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Introduction

Science education and science research are interrelated and interdependent, since today’s students are tomorrow’s scientists, politicians and citizens. They are also different in Africa than in the West (developed and industrialized countries such as the United States and many countries in Europe). Although Africa is an extremely diverse continent, there seem to be enough similarities among African societies to make some valid generalizations about them. To know how to best educate Africans about science, African stakeholders must look at both the nature of science in Africa, which can be seen in the practice of science in Africa, and the nature of science education in Africa, which can be seen in the perception and portrayal of science by teachers and students. Some of the many factors that show differences from Western society and affect both science education and science research will be grouped into the following categories, which inevitably overlap: African world-views, the physical environment, history, economics, politics and communications.

World-views

Ogunniyi (1988), Jegede (1997) and Dzama & Osborne (1999) provide several differences between the world-views that underlie Western science and African culture. Western science is mechanistic and thing-based, but the African world-view is anthropomorphic and people-based. Western science sees accidents as chance-related, but the African world-view sees in all events a meaning for humans. Western science is dualistic, since Westerners see themselves as separate from and external to the world, whereas the African world-view is monistic-vitalistic, since Africans see themselves as part of and one with the world. Western science is relativistic and amoral, but the African world-view has moral implications. Western science is rational, empirical, non-religious and natural, but the African world-view is metaphysical, spiritual, religious and supernatural. Western science is public and open because theories are debated and critiqued, and all knowledge is uncertain and tentative, and there is a relatively clear process of modification, but the African cosmology is secretive, closed, dogmatic, and based on the unchallenged and unquestioned authority of elders. Western science is successful because of its written documentation, whereas the African oral tradition is a less open and effective means of communication and preservation, but information is selectively transferred to protect against uncontrolled abuse of knowledge. Learning in Western societies is individualistic and competitive, but in African societies it is communal and cooperative.

Nearly all Africans are strongly religious, whether Christian, Muslim or traditional, and they often look for a religious explanation of phenomena that might have a scientific explanation. Many people feel no need to understand science, since they can already give a religious explanation for anything they do not know how to explain naturally.

Because of the cultural emphasis of unquestioned authority in traditional societies, it is possible for teachers and students to see scientific knowledge as the only truth, science processes as the only valid ways of knowing, and the scientific world-view as the only valid one. Students do not have the urge to ask questions in class. They see teachers as elders who have all the answers (Jegede, 1997). Cortie & Cortie (1997) claim that most science teachers in South Africa hold positivist views of science. The emphasis on getting or knowing the “right answer” is even stronger in African classrooms than Western classrooms. 

Both science and the traditional world-view are used to explain natural phenomena. Both are self-sufficient, balanced, logically consistent systems that deduce component theories, ideas and beliefs from premises and assumptions. Both produce criteria for accepting or rejecting theories. Both use causal explanations of natural phenomena (Dzama & Osborne, 1999). Both are embedded in a cultural context and not free of dogmatism.

Ogunniyi argues that despite their differences, the two systems of thought are not entirely incompatible. Analogously, some Western scientists are able to maintain a Christian world-view. Although there may be conflicts, traditional views include some “scientifically valid views.” Like Kuhn’s scientific paradigms, “each system serves some useful purpose but neither is adequate for coping with all experiences.” But unlike paradigms, exposure to the scientific view enlarges the traditional view rather than replacing it. Ogunniyi (1995) claims that many Africans exhibit “collateral thinking”, where both anthropomorphic and mechanistic views are applied by the same person to different contexts without “cognitive dissonance”. For example, they will think like scientists in the lab but hold traditional views at home. Alternative conceptions of natural phenomena are not easily replaced by scientific ones, but perhaps they do not have to be. Traditional beliefs need not impede logic or the learning of science (Jegede, 1997).

Recommendations

Africans need not reduce or abandon their traditional world-view to accept Western science. Merely replacing traditional culture with Western culture is harmful to people and societies. African teachers and students should look for the similarities and differences between science and their world-view and determine which elements of the nature of science can be easily accommodated and which cause conflicts. Teachers should understand students’ world-views in their socio-cultural environment and how they might impede learning science. They should not attack student beliefs or present their own beliefs as absolute truth, but they should promote an understanding of scientific knowledge and methods as well. Everyone should be able to understand alternative interpretations and explanations of phenomena without having to believe them.

Students should be encouraged to ask questions and think for themselves like scientists, and not be merely passive recipients of knowledge and believe whatever the teacher says. Science should not be presented as dogma and merely a body of irrelevant knowledge and abstractions but as processes and ways to solve everyday problems and better adapt to local conditions.

Knowledge, laws and theories from traditional culture such as psychiatric techniques and medicinal herbs and pesticides should be recognized and researched by scientists and used by teachers as examples of the value of local culture in producing scientific and technological knowledge. Students’ own previous knowledge of observable phenomena, obtained outside of school, should be validated as a way of motivating them and making science real for them (Medupe & Kaunda, 1997). The aim should be to produce a cultural climate that is conducive to science and technology use and development.

Non-materialist African values that place obligation to people over accumulating luxuries should be positively reinforced to keep scientific research focused on people’s urgent needs. Students should understand that humane feelings need not be sacrificed to learn and use science and technology. Teaching and researching human-centered sciences like medicine, psychology and sociology can make particular use of the African values of human interactivity and communal living.

Physical Environment

Much of Africa has a warm tropical climate that is moist at least part of the year. Much of Africa is near the equator and dry most of the year, so much of Africa receives many hours of sunlight per day. This climate produces a large quantity and variety of plants and animals, but it is conducive to disease and insects. The soil is generally thin and poor for agriculture, rainfall is extremely variable, droughts are frequent, and erosion and desertification are large problems. Many African countries are rich in minerals, and some countries have large untapped oil reserves. Africa has some of the world’s oldest human fossil remains.

Recommendations

Based on this description of the environment, some possible areas of concentration for African science are biological sciences, mechanized farming, food production, potable water, drought resistance, ecology, tropical diseases, entomology, solar energy, geology, mining technology, petroleum chemistry, and archaeology. Science research and teaching should focus on the unique resources and problems of the local environment, not on Western environmental conditions and organisms or high-tech electronics. Teachers should bring local examples of the environment into lessons.

History

Some of the earliest technologies were invented in Africa, such as fire, agriculture, domesticated cattle, mining, tool-making, and woodworking. Ancient African science and technology was relatively well developed and influential, most notably in ancient Egypt, the most long-lasting civilization, where many sciences and technologies flourished, including mathematics, physics, medicine, agriculture, archaeology, astronomy, metallurgy, navigation, communication, and writing systems. The science of ancient Greece was heavily influenced by Egyptian science and preserved through the middle ages by North African scholars. The history of European science is therefore indebted to African scientists and scholars (Van Sertima, 1983, and Murfin, 1994).

One reason that Africa is not technologically developed is its recent isolation from the rest of the world. Increasing desertification of the Sahara, especially in the last millenium, cut off previously well-used routes of travel and communication between West Africa and the Mediterranean. Africa has a small coastline relative to its area and few natural harbors, unlike England or the Mediterranean, so much of the land is not directly accessible to sea. There are also many obstacles to inland travel that make journeys slow and hazardous, such as waterfalls, deserts and jungles. Tropical diseases kept out Europeans and others without natural immunities from many areas until protective measures were developed, such as taking quinine for malaria in the 1880s (Davidson, 1994).

A second reason is that many technologically sophisticated civilizations did not have written histories and relied on oral histories, which were generally less effective in preserving information.

Perhaps the most important reason is that much of Africa’s oral history, science and technology were destroyed by the European slave trade, Christian missionaries and colonialism. Europeans developed a racist theory of the inferiority of African people and cultures to justify economic exploitation. They claimed and came to believe that Africans never had any science or technology. Although few purely traditional people or societies remain, colonial education and the well-established influence of Western culture have not eliminated African culture.

Colonial educators tried to avoid teaching science to Africans. Colonial governments and missionaries knew that Africans did not need scientific knowledge to serve their purposes and might even empower them with dangerous knowledge (Jegede, 1997). Science was only used to “sanitize” and “civilize” Africans by replacing African technologies with Western ones as part of cultural imperialism which portrayed all of Western culture as superior.  It was taught as dogma and not as systematic inquiry (Ogunniyi, 1986). Science was portrayed as objective and the only way to acquire knowledge. 

Although most African countries were independent by the early 1960s, their new science education programs were either inherited from colonial regimes or imported from former colonial powers such as Britain and France or neo-colonial powers such as the US. They were not widespread, well planned or customized to suit to African goals or contexts (Ogunniyi, 1986).

Recommendations

Students should be taught that every culture produces technology and is capable of scientific inquiry. They should have some knowledge about the history of African science and the historical reasons why so much science is imported from the West and African science is not well known. (History teachers could help by focusing on African history instead of European history.)

Students should be encouraged to document their scientific data and technological knowledge and communicate in writing, rather than merely discussing it with friends.

Economics

Although the West industrialized over a couple centuries, much of Africa has yet to industrialize. Although there are islands of industrialism, Africa is still largely rural and agricultural. The slave trade and colonialism drained Africa’s physical and human resources, and neocolonial practices are now giving to Europe and the United States huge returns on African investments. The West lines the pockets of corrupt pro-West political and business leaders in order to gain access to Africa’s rich natural resources, and wealth is flowing out of Africa on an unprecedented scale.

The result is that most African countries are perpetually deeply in debt. Governments and industries therefore cannot invest in scientific research or science education. Funding for school and research science lab facilities, equipment and staff is insufficient.

They cannot afford to subsidize basic scientific research, to which there may be little or no immediate economic benefit. It is considered cheaper to import the results of pure research so that local science can perform the applied research. Therefore, in developing countries there is a larger emphasis on applied research than in the West. However, if there are no basic research funding opportunities at home, local scientists may seek better opportunities in developed countries and contribute to the scientific brain drain (Cobern, 1989). They might also leave science altogether and go into more lucrative professions like business.

Many Africans see the purpose of science as development and not merely research for its own sake. However, the danger of the formula “science(technology(development” is that people will expect that scientific research alone is enough for development, and they will reject science when their false expectations of immediate and inevitable economic benefits are disappointed (Cobern, 1989).

Economies focus on exporting raw materials to the West, not creating products for the local people. Therefore, scientific research may not tend to focus on local economic needs. 

Recommendations

Science research and teaching are justified if they bring economic benefits to ordinary people. Governments should make long-term commitments to fund scientific research, industrial development and science education.

Instead of relying on expensive, imported equipment, locally available materials should be used. Instead of Western medicines and pesticides, local versions should be created from locally available plants. Traditional healers are often the only economically viable providers of physical and mental health care, so their skills should be valued and utilized.

Scientific research should be focused on areas of local economic activity and where both short- and long-term economic benefits from technological applications are likely. Because much of Africa remains agrarian, the biological and agricultural sciences are still more in demand than the physical sciences, for example. 

The use of Western scientific knowledge can undoubtedly have economic benefits, but it should not be taught and used blindly. The benefits of Western knowledge should be measured against the costs, especially the hidden cost of not developing knowledge locally.

Science should be portrayed as a way to obtain knowledge that can be used to increase local economic conditions and the health, productivity and well-being of everyone. Teachers and students should consider how science and technology can help meet their local economic needs. However, it is important for them to know that the relationship between science, technology and economic development is complex and probabilistic, and that science is an uncertain investment.

A science education that leads to unemployment is pointless. African students are motivated to learn science by their perceived demand for careers that require knowledge of science (Dzama & Osborne, 1999). Teachers and students should investigate the strength of demand and focuses of the local job market for scientists, engineers and technicians, and align their learning focus accordingly.

Politics

National science curricula are often poorly planned, hurriedly implemented and copied from the West, or run by Western advisors with their own agendas. There are few coherent, philosophically based national policies on science and technology education; too often they are improvised, haphazard and unsystematic (Ogunniyi, 1986).

Some pro-West African leaders import costly Western technology even though it makes their countries dependent on Western countries. The West owns and produces most scientific knowledge, which it uses to exert and increase political influence and control over African countries.

Recommendations

The goal of science education should not just be to produce a qualified work force, but also a public understanding of science (Kent & Towse, 1997). Teachers, students, political leaders, and disadvantaged people should know that scientific knowledge can be politically empowering; it can increase self-reliance and decrease external dependency, on both local and national levels. All people need some science education to have informed opinions on science-related matters.

Basic research must be broadly focused so that more sectors of society benefit, and it must be more accountable to people (Medupe & Kaunda, 1997). Teachers, students and scientists need to use their political power to influence government policies on science and technology and give their input on curriculum design and educational change.

Teachers should emphasize community or national political goals and persuade students to become scientists out of a sense of collective social responsibility rather than for money and individual gain.

Communications

African infrastructure is largely a colonial legacy. The political boundaries and borders made by colonial powers remain intact. There is relatively little communication between neighboring countries. Roads and railways do not connect countries and population centers; they connect sources of raw materials to coastal ports for efficient extraction of wealth by colonial powers. Transportation by air and communication by telephone is often better with distant Western countries than neighboring African countries.

There are hundreds of African languages, and often dozens of languages within the borders of a single country, but very few Africans speak a European language as a first language. Most existing scientific knowledge is published in European languages, and only a few languages such as Kiswahili have been used in science instruction (Medupe & Kaunda, 1997). The fact that only bilingual people can learn science is a large barrier to learning. Also, neighboring countries were often colonized by different countries, so their scientific findings are published in different languages. 

Recommendations

Teachers and students should know that scientific knowledge should be (and increasingly is) freely shared across political, national, social and cultural boundaries, including boundaries of gender, age, ethnic group and social class.

Students should understand that scientific knowledge is more efficiently and effectively communicated if it is documented. They should be taught to search for prior knowledge in books and other media, document their findings, and communicate orally and in writing.

At universities and scientific research institutions, electronic media such as the Internet, electronic mail and telecommunications should be utilized to improve efficiency of communication. 

Communication among all stakeholders should be improved and encouraged. The media should be used to popularize science. Students, teachers, scientists, politicians, investors, businesses, journalists and the general public should share their knowledge and voice their needs and opinions about science.

Conclusions

To improve its science teaching and science research for the benefit of all, African stakeholders need to clearly understand development issues in their social, political and economic context (Kent & Towse, 1997). Globalization has made the entire world more interdependent, and Africans must find more efficient methods of accessing existing scientific knowledge and documenting and communicating scientific results. Yet Africa must reduce dependency on Western science to a minimum so that it is not merely another tool of Western economic exploitation. African technology should make best use of local resources and natural strengths to adapt to local conditions; the focus should be “innovation not imitation” (Nichols, 1982, p. 125). Science research should focus on Africa’s unique environmental qualities and be relevant to local problems, and science should be portrayed in classrooms, textbooks and the media as understandable and practical. One of the strengths of science is the diversity of viewpoints, so the many unique features of African environments and societies and the linguistic, religious and cultural differences within countries indicate that Africa can produce a great wealth of scientific knowledge to share with the rest of the world.
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