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EDITORIAL

MICROSCALE AND LOW-COST CHEMISTRY
Temechegn Engida
UNESCO-IICBA
Email: temechegn@gmail.com

The African Journal of Chemistry Education (AJCE), launched on the very first day of
the IYC-2011, would like to join the chemists worldwide in saying GOODBYE to IYC-2011.
But what does that goodbye mean to all of us and to AJCE in particular?
I personally believe that the GOODBYE is the beginning of implementing or putting into
practice the promises we made during IYC-2011 period through national, regional and
international meetings to enhance Chemistry’s contributions to sustainable development. It is
clear that IYC-2011 was set to serve as a springboard for, among other things, promoting the
public understanding of chemistry in meeting world needs and for generating enthusiasm for the
creative future of chemistry. It is also clear that such intentions are long-term goals and cannot
be accomplished in just one year time.
AJCE, therefore, tries to bring to the attention of chemists and chemistry educators in
Africa in particular strategies, case studies, and best practices that can possibly lead to the
achievement of the IYC-2011 intentions.
One such strategy is the use of microscale and low-cost chemistry in African schools and
colleges. In brief terms, microscale chemistry is an approach to teaching Chemistry by working
with small quantities of chemical substances. Microscale chemistry is also called small-scale
chemistry, which is a way to reduce the amounts needed of expensive chemicals in
experimentation. It can support environmental protection by producing less laboratory waste.
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Low-cost Chemistry, on the other hand, refers to a diversity of tools used for teaching
and learning purposes and at the same time constructed using locally available materials at low
or no cost.
This Special Issue titled Microscale and Low-Cost Chemistry presents the works and
views of Ibanez (Mexico), Bell and Bradley (South Africa), UNESCO-Science Sector (Paris),
Sileahi Yitbarek (Ethiopia) and Temechegn Engida (Ethiopia). Whereas the first three are on
microscale chemistry, the last two are specifically on low-cost chemistry.
As you will recognize from your reading of this Special Issue, UNESCO has been
mentioned repeatedly in almost all the papers. This indicates the importance UNESCO has been
giving to the development of science education in general and microscale and low-cost chemistry
in particular throughout the worlds, with a focus of developing countries.
Enjoy reading the papers!
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MINIATURIZING CHEMISTRY
THE ECOLOGICAL ALTERNATIVE
Jorge G. Ibanez
Mexican Center for Green and Microscale Chemistry
Department of Chemical Engineering and Sciences
Universidad Iberoamericana-Mexico City
Email: jorge.ibanez@uia.mx
ABSTRACT
The use of chemical substances in educational chemistry laboratories has unsubstitutable
didactic objectives. However, it is a two-sided coin where the murky one involves associated
dangers and mismanagement. For many years a myriad of teachers throughout the world have
been using minute amounts of substances to reduce the ecological impact of school
experimentation as well as costs, dangers, time, space, and fright. This has been called
Microscale (or Small-scale) Chemistry. [AJCE, 2(1), January 2012: Special Issue]
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WHAT IS MICROSCALE CHEMISTRY AND WHAT ARE ITS BENEFITS?
Microscale techniques help to reduce environmental pollution, costs, exposure to
chemicals, experimentation time, space, fear to chemicals, raw material depletion, etc. They also
help to increase environmental awareness, safety, savings, experimental variety and easiness.
Microscale Chemistry experiments typically use microliters or micromoles of at least one of the
reagents (1). With these attributes it is not surprising that Microscale Chemistry has spread like
wildfire mainly in developing countries (2). The American Chemical Society has endorsed this
methodology, and its prestigious Journal of Chemical Education has featured over 300 papers
dealing with it. From qualitative to quantitative experiments and comparisons, there is a wealth of
information to support any of the assertions above. Other education journals interested include:
•

Chemistry Education Research and Practice (U.K.)

•

The Chemical Educator (USA)

•

Biochemistry and Molecular Biology Education (USA)

•

Australian Journal of Education in Chemistry (AUS)

•

Education in Chemistry (U.K.)

•

African Journal of Chemical Education (Ethiopia)

•

Educacion Quimica (Mexico)
A list of books on the field is given in the appendix of this paper.

WHERE DID IT START AND WHERE IS IT BEING USED?
The adoption of Microscale Chemistry for the teaching of Chemistry in Africa and Asia is
largely due to the immense efforts of Dr. John Bradley, an English photochemist who became
professor at the University of the Witwatersrand in South Africa, and of his collaborators. They took
an interest in bringing laboratory experiences to the schools of South Africa, particularly to the
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black students (who in the period of Apartheid had little opportunity to go to school). Bradley
developed chemistry kits featuring very small amounts of chemicals and miniature laboratory
equipment, naming these as microchemistry experiments. He set up a small plant to manufacture
these kits and eventually established the Radmaste Learning Center at this university to prepare
written experiments and teacher guides. This enabled real laboratory chemistry to reach the majority
of schools in South Africa and Bradley was honored by the State for this (3, 4).
The UNESCO's Division of Basic and Engineering Science embraced Bradley's Global
Microscience Project to spread it throughout the world and it continues doing so in association with
IUPAC, the Radmaste Center, the International Organization for Chemistry for Development
(IOCD), and the International Foundation for Science Education (South Africa). Alexandre
Pokrovsky (at IOCD and formerly at UNESCO) joined Bradley in his Foundation for Science
Education (3, 4). The course materials can be downloaded from the UNESCO website (5). Figure 1
shows a map showing the UNESCO associated centers and the countries and territories where
UNESCO workshops have been run (6).
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Figure 1. UNESCO associated centers and countries and territories where UNESCO workshops
have been run (6).
Other groups have been active in these geographical areas and in Europe and Oceania. (See
their books in the Appendix).
On the other hand, the adoption of Microscale Chemistry for the teaching of Chemistry in
America can be chiefly traced back to the influence of the US National Microscale Chemistry
Center (NMCC, at Merrimack College, USA) and of the Mexican Center for Green and Microscale
Chemistry (MCGMC, at Universidad Iberoamericana - Mexico City) which NMCC helped
establish. A recent summary of Microscale Chemistry activity in Latin America is available (2). In
the US, many other groups have pushed this technique with impressive results. (See their books in
the Appendix).
WHAT ARE THE PERSPECTIVES FOR THE FUTURE?
Microscale Chemistry has developed profound roots throughout the world which will make
the tree grow quite high for the years to come. Both developed and underdeveloped countries will
continue benefiting from this approach.
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MICROCHEMISTRY IN AFRICA
A REASSESSMENT
B Bell and JD Bradley
RADMASTE Centre, University of the Witwatersrand, Johannesburg, South Africa
Email: John.Bradley@wits.ac.za

ABSTRACT
Microscale chemistry has been talked about and experimented with for many decades.
Even the microscale chemistry deliberately designed for school-based practical activities has
been around for more than 30 years. It is timely to reassess its scope and limitations, because
many of the concerns that stirred interest originally are not diminishing but strengthening.
[AJCE, 2(1), January 2012: Special Issue]
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SOME BACKGROUND
Modern microscale chemistry took off when the
potential of microwell plates was recognized. These
plates, made of plastics, came into widespread use in
medical and clinical laboratories, to service the surge in
testing procedures and numbers of patients, widespread in

A standard microwell plate
Image courtesy of http://www.istockphoto.com

the last 50 years. Used with a minimum of additional pieces of equipment, enthusiasts developed
a repertoire of simple, microscale chemistry experiments. Often these were the same experiments
used by chemistry teachers throughout the World, since the early days of school science
teaching. But because they were easier and cheaper to do they appealed to some liberated
chemistry teachers. These teachers also favored the greater safety that comes with the use of
smaller quantities of chemicals and were aware of the growing environmental concerns amongst
the general public about chemical waste.
For a number of years, conferences of science teachers and chemical educators would
invariably include one or more of these microscale enthusiasts, who would conduct workshops
and inspire participants with the simplicity of their approach. Literally thousands of such
participants must have gone home and explained their experiences and excitement to colleagues.
Unfortunately for many teachers enthused by the conference experience, the realities of school
commitments and environment soon wiped the smile off their faces. For a score of reasons the
long term impact of this conference seed-sowing was less than one might naively have expected.
But of course although many seeds failed to germinate, there were also a few that did and
some even went on to sow their own seeds. UNESCO is a case in point. For many years they had
advocated the development of low-cost equipment, mostly assuming traditional scales of
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experimentation and local manufacture (1). The aim was to reach out to poorer communities
where there were little or no funds for traditional science equipment –usually imported from
countries in the developed World. Success with this approach was patchy; dedicated enthusiasts
would sustain projects for several years, but as they retired all too often the project withered.
When microscale chemistry came onto the World stage, they recognized that it came with
drastically-reduced costs, one of the basic criteria of their long-standing project. For a number of
years they fostered (and continue to foster) a Global Microscience Project, which above all
aimed to introduce the concept into needy countries (2). For this purpose, the Project used
introductory workshops that were usually organized in cooperation with the Ministry of
Education, which nominated selected school teachers, teacher trainers, curriculum developers,
etc. The overwhelming opinion expressed at the end of a typical 2-day workshop was positive.
Most participants saw that the microscale chemistry kits could at last bring practical, hands-on
experiences of chemistry within reach of all classrooms.
Once again unfortunately, in many cases this enthusiasm wilted in the weeks and months
following. In some cases there was basically no money available, a vacuum that could have been
bridged by donors. But in addition there was the enormous inertia of the educational system, due
to a mixture of lack of competence and experience, together with a normal human resistance to
change.
In selected countries what should logically have followed upon the introductory
workshops, actually happened. Pilot projects were started with government support and with
expectation of a policy decision on equipping of schools to follow. But here too expectations
were often unrealistic. The assumption was made that if microscale chemistry kits and chemicals
were delivered to impoverished schools then they would be integrated into classroom chemistry
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teaching without undue difficulty. Unfortunately the teachers were usually ill-prepared to do this,
completely lacking any experience of managing practical work. Where training had been
provided this was not always informed by first-hand experience either. Hence not only were
lesson experiences disappointing, but items of the equipment were lost and gradually the
resources diminished and became non-viable. Replenishment of chemicals as well as supply of
spare parts had usually not been planned for anyway. Unfortunately all these woes were often
blamed upon the microscale approach itself, although they were clearly due to lack of experience
in doing and supporting practical chemistry activities in the classroom.

A CURRENT ASSESSMENT
It is difficult to avoid a feeling of gloom after reading the Background, because there
have been so many disappointments. However the concept is not dead. With amazing resilience
in the face of our mistakes, it slowly but surely expands. There can be no more certain
demonstration of its essential value! Conferences continue to include presentations and
workshops devoted to microscale chemistry, invariably with items of novelty (e.g. 6th
International Symposium on Microscale
Chemistry 2011 (Kuwait)). Many teacher
journals have regular contributions on the
subject. There is a regular flow of buyers of
the equipment. UNESCO continues strongly
to promote it, for example, obtaining funds

Centre of Excellence for Microscience
Experiences, Yaounde, Cameroon

for major projects in selected countries (for
example,

recently

in

Tanzania).

Some
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Ministries of Education have made their own arrangements and are either well-advanced in
implementation already (Cameroon) or are now starting out after a number of pilot projects have
been completed and evaluated (Mozambique). A lot has been learned through the previous
mistakes, and it is more often recognized now that greatly increased attention must be given to
teacher preparation and support. Microscale equipment, once a chemistry interest only, is now
accompanied by equivalent equipment for parts of physics and biology. This is important for a
school system where science is of course not exclusively concerned with chemistry. And as
global finance goes into greater and greater difficulties and the World’s population increases, so
the original concerns (cost, safety, environment) that promoted early interest in microscale
chemistry remain and indeed strengthen.
To assess where we stand today let us review a number of aspects.
1. Microscale Equipment
In principle teachers can buy individual items of microscale equipment as and when they
require them. But in fact most teachers (especially in developing countries) are not in a position
to do that, and need kits containing a selection of items. The diagram below shows an example of
the student/learner kits we use.
In this kit, there are mostly plastic components, and they provide for transferring solid,
liquid and gaseous chemicals, items for electrochemistry, a microburner (using spirits as fuel),
some small glass tubes for substances needing strong heating, and the Comboplate – a microwell
plate with two different sizes of microwells.
In these microwells almost all the chemistry happens, and there are two specially
designed lids that fit into the larger wells which greatly enhance the possibilities.
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The Advanced Microchemistry Kit

The kit takes up little space (good for limited storage in the classroom), is very portable
(can be moved between classrooms, or taken outside), and the components are basically
unbreakable. In most circumstances the equipment is easily cleaned; water does not stick to the
plastic, so a quick rinse and a shake is often all that is needed. When strong heating of the glass
tubes is involved however, cleaning can be more difficult, as is the case with traditional (glass)
equipment. The one thing to avoid is leaving used equipment unwashed. Then solutions can
evaporate, leaving a solid residue which may adhere to the plastic. Rough abrasive treatment
may than cause scratching of the plastic. Also indicator solutions, which contain colored, organic
dyes, should be washed out promptly: the organic dye molecules are absorbed into the plastic.
But altogether the equipment has a long lifetime and the kit is most definitely not a disposable
plastic kit!
15
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With maturation of the approach, so there has been development of aspects of practical
chemistry which were not in the original conception. This has brought in more advanced
electrochemistry and organic chemistry, as well as some quantitative analysis – both volumetric
and instrumental.

The RADMASTE™
Microconductivity Unit (far left)
allows conductivity
measurements of various
electrolytes;
Boiling Point of a liquid can be
determined with the Organic
Microchemistry Kit (left).

© UNESCO, 2011
Learners use the Microburette to carry
out a microtitration.

Temperature measurements of solids,
liquids/solutions and gases can be made with the
RADMASTE™ Micro Temperature Unit.
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Microscale chemistry education should no longer be seen as limited to observing a few
simple test-tube reactions in a microwell plate!
Nevertheless, not all practical science can really be
done on microscale. As noted, there is already much
microscale biological science practical activity available
and in physics all the electricity and magnetism you could
reasonably want is readily done on microscale (3). But a
physics topic like mechanics is reasonably regarded as very
comfortably treated traditionally.
2.

Microscale in the Classroom
Microscale chemistry can be practiced just about

The bulb lighting up puts smiles on
the faces of learners working with the
Basic Microelectricity Kit.

anywhere. In a school there is no need to do microscale
experiments in a laboratory. In fact it is better if they can be done in a regular classroom, where
the practical activity can be integrated with other “theoretical” activities. This is possible because
the quantities of chemicals used are so small. Of course the teacher must be a good manager of
the activities, but that is also a requirement for working in a laboratory. The kits and chemicals
have a small volume so transporting them between store room and classroom, or between
classrooms, is not difficult. Water is needed and may have to be brought into the classroom in a
suitable container. Waste is generated too and requires that an empty container be brought into
the classroom also. For washing up at the end of the lesson water is again required and often this
might best be achieved by sending selected children to an outside tap or to washrooms if
available.
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Kits need to be maintained and this can only be achieved with the participation of the
children. Individual children or groups of children must be made responsible for cleaning and
packing kits after use. This sort of task is an important life-skill to learn so there should be no
hesitation about requiring this of the children.
It has been claimed by many educators that experiments can be completed faster on
microscale than with traditional equipment. Of course when used by novices it will not
necessarily be so. But very soon, after a little bit of experience, it should be the normal
expectation. Therefore it is quite possible for a teacher to plan a lesson around a practical
activity. There should be time for introducing the aims at the start and for discussion of results at
the end so as to make a meaningful learning experience. To achieve this of course the teacher
needs to gain experience and needs to get support and encouragement in the beginning; having
microchemistry kits will not be a magic bullet, but it can be the starting gun for a whole new way
of teaching and learning which many teachers have only read about in books and children are
innocent of.
3.

Microscale in the Curriculum
Ministries of Education are responsible for national curricula and if they are persuaded

they should implement microscience in selected schools or districts or even across-the-board,
several things other than buying equipment need to be provided for.
Firstly, maintenance of kits. There will be few breakages with the plastic equipment
(unlike glassware) but there will be losses. Good school management will minimize this; but
with poor school management this can be a big problem. There needs to be a spare-parts service
for schools.
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Secondly, chemicals are consumables; it is unavoidable. Because of the micro scale the
quantities used in the experiments are from 1-10% of what traditional experiments require. So
the chemicals costs are comparatively low. However it should be recognized that supplies of
replenishments must be routinely available to schools. Failure to set up local mechanisms for this
will quickly destroy the original investment.
Other important aspects to be addressed are the syllabus descriptions, the textbooks, the
examinations. In the sciences, each of these contains implicit or explicit reference to practical
work and how it should be done. Consequently each of these needs to be reviewed and amended
so that teachers are not deterred by official or quasi-official documentation that suggests if you
use microscale your learners will be disadvantaged!
Finally, the existing collection of worksheets for microchemistry experiments (see
UNESCO website: http://www.unesco.org/new/en/natural-sciences/science-technology/basicand-engineering-sciences/science-and-technology-education/the-global-microscienceexperiments/unesco-teaching-and-learning-materials/ ) should be studied in relation to the
national curriculum. It would be expected that many existing worksheets address topics and
concepts that appear in the national curriculum. They are quite suitable too for initial teacher
training activities, but it is probable that they are not suitable for the classroom as they stand. It is
therefore very important that any relevant existing worksheets be adapted to the national norms
and the national curriculum. This task needs to be undertaken before widespread implementation
otherwise teachers may feel alienated by being asked to use “foreign” materials.
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THE IYC GLOBAL WATER EXPERIMENT
2011 is the International Year of Chemistry and UNESCO and IUPAC share
responsibility for its success and impact. Around the World there have been many different
events and activities that recognized the IYC and enhanced awareness of chemistry. One
ambitious component was to develop and conduct a global chemistry experiment, in which
children and the public, universities and colleges could all participate. Water - its quality and its
treatment, soon emerged as the theme for this global chemistry experiment and an IUPAC Task
team designed and developed four quite simple experiments for this purpose (4).
However it was realized that the majority of people and
countries around the World would not likely be able to participate in
the Global Water Experiment (GWE). Attention switched then to
microscale chemistry activities that were equivalent to the traditional
scale ones originally designed. This was done (E Steenberg) and at the
same time a special microscale kit was developed to assist developing
countries (and donors to these countries) to get involved. Almost all the

Microscale kits for the
Global Water Experiment.

equipment components were drawn from the contents of our existing
kits, and even chemicals were included in this case (in solid form for easier and safer
transportation).
Thus we created a Global Water kit for use by children and a School Teachers Resource
kit (SRK) for teachers to support children’s activities. A School Pack was then constituted
comprising 10 GWKs and one SRK, which had everything required to do the four activities on
microscale. English worksheets for learners and a Teacher Guide were prepared to support the
kits. These have subsequently been translated into French, Spanish, Portuguese and Arabic with
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the help of UNESCO.

Individual countries have also made their own translations of the

materials, such as the Netherlands where Dutch microscale materials are available.
Under a UNESCO-sponsored project, five School Packs were sent to each of 32
developing countries around the World. 50 School Packs were also acquired by the UNESCO
office in Montevideo for Latin American distribution. Altogether some 436 School Packs have
so far been distributed to ? different countries, of which 15 countries are in Africa.

This recent story illustrates very well the power of the microscale chemistry concept to
make for a more inclusive and richer science education. Many, if not most of the countries that
acquired these kits to participate in the GWE would not have done so without microscale
chemistry kits. To cater for all the children around the World is still impossibly costly to do
immediately, but with a bit of time and effort it could be achieved.
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IT’S TIME FOR AFRICA
A number of positive reports have appeared in the past year suggesting that there are very
good prospects for Africa. The subtitle “It’s time for Africa” is in fact taken from an
“attractiveness survey” published by Ernst & Young in 2011 (5). It is gratifying for Africa to be
seen in such positive terms, but as is well understood there are serious educational imperatives
underlying the realization of these hopes and expectations. One of these imperatives is the
strengthening of science education at all levels. The implications to us are clear: there is now yet
greater urgency to meaningfully improve access to hands-on science for all. It is through this that
interest in science and public understanding of science will grow. And it is through this that the
necessary scientific and technological development and maintenance will become achievable.
Without this, the resources of Africa will be plundered and the “owners” left empty-handed.

REFERENCES
1. UNESCO. Low Cost Equipment for Science and Technology Education, Vol I (1985); Vol II
(1986). Paris: UNESCO.
2. http://www.unesco.org/new/en/natural-sciences/science-and-technology/basic-andengineering-sciences/science-and-technology-education/the-Global-MicroscienceExperiments/ Accessed 11/02/2011.
3. http://www.radmaste.org.za
4. http://www.chemistry2011.org
5. Ernst and Young. It’s time for Africa – Ernst and Young’s 2011 Africa attractiveness survey.
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SMALL IS BEAUTIFUL
Reproduced with permission from the UNESCO’s quarterly journal
A World of Science, vol. 9, no. 3, July 2011
ABSTRACT
When UNESCO first launched its global microscience project 15 years ago, many
countries still took a purely theoretical approach to science teaching, not out of choice but of
necessity. They simply could not afford the exorbitant cost of equipping schools and universities
with laboratories. The miniature kits proposed by UNESCO offered a low-cost, safe alternative
for experimentation. Given their multiple advantages, it was not long before the miniature kits
caught on. Cameroon, Tanzania and South Africa have invested massively in them, as have
Russia and the UK. Angola, Ethiopia, Namibia, Malaysia, Sudan, The Gambia and the
Palestinian Authority have all held workshops to adapt the kits to the national curriculum, while
other countries are still at the stage of demonstration workshops. Today, there is a growing
demand for UNESCO’s assistance in customizing the miniature kits for national use – nowhere
more so than in Africa. [AJCE, 2(1), January 2012: Special Issue]

Teachers on Rodrigues Island in Mauritius using a microscience kit to oxidate ferrous sulphate at
a workshop in August 2008 ©UNESCO/Maria Liouliou
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INTRODUCTION
If there is little or no experimentation in many classrooms and university laboratories in
developing countries today, one also finds virtual substitutes for laboratory experimentation in
the developed countries, such as computer-based simulations and video sequences. This can
hamper learning, as even the most practical notions will appear abstract to a student who cannot
put theory into practice. ‘Nothing compensates for the solid grounding in physics, chemistry and
biology which experimentation provides,’ observes Alex Pokrovsky, a chemist who retired from
UNESCO several years ago but still keeps an active interest in the project. ‘How can any country
train scientists, let alone promote the national research which is indispensable to development,
without experimentation?’ he wonders.
The first microscience kits were designed in the 1990s by the Research and Development
in Mathematics, Science and Technology Education (RADMASTE) Centre at the University of
the Witwatersrand in Johannesburg (South Africa) in the 1990s. Veritable mini-laboratories, the
kits replace the traditional glass test-tubes, beakers, flasks and measuring cylinders with
miniature plastic alternatives. The kits are inexpensive, compact, re-usable and difficult to break.
In addition, the small quantities of chemicals employed make the kits environment-friendly and
safe, with low operating costs.
In 1996, UNESCO and the International Union for Pure and Applied Chemistry (IUPAC)
were searching for a means of proposing low-cost experimental equipment at a price that any
country could afford. They found the answer in South Africa. Initially, RADMASTE focused on
experiments in chemistry. However, the basic concept can be adapted to experimentation in
many other areas of science, including physics, material sciences, geology, hydrology,
biochemistry, biotechnology and agriculture. Over the years, RADMASTE has added other kits
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to its repertoire, including the Basic and Advanced Microchemistry Kits, the Microburette Kit,
the Bar LED Microconductivity Kit, Microbiology Kit, Microelectricity Kit and Microchem
Water Field Kit. Most recently, it designed the International Year of Chemistry Global
Experiment Kits for UNESCO and IUPAC (see box).
Cameroon was one of the first countries to see the kits’ potential for strengthening
science and technical education. By December 2000, more than 7000 kits were being used in
secondary schools across the country. As the pilot project developed, it became urgent to provide
a structure for the introduction and monitoring of microscience in the country’s primary and
secondary schools. UNESCO suggested setting up a Centre of Excellence in Microscience
Experiments. The General Leclerc High School in Yaoundé, with a roll of almost 5000, was
chosen to host the centre. It trains teachers and organizes sub-regional seminars for teachers and
education specialists for Cameroon and the four other countries belonging to the Economic
Community of Central Africa, namely the Central African Republic, Chad, Republic of Congo
and Gabon.

Teachers using the microelectricity kit at the Mauritius workshop in August 2008
©UNESCO/Maria Liouliou
25

AJCE, 2012, 2(1), Special Issue

BIG BUSINESS
Today, the project is implemented within UNESCO’s International Basic Sciences Programme,
in collaboration with the teacher education section of UNESCO’s Division of Higher Education.
RADMASTE remains a key partner, as does the Islamic Educational, Scientific and Cultural
Organization (ISESCO) for participating countries from the Muslim world. ISESCO was a key
partner, for instance, in the introduction of the microscience kits into Jordan, Lebanon, the
occupied Palestinian territory and Syria in 2006 via a series of workshops. UNESCO’s Ramallah
office recently signed a contract with the Ministry of Education and Higher Education to provide
15 kits to18 Palestinian schools for grades 1–9, for a total of 270 kits. The Ministry now plans to
buy bulk quantities of the kits.

Various companies around the world manufacture the kits for microscience experiments.
Prices vary but the kits can come with a price tag of as little as US$10–15 each. The sales price
for bulk deliveries is negotiated directly by the country concerned and its chosen supplier.

UNESCO works primarily with three suppliers: Somerset Educational and Radmaste in
South Africa and Edulab in the UK1. However, UNESCO encourages countries to develop their
own kits from locally available materials. For those countries which prefer to purchase the kits
from abroad, it might help to generalize use of the kits in schools if donors were to propose debt
swaps in exchange for bulk purchases.

1

Somerset International: microscience@isat.co.za; Radmaste: joseph.mungarulire@wits.ac.za; Edulab:
enquiries@edulab.co.uk
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A STRONG DEMAND FROM AFRICA: THE EXAMPLE OF SUDAN
Once a country expresses interest in the project, the first step is to organize a workshop in
order to demonstrate how the kits work. In Sudan, for example, this workshop took place on 9 July
2010 at the International Academy School in Khartoum attached to the Ministry of Foreign Affairs.
UNESCO and the National Commission for UNESCO then organized a second workshop on 31
January this year to adapt the standard kits and UNESCO’s teaching materials to the Sudanese
curriculum and local conditions.
For two and a half days, Alex Pokrovsky and Hassan Elfatih, the national microscience
project coordinator and Dean of the College of Science of the Sudan University of Science and
Technology, guided 50 curriculum planners, trainers, policy planners and teachers in creating their
own teaching materials and kits for physics, chemistry and biology for children aged 14–16 years.
The participants then appealed to the Ministry of Education to introduce the new Sudanese kits into
the country’s schools.
Six months on, a Sudanese version of the kits has been developed which is currently being
tested in 30 pilot schools for a period of four months, with funding from the Ministry of Education.
Two schools have been selected in each of the country’s 15 states. In parallel, the National
Microscience Team is training teachers how to use the kits in the classroom.
Once the kits have been evaluated and modified as necessary, Education Minister Ustaza
Suad plans to supply the kits to 3500 schools. Sudan is currently negotiating a loan with the Islamic
Development Bank to purchase the kits in bulk.
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ETHIOPIA: HOME TO ONE OF AFRICA’S LARGEST STUDENT POPULATIONS
With 14 million school pupils and university students, Ethiopia counts one of the biggest
student populations in Africa. In March this year, Ethiopia opted for a combined demonstration and
adaptation workshop at the Ethiopian Management Institute east of the capital. Run jointly by
UNESCO and the Ministry of Education over three days, the workshop attracted more than 40
secondary school teachers, university professors, curriculum planners and policy-makers eager to
see the kits being used in conjunction with the accompanying teaching materials. Three professors
from the RADMASTE Centre demonstrated the kits, an exercise that has since been captured in a
brochure distributed to universities and schools.
Alexandros Makarigakis from UNESCO’s Addis Ababa office helped to organize the
March workshop. ‘Ethiopia began developing its own microscience kits in June,’ he explains. ‘The
Ministry of Education plans to focus on secondary and tertiary education and is developing kits in
biology, chemistry and physics.’
‘The Ministry has set up a steering committee to guide the process of adapting and testing
the kits in pilot schools between September and March next year,’ he adds. ‘It also plans to set up a
national microscience centre by September this year, with UNESCO’s assistance.’

TEACHER TRAINING IN TANZANIA AND THE GAMBIA
Meanwhile, in the United Republic of Tanzania, UNESCO has been working within the
United Nations Development Assistance framework to supply microscience kits and provide
teacher training for 180 schools, at a cost of US$1.4 million. Tanzania is one of the eight pilot
countries of the One UN Programme established in 20072.

2

The others are Cape Verde, Rwanda, Albania, Cape Verde, Mozambique, Pakistan, Rwanda,Uruguay and

Vietnam.
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In The Gambia, a consultative workshop for the introduction of microscience kits was run
on 10–13 January this year at the request by the President. For lack of funding, most senior
secondary schools lack functional science laboratories. The meeting report observed that even
‘the small number of schools equipped with laboratories fail to utilize their facilities effectively
due to the absence of a maintenance strategy and in-service training on how to integrate practical
work into lessons.’
A feasibility study conducted in 2003 by the Ministry of Basic and Secondary Education,
in collaboration with UNESCO’s Regional Bureau for Education in Africa (BREDA) based in
Dakar (Senegal), concluded that the kits would be very beneficial. The Gambia then applied to
be one of the 22 countries selected for the UNESCO project, which was essentially funded by the
Gaddafi International Foundation for Charity Associations at the time3.
The 15 participants in the January workshop comprised heads of secondary schools,
representatives of the Science Teachers’ Association, science lecturers from Gambia Collage and
the University of the Gambia, staff from the Curriculum Research and Development Directorate
and the Standard and Quality Assurance Directorate, as well as staff from the Directorate of
Science and Technology Education.
At the end of the four-day workshop, the participants recommended that the project be
introduced simultaneously for all 12 years of schooling and that one kit be provided ideally for
every three pupils, or a maximum ratio of one kit to five pupils. They recommended teacher
training and observed that teachers would need more time than at present to prepare their classes.
The participants recommended that Gambia College, responsible for teacher training in the
country, incorporate the use of microscience kits in its training curriculum. It was also

3

UNESCO ceased all co-operation with this foundation in February 2011 following the repression of
civilian populations in the Libyan Arab Jamahiriya.
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recommended that the kits be adapted to the national curriculum ‘to suit the country’s needs and
aspirations.’

BETTER TEACHING OF SCIENCE AND MATHEMATICS
In April this year, the Pan-African Conference on Teaching in the Context of Education
System Reform4 recommended that microscience kits be used to improve science and
mathematics teaching. The conference was organized in Lomé (Togo) by the African Union,
BREDA, UNICEF and other partners within the framework of the action plan for the
development of human resources adopted by the New Partnership for Africa’s Development.
The microscience kits will next be demonstrated on World Teacher Day on 5 October at
UNESCO Headquarters in Paris. Meanwhile, several workshops are planned for Haiti,
Kazakhstan and Kyrgyzstan before the end of the year.

The Big Splash!
Schoolchildren of all ages are being invited by UNESCO and IUPAC to participate in what
may turn out to be the biggest scientific experiment ever. With their teachers, children around
the world are being asked to measure pH levels and salinity in water, to filter and purify water
then desalinate it.

South African pupils measuring the pH of water during the Big Splash in Cape Town in March
©UNESCO/R.Sigamoney

4

See www.teacherspacted.org
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The United Nations’ World Water Day on 22 March offered an ideal opportunity to use
the microscience kits designed for conducting experiments on water chemistry. As this year’s
theme was Water for Cities: Responding to the Urban Challenge, the 1000 participating pupils
from schools in different parts of Cape Town were first exposed to a key urban challenge: the
difficulties Khayelitsha slum‐dwellers face daily in obtaining clean water from a standpipe. The
children were then transported to Ratanga Junction to watch a delightful play performed by the
Jungle Theatre on the importance of conserving and preserving local water supplies.
The next day, the children were handed the microscience kits, so that they could
conduct their own experiments, under the benevolent eye of Erica Steenberg from the
RADMASTE Centre and three volunteers. The children first discovered the pH of a water sample
taken from Intaka Island, a wetland in Cape Town, then filtered and purified the water. For
most of the children, this was the first time they had ever conducted a chemistry experiment.
Their excitement at completing the exercise successfully and the torrent of questions they
asked were a pleasure to witness.
The kits were donated to the participating schools by the South African Department of
Science and Technology and Sasol, a South African petrochemical company. The brief opening
ceremony was presided over by UNESCO and by the Deputy Minister of Science and
Technology, Derek Hanekom.
The Big Splash was part of a global experiment on Water: a Chemical Solution being run
by UNESCO and IUPAC within the International Year of Chemistry. Since the Big Splash in
March, a further 6303 students from 300 schools in 31 countries have registered the results of
their own experiments in water chemistry at the dedicated website.
Rovani Sigamoney
To watch the video about the Big Splash:
www.youtube.com/watch?v=r4gS9bep8Tc&feature=player_embedded#at=77
For details of the global experiment: water.chemistry2011.org; r.sigamoney@unesco.org
Imteyaz Khodabux
On the project in the Middle East, see also A World of Science, October 2007:
http://unesdoc.unesco.org/images/0015/001537/153797e.pdf;
For details (in Paris): i.khodabux@unesco.org; (in Addis Ababa): a.makarigakis@unesco.org; (in
Ramallah): s.ezam@unesco.org
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LOW-COST APPARATUS FROM LOCALLY AVAILABLE MATERIALS
FOR TEACHING-LEARNING SCIENCE
Sileshi Yitbarek
Kotebe College of Teacher Education, Addis Ababa, Ethiopia
Email: sile_y@yahoo.com
ABSTRACT
Learning science should start with hands on experiences that the child is familiar with
and not with abstract definitions about what science is. Low cost apparatus from locally available
materials believed to enrich the capacity to observe, explain and do real science in primary
schools and increases the quality of learning. Hence the purposes of this action research were
twofold: i) to design and produce appropriate low cost apparatus from locally available materials
that can be used in teaching-learning science in primary schools, and ii) to compare cost and
efficiency of the apparatus constructed using the low cost locally available materials with
standard factory produced ones. Comparatively the low cost materials offered an alternative
solution to do science in classrooms under difficult financial constraints. [AJCE, 2(1), January
2012: Special Issue]
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INTRODUCTION
Chemistry is mainly an experimental, observational and laboratory oriented discipline,
thus chemistry lessons must be developed to reflect this. Currently there is an urgent need
everywhere in the world to have low-cost instruments and low-cost experiments for teaching
chemistry. The situation is particularly serious in developing countries. As Tilahun, et al (1)
indicated, in spite of various efforts, shortage of school laboratory apparatus continues to be a
major problem which should be of serious future concern. There should be a gradual shift from
importing expensive apparatus to a reliance on low cost apparatus designed and manufactures by
utilizing locally available resources.
If we want our students not only to know “what scientists do?” but “how scientists do?”
and do science for themselves, our students should be able to observe, measure, compare,
classify, describe and evaluate. We are all born with the ability to be investigators; however, we
have to learn how to do it. Hence if we base our teaching of science with locally available, it will
make learning by doing accessible, even when the conditions for teaching are not conducive. It is
believed that, using locally available materials, most primary school experimental lessons can be
performed in a very short time, often with no or low financial input and without long sessions of
preparation.
The essence of science education is an involvement and understanding of the process of
science. Therefore, the effective use of the laboratory is a prerequisite in science education, as
science is an experimental, observational and laboratory oriented discipline. The significance of
laboratory activities can be understood in light of the following four broad roles (2). Laboratory
activities can be a means of i) gaining basic laboratory skills, ii) developing observational skills,
iii) explaining a particular concept, and iv) having best experience of what science is all about.
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According to many scholars the advantage of using low cost materials can be
summarized as (2, 3):
•

use of local materials makes teachers and learners aware of the resources to be found in their
environment and stimulates creativity to use them

•

the experiments and models can be constructed in a very short time, with a few tools, with
locally available materials even by unskilled persons as part of pre- and in-service teacher
training

•

the self-construction develops a sense of proud ownership and promotes a more frequent use

•

repair and replacement of broken parts are possible locally without technical or
administrative problems

•

for the storage no special storage facility is needed; a lockable cupboard is enough. Security
is no problem, because of the low material value

•

for the implementation no special infrastructure is needed. The innovations go straight to the
schools. What has been learned today in a training workshop can be applied tomorrow in the
classroom
In spite of the many efforts to make science education effective and popular, there are

many problems faced by planners and people responsible for the development of science
education and among these problems the major once are related to practical activities. It has been
recognized that teachers are reluctant in producing and using low cost materials for science
laboratories, and lack of physical facilities due to financial constraints (1, 4).
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MEANING OF LOW COST AND PURPOSE OF THE ACTION RESEARCH
Low cost in this action research refers to a systematic way of constructing a piece of
apparatus or designing an experiment from locally available materials. It involves the following
steps:
•

Making a careful study of the conventional apparatus or experiment.

•

Thinking of some low cost substitute that may be available in the locality.

•

Designing the improvised apparatus or experiment.

•

Putting the improvised apparatus or experiment to test. Making further improvements in the
improvised apparatus keeping the test results in mind.

•

Making use of the improvised apparatus in the laboratory for demonstration or practical
work.
With this conception of low cost materials in mind, the purposes of the action research are i)

to research, design and produce appropriate locally available materials in teaching-learning science
in primary schools, and ii) to compare cost and efficiency of the apparatus constructed using the low
cost local materials with standard factory produced apparatus.

RESEARCH QUESTIONS
The more concrete questions of the action research were:
1. What materials are available in the community to produce low-cost?
2. How can one design and produce so that others can simply repeat it?
3. How are the low-cost and manufactured apparatus compared in terms of cost and efficiency?
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BASIC TOOLS FOR THE LOW COST APPARATUS PRODUCTION
The following basic tools were utilized to produce the low cost materials. The current
price in Addis Ababa Ethiopia for the basic tools was 230 Birr (ETB). (Note that at the time the
research was conducted, 16. 5ETB is equivalent to 1USD).

230 Birr (NB 16.5 Birr =1USD)
In this action research the following apparatus and setups were improvised: Filtration,
Distillation, Titration, Gas preparation, Heating, Burning, gas preparation, Hoffan electrolysis,
and common laboratory apparatus-Separatory funnel, beakers, stirrer, funnel, stand, test tube, test
tube holder, test tube rack, Petri-dish, evaporating dish, models, wash bottle, spatula, measuring
cylinder etc. To make this paper concise selected setups and apparatus will be presented.
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Example 1: Filtration apparatus
1.1. Basic apparatus for filtration
Funnel

10 cent/ 34.61 Birr

Beaker

10 cent/ 23.00 Birr

Stand and Extension clamp

15 cent/ 161.73+ 40.25=201.98Birr

Stirrer

0.00 cent/ 2.00 Birr

Filter paper

5Birr / 40.00 birr
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1.2. Filtration apparatus cost comparison

Apparatus
Funnel
Stand and
Extension clamp
Stirrer
Beaker
Filter paper
Total

Unit Price
Improvised Manufactured
10 cents
34.61 Birr
15 cents
201.98 Birr
0 cents
10 cents
5 Birr
5.35 Birr

2.00 Birr
23.00 Birr
40.00 Birr
299.59Birr

1.3. Comparison of Efficiency

Water and Soil
mixture

Efficiency of low cost apparatus in regards to Time, separation, convenience, durability is
about 98% compared to the factory manufactured one.
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1.4. Filtration Construction Manual

10 cm
8 cm
Make
10mm
diameter
hole

15-20cm

8 cm

6 cm
50% off

6 folds

2.5 cm

Example 2: Separatory funnel
2.1 Low cost and imported

Stand and Extension Clamp
Beaker
Separatory funnel
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2.2 Separatory funnel cost comparison

Apparatus
Separatory Funnel
Stand and Extension
clamp
Cork
Beaker
Pinch
Total

Unit Price
Improvised

Manufactured

50 cents
15 cents

85.00 Birr
201.98 Birr

50 cents
10 cents
3 Birr
4.25 Birr

23.00 Birr
309.98Birr

N.B For 10 Separatory funnel setups the cost comparison was improvised 4.25ETBx10=
43ETB and manufactured 309.98ETBx10 =3,100ETB
2.3 Comparison of Efficiency of the Separatory funnels

Water and oil Mixture

Efficiency of low cost apparatus in regards to Time, separation, convenience, durability is about
99% compared to the factory manufactured one.
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Example 3: Distillation Apparatus
3.1 Basic apparatus for distillation
Receiver

10 cents Birr / 20 Birr

Tripod

3 birr/ 60 Birr

Burner

7 Birr / 90 Birr

Thermometer

19 Birr

Condenser

3 Birr / 40 birr

Trough

1 birr/ 95 Birr
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3.2 Distillation cost comparison

Apparatus
Distillation Flask
2 X Stand and
Extension clamp
Condenser
Receiver
Burner
Tripod
Plastic tubing
Thermometer
Total

Unit Price
Improvised Manufactured
5.00 Birr
75.00
15 cents
201.98 Birr
3.00 Birr
10 cents
7.00 Birr
3.00 Birr
10.00 Birr
19.00 Birr
47.25 Birr

40.00 Birr
20.00 Birr
90 Birr
60.00 Birr
10.00 Birr
19.00 Birr
515.98 Birr

3.3 Efficiency of the distillation apparatus
Water and ethanol mixture

Efficiency of low cost apparatus in regards to Time, separation, convenience, durability is
about 95% compared to the factory manufactured one.
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Optional distillation setup (comparative efficiency)

Example 4: Basic (Common Apparatus)
4.1 Measuring cylinder

8-11 Birr

25 cents
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4.2

Beakers

0.25 cents

35-38 Birr

4.3

Test tube holder and test tube

2 Birr

0.5 Birr
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4.4 Test tube rack

Rack 22 Birr

Rack 50 cents

4.5 Washing bottles

20-35 birr

2 Birr
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SUMMARY
1. Cost Comparison of All Setups Improvised and Manufactured

Apparatus

Unit Price
Low Cost

Filtration
Separatory funnel
Distillation
Titration
Gas preparation
Heating
Burning
Displacement of O2
Hoffman
Common Apparatus
Total (app.)

Manufactured

5.35 Birr
299.59Birr
4.25 Birr
309.98Birr
47.25 Birr
515.98 Birr
6.35 Birr
280. Birr
4.50 Birr
214.00 Birr
5.00 Birr
127.00 Birr
4.00 Birr
150.00 Birr
12.00 Birr
400.00 Birr
8.00 Birr
780.00 Birr
28.35 Birr 1,599-1,672 Birr
125.00 Birr 4700.00 Birr

2. Comparison of Efficiency of Low Cost Materials with the Manufactured Ones

Apparatus
Filtration
Separatory funnel
Distillation
Titration
Gas preparation
Heating
Burning
Displacement of O2
Hoffman
Common Apparatus
Average

% Efficiency
Low cost
90
99
95
50
80
60
100
100
60
100
83%
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CONCLUSIONS
The following conclusions were drawn from the action research:
•

Design and production is relatively easy

•

Our local community is rich in materials

•

1 manufactured = 40 Improvised (Low Cost)

•

Low-cost apparatus are really efficient and low cost or no cost
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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

Criteria

materials
Money
a. Freely available
b. Accessible
easily

No

and Low

Participation

Environment

Utilization

Local

Limited

Pupil/teacher/community Local

Limited

Pupil/teacher

available

at low cost
c. Available

Medium Teacher/other personnel

Partly local

Medium

Not local

Widest

commercially
d. Mass media or High
distant

learning

Specialist/other
personnel

systems

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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