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S O M E  I S S U E S  O F  S C I E N C E 
E D U C AT I O N  I N  A F R I C A

Wanja Gitari

A B S T R A C T

This chapter explores issues that dominate science education debate in 
Africa today. Two key focal points of the chapter are gender inequity, 
which results in an under-representation of girls and women in science, 
and the efficacy of content learned in schools, which is highlighted by 
the inability of science graduates to readily transfer the knowledge they 
gained in school to everyday problem-solving situations. The chapter 
illustrates that these problems may be moderated through the adapta-
tion of various teaching approaches. Five approaches are targeted as 
beneficial in addressing gender inequalities and knowledge adaptation: 
(1) Education with Production, (2) constructivist teaching, (3) Science, 
Technology, Society and the Environment, (4) anti-racist science teach-
ing, and (5) co-operative learning. The chapter highlights the need for 
policy-makers, educational institutions, and teachers to recognize that 
they must work together to make transformative education a reality in 
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African nations. It concludes by affirming the need for transformative 
education for students by teachers who are prepared with sufficient 
resources to engage their pupils.

I N T R O D U C T I O N

Until the 1980s, the primary concerns of science educators and 
policy-makers had been the availability of textbooks, the use of more 
realistic, practical, and experimental work, and the use of more ap-
propriate teaching methods. Clearly, educators were grappling with 
ways to improve how students acquire scientific knowledge, which 
included increasing the number of textbooks and making certain that 
experiments were part of science learning. Emphasis was, therefore, 
laid on the experimental method as a means for teaching scientific 
inquiry with the hope that students would think like scientists. Yet, 
the science-centred orientation did not enable science education to 
achieve its goal of applying science knowledge to everyday situations, 
and educators continued to question its effectiveness.

There are two key pedagogical issues currently dominating the 
science education debate in Africa: (1) the underachievement and 
under-representation of girls and women in science; (2) the efficacy 
of the content knowledge learned in school, that is, the inability of the 
majority of science graduates to transfer the science knowledge they 
gained in school to everyday problem-solving situations. Educators 
suggest that some of these problems might be minimized through the 
adaptation of various teaching approaches. This chapter offers insight 
into the science pedagogy debate in Africa, through a discussion of 
the two issues. The chapter then highlights five teaching approaches 
as possible and desirable learning models: (1) Education with Pro-
duction (EwP), (2) constructivist teaching, (3) Science, Technology, 
Society and the Environment (STSE), (4) anti-racist science teaching, 
and (5) co-operative learning.

These approaches are discussed in the context of three pedagogi-
cal orientations to science curricula: science-centred, learner-centred, 
and society-centred. All three orientations may find expression in 
a single curriculum, although in most cases curricula tend to lean 



43S o m e  I s s u e s  o f  S c i e n c e  E d u c a t i o n  i n  A f r i c a

towards one of them. These orientations are important to understand 
because many of their elements have been adopted by the five teach-
ing approaches itemized above.

In the science-centred orientation, emphasis is on content knowl-
edge, structure of science, or scientific inquiry. Curricula are geared 
towards the acquisition of scientific facts, procedures, and processes. 
Textbooks, laboratory, and laboratory materials are very important 
learning tools and most of the teaching proceeds through didactic 
methods of instruction.

In the learner-centred orientation, focus is on learning activities 
that enhance the development of the student’s affective, normative, 
and psychomotor domains, and an attempt is made to integrate sci-
ence learning with the child’s environment. For example, in a lesson 
on plants a child learns about different plants and their functions 
by visiting surroundings where plants are found. There is a belief 
in the ability of the child to construct knowledge from experience. 
Examples of teaching approaches that are adopted for learner-centred 
orientation are discovery learning and the constructivist method of 
learning.

In a society-centred orientation, the curriculum is planned so 
as to enable school science to benefit society in more defined ways. 
For instance, the likelihood that the study of science will result in a 
scientifically literate society is considered when planning curriculum 
activities. The relevance of scientific knowledge for the development 
of industry and technology and environmental solutions is also con-
sidered. Also, there is a tendency to plan science curriculum along 
lines that follow science careers presently available for science gradu-
ates. Resulting from its focus on the needs of society, this approach 
tends to link education with production and to be concerned with 
knowledge discontinuity and elements of gender and contextualized 
knowledge. Two teaching approaches that incorporate the society-
centred orientation are Education with Production (EwP) and Sci-
ence, Technology, Society and the Environment (STSE).
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G E N D E R  I N E Q U I T I E S

In the late 1960s, the feminist movement laid the foundations for 
problematizing women’s status in science and technology (Rose, 
1994). Researchers have since grappled with different aspects of this 
issue. For example, sociological, feminist, and psychological para-
digms have enabled researchers to gain knowledge into social and 
psychological factors that contribute to the underachievement and 
under-representation of women in science and technology. Gilligan 
(1982) reported that many women tend to avoid both science- and 
technology-related professions that take too much time away from 
important family roles and relationships. A consideration of personal 
effect, together with the development of interpersonal relations, is 
therefore central to the way in which women appropriate knowledge 
(Hodson, 2003).

Globally, there is a persistent concern for girls’ and women’s 
underachievement and under-representation in science (UNESCO-
CAMSTE, 2001; Jenkins, 2003; Sjøberg, 1998; UNESCO, 2004). The 
causes are broad and varied, often embedded in the socio-historical, 
economic, and political facets of society. Feminist scholarship has 
contributed insightful theories and frameworks in the study of wom-
en’s participation (or lack thereof) in the sciences, in European and 
North American contexts. Although the implications of this body of 
literature in an African context are not clear, in general, research has 
pinpointed problematic areas in science education globally. Factors 
such as sex-stereotyping in textbooks, teaching methods, teacher’s at-
titudes, inequality in the breadth of subject matter (Kinyanjui, 1985; 
1993), and bias in teaching and structure of science curricula are 
considered as possible impediments to women’s participation (Wood-
house & Ndongko, 1993; Harding & Apea, 1990). Some of these im-
pediments can be narrowed down to particular aspects of the science 
curricula. Women’s participation, for instance, is restricted through 
the use of gender stereotyping in the curricula, gender streaming by 
subject, and limited recruiting of girls into scientific and technical 
education (Kinyanjui, 1985).

Another factor that has been identified as key to gender ineq-
uity is the school structure. In Cameroon, for instance, Woodhouse 
and Ndongko (1993) found that covert and systematic forms of  
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discrimination are hard to identify, therefore, more difficult to over-
come. According to these authors, on average, educators are able 
to identify overt factors that determine achievement in science, for 
example, the preferential questioning and encouragement of boys by 
teachers. Covert factors such as the organization of the school system 
in a way that enables boys to learn science better (in a well-equipped-
all-boys’ school) than girls (in a poorly equipped girls’ school) are not 
easily identifiable. Arguably, covert factors are largely responsible for 
the current status of girls and women in science.

A 1991 UNICEF study reported that, despite quantitative ex-
pansion, which resulted in massive enrolment of girls at all levels 
of schooling in Africa in the 1980s and 1990s, less than 20 per cent 
of girls chose science as a career (UNICEF, 1991). Kinyanjui (1985) 
argued that it is not only questions of how many enrol in science but 
also what kind of science is offered. Others have argued that science 
learning that over-emphasizes the acquisition of scientific knowledge 
as facts and “truth” may not appeal to girls. Baker and Leary (1995) 
identified an aspect of school science that may work against girls as 
the lack of a genuine connection with the socio-cultural and environ-
mental contexts in which people live. They observed that, when girls 
are presented with a science that is more socially and environmentally 
centred, they tend to participate more.

Within the African context, a genuine connection that enhances 
a personal identification with science requires an appreciation and 
use of the “fundamental scientific and technological principles, theo-
ries, and concepts of the indigenous practices within African society” 
(Jegede 1994, p. 126). Science education in Africa has neglected this 
aspect of science teaching – even as the goals of teaching science in 
Africa have shifted throughout the years to ensure that science serves 
people better (Ogunniyi, 2005).

C O N T E X T U A L I Z E D  S C I E N T I F I C  K N O W L E D G E

Traditionally, the teaching of science emphasized concepts, ideas, 
and theories that were of interest and importance to scientists but 
not to the learner (Hodson, 1988). This tradition can be traced to a  
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hypothetico-deductive model of doing science where the natural 
world is believed to have an objective existence. According to this 
belief it is possible to know reality as it exists in the natural world 
through orderly and repeatable procedures like planned experiments. 
By employing objective methods, like experimental procedures, sci-
entists acquire facts about natural phenomena.1 The knowledge so 
acquired is said to be unbiased and universal, and separate from the 
background (social, political, economic) of the scientist. The extent to 
which the questions asked or the methods used are culturally deter-
mined is not an issue. The philosophy behind this view of science is 
commonly referred to as “natural humanism” or “positivism.”

Natural humanism is transmitted to students when scientific 
knowledge is depicted as facts, and when observation in experimen-
tal procedure is depicted as an accurate means of fact acquisition. 
The message the learner receives is that what one requires in order 
to discover the laws of the universe are experimental procedures and 
careful observations. Given this approach to science, the role of the 
learner is a passive one because all the necessary tools, namely ex-
perimental procedures and rules of observation, are provided.

To counter this view of science and to engage students in an active 
learning of science, educators are advocating a “constructivist” way of 
teaching that is based on Kuhn’s (1970) concept of “consensus build-
ing” and reconceptualist ideologies (Eisner, 1992). The constructivist 
view argues that the nature of science is constituted of symbols, is 
socially negotiated, has an empirical basis, and does not rely solely 
on observable and verifiable facts. Accordingly, constructivists argue 
that to view scientific knowledge as culturally neutral, value-free, 
absolute, and unproblematic is to promote a particular bias and a 
particular set of values (Hodson, 2003).

In following the constructivist view of science, for the purposes of 
science education in Africa, one would want to know to what extent 
the science taught in schools is culturally determined and what teach-
ing approaches would be appropriate in exposing the distortions and 
inaccuracies promoted by conventional science curricula (Nyamnjoh, 
2004). Within Western science studies, the History, Philosophy, and 
Sociology (HPS) of science is a branch of science studies that addresses 
the questions of how, why, and in what contexts scientific knowledge 
is constructed. In school curriculum, HPS is taught through Science, 
Technology, Society, and the Environment (STSE) courses. Other 



47S o m e  I s s u e s  o f  S c i e n c e  E d u c a t i o n  i n  A f r i c a

teaching approaches that are used to expose the distortions and inac-
curacies of science promoted by conventional science curricula are 
anti-racist and anti-sexist science teaching (Atwater, 1996; Keller, 
1989; Vance, 1987). The application of these teaching approaches in 
Africa remains questionable, since, according to Nyamnjoh (2004) 
their efficacy in the attainment of science education goals in Africa 
in the context of specific learner characteristics, teacher prepared-
ness, curricula structures, general education policies, and the social 
economic context of learning in the African region has not been sys-
tematically studied. Moreover, most African countries are currently 
focusing on resolving major educational issues in funding, policy, 
and curricula restructuring and do not have the resources to invest 
in systematic studies on pedagogy. Issues of learner characteristics 
and teacher preparedness that are so central to effective teaching and 
learning may have to wait until the major problems of education have 
been resolved. The current situation on pedagogy is captured in part 
by an observation by Ogunniyi (2005): “The conventionally trained 
science teachers at our higher educational institutions have been so 
schooled in the scientific mode of inquiry that they can hardly per-
ceive the enormous difficulties that learners from indigenous cultures 
encounter in their classrooms” (p. 3).

The essence of a science curriculum should never be taken for 
granted. Fensham (1988) argues that, since definitions of science 
evolve within the context of developed countries, their usefulness 
to science discourses in developing countries should be questioned. 
Also, imported courses make unrealistic assumptions about the 
general milieu of the school, which includes prevailing world views, 
learner characteristics, school equipment, teacher training, and 
out-of-school environments (Sjøberg, 1998). Such importation also 
inhibits more appropriate local development of ideas and innova-
tions (Reiss, 1993). The historical transferability of curriculum from 
developed to developing countries was partly based on the belief in 
the “universal” and absolute aspects of science. However, this belief 
fell apart as science educators in Africa became aware that curricula 
adapted from developed countries did not help to achieve most of the 
science education goals set out by the African ministries of education 
(see Urevbu, 1984).

In Africa, other concerns for contextualized scientific knowl-
edge that have taken centre stage are the extent to which alternative  
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viewpoints influence the learning and teaching of science (Ogunniyi 
et al., 1995; Ogunniyi, 2005); the use of aspects of African2 indigenous 
science that are of value to science education (Yakubu, 1994); and the 
inclusion of the scientific achievements of African scientists in school 
curriculum (Murfin, 1994). It is of paramount importance to rid the 
curriculum of views of universalism, imperialism, and racism (Rose, 
1994) ingrained within the colonizing medium and whose purpose 
was to “sanitize and civilize” the “primitive” African cultures (Jegede, 
1994). The force behind the civilizing mission was the belief that Afri-
can educational thought was organized around a supernatural mode 
of thought. Consequently, defining the African world view as one 
based on the supernatural led to the erroneous belief that Africa did 
not contribute to modern science. However, new evidence that has 
traced the growth of modern science to ancient Egypt, then occupied 
by black Africans, has rendered these earlier claims false and racially 
motivated (Ogunniyi, 2005; Sertima, 1983). Similar views of women’s 
contributions to science are refuted by current feminist scholarship.

The Western notion that there is a distinction between the su-
pernatural and the natural is a highly contested one in the study of 
African thought. Horton (1971) argues against the stereotype that 
the products of a supernatural mode of thought are inevitably magi-
cal, irrational, and unscientific. He states that, in African traditional 
thought, supernatural notions have certain important features which, 
when critically analyzed, can be said to be objective and, therefore, 
should not be dismissed as irrational. Certainly, an understanding 
and a distinction of what constitutes supernatural and natural ways 
of explaining and understanding natural phenomena is critical in the 
evolution of appropriate science curricula (Gitari, 2003). This is more 
so because, within African philosophy, both the natural and super-
natural are viewed as interwoven in causal explanation and under-
standing of natural phenomena. Similarly, writing in the context of 
health and healing, Gbadegesin (1991) argues that supernatural and 
natural explanations provide a range of evidence from which people 
explain and understand natural phenomena.

In another context, Kilbourn (1980) has shown that students’ 
world views do influence their understanding of scientific concepts. 
Further, in a study to investigate the relationship between African 
traditional cosmology and students’ acquisition of a science process 
skill, Jegede and Okebukola (1991) concluded that “correct” scientific 
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observations are dependent on students’ beliefs. African traditional 
cosmology3 was understood to shape how students explained natural 
phenomena; students used this cosmology as a conceptual framework 
for constructing personal ideas about natural phenomena.

One way to begin understanding the ideas students have about 
natural phenomena is to refer to the root metaphors that prevail in 
their world views. A root metaphor provides the “basic material out 
of which all the facts of the universe can be generated” (Pepper, 1970, 
p. 93). When such facts are available, they are organized in a mean-
ingful way in reference to the existing socio-cultural milieu of values, 
beliefs, and myths (Ogunniyi et al., 1995). The totality of facts that 
emanate from a root metaphor, and their entire organization within 
the socio-cultural milieu, constitutes the person’s world view. In a 
broader sense, a community of people with similar socio-cultural and 
historical backgrounds could be said to have a world view. A people’s 
world view is central to the way they understand and explain natural 
phenomena. Subsequently, a world view influences the way people 
construct and validate knowledge, including scientific knowledge. As 
already stated, the assumption that all scientific knowledge is objec-
tive and thereby universal has been strongly challenged. What has 
resulted from this challenge is a growing interest in the notion of a 
multicultural, anti-racist, and anti-sexist science. Interest in the latter 
notions of science also comes from the realization that a large propor-
tion of students are not benefiting from the “universal” science.

Feminist and African studies have produced a large body of lit-
erature that is concerned with addressing the question, whose science 
is considered universal or worthy science? It is important to note that 
women’s studies and African studies have a common heritage in the 
popular movements of the 1960s and 1970s, which led to a critique of 
the modernization theory that perceived society as if on a linear path 
from “traditional” to “modern” environments (Stamp, 1989). The 
implications of this dichotomy are that “traditional” is viewed as fos-
silized, belonging to the sphere of women and non-progressive, while 
“modern” is regarded as progressive, belonging to the West and in the 
public or male domain (Robertson, 1987). In this respect, indigenous 
practices are seen as obstacles to progress. Such a view denigrates 
indigenous practices by rendering them unsuitable for progressive 
considerations such as modern schooling. Also, it equates modern 
with Westernization, thereby implying that non-Western societies 
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do not contribute to the “modern.” Furthermore, it depicts modern 
science and technology as solely a Western heritage. Harding (1991) 
and Warren et al. (1995) argue that, although a Western world view 
predominates modern science, modern science (especially biology 
and medicine) has benefited from different world views of various 
international communities found within institutions of higher learn-
ing throughout the world.

Arguments such as those offered by Harding (1991) and Warren 
et al. (1995) are based on the notion of alternative sources of knowl-
edge production and validation that are outside existing Eurocentric 
frameworks. Models of teaching science in Africa are historically 
related to the colonial experience of the early nineteenth to the mid-
twentieth centuries. The colonial experience “damaged” indigenous 
knowledge (local knowledge that is unique to a given culture or 
society) to the extent that even today it is not legitimized at the 
high-school level (Gitari, 2003). This is because indigenous knowl-
edge is said not to meet the standards of high-school science. Yet, as 
postcolonial discourses indicate, standard ways of doing things often 
reflect hegemonic perspectives of certain powerful groups. As such, it 
is worthwhile for researchers to interrogate alternative ways of doing 
things. In the context of schooling, alternative ways of doing things 
are sought when people are faced with everyday problems whose 
solutions are not attainable solely with the help of scientific knowl-
edge acquired at school. Indeed, it is becoming increasingly clear that 
the transfer of school knowledge to out-of-school contexts is not the 
result of simply being trained in science.

K N O W L E D G E  A D A P TAT I O N

It is not fully understood why science graduates rarely find it useful to 
draw upon knowledge or skills acquired during schooling; yet knowl-
edge and skills acquired informally seem to be used in a variety of 
everyday problem-solving situations. For instance, it has been noted 
that in Africa most learners retain indigenous notions of natural 
phenomena in spite of the content of school science. For example, 
in a study on the everyday use of scientific knowledge among Sotho 
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(South Africa) men and women who had previously acquired the sci-
entific notion of heat, Hewson and Hamilyn (1985) found that both 
genders largely applied the traditional heat metaphor as a conceptual 
tool in explaining the phenomenon of heat, instead of the notion of 
heat acquired in their schooling. A study of how Tanzanian teachers 
linked local technology to school science revealed that few teachers in 
very few instances used school science language (scientific terms) to 
describe the traditional fermentation process (Knamiller et al., 1995). 
The study revealed a clear disconnection between school science and 
everyday problem-solving. Further, Knamiller posits that “much of 
the knowledge and certainly the perceptions that African children 
have of science are wrapped up in their experiences with the happen-
ings that surround them in their local communities” (p. 68).

Examining the transfer of knowledge from school contexts, such 
as the laboratory, to non-school contexts, such as the workplace, has 
generated an interesting body of literature. One consistent observa-
tion is that

… thinking is intricately interwoven with the context of the 
problem to be solved. The context includes the problem’s physical 
and conceptual structure as well as the purpose of the activity 
and the social milieu in which it is embedded. One must attend 
to the content and the context of intellectual activity in order to 
understand thought processes. This is the case for any situation 
in which thinking is studied, including the laboratory context, 
which is not context-free as researchers frequently assume. 
(Rogoff, 1984, pp. 2–3)

As Rogoff points out, cognitive skills are limited in their generality 
and a skill developed within a laboratory situation may not serve a 
useful purpose outside that context. In laboratory settings science 
experiments are routinely performed and, compared to learning con-
texts in everyday life, lack emotive events or story-specific episodes 
that help in knowledge acquisition (Hodson, 1988).4 The integration 
of school knowledge into everyday social interactions is what makes 
school knowledge relevant. This approach is associated with Dewey’s 
1916 monograph on interest and effort. Dewey’s philosophy of edu-
cation would later address knowledge discontinuity by focusing on 
individual interests in learning, a learner-centred orientation.
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The importance of relevance in education cannot be overstated. 
The observation that nearly all formal curricula have official goals 
that aim to enable learners to use knowledge and skills acquired 
during schooling in everyday life underscores this valued position. 
However, such official positions are informed by different opinions 
of what schools should be doing, that is by conservative, liberal, or 
radical views of schooling (Giroux & Simon, 1989). Therefore, it is 
not enough to desire knowledge transferability in learners; indeed, 
the underpinning ideologies that concern such a desire should be 
explicated and problematized since curriculum goals act as a form of 
educational accountability, which is a necessary step if relevance is to 
be achieved.

Making certain that school science is put into practice is another 
form of educational accountability. Putting science into practice may 
necessitate the merging of science and technology within the science 
curriculum, consequently, giving learners a forum for using science 
skills in everyday life problem-solving. Besides, the separation of 
science and technology is not by virtue of a distinctive operating 
procedure or a conceptual framework; rather, this separation exists 
because of different goals (Cajas, 2001; Layton, 1991; Hodson & Reid, 
1988). At the theoretical level the primary goal of science is knowing 
that, whereas the primary goal of technology is knowing how, that is, 
finding practical solutions to everyday problems (Hodson, 2003; Jen-
kins, 2003). But in practice, the historical development of science and 
technology reveals an intricate and diffuse relationship consisting 
of incidences where (1) the invention of technological devices aided 
in scientific discoveries, (2) scientific discoveries were first made 
before the invention of technological devices that would later help in 
explaining and advancing the discoveries, (3) technological innova-
tions and scientific discoveries were independent of each other, and 
(4) scientific discoveries and technological innovations were mutually 
dependent on each other (Hodson, 2003).

In addressing the problem of applicability, one may begin by 
asking why science is not taught along with technology, and whose 
interests are served when science is taught as distinct from technol-
ogy (Hodson, 2003). Although answers to these questions are beyond 
the scope of this chapter, posing them helps one to reflect on other 
important aspects of the science pedagogy debate. Also, to ponder 
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such basic questions is to initiate discussion of the history of school 
science and technology in Africa.

The history of school science and technology dates back to the 
colonization of Africa. The spread of modern science and technology 
from Europe to Africa by way of colonialism and neo-colonialism 
was overly successful, perhaps because the vandalism of colonialism 
was accompanied by industrial and capitalist institutions of moder-
nity into which science and technology were woven. The spread of 
modern institutions across the world, originally a Western phenom-
enon, made Western expansion seemingly irresistible (Geddis, 1990). 
This spread also destroyed the indigenous technological basis of many 
African societies (see Ocaya-Lakidi & Mazrui, 1975). Urevbu (1991) 
also argues that “Africa possessed a technological base on which a 
technological revolution and successful industrial development might 
have been achieved, but for the historical disaster of slavery” (p. 71).

In Africa, foreign science and technology were more successful 
in transferring their products and consumption than their essence, 
therefore becoming a liability (Ocaya-Lakidi & Mazrui, 1975; Blackett, 
1969). Unlike most other foreign concepts, for example, the teaching 
of liberal arts, which were readily Africanized, “science” has remained 
a foreign form of knowledge, probably because science and technology 
are forms of knowledge whose development require a context where 
there is indelible harmony between values and skills (Mazrui, 1978). 
This observation underscores the need to contextualize scientific 
knowledge, as discussed earlier. Even as concerns for gender equity, 
knowledge contextualization, and knowledge adaptation take centre 
stage in Africa, educators express the need for more appropriate teach-
ing approaches. Traditional teaching approaches (for instance, didactic 
process and discovery learning) depict scientific knowledge as absolute 
and unproblematic. They also have not enhanced knowledge transfer 
for effective socio-economic changes and are therefore inadequate to 
meet current needs. In view of this, African educators see the need to 
experiment with more appropriate teaching and learning approaches 
to overcome gaps and inadequacies.
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E D U C AT I O N  W I T H  P R O D U C T I O N  ( E W P )

Education with Production (EwP) “refers to arrangements whereby 
socially and economically meaningful components of production 
have been combined with education or training” (Hoppers & Komba, 
1995, p. 9). EwP is different from vocational training in its philosophy 
and practice. Vocationalization aims to prepare students for work by 
incorporating work-related skills, for instance, needle work, carpen-
try, and masonry, into general education, whereas EwP advocates self-
reliance through the incorporation of an “educative value of work” 
in the general curriculum and through adopting a participative role 
within the community. EwP is linked to the populist traditions that 
stemmed from dissatisfaction with the outcomes of formal schooling 
(where students were alienated from their communities) and rapid 
changes in socio-economic environments. In developing countries, 
populist traditions were based on the ideas of national leaders such as 
Mahatma Gandhi of India or Julius Nyerere of Tanzania (Hoppers & 
Komba, 1995). In North America, populist traditions found expres-
sion in the progressive movement of the 1930s and later in colleges 
that taught work skills created to cater to youth unemployment in 
the 1970s and 1980s. But, as employment opportunities improved, 
such programs lost their focus and were incorporated into general 
curricula as careers and guidance programs.

In Africa, manual labour has long been viewed as undesirable, a 
view that has a lot to do with the history of formal schooling. During 
colonial times, Africans were trained for manual labour because 
Europeans believed that manual labour matched the intellectual 
capabilities of indigenous Africans. In view of this, the use of EwP 
in Africa should be twofold: to offer learning experiences that reflect 
the philosophy of indigenous education where theory and practice go 
hand in hand, and to incorporate productive work in general school-
ing as a basis for moving away from current methods, structures, and 
goals of learning. Other purposes of EwP should be:

	 •	 the reduction of incidences of rural-urban migrations by 
developing in students, teachers, and members of the local 
community a broad range of practical and problem-solving skills 
or relevant production skills;
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	 •	 lowering barriers between school and the local community by 
directly introducing learners to the realities of work; and

	 •	 enhancing character development in learners.

EwP is not without disadvantages. For instance, because children are 
involved in productive labour, care must be taken not to exploit them 
for cheap labour. Sometimes EwP has been used to justify tracking in 
the classroom, that is, categorizing students into those who are ready 
for academic disciplines and those who are not. The end result is 
that certain groups of children are trained for elite professions while 
others are prepared to serve in the lower cadres of the socio-economic 
structure. In view of its potential misuse, those who advocate EwP 
stress the need to reconceptualize and problematize the concept over 
time to reflect changes in political, social, and economic aspects of 
individuals and their communities (Hoppers & Komba, 1995). Such 
reconceptualization may enable those involved in the implementation 
of EwP to avoid tracking and exploitation. When used as a framework 
with which to provide meaningful education, EwP can enhance the 
learning process in various ways (Van Rensburg, 2005).

EwP can create direct benefits to science teaching and learning 
when the content of science is drawn from and linked to local scien-
tific knowledge. This could possibly happen as teachers and students 
grapple with ways in which to apply theory to practice within the local 
community in the context of existing productions or in the creation 
of new productions. For the purposes of instruction, teachers could 
draw materials, expertise, and practical and theoretical knowledge 
from the local community. Consequently, students could gain respect 
for knowledge that emanates from the local community and in so 
doing be able to build a context from which to draw intellectual in-
spiration and test problem-solving skills.

Finally, EwP has the potential to alter the gender equation in sci-
ence. For example, girls working in science-related productions may 
be encouraged to change their minds about pursuing science as a 
career. A hands-on experience in repairing a car engine, for instance, 
may not only link theoretical knowledge to real-life situations, it may 
also make the unfamiliar familiar. Solutions to real-life situations and 
familiarity with the theoretical aspects of practice and vice versa are 
two elements that make science more meaningful to girls (Sjøberg, 
2001; Solomon, 1994). Whereas EwP makes scientific concepts com-
monplace and recognizes indigenous knowledge, it does not address 
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aspects of teaching and learning that deal with how students come to 
know; therefore, such issues may be addressed through constructivist 
teaching (Jenkins, 2003).

C O N S T R U C T I V I S T  T E A C H I N G

Underlying the constructivist paradigm is the understanding that 
learners actively build knowledge based on their interactions with 
physical events in daily life (Bereiter, 1994; Falk & Adelman, 2003). 
The nature and quality of students’ constructions are taken as a gen-
eral orientating framework for instructional purposes. Such frame-
works embody clear strategies for influencing conceptual change and 
problem-solving attitudes.

One area in which constructivist teaching could be used to re-
dress science education problems is in promoting a view of science 
that encourages teachers to take note of students’ observations and 
experiences of natural phenomena. For instance, students bring to 
science lessons their own observations or experiences that are based 
on a world view derived from the social environment in which they 
grew up. To that end, the aim of a planned learning activity should 
not be to replace prior experiences with scientific facts. Rather, it 
should be to isolate students’ observations or experiences of natural 
phenomena and to (1) present scientific claims and discussion on how 
scientific claims are similar or different from students’ experiences; 
(2) discuss which explanations and observations are more plausible 
and give reasons why; (3) explore the reasons for adopting one way of 
explaining and rejecting others, or the values of retaining all expla-
nations; and (4) stimulate discussions on the application of different 
explanations for real-life situations.

This process of knowledge construction is also suitable for im-
porting practical knowledge into the theoretical aspects of any science 
lesson. Practical knowledge refers to the skills that students use to 
design, make, or improve artefacts, and the knowledge students’ use 
in their day-to-day life to explain and understand natural phenomena. 
Such a process of knowledge construction will, therefore, enable the 
technology component of science to be drawn into discussions, thus 
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facilitating the teaching of technology alongside science. An incorpo-
ration of technology into science lessons is attractive to students who 
value a practical element in learning.

Girls, for instance, are said to value the component of technology 
in science (Sjøberg, 2001); therefore, they are likely to find a construc-
tivist approach amenable in rebuilding the “intimate association of 
knowing and doing” (Layton, 1991, p. 44). To that end, constructivist 
teaching is suitable for redressing this issue of knowledge adaptation 
as well as adopting science teaching strategies that inhere in women’s 
ways of knowing. Because the process of knowledge construction 
allows one to move, conceptually, from what one knows to what one 
does not know, it is a method that enables students to debate and 
examine other world views, become conversant with their own world 
views, and appropriate other world views.

One drawback of constructivist teaching is its tendency to focus 
on the constructions of the individual while not paying equal at-
tention to societal factors. Adhering to a constructivist approach 
exclusively has the potential of taking note of students’ constructions 
without necessarily helping students understand how these construc-
tions have come about. Societal factors have a direct bearing on the 
knowledge that students, and anyone else including scientists, con-
struct: therefore, societal factors should be incorporated into science 
lessons.

Incorporating a discussion of the social, environmental, eco-
nomic, and political factors that influence the building of knowledge 
is important. It is particularly important for students to gain insight 
into how scientific knowledge is constructed. Constructivist teaching 
is limited in this regard. Other teaching approaches such as Science, 
Technology, Society and the Environment (STSE) and anti-racism, 
are better able to bring these factors into a science lesson. STSE 
teaching incorporates the societal and environmental dimensions 
in developing science concepts, while anti-racist teaching critiques 
societal conditions under which knowledge is constructed.
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S C I E N C E ,  T E C H N O L O G Y,  S O C I E T Y,  
A N D  T H E  E N V I R O N M E N T  ( S T S E )

Teaching science through STSE ensures that meaningful context and 
evaluative dimensions of technology, society, and the environment 
are included (Hodson, 2003; Solomon, 1994). Sociological, historical, 
and philosophical aspects of the epistemology of science and other 
sub-disciplines, like economics, sociology, and politics inform this 
approach. The emphasis is on science subject matter and skills, their 
connection to the student’s everyday life and the politicization of 
science education contexts followed by social action (Hodson, 2003; 
Solomon & Aikenhead, 1994). Instructional approaches ensure that 
students make personal sense out of science concepts and develop 
“higher reasoning capabilities associated with creativity and critical 
thinking” (Aikenhead, 1988, p. 4).

Arguably, STSE has the potential for making epistemological, 
historical, and cultural arguments of how substantive structures of 
scientific knowledge are constructed and of how they come to be 
known to science teachers and students. An understanding of the 
factors that influence the building and testing of theory, the relation-
ship between theory and observation, the place of models, theories, 
experiments, and logic in the building of scientific knowledge is likely 
to happen through the study of the history, philosophy, and sociol-
ogy of science as offered in STSE courses. By laying out fundamental 
concepts, principles, and processes on which scientific knowledge is 
based, STSE sets the stage for an articulation of the scientific world 
view, while helping students explore their own world views. Such an 
exploration provides students with the knowledge and skills with 
which to integrate scientific concepts into other world views, without 
a sense of alienation and confusion (Aikenhead & Jegede, 1999).

An explication of the fundamental concepts, principles, and 
processes of science will lead to a better understanding of the nature 
of science, especially with regard to the role of theory in the build-
ing of scientific knowledge. In science text books, for instance, ob-
servations of phenomena are not preceded by an explanation of the 
theory that supports such observations. Overall, there is a tendency 
to separate theory from observation. What such a distinction does is 
to encourage students to observe or discover natural phenomena and 
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scientific concepts without an in-depth understanding of the guiding 
principles and underlying frames of reference in scientific inquiry 
(Hodson, 1988).

STSE also enables students to begin to explore current gender 
inequity in science. An understanding of how women are socialized 
could enable them to reconsider their career choices and actively chal-
lenge the social markers that structure their subjugation. However, 
overall STSE is limited in fully questioning current structural and 
systemic dimensions of power, economics, and the cultural domina-
tion in which science discourses happen, a dimension that is the focus 
of anti-racist science teaching.

A N T I - R A C I S T  S C I E N C E  T E A C H I N G

The underlying strategy of anti-racist teaching is to problematize the 
taken-for-granted, to subvert hegemonic traditions, and to foster an 
informed interest in science while at the same time challenging racist 
attitudes and their origins. The discourse levels of an anti-racist ap-
proach are instructional, transactional, and interactional (Dei, 1994; 
Nyamnjoh, 2004). This approach is suitable as a tool for reconstruct-
ing the context within which science discourses happen. For instance, 
based on a study conducted in Britain by Gill, et al. (1987) four key 
issues should be addressed by an anti-racist perspective in science: “(i) 
the colonial history which underlies racism in British society; (ii) the 
devaluation of ‘non-Western’ cultures; (iii) development and underde-
velopment; (iv) racism in contemporary society” (p. 173).
	 The anti-racist approach could be used to examine curricula 
materials for sexist views, to encourage students to question tradi-
tional ways of viewing women as passive and as having intelligence 
inferior to men, and for considering science as a preserve for men. 
Epistemologically, educators could revise all instructional materi-
als to rid them of existing content biases and ideologies of racism, 
sexism, and classism. Similarly, educators could examine and ques-
tion where school science comes from and why, and by so doing help 
foster students’ critical skills so that they can make more informed 
choices in their lives.
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The value of anti-racist teaching in redressing issues of knowledge 
adaptation is founded on its focus on empowerment, which ensures 
that students’ critical and creative skills are directed toward reclaim-
ing their heritage. Students’ knowledge of the colonial history of 
science education in Africa and the damage inflicted on indigenous 
knowledges by colonial practices help students to see science as a 
human construction. Most importantly, they see the value in their 
cultural knowledge and the potential for its further development. 
Consequently, students come to see the need for creating knowledge 
and skills that are appropriate for their environment and relevant to 
everyday problem-solving. Anti-racist teaching is easily carried out 
when students are in small groups. This ensures that students explore 
and express their experiences within the curriculum. Small group 
learning, also referred to as co-operative learning, provides for the 
creative and constructive exploration of experience.

C O - O P E R AT I V E  L E A R N I N G

Co-operative learning is the use of small groups as a strategy to 
enhance instruction, problem-solving, classroom management, and 
instilling social consciousness (Schniedewind, 2004). This approach 
is based on the notion that knowledge acquisition requires a climate 
where the creators of knowledge can represent events, negotiate mean-
ing, and agree on acceptable views (Wells et al., 1990). Co-operative 
learning has a very long history and is widely used – for example, 
when small groups are used as an instructional strategy or when a 
team of people are brought together by the need to resolve a problem. 
These are common occurrences in school and in out-of-school set-
tings all over the world. Noteworthy is that research on co-operative 
learning has only emerged within the past two decades, necessitated 
by the realization that co-operative learning may be deployed as an 
approach for resolving many challenges prevalent in schools today. 
Some of the many benefits of co-operative learning are that it:
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	 1.	 enhances self-esteem by promoting mutual support and 
the exchange of ideas, thereby stimulating students’ in-
terest in learning;

	 2.	 improves achievement because it enables students to re-
flect on their study skills, mastery and retention, quality 
of reasoning strategies, new ideas and solutions (Johnson 
& Johnson, 1990);

	 3.	 enables the teacher to cater to individual interests in rela-
tion to the abilities of other students;

	 4.	 improves classroom management; and,
	 5.	 enhances socialization, especially in ethnically heteroge-

neous classrooms.

Notably, few studies address science-related disciplines (Okebukola 
& Ogunniyi, 1984). For the purposes of this discussion, co-opera-
tive learning could be used in a science class as a basis for generating 
indigenous notions of how people explain and understand natural 
phenomena. In small group settings, students could be encouraged to 
share their views and develop more acceptable ideas about indigenous 
science. Students could plan to test some of these ideas through ex-
perimentation, leading to revision and further testing of the ideas. In 
so doing they re-enact processes and procedures that are encountered 
in the production and validation of school scientific knowledge.

Sherman (1994) observed that co-operative learning can help to 
“achieve a variety of academic and social goals in the classroom set-
ting” (p. 226). For instance, in the safety of small groups, issues which 
emanate from the study of the history, philosophy, and sociology of 
science (e.g., gender issues) would be more likely to stimulate pro-
ductive discussions than when the entire class is involved. Johnson 
and Johnson (1990) have observed that individuals in co-operative 
learning groups use elaborative and metacognitive strategies more 
frequently than individuals working competitively and individualis-
tically and therefore perform at a higher level.

A drawback of co-operative learning is that it could encourage 
“free riders” – those who could get away with doing less would do 
less than others. This could cause more productive group members 
to work less in order to avoid being taken advantage of. This dynamic 
of course would have detrimental effects on the entire co-operative 
process. However, as already stated, there are many benefits – devel-
opment of skills, stronger and deeper insights, team solidarity, and so 
on – all of which enhance the learning experience and override the 
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drawbacks (Iwai, 2004). Because of this, co-operative learning could 
be used to enhance the effects of EwP, constructivist teaching, STSE, 
and anti-racist science teaching.

As the twenty-first century advances, questions of how to deal 
with gender, knowledge application, and epistemology remain un-
answered. Undoubtedly, some of the current constraints of science 
education in Africa are rooted in the nature of science content and 
the context in which science is learned. Regrettably, constraints of 
science education militate against desirable outcomes, such as the 
promotion and the acquisition of creative abilities and critical skills, 
the linkage between scientific knowledge and skills and problem-
solving. Nevertheless, there is hope that the appropriate teaching 
strategies discussed in this chapter can overcome some of these 
problems. EwP provides a hands-on experience in learning, while 
co-operative learning enhances self-esteem in students and facilitates 
the learning of subject matter. Anti-racist teaching enables students 
and teachers to deconstruct and radicalize the milieu of science 
discourses, while constructivist teaching and STSE approaches are 
progressive techniques for learning science concepts. As well, these 
learning approaches appeal to women’s ways of knowing, helping 
girls and boys to place science within the context of everyday life, 
and teaching them how to construct knowledge that is applicable in 
everyday problem-solving.

S T R AT E G I C  I N T E R V E N T I O N S  A N D  F U T U R E  
D I R E C T I O N S :  T R A N S F O R M AT I V E  A N D  
S U S TA I N A B L E  S C I E N C E  E D U C AT I O N

This chapter has highlighted two major issues of science education in 
Africa, namely gender inequality and the apparent lack of knowledge 
application to everyday life. The chapter has made suggestions of 
how to redress the two issues through teaching approaches: Educa-
tion with Production, constructivist teaching, Science, Technology, 
Society, and Environment instruction, co-operative learning and 
anti-racist teaching. In the last several decades these two issues of sci-
ence education significantly informed science education research and 
policy activities in Africa. Perusing the documents of the Association 
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for the Development of Education in Africa (ADEA), one frequently 
encounters the issues of gender and knowledge application; however, 
by far, gender is the most targeted of the two issues.

For instance, a sub-group of ADEA’s working group, Working 
Group for Female Participation (WGFP) convened by Rockefeller 
and led by the Norwegian Agency for Development Cooperation 
(NORAD), focuses on women’s participation in science, mathematics, 
and Technology. The WGFP has promoted gender fair science curri-
cula in countries such as Cameroon, Ghana, Tanzania, and Uganda, 
through the gender, math, and science project known as Female 
Education in Mathematics and Science in Africa (FEMSA) (Sjøberg, 
1998). The Forum for African Women Educationalists (FAWE) is a 
lead agency in FEMSA’s activities. Although FAWE activists do not 
specifically target science education, their projects and policy activi-
ties impact access and achievement of girls in education in general.

In addition to FEMSA’s efforts, there are other forums and orga-
nizations solely devoted to gender issues in science education. Sjøberg 
(1998) provides an extensive list of organizations and forums that focus 
on promoting gender equity in education, all of which are indicative 
of the important initiatives being made towards addressing issues of 
gender and science education in various regions of Africa. This list 
of gender-focused forums include: Girls and Science and Technology 
(GASAT), in Ghana in 1999, and the International Organization for 
Science and Technology Education (IOSTE) hosted in Durban, South 
Africa, in 1999. Other organizations include the African Forum for 
Children’s Literacy in Science and Technology (AFCLST) located in 
South Africa and Malawi and United Nations Educational, Scientific 
and Cultural Organization (UNESCO), whose participation in the 
promotion of women and girls in science is through organizations 
such as ADEA.

Overall the issue of knowledge application and relevance has 
significantly inspired policy changes and curriculum restructuring 
throughout the continent. It is widely recognized that science and 
technology education will play a key role in the desired socio-eco-
nomic development of the region (ACTS, 2001; UNESCO, 1999; 
UNESCO-CAMSTE, 2001). Additionally, the pressing problems of 
the HIV/AIDS pandemic, abject poverty, and unemployment have 
reawakened African educators to the notion of relevance and the 
role that science and technology will play in resolving the problems 
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(ADEA, 2005). Of course the need for relevant science education in 
Africa is not new. For instance, the history of curriculum restructur-
ing in East Africa is marked by recurring reference to the applica-
tion of school science in everyday life (Bogonko, 1992a). Moreover, 
Kenya’s curriculum restructuring in the 1980s was mainly to redress 
the problem of irrelevance. In particular, science and technology edu-
cation were targeted as needing special consideration. It was declared 
that science and technology instruction be geared to the needs of 
local communities. Unfortunately, the complete and effective imple-
mentation of the science curriculum was hindered by an unrealistic 
time frame, bureaucracy, lack of teacher preparedness, and lack of 
materials and laboratory equipment, among other obstacles (Bo-
gonko, 1992b). In a similar way, South Africa’s learner-centred and 
society-oriented curriculum implementation has experienced similar 
setbacks (Howie, 2002).

Problems that hinder complete and effective curricula imple-
mentation are widespread across Africa. The World Bank (2002), for 
instance, discusses the need to critically re-evaluate teacher educa-
tion/preparedness, teaching methods, pupil assessment, curricula 
relevance, and learning materials. Stressing the urgent requirement 
for the re-evaluation of science education in Africa, the World Bank 
also acknowledges obstacles that will demand concerted effort 
in policy implementation and generous allocation of funds to the 
science education sector. Noting that in 1998 in Botswana 56 per 
cent of science and mathematics teachers were expatriates, the 
World Bank asserts that “science education has only deteriorated 
over the last decade in most African countries” (2002, p. 17). This is 
especially deplorable because of the urgency to contextualize and to 
utilize the new technologies, namely biotechnology and Information 
and Communications Technologies (ICTs) to alleviate the enduring 
socio-economic, health, and environmental problems. In a report 
prepared by the African Centre for Technological Studies (ACTS), 
there is a firm call to plan and mobilize resources in time for the 
anticipated rapid growth of both ICT & biotechnology (ACTS, 2001; 
UNESCO, 1999).

Indeed, it is a sombre picture for science education in Africa. Nev-
ertheless, it is evident from current literature that teachers in African 
may be utilizing some of the teaching approaches that were outlined 
earlier in this chapter (ADEA, 2005). Chepyator and Thomson (2005) 
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reported that primary and secondary teachers in the Keiyo district 
of Kenya use cultural knowledge among their students to help in the 
construction of scientific knowledge. Keiyo teachers used commu-
nity-based learning opportunities to teach science to students. And, 
although teachers in Africa may not label their pedagogical strategies 
as anti-racist teaching, STSE instruction, constructivist teaching, 
or co-operative learning, their efforts are laudable and do resemble 
some of these methods. Teachers in Africa contextualize science 
learning and use available resources to help their pupils acquire 
relevant knowledge. In regard to contextualized science content, 
Sjøberg (2000) demonstrated that cultural knowledge is a key factor 
in the way pupils view science content and learning and that the use 
of cultural knowledge in science learning is therefore likely to impart 
relevance to the subject matter.

In regard to the identification of the teaching methods that 
teachers use in their classrooms, Education with Production (EwP) is 
unlike the other teacher approaches described in this chapter. The use 
of EwP is easy to identify because of its distinct feature production. 
EwP also has a long-standing presence in Africa and there is evidence 
that educators and policy-makers in Botswana, Lesotho, Zambia, 
Zimbabwe, and South Africa are utilizing EwP to enhance the ap-
plication of science subject matter to everyday life (Van Rensburg, 
2005).

It is indisputable that teachers everywhere in Africa are, in one 
way or other, doing their best to make science relevant to their stu-
dents. The question, however, is to what extent are teaching methods 
such as EwP, constructivist teaching, STSE, anti-racist science teach-
ing, and co-operative learning utilized to enhance gender equity 
and knowledge application? Although the argument is strong for 
these teaching approaches as desirable methods to address gender 
inequality and knowledge application, it is important to systemati-
cally study their efficacy in Africa. It is necessary to document what 
is really going on in science pedagogy in Africa by doing classroom 
observations or conducting inquiries among teachers. Such studies 
of pedagogy are rare and are rarely duplicated. A study like the one 
conducted by Ogunniyi’s (2005) is worth duplicating. Ogunniyi’s 
study with secondary teachers in South Africa involved a module 
designed to find out the extent to which teachers were aware of their 
pupils’ culturally informed learning characteristics. At the end of 
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the study the majority of teachers confessed to having been ignorant 
of the culturally informed learning characteristics of their learners. 
Another strategy of gathering data would be a one-time, widespread 
and systematic study across Africa. The approach used by Sjøberg 
(2001) in the Relevance Of Science Education (ROSE) project may 
accomplish the goals of such a systematic regional study. Even more 
profitable would be to involve teachers in researching their science 
teaching practices, taking stock and planning changes. Participatory 
research and action research methodologies may help in accomplish-
ing the goal of training teacher researchers (Hodson, 2003). Informed 
teachers are equipped to participate in the continued restructuring 
of the science curricula. Furthermore, they are updated on suitable 
teaching methods for accomplishing educational goals such as gender 
equity and knowledge application.

Eventually when science educators, curriculum planners, and 
policy-makers understand ways in which teachers attempt to eradi-
cate gender inequity and promote knowledge application, they can 
mobilize resources to give teachers more training and autonomy in 
the interpretation and implementation of curricula and assessment 
of pupils. The current standardized national examinations, typically 
found in most African countries, are not conducive to the kind of 
teacher creativity implied here. Standardized exams force teachers to 
rely on textbooks as a sole teaching resource and to gear their teaching 
toward correct answers to exam questions, inadvertently nurturing 
a science-centred curriculum and didactic teaching. In a climate of 
professional autonomy, teachers will be at liberty to experiment and 
report on the teaching approaches outlined in this chapter, emerg-
ing approaches and modules such as the one developed by Ogunniyi 
(2005), methods of teaching biology like the one authored by Griffiths 
(2003), or suggestions made by Gitari (2005). Gitari suggested the use 
of local ways of knowing as conceptual tools for knowledge construc-
tion. In her paper she includes questions that teachers can use in 
planning lesson units.

Finally when teachers are well prepared and there are adequate 
materials and resources for teachers to effectively engage with sci-
ence subject matter, it will be worthwhile to reflect on the observation 
that,
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… whatever learning theory is espoused, the central task of 
the teacher in promoting learning remains that of choosing and 
deploying the method(s) most likely to help students learn what 
the teacher wishes them to know, understand or be able to do. 
In other words, the relative merits of different teaching strate-
gies are to be judged principally by reference to student learning, 
although other factors are likely to be involved, such as the facili-
ties and level of resources required, and the implications for class 
management and assessment. In broad terms, students learn 
most effectively when they are set clear objectives, are actively 
involved in their own learning, appreciate the relevance of their 
studies and receive regular and constructive feedback about their 
progress. (Jenkins, 2003, p. 26; emphasis added)

Equitable, relevant, transformative, and sustainable science education 
will be accomplished in Africa when the four conditions outlined by 
Griffith are met; it is then that the desirable “science culture” will 
emerge (UNESCO, 1999). Eventually, learner-centred and society-
oriented curricula will be realized throughout the region.
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Notes
	 1	 A “natural phenomenon” is defined as a physical event or experience that is apparent 

to the senses.
	 2	 I use the term “African” to refer to a world view that may be prevalent within the 

African region, even as I am aware of the diversity and complexity of the numerous 
ethnic communities that make up African peoples. My position is that diversity 
should not negate the common threads of principles seen to guide African thought 
throughout the centuries (see Dzobo, 1975, p. 77, for a list of these principles).

	 3	 African traditional cosmology refers to existing ways, over time, in which Africans 
have organized, explained, and understood the origin and structure of the uni-
verse.

	 4	 Elsewhere, Hodson (1992) argues that unless doing science is linked to learning 
about science, then distraction and alienation may be the real outcomes of practical 
experiments.


