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SCIENCE AND TECHNOLOGY INDICATORS FOR AFRICA

1. INTRODUCTION

1.1 A rationale for Developing S&T Indicators for Africa

There is world wide recognition that science and technology are vital forces for socio-
economic development. Countries in Africa strive to invest in science and technology to
accelerate development. There is an urgent need to gather data on these efforts in order to
monitor progress and enable comparisons to be made with countries at similar stages of
development. It is important that the vital signs of S&T progress in relation to economic
development in a country are accurately assessed on a regular basis. The most effective
means of doing this is to assemble a set of relevant S&T indicators, which provide pohcy-and
decision-making with a clearer understanding of the relationship between S&T and socio-
economic development and consequently allow them to make further decisions regarding the

state of S&T in the country.

f The objective of this note is to provide a guide to compiling S&T indicators in a
country where these indicators have typically not yet been adequately formulated. The aim
is to provide a model for developing S&T indicators which can be replicated in countries

wanting to build a set of S&T indicators.

The note first examines the nature of S&T indicators, and how these indicators can
be used to promote S&T development. Secondly, it examines what S&T indicators should
contain and the relationship between S&T statistics and S&T indicators. Thirdly,
recommendations are provided on how to further develop and refine S&T indicators so that

they become useful tools.

1.2 What are indicators?

Indicators provide indirect information on the phenomena or events to which they are
applied. An indicator is a measure of one item used to provide information about another
immeasurable item. For example, statistics on the number of scientists and engineers, and
on their levels of training, are indicators of the quality and quantity of S&T knowledge
available. Expenditures on R&D are indicators of the levels and sites of the indigenous

(^ generation of S&T knowledge. Patent statistics are indicators of the intensity, direction and

location of inventive activity. (Stead. 1985)

A distinction needs to be made between S&T indicators and S&T statistics. The

latter are the general data which comprise the broad records of S&T inputs and outputs, such
as data on the number of scientists and science graduates. Indicators, on the other hand, are
usually expressed as a ratio of two statistics where the numerator is the specialised statistic
(such as R&D spending) and the denominator is a general statistic such as GDP. Science and
technology are abstract concepts that cannot be measured directly and indicators provide

indirect measures (Holbrook, 1992).

Indicators should therefore be seen as tools that "permit judgements to be made about
progress towards identified goals". Equally, S&T indicators should give some indication of
a country's technological capacity at any given point in time.
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The indicators used in any country should be geared to the assessment of national
S&T needs and capabilities, in the broadest sense, with a view to addressing gaps and

deficiencies and achieving progress in socio-economic development.

2. A MODEL FOR S&T INDICATORS

The model for S&T indicators is based on the ideal of providing those indicators that

will be the most useful for assessing the national S&T climate and national S&T needs and
capabilities. The model is developed through providing examples of how best to use available
data and illustrating how these sources can be built upon to provide the background necessary

for extracting basic S&T statistics and indicators. Where data, or required background
studies, are inadequate or missing, recommendations are made to address these problems.
The approach to using and building on the required data series is outlined below.

2.1 Building on Data Series

While certain S&T indicators traditionally used in industrialised countries (such as
those relating to aerospace R&D) do not always seem suitable for less developed countries,

such as in Africa, for the most part general data can be used to provide useful background
data series. Once a set of relevant data series have been assembled from existing
information, they can be refined and improved upon in future years, depending on their
usefulness. A whole range of possible data sets can be used but in practice the final choice

should be guided by the following criteria:

* Availability of data

* Confirmed accuracy of data

* Time series availability

* Relevance to the country

* Comparability of data with that from other countries

Two types of data series can be used in order to extract S&T indicators, namely: (i)

Comparable National Data Series and (ii) Country Data Sets.

o
2.1.1 £*"npgJ3klg National Data Series

All countries have some kind of census and economic data. International agencies
of the United Nations (UNESCO, UNDP, FAO), the World Bank, International Monetary

Fund, African Development Bank and other organisations issue data series and may provide
assistance with data collection and compilation. Much of these data pertain to the state of

human development and economic development.

Some examples of these are:

Time Series - GDP at constant market prices
Government final consumption

Value added in Agriculture

Export/Import Ratio

Net official development assistance
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Single period -Population per physician

Radios per 1000 people

-Daily newspaper circulation per 1000 people

Adult literacy rate

Environment:

- Co2 emissions from industrial processes

- Other greenhouse gas emissions

- Participation in major global conventions

Other more general indicators, which cannot strictly be called S&T indicators can

also be extracted and compiled, including:

- Expenditure on Education as a percentage of GDP

- Pupil/Teacher Ratios

- Military Expenditure as a percentage of GDP

- Energy use per capita

- Human Development Index

2.1.2 Country-specific Detailed Data Sets

Most countries can provide adequate sets of national statistics regarding education,

population characteristics, sectoral components of GDP, government expenditure, industrial
output and imports and exports. The availability of this usually up-to-date information is

presumably the result of development agencies requiring such information for analysis and

tracking purposes.

Most of these data sets are useful for compiling graphs and tables which together

comprise acceptable S&T statistical series, useful in showing trends in education, imports and

exports, energy use and so on.

Some of the detailed data sets generally available are:

School Education:

- Primary, middle and high school enrolments

- Pass rates for final school year examinations

- Numbers of teachers

Higher Education:

- Enrolments by broad subject areas and level of study

Enrolments in natural sciences versus social sciences

- Degrees awarded by field

- Academic staff numbers

The science, engineering and technical workforce:

- Profile of the country's labour force
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- Professionals, scientists and technicians as a percentage of the labour force

Public levels of education and elements of S&T awareness:

-Levels of education attainment in the general population

- Literacy rates

- Special survey results (such as Aids awareness)

Other indirect indicators of S&T activity/potential:

- Infrastructure (telephones, electricity grids)

- Traditional/Non-traditional exports

- Manufacturing output

2.2 S&T Indicators

From the National Data Series and the Country-specific Data Series as well as other
international sources it is possible to draw up a few acceptable S&T indicators. The major
factor hampering the development of adequate S&T indicators is the lack of specific
information For example, one of the weaker sections in UNESCO statistical yearbooks is
that on S&T and R&D figures for African countries. The one area where hard data are
available is on international S&T publications and citations as recorded in the ISI (Institute
for Scientific Information) database. On the other hand, these publication records do not
reflect important local publications in S&T.

While it is possible to provide reasonable estimates for such indicators as R&D
expenditure, based on available published figures such as for reseaich budgets, this is not an
acceptable approach in the iong term and specific surveys will be needed in countries wishing
to provide reliable S&T indicators. Similarly, brain drain is a topic of importance to all
African countries but hard figures are not always readily available to support arguments
Information flows, measured by the number of computer connections to international
networks and internet access can also provide useful indication of technological needs and
progress Finally, foreign direct investment and technology payments for exploiting patents
(licensing) provide some of the most important indicators of technology flows. The table
shown in annex provides examples of selected S&T indictors for Uganda and Ghana.

3. CONCLUSIONS AND RECOMMENDATIONS

It will not be possible to develop adequate S&T indicators for countries until some
kind of regular (every 2-4 years) S&T surveys are undertaken. Given government support
and some guidelines on the instrument to be used, these surveys could be successfully
undertaken in most countries. Considering that for example in South Africa the national
R&D survey costs only about US$100,000, or 0.014% of the total R&D effort it measures,
it is safely assumed that the expenditure required in most African counties where R&D efforts
tend to be more concentrated, would be considerably less than this.
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Without these kinds of surveys, policy decisions regarding science and technology

will remain doubtful and inexact and will fail to convince potential investors of possibilities

for investment and potential. The argument that the S&T capacities are so low that
measurements will be meaningless is also unfounded as can be seen when internationally
obtained indicators such as publications and citations are used to compare different African
countries. Of course these figures pale into insignificance when compared to the outputs of
developed countries, but comparisons between developing countries are very informative of

the relative states of science and technology. It is suggested that S&T development indicators
(such as number of workers per tractor) tend to reflect only basic development trends. In the

long term, these basic development indicators are also costly to measure at a national level
and are not particularly useful in setting worthwhile goals for S&T and economic

development.

Whether or not priorities for S&T development have been established in countries

does not detract from the importance of running adequate surveys in them. Well performed
and reported S&T effort potentials, needs and technology flows surveys can serve as the
stimulus to government to take a hand in setting priorities for S&T and economic
development. Conversely, governments which come to realise the importance of S&T for

overall development policies will have vital information resource to use if S&T survey

information has previously been gathered.

Issues which can be discussed include:

1. Are African countries sufficiently aware of the importance of S&T indicators for

policy-making?

2. Is there a need for training experts in member States to develop S&T indicators?

3. What S&T indicators are available for measuring technology flows in African

countries (brain-drain, foreign experts, technology imports, information, foreign

direct investment in technology, technology payments, etc.)?

4. What can be done at country level to improve S&T indicators?

5. Are there models of S&T indicators which have been used successfully in some

African countries and which can be very useful to others?
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Table 1: Selected S&T indicators for Uganda and Ghana

UGANDA GHANA

Estimated expenditure on R&D, 1993

(US $ millions)

2.03

R&D expenditure as % GDP (1993) 0.06%

4.67

0.08%

Est. R&D expenditure as % of

government expenditure (1993)

0.29%

S&T publications and (citations) 1981-

1992

423 (1 350)

0.40%

769 (2 772)

Estimated number of researchers (1994) 800

Researchers per 10 000 labour force 1.03

850

1.59

Number of students enroled in higher

education (year)

10 492(1994)

Percentage of higher education

enrolments in S&T fields

59%

13 316(1990)

42%

Balance of payments (US $ million) in. 1992

high technology goods -114.3

1988

-100.8

* medium technology goods -176.6

* low technology goods -77.0

-435.1

+395.5


