centrate in various components of the
aquatic ecosystem (in mud, on plants,
and in aquatic animal life).

5) Monitoring a combination of
streamwater, mud, and aquatic life is
inadequate because of the persistence
of these compounds, which makes it
difficult to relate the presence of the
insecticides to the time and place of
their introduction.

A suggested partial solution of these
problems would be the establishment of
minimum permissible concentrations in
point-source discharges containing such
materials. This would be an attainable
objective that would result in reduc-
tion of the concentrations of such
persistent materials.
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economic and social problems of the
developing countries. Indeed, science is
thought of very much in terms of a
tool.

This concept of science as a modern-
izing tool immediately raises a number
of important issues. What is the cultural
framework of these societies? Have
they an educational program to match
the heavy high-level manpower require-
ments that a modern industrial country
demands? What type of science policy
and science administration should these
countries adopt? Is it valid to believe
that only the technological results of
science are important to developing
countries? What should be our priori-
ties in research? In considering these
questions, I cannot claim to speak for
the whole of Africa, let alone all “the
newer developing countries.” The only
developing region that I know passably
well is East Africa. My attitude and
remarks will therefore be heavily
colored by my experience in East
Africa.

Administration of Science

The administrative structure for sci-
ence in Bast Africa and in the newly
independent African countries is largely
a legacy of the colonial interlude. No
important structural changes have as yet
been implemented to give it a new look
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or to assign to it new functions ().
East Africa is an example wherein sci-
entific research is administered through
three main channels: within the Uni-
versity of East Africa (2); by the vari-
ous specialized departments of the gov-
ernments of Tanzania, Uganda, and
Kenya; and on a regional basis by the
East African Common Services Orga-
nization (EACSO). The manner in
which the three channels contribute
to the total research effort has been
set out clearly by Uganda, and may
serve as a general model for the whole
of the region (7). The Uganda govern-
ment believes that the University of
East Africa should concentrate its re-
search resources on “free fundamental
research,” the EACSO on “oriented
fundamental research” and “applied re-
search,” while the national government
departments should emphasize applied
research and development work (3).

The administration of science in the
University of East Africa is not the
direct result of a colonial tradition.
since the University was established at
about the time that the three East
African states were attaining independ-
ence (4). The University has largely
been regarded as a teaching institution
and source of high-level manpower for
various fields of government and private
enterprise (5). Only an infinitesimal
number of East African graduates stay
on to pursue postgraduate work, and a
negligible proportion of the institutional
budget is set aside for research expendi-
ture (6). However, the University
authorities are aware that. the Univer-
sity, like the older universities, must
serve at least three functions: that of
acting as a repository of accumulated
human knowledge, of teaching, and of
circumscribing the perimeter of our
ignorance (35, 7).

The pattern in the specialized depart-
ments of the national governments is
quite different. Routine investigations
(such as soil analysis for road build-
ing, forensic analysis for criminal in-
vestigation, identification of insects for
pest control, and river-flow analysis for
irrigation works) and the task of under-
taking short-term investigations of prac-
tical problems (such as the testing of
local materials for the building industry,
malaria eradication measures, survey
and diagnosis of tuberculosis, and min-
eral exploration) are performed by re-
search establishments scattered through-
out a large number of government
departments: agriculture, forestry, game
and fisheries, health, animal husbandry,
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Fig. 1. The research ship Manihine is used by the East African Marine Fisheries Research
Organization for its oceanographic and fisheries (including plankton) surveys in the
Indian Ocean.

public works, tsetse control, and others.
In colonial times, the governor of the
territory would generally have a legis-
lative or executive council to advise
him on the whole range of government
business. Science administration was not
included among these. The coming of
independence has not changed the situ-
ation. Each government ministry is still
in full charge of its research programs.
There is no one ministry or national
science policy committee to coordinate
the research programs on a national
basis (8, 9). The only control of the
specialized departments in connection
with their research programs is that
exercised through the treasury and
through the ministries of planning and
economic development, which are now
a feature of the East African national
governments. ’

One reason for this lack of coordina-
tion at the national level is that the
colonial government customarily ob-
tained a great deal of advice from
British-based research establishments
(8), such as the Directorate of Over-
seas Surveys, the Tropical Products
Institute, the Anti-Locust Research
Centre, and many others. Another rea-
son for lack of coordination is that the
colonial governments could call upon

British-based advisory bodies for the -

determination of science policy (8),
such as the Overseas Research Council,
established in 1959 by the British gov-
ernment to coordinate advice and assist-

ance on scientific research. In the
absence of any clear governmental
statement whether the links with the
British-based research establishments
will continue, albeit modified to con-
form with present conditions, the only
clear conclusion one can reach is that
national science policies are less co-
herent than they were even in their
disorganized state during the colonial
period (8, 9).

Administration of research at the
regional level is undertaken by the
EACSO (10). Under it, three East
African states share a number of joint
ventures—the East African Airways,
the East African Railways and Har-
bours, the East African Postal Services
and Telecommunications, and the Com-
mon Fund Services (customs, income
tax, and research institutes) (Fig. 1).

The shortcomings of the current
scheme of regional science administra-
tion have been recently described in
detail. However, 1 should like to empha-
size that the EACSO has put to the test
a plan for coordinating research policy
and programs and that it can account
for its £2 million budget on scientific
research in terms of both oriented
fundamental research and applied re-
search—something that the national
governments have still to do.

It may be instructive if I briefly
summarize the main weaknesses of sci-
ence administration in East Africa:

1) There is no one body within the
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Table 1. Appropriations for the regional East African research establishments (8, /1), The

figures in the last two columns are estimates.

Appropriations (thousands of pounds sterling)*

Type of research

1960 1961 1962 1963 1964 1965 1966
Natural resources 474 470 442 576 562 639 858
Medical 176 185 302 311 294 328 371
Industrial 43 49 50 49 53 60 68
Total 693 705 794 937 910 1,025 1,297

#* One pound sterling ecquals $2.78.

national governments which coordi-
nates research programs, works out
science policy, or determines research
priorities.

2) The research effort is channeled
along very traditional lines. Almost all
programs are in the agricultural or
medical fields, little in the industrial
field (Table 1). In the fields of meteor-
ology and atmospheric sciences, which
are important to a tropical region (Fig.
2), there is no research council nor
does the budget allow extensive re-
search.

3) There is no one authority within
the EACSO which coordinates research
in all fields, thereby fashioning a co-
herent science policy which notes the
gaps in the regional research effort.

4) Of the 100 to 120 senior research
workers in the regional research estab-
lishments only about 25 percent are
East African scientists who hold sub-
stantive posts or are in training. Cou-
pled with this problem is the present
British/ EACSO arrangement by which
the British government finances re-
gional research services with matching
grants (/1). A large proportion (one-
third of the total) of the British grants
go toward expatriation allowances,
gratuities, traveling, and other expenses
for the British scientists working in East
Africa, who form the majority of re-
search workers in the EACSO research
agencies. There is no agreement that
this granting system will continue after
1969, nor is the current agreement con-
cerned with the financing of new re-
search establishments.

This brings me to the twin problems
of the supply of East African scientists
and of the financing of research.

Brainpower Resources

Of all the several international con-
ferences on the application of science
to development referred to previously,
the Lagos Conference particularly
caused the African countries to become
acutely aware of the shortage of the

378

high-level manpower required for their
ambitious development plans. This
shortage is most dramatic in those sci-
ence-based sectors of the economy or
services which might lead to social
development.

A comprehensive inventory of the
research personnel and establishments
in 41 countries in Africa was made for
the Lagos Conference and has now
been brought up to date. It is clear
from Table 2 that the available research
manpower potential is woefully small.
There are about 3000 trained research
workers in Africa now. Even discount-
ing the fact that a large proportion of
this number are non-Africans, the num-
ber constitutes only 6 percent of the
actual requirements. The Lagos Confer-
ence adopted a conservative target for
Africa of training and employing 200
scientists (including university teachers)
per million inhabitants (/2). This im-
plies that Africa needs now about
49,000 scientists and about 70,000 by
1980 (13).

The overall shortage of scientists is
not as desperate in East Africa as it is
in other African countries. In the cur-
rent 5-year development plan for Tan-
zania, for example, the latter should
aim at having 2400 scientists, if the
country adopts the Lagos Conference
target. However, the government has

Table 2. Inventory of scientific research per-
sonnel and establishments in 41 independent
countries in Africa, The data are modified
from those of reference 1.*

High-level Research

Science research insti-
workers  tutions
Mathematics and

physical 163 39
Biological 226 87
Earth and space 566 102
Medical 400 72
Agricultural and food 1406 355
Fuel and power 2 1
Industrial research 71 13
Total - 2834 669

* This inventory does not include research per-~
sonnel and establishments in South Africa,
Mozambique, and Angola.

estimated that the science-based occu-
pations would need 1437 scientists
(excluding graduate teachers) during
1964-69 plan years; the estimated sup-
ply would be 843, thus leaving a short-
age of 594 scientists (/4). Conse-
quently, the estimated supply until the
next decade is only about 35 percent
of the requirements. When one places
these figures beside the estimated Tan-
zanian science student population
within university institutions in East
Africa, a sense of despondency pre-
vails (Table 3).

It is, therefore, understandable that
African governments (including East
African ones) should take vigorous na-
tional and international steps to rectify
this lamentable position (12, 15). Only
a few of these can be mentioned here.

New Science Teaching Ventures

The most ambitious effort in this
area is the UNESCO-sponsored Pilot
Project on New Approaches and Tech-
niques in Biology Teaching in Africa—
a program of fellowships to enable
graduate biology teachers to study
modern trends in biology teaching in
the more advanced countries, and to
produce prototype teaching materials
in biology for adoption in the various
African countries. One hopes very
much that the result will be teaching
materials of the standard of the Physi-
cal Science Study Committee’s high
school physics course or the Biological
Sciences Curriculum Study textbook
and teaching aids.

An equally ambitious program for
the teaching of mathematics has been
launched by a private group—the Afri-
can Education Program of the Educa-
tion Development Centre (formerly

Educational Services Incorporated),
with funds provided by the Ford
Foundation, the Louis and Pauline

Cowan Foundation, Inc., and other
private donors, and the United States
government (through the State Depart-
ment, the International Cooperation
Administration, and the Agency for
International Development) (/6).

At least two government centers have
been established recently to develop
new curricula in science teaching in
schools, one at Nsukka, eastern Nigeria,
and the other at Nairobi, in Kenya.
The Nairobi Science Teaching Centre,
which is the more advanced of the two,
is a constituent part of the Curriculum
Development and Research Centre, ad-
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Table 3. Projected entries of Tanzanian science students into university institutions in East

ministered by the Ministry of Educa-
Africa (data from conference 14).

tion and generously supported by funds

and personnel from the Ford Founda- Numbers

tion and the Education Development Expected entries

Center. The Science Teaching Centre is 1964+ 1965 1966 1967 1968 1969
conducting a number of experiments Form6 260 400 440 480 520 640
in teaching science in primary schools, ;.0 oo Eo Africa 125 181 218 251 273 336
and it has also produced a number of  Technical colleges 11 3 10

experimental teaching materials for
secondary schools (17).

An imaginative scheme to relieve the
shortage of science and mathematics
teachers has been inaugurated by Tan-
zania in association with the University
College, Dar-es-Salaam (I/8). The
government is recruiting university stu-
dents for training in science education
by awarding grants to those intending
to study science and mathematics with
the condition that they will go into
teaching for at least 5 years after com-
pletion of their university training. The
University College has adopted a novel
system of teacher training, in which
education and two science subjects are
concurrently studied for credits toward
the attainment of a B.Sc. degree at the
end of 3 years. The course is inter-
spersed with teaching practice in
schools.

Although Kenya has now adopted a
modified scheme of this sort in associa-
tion with the University College, Nai-
robi, the government has inaugurated
another project that promises to pro-
duce a large number of science school
teachers. This is the Kenya Science
Teachers’ College, which is being estab-
lished with massive financial aid (£2
million) from the Swedish government
—given as an independence gift to
Kenya.

It is true that the scarcity of sci-
entists in East Africa (and probably
elsewhere in Africa) has been due to
poor teaching and to the lack of job
opportunities in the past. But is it not
possible that there may be something in
the cultural attitude and social philos-
ophy that may discourage a tradition
in science?

African View of Nature .

It is my view that the African’s mo-
nistic (one-world) view of nature has
proved an impediment to his becoming
a natural scientist (/9-22).

The most important philosophical
concept of the Nilotes’ culture (23) is
the concept of Jok. Jok can mean three
things at the same time: (i) it can
mean “the greatest spirit,” the great

17 NOVEMBER 1967

* These represent actual figures.

“mover of all things,” the creator and
sustainer of the world and everything
in it, or the equivalent of the Christian
idea of God; (ii) it can also mean the
spirit, or ghost, or witchcraft, or some
form of spiritual power; and (iii) it
can also mean the body or matter. One
cannot dismiss this concept as merely
superstition or a form of animism. The
Jok concept permeates the Nilotic idea
of the universe, of existence, and of
destiny; for Jok is present in all things,
living and nonliving, to a greater or
lesser extent. Thus Jok is held to be
the first or sustaining principle or the
ultimate explanation for everything. In
other words, it is, to the Nilotes, the
logical first principle equivalent in its
setting and role to the Aristotelian
metaphysical idea of “the first mover”
(22).

Jok is a kind of life-force or vital
power or just power (24). Being is

force, and the latter is not a mere at-
tribute of being which can be measured
in physical units as in Western philos-
ophy. Consequently, one may consider
that every being is force—plants, ani-
mals, inanimate objects, God, spirits,
and men. The force does not, as it were,
permeate the universe uniformly, but it
is contained in individual beings accord-
ing to a hierarchical arrangement—with
“the greatest spirit” (or God) himself
possessing the most life-force, and in-
animate objects, the least. These indi-
vidual forces continually interact and
influence one another. .

A similar philosophical system is held
by the Bantu (24, 25), who form the
preponderant part of the population of
Africa south of the Sahara.

Father Tempels (24) makes two ob-
servations which are relevant to the
thesis stated at the beginning of this
section. First, the basic difference be-

Fig. 2. The East African Meteorological Department now receives daily pictures of the
cloud distribution over a large part of Africa direct from the ESSA-2 weather satellite
launched by the United States in 1966. Here a technician of the department is moving
a helical aerial into position at the receiving station at Dagoretti Corner, Nairobi, Kenya.
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tween African philosophy and Western
philosophy is that the former is based
on a concept of being that is dynamic
(being is “the force which is”), where-
as the latter is static (being is “that
which is”). Second, African philosophy
is a monism (a one-world view), while
Western (and Indian) philosophy is a
dualism (a subjective as well as an
objective world).

These observations have important
consequences for the African’s partici-
pation in science. In this African philos-
ophy there is no sharp distinction be-
tween the subjective and objective
worlds, as we find in European and
Indian philosophies. In the case of the
European, his attempts to make these
distinctions have resulted in science;
that is, scientists have had to distinguish
between belief, faith, taste, and so forth
(the subjective world), and the objec-
tive impersonal world. In the case of
the Indian, his attempts have led him
to treat the world as mere appearance
(maya); the world exists only in the
mind; therefore, there is no objective
universe or absolute reality awaiting
discovery. Thus, the Indian has mysti-
cism rather than science. As for the
African, his monism has deprived him
of the choice between either science or
mysticism; instead, he has concentrated
his intellectual powers in devising a
vastly intricate social and communalistic
system (26).

We can now understand why science,
in the modern sense, has no firm foun-
dations in African society. It is, there-
fore, pertinent to ask again one of the
original questions I posed at the begin-
ning of this article: Is it valid to believe
that only the technological results of
science are important to developing
countries? Surely, for Africa, it is more
than that. Africans do learn scientific
techniques very rapidly—witness the
number of first-class surgeons that have
been produced, when opportunity is
available, in Africa. But if we wish the
African to embrace more science than
merely technology then we must reach
the basic root of the problem, his mo-
nistic world-view, and modify it in a
manner in which he can begin to re-
gard Nature apart from bimself or
other beings (20, 21).

Fashioning a New Science Policy

The need for more public under-
standing of science has been stated
many times in recent years. But in
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Table 4. The (percentage) composition of
domestic output as indicated by Green’s data
(30).

Products (%)

Division
Ghana Tanzania Kenya

Agriculture 479 47.8 41.4
Direct-labor

investment 2.3
Mining 4.8 2.2 0.3
Industry 275 19.4 24.1
Tertiary 17.5 30.6 34.3

Africa it is a first-priority requirement
for future development—not only in the
economic field but also in modernizing
its social fabric. This suggests that a
radically new approach to science teach-
ing is needed, beginning with the first
year of primary school. It means that
the rewriting or remodeling of teaching
materials which have been successful
in the West or in the East is not
enough. We will have to begin from the
beginning, with the help of African
social scientists and philosophers. This
should be the foundation of any new
science policy for Africa.

The development of an effective ad-
visory agency in the scientific field is
another high-priority need for Africa.
At the moment only a few countries
have either academies of science (for
example Ghana and East Africa) or
national research councils or their
equivalents (such as the United Arab
Republic, the two Congos, Cameroon,
and Senegal). The Lagos Conference
recommended the establishment of such
bodies (72, 15); and this has been
further strengthened by the 14th ses-
sion of the UNESCO General Confer-
ence held in October 1966 in Paris
which requested the Director-General
to initiate or stimulate action in this
direction (27). It will require con-
siderable thought to determine whether,
in the case of academies of science, a
country should adopt the Ghanan model
(with a strong executive body that con-
trols funds, administers all research in-
stitutes, and advises the government
on science policy), or the East African
model (a loose, privately run academy
with no formal links with the govern-
ment).

A similar decision must be made with
respect to the structure and proper
role of a national research council.
Should one choose a purely advisory
body, such as the government of the
three East African states are now con-
sidering? Or should one seek govern-
ment apparatus, such as a ministry of
science (28)7?

Experience in East Africa leads one
to believe that science policy needs to
be coordinated at both the national
and regional levels (8, 9). African
states have realized the scientific value
and practical economics of such re-
gional bodies, and have now established
the Scientific, Technical, and Research
Commission of the Organization of
African Unity, the successor body to
the former colonial Scientific Council
for Africa South of the Sahara. But it
is still a weak body and does not yet
function beyond organizing interna-
tional conferences or serving as a docu-
mentation institute.

These policy-making bodies can only
serve as an infrastructure for ensuring
that good and relevant scientific re-
search is performed. What should be
our priorities in research? This is a
field of inquiry in which detailed dis-
cussions have rarely been made in
Africa (29). It is clear that agricul-
tural production for food and export
is bound to dominate our research
priorities (Table 4). It is also clear that
the prevalence of tropical and vector-
borne diseases are a killing and debili-
tating factor in Africa. At the same
time it is recognized that industrializa-
tion programs are essential for the
widening of the economic bases of
African states.

Taking all these into account, it
seems to me that our priorities in re-
search for the immediate future should
be:

1) Complete inventory of human
and natural resources.

2) Intense study of the biology of
insects, and similar studies on other
arthropods (particularly ticks).

3) Concerted investigation of some
of the major tropical human and animal
diseases (bilharzia, trypanosomiasis,
some types of cancer, malnutrition, and
East Coast Fever).

4) Productivity and breeding pro-
grams for grain crops.

5) New sources of energy, such as
solar energy (a field which is neglected
in an area where there may be up to
3000 hours of sunshine a year, giving
about 2700 to 4000 calories per square
inch per day at ground level).

6) Soil science.

7) Oceanography.

This is a formidable list, and with
Africa’s present resources in scientific
personnel (Table 2), it would hardly
be feasible if the individual countries
worked in isolation. This brings me to
my last point.
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Concentrated Research Centers

It seems to me that Africa’s best
long-term solution to the problems of
conducting effective research is to con-
centrate research effort in a few very
large centers. To take one example, for
research in insect biology, one could
imagine the establishment of a large
institute in a locale where other eco-
logical conditions are accessible. It
would have a small permanent staff,
but would draw a large number of post-
graduate students and other researchers
from many countries representing many
disciplines (ecology, taxonomy, physi-
ology, biochemistry, toxicology, and
others). The institute’s program would
be such that it would concentrate all
its resources on a few particular prob-
lems over a period, thus insuring im-
mediate returns from the funds invested
in it. One can see the influence of such
large “centers of excellence” reverber-
ating throughout the few countries
where it has been tried—the Weizmann
Institute of Science in Israel, the Molec-
ular Biology Unit in Cambridge, Eng-
land, and the Pasteur Institute in Paris,
France. At such centers expensive
equipment can be put to best advan-
tage, and the centers offer opportunities
for periodical renovation of one’s sci-
entific outlook. But above all, they are
powerhouses for the initiated and for
those wishing to be initiated in research.

I would like to end this article by
recalling the words of Malcolm S.
Adiseshiah, Deputy Director-General of
UNESCQO, at the closing session of the
Lagos Conference. He stated that
“political independence without scien-
tific knowledge and competence is as
contradictory as the concept of a
vegetarian tiger.”
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