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ABSTRACT 
 Chemistry is a practical and experimental science. Various attempts were made 
worldwide to design and implement Chemistry curricula to reflect this practical nature of 
Chemistry. In Africa, whereas there had been many donor-supported initiatives to equip 
Chemistry labs, these initiatives did not succeed in sustaining practical Chemistry in the 
continent. One avenue to solve this problem is to engage African chemists, chemistry teachers 
and their students in designing and developing low-cost educational materials for Chemistry 
teaching and learning. This paper tries to highlight the principles and approaches towards the 
development of low-cost Chemistry materials from locally available materials. It finally lists the 
procedures used to develop low-cost materials for Chemistry teaches in Ethiopia. [AJCE, 2(1), 
January 2012: Special Issue] 
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INTRODUCTION 

 The teaching of Chemistry in Africa has been dominated by theoretical lectures and that 

has been limiting our students’ understanding of the various chemical concepts and principles. 

Such an approach coupled with the abstract nature of the subject interferes with students’ 

creativity and innovation capacity. On the other hand, most African countries do not have the 

financial capacity to equip schools and colleges with the needed equipments and materials to 

teach Chemistry as a practical enterprise. 

 One way to deal with this paradox is to build the capacities of chemistry teachers and 

teacher educators in the design and development of low-cost educational tools from locally 

available materials. Low-cost educational materials in Chemistry refer to a diversity of tools used 

for teaching and learning purposes. Such materials include improvised chemistry apparatus, kits, 

hand-made models of chemical substances, charts, tables, educational games, etc. 

 Several attempts have been made to provide guiding resources in the field of the 

development of low-cost educational materials, mainly initiated by UNESCO. One such resource 

is the report of a regional workshop in Asia and the Pacific in 1978 on the design, development 

and evaluation of low-cost educational materials (1). This resource is not just for Chemistry but 

for a variety of subjects. But the principles and experiences shared in the report are very useful. 

The Ministry of Education (MOE) of Ethiopia, in collaboration with the Chemical Society of 

Ethiopia (CSE), also produced a guideline in 1990 (2) for Chemistry teachers after conducting a 

workshop that aimed at testing the proposed models and apparatuses for Chemistry teaching and 

learning. A third resource that is worth mentioning is the document produced in 1993 by the 

World Bank (3) on the constraints and opportunities of equipment for science education.  
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 This paper therefore attempts to review such initiatives and tries to highlight lessons to be 

learnt for the present day Chemistry education in Africa. 

 

RATIONALE FOR LOCALLY MADE LOW-COST EDUCATIONAL MATERIALS 

 Many African countries have been receiving equipment donations for improving science 

education. According to the World Bank discussion paper (3) large investments have been made 

to improve the teaching science in developing countries although their effect has been in many 

cases far less than expected. The main reasons mentioned for the lack of success despite huge 

investments are: technical unsuitability of the equipment, educational unsuitability of the 

equipment, faults in the procurement procedures, high cost of the equipment, lack of teacher and 

technician training, lack of incentives to use the equipment, faults in the distribution, inadequate 

supply of consumable materials, and inadequate maintenance, repair and replenishment. 

 On the other hand, the benefits of low-cost and locally produced equipment are lower 

cost, easier maintenance and repair, better availability of spare parts, higher relevance to the 

curriculum, higher local content, contributions to self-reliance, and flexible adaptation for new 

topics in the curriculum (3). 

 

CLASSIFICATION OF LOW-COST MATERIALS 

 There are different ways of classifying and categorizing low-cost materials. For instance, 

UNESCO (1) identified the following five ways: 

i. The available materials in the natural environment as well as scraps/discards from 

commercial and domestic use. They may be freely and easily available. Typical 

examples are seeds, shells, bottle caps, packing materials, fused bulbs, etc. 
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ii. The available materials which are easily accessible in the environment but the purchase 

of which could be within the reach of the schools. Examples in this category could be 

battery, bulb, wire, etc. 

iii. The available examples of prototype materials prepared by teachers and specialist for 

possible wider dissemination. Examples are charts, periodic tables, simple models or 

kits which are either distributed by government agencies or sold commercially. 

iv. Educational materials which need the use of machines. Films, slides and film-strips 

require projectors. Audio tape requires a tape recorder. 

v. Materials such as radio programs, television programs, videotapes and films which 

most often are made for wider utilization to justify the high cost. The use of these 

materials in the classroom depends largely on the teacher’s skill and competence. 

 In the 21st century, modern information and communication technologies (ICTs) also 

provide an opportunity for low cost based teaching and learning. The use of open-source and free 

software that are made for educational purposes is now becoming common in most institutions, 

provided that the needed infrastructure is in place. 

 There are different approaches to the supply of locally produced equipment in different 

countries. Possible types of production are (3): 

• production by teachers and students 

• establishment of central production units in the country 

• central development and assembly of equipment and kits, 

• decentralized development and production 

• a combined approach (probably the most frequent) 
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 In general, in developing and using low-cost materials it is necessary to consider the level 

at which the materials are used (such as elementary school, secondary school and colleges). The 

materials should also be judged from the point of view of certain criteria such as the amount of 

money needed, the involvement or participation of various groups (such as teachers, students, 

community, specialists, etc), the environment from which the materials are obtained and the 

extent of utilization. The following table summarizes these points (1).  

Classification of 

materials 

Criteria 

Money Participation Environment Utilization  

a. Freely available 

b. Accessible and 

easily available 

at low cost 

c. Available 

commercially 

d. Mass media or 

distant learning 

systems 

No 

Low 

 

 

Medium 

 

High 

Pupil/teacher 

Pupil/teacher/community

 

 

Teacher/other personnel 

 

Specialist/other 

personnel 

Local 

Local 

 

 

Partly local 

 

Not local 

Limited 

Limited 

 

 

Medium 

 

Widest 

 

PRODUCTION OF LOW-COST EDUCATIONAL MATERIALS 

Many types of equipment can be developed at a low cost and still retain the precision needed for 

school Chemistry (3). It is however important to determine what precision range is actually 

needed for teaching Chemistry at each level. The development of low-cost educational materials 

should also take into account the psychological, instructional, and production aspects (1). 
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 The psychological aspect refers to a consideration of i) the target group, ii) the types of 

experience that would best stimulate the group in terms of age, intellectual level, socio-cultural 

background and interests, and iii) a clear identification of the actual needs for low-cost materials. 

 The instructional aspect refers to a consideration of the educational objectives that the 

educational materials may help to achieve. The objectives may involve different types of 

knowledge, skills and attitudes. 

 The production aspect refers to the development of the actual materials, being guided by 

the psychological and instructional aspects. This aspect need to take into account the availability, 

cost and flexibility of use of the materials, the persons to be involved and types of skills expected 

of them in the production, and finally quality factors that play important role in the performance 

and durability of the product. 

 An example of the production of low-cost materials for Chemistry teaching the author of 

this paper had the chance to participate is the production of the Ethiopian Chemistry Teacher’s 

Sourcebook: Vol.1, Models and Materials (2). This Sourcebook was developed through a 

hands-on workshop held in Addis Ababa from 22 January to 2 February 1990. The Sourcebook 

describes the procedures for developing low-cost Chemistry models and laboratory materials for 

use in the Ethiopian schools. The descriptions are presented into languages, namely Amharic (the 

official language in Ethiopia) and English. I therefore conclude this short essay by presenting a 

selected copy of the described materials in the Appendix and by citing the message in the Preface 

of the Sourcebook that states as follows (2): 

 "Chemistry should be fun" is the theme of one of the pages of this 
sourcebook. Chemistry must not be taught only by lecturing or chalk and talk. 
 This sourcebook is a book of ideas for better teaching, learning and 
assessment through practical doing. It offers suggestions on how to teach practical 
chemistry with locally available materials and resources. It will stimulate the 
creativity of teachers and learners, to use their practical skills for the improvement of 
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chemistry lessons. It will help students to be acquainted with subject-oriented 
language through activities which induce free speaking situations. It will help to train 
student in basic lab skills which will lead to later use of sophisticated equipment. 
 All the materials described have been devised, constructed and tested during 
the pilot workshop. Most of them can be constructed at low or even no cost with a 
few tools and materials by the technically untrained. 
 To emphasize the approach of “learning by doing” it is recommended that 
students construct as many items as possible.  
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APPENDIX: LOW-COST MATERIALS FOR CHEMISTRY (2) 
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