs of labour
markets.

Governments, especially those of developing countries, must
ensure that science education and technology form an important
part of the educational curricula at all levels of training. For one the
Asian experience teaches that this is necessary (yet by no means
sufficient) for accelerated development.

The world is becoming increasingly knowledge-based" relying
on a comparative advantage in providing abundant cheap labour
will no longer suffice to close the gap between the developed and
the developing countries. What is moreover needed is a society
that has cognitive skills to adapt and understand technologies as
they emerge - to operate them and adapt the to their environment.

Reaping returns from investment in education requires that
the scope for productive learning be expanded via either technical
innovation or changes in market and political regimes.

In devising education curricula, two competing approaches
exist: a top-down approach, where the government implements
what it deems necessary, and the bottom-up approach, which
involves civil participation in structuring curricula. Both shall be
discussed here, including drawbacks and merits, as well as a
strategic choice forward.

In the following section we discuss why a different
emphasis in primary and secondary education should be placed -
an emphasis on science education and technology. We then
outline a blueprint for African economies on how to adapt relevant
education curricula, what approach should be taken and where the
main difficulties He when revising the curricula.
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Why should the emphasis change?

Certain accredited economic analysis has shown that the iow

levei of human capital stock in Africa is often an impediment

to economic growth. A great deal of micro and macro

evidence has not dearly iinked education, productivity and

growth in a straightforward causal nexus (Pissarides; Ranis &

Stewart).

Notwithstanding the above, in general, there is a proven

positive impact of education on development, which specifically

enhances the following:

• It allows flexibility and information-processing capacity of

producers. In other words the knowledge accumulated by

students in a formal schooling system gives them the

mental-framework for dealing with information, as well as

a methodological capacity to confront new problems - a

flexibility of thought; and

• Secondly, human capital accommodation is also

associated with positive externalities on fertility and

improved intergenerational outcomes. E.g. empirical

evidence has shown that the mothers1 educational

attainment is negatively correlated with number of

children. There is also evidence the educational

attainment of parents is positively correlated with the

attainment of their children.

The link between education and economic growth was to a

large extent influenced by the Asian model and the rates of return

theory. The latter, linking earning capacity in the formal labor

market and educational attainment concluded that increasing the

primary sector of education, because of its higher rates of return,

would be more cost effective given scarce resources. Thus an

optimal allocation of scarce resources should shift educational

policy to the primary sector. The figures in African (an increase

from 50 to 72% in primary enrolment between 1970 to 1992) and
low growth rates show that education investment is not sufficient

for economic growth. The relatively low growth rates in Africa,

together with an increasing primary enrolment rate, show that there
is no straightforward causal link between primary education and



growth (see box 1). This could mean that it is not a sufficient
condition for growth, yet likely to be a necessary one.

Another possible explanation is the flaw in data and
methodology. Formal labor markets are small and unrepresentative
of how labor is allocated 3% of total labor force in wage work in the
industrial sector and 9% in services in Africa (Antoninis).

Furthermore, the low quality of schooling no doubt plays a
role. Is the curriculum relevant to employment opportunities or
market realities? The rapidly changing global market and its
impact on developing countries requires a new curriculum in
schools, one which reflects the changing external environment.
This is not only the case for developing countries, but for example
in Africa with small labour markets and a inadequate flexible
capacity to change the lag between changing markets and
curriculum creates a vicious circle of low technical skill supply and
few employment opportunities.

Illiteracy is not confined to developing countries. A survey of
OECD found that in 14 out of 20 countries, at least 15% of adults
had only "literacy skills at the most rudimentary level, making it
difficult to cope with the rising demands of the information
age".(Paris, OECD 2000). UNESCO define literacy as reading and
writing skills to engage effectively in activities in which literacy is
normally assumed in their culture, OECD defines 5 Levels of

literacy and Level 3 is the minimum skill necessary for knowledge
based societies; in the countries surveyed, from one quarter to an
astonishing three quarters of the population fail to meet the literacy
standard of Level 3. Thus it is a global problem of the necessarily
shifting emphasis from incremental education to cognitive skills and
an instrumental approach.

The cost-benefit analysis of education investment in Africa
portrays a somewhat inefficient allocation of public expenditure on
education. As noted, taking education as a percentage of GDP in

comparable regions (below US$ 2,000 per capita) Africa allocated
3.8% to education and Asia allocated 2.7% in 1993, whilst the
Human Development Index (HDI) in 1998 show that Asia had a
HDI score of 0.71 and Africa 0.46. Again this questions the human
capital/economic growth model in general, and in particular this
could be caused by:

• Internal inefficiency;

• Allocate inefficiency; and

• Governance.
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internal efficiency can be evaluated by comparing unit costs

of providing the public service having a given quality. With the

same pupil/teacher ratio {a proxy for quality), there is a large

spending variation in real terms, in African countries (see box 3).

This shows that lowering the unit cost whilst maintaining quality is a

possible policy option given the range of spending.

Having measurable outcomes (assessment tests) and

reducing wasteful management practices (non-competitive

procurement) can enhance internal efficiency. This can be

achieved using information technology as a monitoring tool, which

in turn reduces the fixed administrative cost.

Allocative efficiency is a public finance procedure wherein

allocation of funds are determined according to maximum impact,

or highest returns with minimum cost. So far, in Africa this has

meant investment in primary education, among other things.

Besides the questionable high rates of return in primary education,

it is important to allow for dynamic game and long-term needs of

society in evaluating alternative allocation patterns.

The question of governance is central to the efficiency of

service delivery. The centralized systems tend to focus on inputs

rather than outcomes, and are associated with low transparency

and accountability. Thus the effort to increase efficiency must be

closely connected to autonomy of Higher Education Institutions and

centres of research allowing budget control together with

accountability and transparency and competion for resource

allocation. This is so much the more so in Science and Technology

Education wherein the significant capacity for scientific training will

derive little benefit from this investment unless attention is given to

marshalling and fostering such capacity by enterprises,

government and society as a whole. In other words the educational

output must meet with the demand generated by the economy and

it is in this context that investment in SET should be seen.

The problem of matching economic development and the

content of educational systems must come to terms with the

teaching of SET because:

• Development is a technological process and a cultural

shift to more, rather than less, valued conditions of

life;

• Any historical account of development must take into

account the key role played by changing technology;



The export-led growth of Asian economies, a possible
best practice case, was caused by a number of
factors among which SET; and

Linking SET to application and skill would satisfy
competencies demanded by the market and acquired
tools supplied through the educational system (Higher
rates of return in a shift to middle or high-skilled jobs)

Box 3: Efficiency of providing Education

In Afnca a large variation of expenditure on education (both primary and secondary) can
be observed. The two figures below show that gross enrolmen rates in primary and
secondary education as well as the unit cost per student expresses relative to per capita

Surprisingly, there is no clear link between the percentage of GDP spent on each student
and the enrolment rate. Hence, it seems that different countries have varying deqrees ot
efficiency. a y

Nigeria appears to be very efficient in the provision of primary education although it
spends a surpnsmgly low amount on primary students, both in terms of real purchasing
power on primary students (roughly $1.23 per primary student!) as well as relative to per
capita GDP -justover. 13% of GDP - it still achieves almost universal primary education
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Note though that, as Lee & Barro (1998) point out, one should be careful when considering
cost of the provision of secondary education as expenditure figures exclude private outlays
(whilst though including public subsidies to private schools) yet include all students In the
case of primary education this error is likely to be relatively unimportant, yet in the case of
secondary (and tertiary) education the cost to students (i.e. the private cost) attendinq
private schools is likely to be higher, yet not captured in public figures Hence as they
note, ...a nsing trend of the share of secondary students enrolled in private schools would
give the erroneous impression of a fall over time in real spending per pupil'



The link between the above and ICT cannot be understated.

Manufacturing and services increasingly depend on knowledge-

based work, this has created demands for highly skilled workers

and the migration of lower level jobs for information processing to

developing countries (India's software industry export rose from
US$ 2 65 billion in 1999 to US$ 3.9 billion in 2000). Though the
adoption of ICT is not directly related to SET, the infrastructure of

ICT as well as is the logical thinking and deductive reasoning is
associated with SET. In fact, most countries that have a developed

ICT system have high quality SET systems.

Since knowledge and brainpower give man-made

comparative advantage, the newly emerging knowledge-based

economic structures have far-reaching implications with regard to
labor markets and the role of education. This is closely tied to

globalization.

Without entering into a detailed analysis of the impact of

globalization on the economies of developing countries, but

restricting to the effect of globalization on education in general and
science and technology education in particular one can say that:

• There is a global shift to a competitive knowledge-

based economy;

• The skills for such an economy are based on the
constructive application of science and technology

content;

• The curriculum of the education system, based as it is
on incremental rather than instrumental earning,

delivers only 25% of those who have skills necessary

for a knowledge-based economy (World Employment

Report, I.L.O.); and

• In Africa, at higher levels of education, very few attend
University and very few of these who do attend
engineering, natural and/or medical sciences( ECA

publication).

This creates a gap between what the education system

supplies and what the labor market in a globalized economy is

demanding.
The education system and its products have not shown

positive correlation with growth in Africa. One of the reasons, as
was said above, is that the curriculum is irrelevant to employment
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opportunities. In Africa, has there been East Asian export-oriented

growth? No, and this may explain the pattern of low returns that

have constrained the region's accumulation of years of schooling

from contributing more to the region's growth. It is a question of

lack of opportunities rather than lack of schooling.

Does the quality of schooling and/or its curriculum

adequately supply the labor market? If there is a technology

knowledge base of all product content, are the skills necessary to
produce them given by the schooling system?

It is highly unlikely that without formal education in science

and technology education geared towards the development of a

knowledge-based economy can be achieved.3

The link between science and technology education,

globalization and labor markets is a complex relationship. Definitely
national science and technology capability is becoming more and

more important. This capability can be addressed through:

National science and technology education plans;

R + D investments; and

Transfer of technology.

For example in 1996 the gross enrolment in tertiary education was 0.8%

of Ethiopians and 0.9% of Burkina Faso, whilst 11.7% in Malaysia and

677% in Korea (World Education Indicators, UNESCO)
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i Box 4: TheAsian Miracie
Fasi As/a has experienced dramatic growth over the last three decades, which can be
accredited to the political decisions that ware taken.

Policymakers in Asia realised at an early state that to become competitive large
investments in physical as well as human capital would have to be made. Thus no
surprise that in nearly all the rapidly growing East Asian economies the transformation
of education and training in the period 1960-1990 was dramatically good.
As noted earlier, between 1970 and 1989, real expenditures per pupil at the primary
level rose by 355% in Korea. The comparable figure in e. g. Kenya was a mere 34A
In 1987 Korea moved rapidly from primary to secondary educ^on- whereas
enrolment rates in the latter were 35% in 1970, they had increased to 88% in 1987^
Yet not only was the quantity of schooling increased but particular emphasis was laid
on 'providing quality education. In a test designed by the National Assessment of
Educational Progress, the percentage of 13-year old students who attempted the
mathematics test composed of ascending complexity (adding, subtracting solving
simple problems, two-step problems, understanding concepts, interpreting data, etc.),
Korean students ranked first in each category, in fact, the performance gap between
Korean students and others from high-income countries was greater for higher-order

TtvpfcallvCAs^nBfeature of the Korean take-off was that industrial policy was such as
to enhance feedback mechanisms to the educational system in general and technical
education in particular through productivity councils. In addition, the government
directly supported private R&D through tax incentives, tax credits etc.
All in all there is a lot to learn for Africa from Korea's past achievements in supplying
the labour market for technical skills with highly qualified workers.

The major points that emerge from the Asian Model are:

. state involvement in educational inputs closely linked to labour market demands.
• Monitoring of educational attainment as shown by test results above to achieve

quality r .
. Emphasis on Science and Technology across all levels of education

. Unking Technological inputs into industry as inputs into schooling structures in

general, curriculum development in particular.

The Asian model of science and technology education and

its relationship with the labor market is an interesting case of how
all three above-mentioned points are linked.

The "Asian miracle" emphasizes that all of the Asian Newly
Industrialized Countries (NICs) have experienced rapid growth
through high investments in human capital and physical capital.

The analysis of the Asian model can be divided into two
main schools of thought. The first is the "accumulation" model
which sees both the ability to hold off diminishing returns to capital
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as weii as high economic returns to education, both in terms of the

parameters of a conventionally defined production function.

On the other hand the "assimilation" model stresses that

entrepreneurship, innovation and learning are ail key aspects to

master new technologies. Moreover, much of the successful

absorption effort is attributed to efforts by firms to learn new

opportunities, and undertake minor by cumulatively significant

changes in the production process (Nelson & Pack).

This was tied in on the institutional front with the productivity

centers: The Productivity Councils (Hong Kong); Productivity

Center (China); Medium and Small Business Administration

(Taiwan) - different names but serving the same purpose. Their

main tasks were:

(i) provision of specialized technical services;

(ii) identification of problems facing enterprises and

devising appropriate remedies and training

packages; and

(Hi) transferring "production-ready technology" that the

government imported and adapted to local firms.

The outcome of such a system resulted in high economic

growth and also the production of "owned" technology, (Out of a

total 27,281 patents in 1991 in Taiwan, 13,555 were national whilst

they were 2,897 out of 6,265 in 1981; in addition, the R&D/GDP

ratio increased from 0.95 in 1984 to1.65 in 1990 (Taiwan Statistical

Data Book)).

Thus the link between education, science and technology

education in particular on the labor market is evident. The

application of technology and the eventual production of technology

was based and fed into an educational system with a high

emphasis on science and technology curriculum.

African economies continue to be heavily dependent on

agricultural production and the export of natural resources. So

seemingly the "assimilation" Asian model is not exportable. Yet

there are a number of important points to keep in mind:

• The link between the labor market and the educational

system;

• Emphasis of science and technology across all three

levels of education (primary, secondary, and tertiary);

• The strategy towards ownership of technology;
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• The application of skills, concepts of science and

technology to production problems; and

• A global vision of education emphasizing Science and

technology education even by a incentive scheme, to go

beyond numeracy and literacy and aim at what OECD

call Level 3.

The African educational system as said above suffers from

low quality and/or is non-relevance to employment opportunities.

The present enrolment and attainment rates in Africa are

predominantly primary schooling. The emphasis should become

not only numeracy and literacy skills, but to achieve Science and

Technology cognitive skills for problem-solving techniques. This

should be set at all levels of education, probably the most effective

would be at upper secondary and tertiary levels. Since digital

literacy is the pre-condition for participating in the global economy,

the shift from incremental to instrumental education should be the

global vision, thus the focus of resources and probably additional

resources, should be invested in SET. This does not mean that the

SET curriculum development should not deal with the traditional

sectors of African economies, for example agriculture but SET is a

methodological approach to problems. For example farmers in

Ecuador were able to get advice on how to eradicate a pest that

was destroying their potato crop because a field worker was able to

post a question to several email news groups. This shows that it is

not the information, which is necessary but the skills for its access

and the know-how to adapt to local conditions.

To arrive at this policy option African countries should:

• Increase the educational attainment of African pupils;

• Render curriculum more pertinent to labor demand;

• Introduce computer training at upper secondary; and

tertiary levels of education.

SET can be developed to fit the above aspects.

The teaching of SET should be spread over all levels of the

educational system. This is not necessarily, yet auspicable,

equivalent to an increase in budgetary resources but a shift to more

employment relevant opportunities criteria i.e. SET.
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The use of technology and science and its corollary

knowledge-base economy, requires the supply of technical skills,

which can be imparted by SET over the primary & secondary and

tertiary levels of education, because in the way:

• There is an incentive to match demand in the labour

market and skills supplied by the educational system;

and

• Placing the SET over secondary and tertiary education

could create an incentive for higher enrolment rates

because of increased opportunities in the labour

market.

If one of the conditions is to achieve higher rates of return

through SET, the content is another idea to have a curriculum

which supplies the technical skills of a labour market but which

deals with problems of development. These problems are inter

disciplinary, consequently the curriculum should focus on science

reasoning skills and cognitive development.

The same approach should be applied for technology

education. It could take two different approaches:

(1)" technologize" the science curriculum; and

(2) a separate subject matter in primary & secondary education.

The first chose is more cost effective, since it could combine

for example craft skills and principle of physics. Again, the

emphasis should be on application of logical reasoning skills and

providing analytical tools for problem solving rather than intuition.

The SET curricula proposed have three further aspects that

must be addressed. The question of "Digital literacy" is definitely

necessary in this changing world, yet because of its relatively high

investment cost one would have to further investigate the possibility

of providing it on an individual country or on a regional basis. It

should be included in secondary and tertiary levels of education as

this would aid the link between SET and employment opportunities

in two ways:

• It would allow students to become "producers" of

learning material. In other words there will be a shift

from passive listener to an active participant; and
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• It would also have an effect on incentivizing secondary

school enrolment because the skills given will be

demanded by the labour market, given the general

global trend towards "digital literacy" as a basic skill.

Obviously some concepts of "digital literacy" must cut

across all levels of education as it is a technological tool applicable

to practically all fields, yet in the case of developing countries

trade-offs may have to be taken into account.

Secondly there should be some form of incentive scheme to

lure students at tertiary level towards natural and mathematical

areas. These would then:

• form a critical mass of research potential;

• become trainers of teaching staff; and

• provide the labour market high technical skills area.

Thirdly is the teacher training program, the main obstacles

being:

• Insufficient training of teachers and reluctance to teach

outside defined scientific bounders;

• Teaching material; and

• Status and accreditation of integrated and

multidisciplinary approach.

Again, an interesting development of the use of IT is to

minimise obstacles through for example the Creating Learning

Networks for African Teachers Initiative (CLNAT), which started a

collaborative learning project in science and mathematics teaching

linking Kenyan, Ugandan and Zimbabwean teachers, students and

teachers. This effort by CLNAT achieves both a regional co

operation effect and hence some form of enriched environment for

exchange of methodologies, approaches, relevance etc as well as

teacher training at a lower cost.
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HOW CAN THE RELEVANT EDUCATION CURRICULA BE

IMPLEMENTED?

As we have just seen, teaching should be reformed in Africa.

Firstly, science and technology education should be a

priority goal of the education policy as in an increasingly

globalised world the move from labour-intensive to

knowledge-based production, dependent on technologically

sophisticated production procedures, in agriculture as well as

industry is becoming more and more important. Hence there is an

increasing need for high-skilled labour, which in turn implies the

necessity of equipping pupils with technical literacy. Another

developmental goal of the education policy is furthermore improved

access; participation and achievement must be obtained.

The main question that arises is however how to tackle the

issue. A natural approach would be to look at countries that have

recently reformed their teaching of science and technology in

primary and secondary schools to learn from their success, or in

the worst case, learn what mistakes should not be repeated.

Reforming the teaching of science and technology

obviously hinges on devising a new curriculum that is more apt to

the needs in Africa ands its societies. When devising a new

curriculum, a first hurdle that presents itself is what kind of

ownership of development criteria and teaching priorities should be

adopted. Should the curricula be devised in a 'top-down' approach

or a 'bottom-up1 approach?

Appropriate Strategy

Science education must emphasize skills that are needed to

solve real life problems in order for those being educated to

recognize the usefulness of such classes and to foster enthusiasm.

Life science, relevant environmental as well as health issues

addressed in the science curricula would enable pupiis to acquire

tools to improve upon their daily life. Ideally, devising an

appropriate curriculum would capture aspects of both the top-down

as well as the bottom-up approach.

Firstly, it is clear that governments need to have a long term

developmental goal which aims at enhancing the educational
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sector or, rather more suitably, an overall developmental goal in

which the former ties in as a means to accomplishing this goal.

However, unless desires and needs of citizens are explicitly taken

into account in the new curricula, there will obviously be little

acceptance of any new curricula. The society must realize that its

(economic development) needs, as perceived, are met or at least

accommodated for.

Box 5: Bottom-up Approach

In the bottom-up approach it is the 'society' that voices its specific needs In devising a

particular science education policy. The society as a whole has certain needs in terms of

what education should provide its off-spring with. The 'needs' are formed by cultural

aspects such as gender-related issues, setting of rural vs. urban life, environmental

surroundings, etc.; labour market aspects enter here, such as what skiHspotential

entrants should ideally be equipped with, especially regarding (literacy and numeracy)

etc. The figure below gives a diagram of the bottom-up approach.

The bottom-up approach of course must of course too be critically viewed. Whilst e.g.

the necessity of a curriculum being relevant to the labour market must be met, education

curricula should not be too fragmented on a national level. If curricula are too localized,

i.e. fragmented into local curricula, employers will lack a benchmark to meaningfully

compare the quality of potential employees from different regions. Hence, at most a

state-wide differentiation of curricula should be considered.
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Hence, whereas the long-term planning goals of the

education policy should be formulated to tie in with the centrally

devised development strategy, it shouid capture localized aspects

of incorporating direct consultation of citizens.

One shouid note though that adopting a method of policy

analysis of national priorities (i.e. the top-down approach)

combined with a consultative method as the bottom-up approach,

needs, to a certain degree, a we!! developed institutional framework

where planned implementation of decisions taken by well-

developed civii societies and professional bodies can be taKen.

Type of SET teaching

Another issue concerns the type of teaching of science and

technology, a two-fold issue: for one, the question remains as to

whether science and technology merits an emphasis on laboratory

teaching, furthermore, the pedagogical approach should be

revised.

Laboratories: The issue of the necessity of laboratory

teaching is a recurrent issue, especially in developing countries,

due to an obvious reason: given the resource constraints

developing countries face, acquisition of equipment and supplies

required for laboratories poses a concern. Already, the amount

spent per student is at dismally low level. Although practical work

has been argued to be important in terms of the ability to motivate

pupils as well as exemplify the link between concrete learning and

concrete experiences, the cost-benefit of this must be kept in mind,

especially as in fact the effectiveness of laboratory work has

recently been doubted.4

4 Caillods, Gdttelmann-Duret & Lewin (1997)
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Box 6:Top-Down Approach

In the top-down approach policy-makers themselves develop a long-term economic

development strategy. A science and technology policy encompasses four main needs: the

need to transfer technologies from abroad, the necessity to adapt existing technologies to

suite local requirements, the need to generate new technologies as well as seek alternative

technologies to existing ones. Finally, relevant to this is to adopt an appropriate science

education policy. The science education policy that is adopted hinges on the overall science

and technology policy that the government has deemed necessary. It dictates accordingly

the curriculum aims and outcomes that are considered appropriate. To be able to achieve

these aims and outcomes, one needs to implement the relevant learning and teaching

meathods (i.e. the curriculum), for comparability, an assessment and certification procedure

(i. e. examination) needs to be applied as welt as procedures to track Vie functionality of the

system.

However, as one can see, such an approach is controlled exclusively from the top, i.e. the

government. Such a centralized approach runs the risk of not adequately responding to the

needs of society and hence the risk of alienating people from participation due to the

resulting public perception of lack of relevance. The counterpart to such a 'demand-push'

strategy is accordingly the 'bottom-up' approach.

[Science & Technology Policy

I Alternative technologies

I Teetinotogy Transfer]

Soeno&Technotogy
Generation

1 Technology Ajaptatiool

{Science education policy

Curriculum Aims and Outcomes

Tracking Decisions Assessment and
Certification

S&T Knowledge Leaning and
Skills and Nfelues Teaching htthods

An alternative could be to introduce specialized schools focusing

on teaching science and technology, however the necessity to

enable a!! students to acquire basic knowledge in science and

technology education to provide them with cognitive and analytical

thinking capabilities, implies that such a policy suggestion should

be outright rejected at this phase.
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Although specialization could be argued to be a cost-

effective way of deploying scarce resources, providing specialized

institutions with funds and with qualified staff, such a two-tier

approach would act as a device to reinforce differences in an

environment that is already characterized by large inequalities.

An issue related to the issue of laboratory teaching of science and

technology is also what general learning and teaching materials are

made available. Not only must costs of learning materials be

considered, but more importantly maybe, the range of materials

available as well as their respective patterns of use must be

accounted for. Material should be as relevant as possible to the

topics taught, keeping in mind that once the little sums spent on

teaching per student and once the overhead accounting for

teachers' salaries are taken into account, little leeway is left for

additional expenditure.

Pedagogical Approach: Regarding the pedagogical

approach taken in teaching, one should point out that especially in

the field of science the standard teacher-based approach where

students act as passive input-recipients has been criticized.

Science and technology is a field where a more active, explorative

methodology is deemed more desirable. Hence one should

consider moving from teacher-based to a student-centered system

of learning However, doing so may lead to certain difficulties from a

cultural point of view.

Teacher Capability

Developing a curriculum is not the sole solution to teaching-

method deficiencies, low achievement of students and

unsatisfactory learning - the root of the problem can well lie

elsewhere. For one, even with an appropriate curriculum, if

insufficient funds translate into low quality of teaching (too large

number of students per teacher, inefficient allocation of funds,

poorly equipped schools, etc.), it is clear that the skills of school-

leavers will be left to be desired.

In particular though, the key to the success of reforming the

education system, especially when putting a strong emphasize on

science and technology, is no doubt having a knowledgeable and

confident teaching staff. For one, only a motivated and

knowledgeable staff will be able to motivate pupils and capture

their attention. More importantly however, only those feeling
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confident in the subject matter will enjoy teaching their subject. In

fact, various examples have shown that the success hinges on the

proficiency of teachers. If these have insufficient training or there

are too few to do the job required, any reform programme

incorporating science and education is doomed to fail.5

Conclusion

Although progress in the provision of primary and secondary

education has been made in terms of quantity, i.e. enrolment

rates, over the last years, it seems that Africa has not

benefited as had been expected: growth rates have failed to

increase sufficiently; in fact, many countries have regressed

notwithstanding increased provision of education. This leads to the

conclusion that:

• Quality of education that is provided is as important as

the quantity; and

• The quality can be attained through what the school

leaver can get on the market, and definitely SET gives

the school leaver a competitive edge given the

knowledge based economy.

Africa can no longer expect to close the gap between

developed countries by supplying abundant labour and raw

materials. As the world is becoming increasingly knowledge-based,

the key to success will lie in educating one's labour forces to reflect

the demand for a skilled labour force.

Africa needs to be in the position to adopt key technologies

and adapt them to its environment. To do so, a labour force is

needed that is capable of cognitive thinking - one that responds to

the needs of labour markets. Not only do low educational

qualifications infringe on gaining decent employment, moreover,

low absorptive capacities of workers renders adoption and

modification of new technologies impossible in a dynamic,

5 For examples where the lack of teacher-proficiency in the case of
Thailand and Namibia, see ONEC 1997 and Tjikuua, 2000 (WB)

respectively.
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knowieclge-based society. Politicians and civil societies alike must

address these failures.

To improve upon the status quo, Africa should learn from

experiences of other countries. An example here is the Asian

Tigers: the Asian economies invested heavily in physical capital

whilst simultaneously dramatically investing in education. Real

expenditures in e.g. Korea increased by 355% between 1970 and

1989. Doing this led to an increase in over 100% of real income per

capital between 1980 and 1995 - compared to only 20% in the

United States.6

Given that Africa has scare resources already as it is,

implementing new, improved curricula should not come at the cost

of no longer striving for universal primary and secondary education.

Hence, a significant feature will be to implement cost-effective

policies. Public policy should focus on increasing resources, yet

even without additional resources, better quality of the provision

must be obtained - quality in terms of the provision of education

per se (e.g. reducing pupil-teacher ratios) yet also quality in the

content of what is being taught - the curricula.

For one, education curricula must more strongly emphasize

teaching of science and education - at all levels. The curricula

must therefore reflect needs and desires of the population and

emphasize more strongly teaching that provides skills relevant to

the African environment.

The kingpin of enhancing the capacities of pupils on the

African continent will be to ensure that the skills they learn are not

only relevant to the labour market, but are more importantly

perceived as being so - to attract the attention of pupils and

captivate their focus. A relevant curriculum must therefore take into

account the needs of society and must be prepared in cooperation

with them (see box 7).

Comprehensive audits must be performed on a regular

basis to ensure that reflection of desires and needs is constantly

met - the latter develop in a dynamic way - which must be

considered by education ministries.

Ideally, the aim would be to implement the new science

education and technology development model without diverting

sources from other sectors, e.g. the tertiary education sector.

However, given that teaching science and technology does involve

additional costs (provision of material, increased teacher training,

etc.), there is little doubt that additional resources will be needed.

6Sarel, 1997, p. 369
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Given that an appropriate strategy is devised, one that is

deemed relevant to development, to increase competitiveness and

ultimately, increase growth in Africa by making education more

work-relevant, there is plenty of scope for the international

community to contribute to such an ambitious plan.

Recommendations

1. As experience of other countries has shown, the key to

success in providing any kind of education - especially

science and technology education - lies in the provision of

competent teachers. Hence, the main priority in Africa must

be to form a competent basis of teachers who are

comfortable with the new curricula and competent in
teaching its contents.

It is important to provide an incentive to qualified

people to join the teaching provision, this can be obtained in

ensuring that teachers receive a fair salary: offering salaries

that are around the average income, or even lower, will not

suffice.

2. Another possibility is giving incentives to Science teachers

based on their qualifications as well as the achievements of

their students. This brings us to another consideration the

monitoring of achievements.

3. In this context achievements can be envisaged at 2 levels:

firstly, as will be seen later, as an input from the productive

sectors to curriculum development. The higher the match

the better the achievement of the whole system. Secondly

monitoring the products of the educational system by

having international testing of students, as well as

monitoring graduates' time for finding a job. In this way

there will be both a feedback from the labour market as well

as practical testing of pre-graduate students on the quality

of education.

4. Capacity building is another recommendation that is a

consequence of the organizational model proposed. Since

the model tries to come to terms with local needs,



15

institutions {iocai, regional and national) come into play.

These institutions would be accountable to civil society by

matching the needs of the community to the development of

SET curriculum. This is probably better at primary and

secondary ievel and performance related.

5. At the national level capacity building would be necessary

to coordinate the process, specifically: establishing criteria

for performance related testing, evaluating a national

curriculum, which allows comparison and hence labor

mobility across geographically distant communities, and

keeping track of the global vision previously mentioned.

6. Tertiary education requires a specific recommendation. As

was said previously, graduates in Technology,

Mathematics, Engineering should be increased in Africa to

create both a critical mass of possible future researchers.

This could be further expanded into networking of

researchers, nationals abroad and resident in Africa to

develop R&D. In this way graduates who go to work abroad,

the so-called brain-drain, can be limited in terms of

intellectual/knowledge capacity by participating in R&D of

the country in question. Software and Hardware experts

from India working abroad were instrumental in starting off

Bangalore. In 1999-2000 the Indian industrial sector made a

total turnover of US$5.7 billion, US$4 billion were from

exports.

7. This requires planning at the national level by giving

incentives to undergraduates who study technical and

technological subjects. The incentive scheme could also be

applied to the resource allocation by national governments

through refocusing funding in science faculties and a minor

cost for students if these faculties are chosen, given there is

a cost-sharing scheme for university education. An example

is South Africa's Plan for Higher Education to distribute

student enrolment between humanities, business, science,

engineering and technology from the current 49%: 26%:

25% to 40%: 30%: 30%.

8. Another aspect that must be taken into consideration in

Africa is the non-formal education sector e.g. community
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based centers and their role in enhancing the use of SET.

In Ghana three local NGOs have started courses in typing,

word processing, computer literacy and Internet orientation.

10,000 individuals at a charge of 10-20% less than

computer schools in Ghana attended these courses. The

centers have now developed as a research center for

students, doctors, NGO staff and in general have become

extended learning centers that go beyond public and private

institutions. This type of experience should be exported due

to its participatory structure and its practical hands-on

training.

9. Funding of Tertiary education and SET faculties in the face

of limited resources is one of the main problems in Africa.

The Master plan for Higher Education in Uganda is an

interesting example of public-private partnerships,

alternative funding resources as well as efficiency and

effectiveness of current public resources. There seven

private universities which also offer placements to low-

income and females, thus bridging gender and equity gaps.

What is emerging is a single system of tertiary education

characterized by the supervisory role of Government and

increased autonomy of Higher Education institutions for

governance, management and financing. The autonomous

institutions are expected to reduce unit costs by expansion

of programs, facility utilization, delivery of distance

education. The intention of the Government seems to block

grants for institutions eligible for public subsidies, on a

progressively declining basis related to agreed performance

indicators. The details of the Master Plan have not been

spelt out but if the vision of the future of University

Education in Uganda also includes incentives for science

and engineering choices by students then the Uganda case

will become an interesting example for other African

countries.

10. Suggested Approach to Curricula Development Model: see

the Proposed Organisational Model

As suggested, devising an appropriate curriculum must take

into account both the long-term development needs of the

government as well as the perceived needs of society. The
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curricula must be considered relevant by society and must address

their needs properly, hence civil societies must be involved.

To ensure that curricula remain relevant, productivity

councils need to be drawn into the process: in a developing world,

curricula must remain dynamic in nature too, hence constant

monitoring is required.

The Development Model provides the science and

technology education within a larger framework of growth for Third

World countries. It is proposed as a Best Practice case in terms of

what is perceived as a success story-the Asian Model.

The Asian Model with its emphasis on science and

technology education has a number of characteristics in which

education in general, and SET in particular, was the outcome of

industrial policy and acted as an input into curriculum development.

In this way there was an optimisation of resources and a clear link

between labour demand and skills provided by the schooling

system. Obviously this requires a flexibility in the sense that the

changing technology and the change in teaching methods,

curriculum development have to be kept in mind as external factors

on the model itself. This was done, in the Asian Model, through

export-led competitiveness as only products with the "right prices"

and hence the correct technological processes as well as content

were considered as pertinent as inputs to the education system.

Consequently this was an input to the educational system through

the productivity councils, which enhance the whole process.

Besides the interrelationship in the development model

between industry, education in this system afso has a number of

aspects, which solve the drawbacks of the top-down and bottom-up

modeis. This model combines the participatory process in which

grass-root needs are met, as in the bottom-up model, but at the

same time does not have the problems of accreditation and

standardisation. The bottom-up model could result in different

curricula for different areas without national co-ordination and with

problems of accreditation of different curricula. Secondly it does not

have the inflexibility of the top-down mode! which could result in

problems of governance, since the needs at the community level

are met through the civil society.

This development model also has, unlike the other two

modeis, a strong role for the government, which could be national,

regional and local. This in an attempt to strive towards an

"ownership" of the curriculum development, which meets the need

of developing countries and to link that to its application in labour

and product markets. Its efficiency would be determined by its
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competitivity as in the Asian Model. Since the productivity councils

would take international standards as their benchmarks then the

whole model would function with this criteria, hence making the

education curriculum competitive and performance related.

The resources necessary for these recommendations will

be split between domestic allocations and the international

community and within the domestic resources the role of the

private sector will be crucial.
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