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According to the Commonwealth S e c r e t a r i a t publicat ion, The Product ion of 
School Science Equipment, t he re a r e over a hundred bodies and organizat ions 
working on the production of school sc ience equipment. Most of them merely 
turn out p ro to types , but a few a r e engaged in mass product ion. It is c l ea r that 
blueprints and good ideas on equipment production exist in plenty. What 
appea r s to be needed is knowledge of how the items of equipment made by these 
production uni ts a r e rece ived by the t eache r and used in the c l a s s room. 

The absence of any systematic s tudies of evaluation of school science 
equipment i s common knowledge. P r o f e s s o r Ra is Ahmed, Di rec tor of the 
National Council of Educational R e s e a r c h and Tra in ing (NCERT) in a paper 
p resen ted to the 1975 New Zealand Conference on "Mate r i a l s for Learning and 
Teaching" , admits that NCERT, a leading organizat ion operat ing in this field, 
has not "undertaken any studies on cos t -ef fec t iveness of educational 
m a t e r i a l s " . Also , in the S e c r e t a r i a t publication a l r eady cited above, Warren 
and Lowe note that in the South-Eas t Asian regional body, RECSAM, "work 
is seen a s involving engineering and educational effort but without systematic 
analys is of the var ied c lass room si tuat ions into which the appara tus must 
fit . . . " . My own exper ience in the Science Equipment Product ion Unit (SEPU) 
confirms the above obse rva t ions : no evaluative s tudies have been c a r r i e d out 
on how the local ly produced k i t s , numbering over two thousand, a r e being used 
in schools . The content of th i s d i scuss ion paper i s therefore n e c e s s a r i l y 
gene ra l . 

Individual Student Exper imenta t ion /Teacher Demonstration 

School p rac t i ca l work i s often divided r a t h e r r ig idly into ca tegor ies - indi-
vidual student exper iments , and t eache r demons t ra t ions . Cur ren t curr iculum 
development favours work on an individual bas i s and much effort is being made 
in many developing count r ies to pe r suade t e a c h e r s to move away from the more 
t radi t ional and familiar method of demonst ra t ion . We should not forget that we 
a r e consider ing a group of ve ry inexper ienced t e a c h e r s , a high proport ion of 
whom a r e genera l ly untra ined and whose approach to science teaching usual ly 
cons i s t s of a s e r i e s of l e c t u r e s with the occasional demonstra t ion. This 
pa t te rn of teaching i s fur ther encouraged by the extremely limited budgets on 
which schools r u n . We a r e faced, then, with a dilemma; on the one hand it is 
educationally des i r ab le to move towards student experimentat ion, but on the 
other the re a r e the cons t ra in t s imposed by lack of money and expe r i ence . 

This dilemma is of fundamental concern to those involved in the produc-
tion of low-cost sc ience equipment. Product ion uni ts a r e , we hope, c losely 
assoc ia ted with other curr iculum development pro jec ts and so a r e involved in 
implementing new teaching s t r a t e g i e s . As an example, one of the prac t ica l aims 
of the SEPU ki t s has been the encouragement of an inves t igatory approach 
which will improve both the genera l s tandard of science teaching and the 
in te res t displayed by s tuden ts . 
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Quite apar t from any educational cons ide ra t ions , it i s n e c e s s a r y to 
look at a pure ly bus iness fac tor . F o r local manufacture on a commercial 
scale to be economically v iable , t he re must be a s izeable marke t . Let us 
consider India a s an example. Middle schools alone number over 100 ,000 . 
NCERT, t he re fo re , has no problems a s far a s size of t a rge t population i s 
concerned . In fact, the market is so l a rge that NCERT i s able to afford to put 
up two ca tegor ies of k i t s ; one for t eacher demonstrat ion and the other for 
individual student experimentat ion. In the case of Kenya, however , t he r e a r e 
only 1,250 secondary schoo l s . For SEPU to cons ider the manufacture of any 
item of equipment it i s n e c e s s a r y to have a production run of at l eas t 1 ,000. 
In this case it i s obvious that the market i s simply not l a r g e enough to justify 
the development of a demonstrat ion k i t . Thus SEPU is at p r e sen t concerned 
mainly with the production of individual ly-based sc ience k i t s . 

SEPU recommends that students use k i ts working in small groups (four 
r e p r e s e n t s an ideal number) but, at the same t ime, it acknowledges the fact 
that many of the poore r schools a r e forced by the i r financial si tuation to limit 
themselves to a single k i t . This means that any t e a c h e r s 1 manual designed to 
accompany the appara tus must take into cons idera t ion the fact that some of 
these ki ts a r e being used for demonstrat ion p u r p o s e s ; adequate ins t ruc t ions 
need to be provided both for work in small groups and for t e a c h e r demonst ra-
tion e x e r c i s e s . 

Storage 

Little thought a p p e a r s to have been given in the past to s to rage although many 
t eache r s see it a s a major problem. A high propor t ion of r u r a l schools have 
a science room r a t h e r than a fully furnished l a b o r a t o r y . Such rooms a r e not 
only devoid of appara tus but a lso of s to rage fac i l i t i e s . One of the objec t ives , 
then, must be not only to design a kit but a l so something to put it in . Wood is 
the obvious ma te r i a l . It i s usual ly obtainable local ly , and labour p r e s e n t s no 
problems. Most units do design and build boxes from wood and ha rdboa rd , but 
occasionally experiments a r e c a r r i e d out with other m a t e r i a l s . SEPU at one 
stage packed the i r ki ts in plas t ic moulds in a ca rdboard box but th is turned out 
to be no cheaper than a wooden box, and far l e s s d u r a b l e . 

A second considera t ion is that many sc ience k i t s , by t h e i r ve ry n a t u r e , 
contain a lot of separa te p a r t s . L o s s e s a r e ve ry l ikely and a kit in which half 
of i ts components is missing is of l i t t le use to anyone. Thought needs to be 
given to t h i s . A solution that has been t r i ed i s the design of special f ixtures 
to hold individual i t ems . NCERT had th i s to say concerning a biology kit in 
one of i ts r e p o r t s . "The re will not , t h e r e f o r e , be any mix up once the t eache r 
knows the position of var ious p ieces of equipment ." Exper ience in Kenya does 
not confirm t h i s . The more specia l ized f ixtures and compartments the re a r e , 
the l e s s l ikely it i s that a t eacher will put everything away. This i s pa r t i cu -
l a r ly apparent when dealing with ki ts on individual b a s i s . 

A third point concerns s a l e s . In Kenya, k i t s a r e sold on an individual 
b a s i s . A school may buy as many as ten k i t s , each being a complete set of 
appara tus from which the pupils need to select appropr ia te items for each 
invest igat ion. Such a select ion is not n e c e s s a r i l y a del ica te opera t ion , and 
constant rummaging in kit boxes tends to damage the more fragile components . 
SEPU staff have , during i n - s e r v i c e c o u r s e s , suggested to t e a c h e r s that in 
c a se s where a school p o s s e s s e s severa l k i t s , t e a c h e r s should cons ider r e -
packing them in such a way that a small number of items may be withdrawn so 
that checking for loss becomes e a s i e r . 
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Although the whole a r e a of s torage is ve ry much a problem for indivi-
dual t e a c h e r s in individual s i tua t ions , prodact ion uni ts do have a responsib i l i ty 
to design suitable con ta iners which offer flexibility in use and a r e du rab le . 
P e r h a p s the best answer is a s t rong wooden box divided into a limited number 
of smaller compar tments . 

Maintenance and Repa i r 

Design of low-cos t equipment must a l so take r e p a i r and maintenance into con-
s ide ra t ion . Many r e p o r t s freely d i scuss local r e p a i r , but the i r w r i t e r s r a r e l y 
seem to unders tand what this r ea l l y involves . If an item can be mended with a 
hammer, then local r e p a i r is a poss ib i l i ty ; if not , then it is much more r e a l i s -
tic to think in t e rms of what the t eacher can do for himself. Such routine work 
a s polishing pe r spex l enses with toothpaste and softening ha rd modelling clay 
with glycer ine i s best included in the re levant t e a c h e r s guide . 

In any appra i sa l of the poss ibi l i ty of r e p a i r work, it i s often not the 
t eache r ' s abil i ty but his inclination which is in doubt. The bes t a l l -a round 
solution is to produce individual items which a r e a s robust a s poss ible but, at 
the same t ime, a r e inexpensive and stocked by the production unit in adequate 
quant i ty . The t eache r will then know that he can purchase replacements 
cheaply at any t ime. This would appear to be an extravagant use of r e s o u r c e s , 
but exper ience from SEPU indicates that in p rac t i ce few sc ience ki ts have 
items that a r e amenable to simple r e p a i r work , and a lack of skill or motivation 
on the par t of many t e a c h e r s means that what i s broken often s tays broken . 

Administrat ive Programmes to Ensure the T e a c h e r s 

Actually make use of Equipment and "Use Equipment Effectively 

The repor t of the New Zealand Conference a l r eady r e f e r r e d to made the 
following recommendation: "Educational au thor i t i es should ensure that t e ache r s 
rece ive a s an in tegra l par t of p r e - s e r v i c e and i n - s e r v i c e t r a in ing , whatever 
ins t ruct ion they need to enable them to take full advantage of the equipment and 
mater ia l s that may be avai lable to a s s i s t them in the i r work" . A survey of the 
l i t e r a tu re r e v e a l s that this statement confirms the sentiment of many production 
un i t s . The need for t eache r t ra in ing programmes accompanying the in t roduc-
tion of a new range of low cost appara tus i s c l ea r ly seen but i s the most effec-
tive use always made for the time available? 

Fo r any programme of c o u r s e s to be effective and successfu l , it ought 
to be ta i lored to meet the p a r t i c u l a r needs of the local s i tuat ion. It might be 
worthwhile he re to desc r ibe a specific case using as the example - the teacher 
t ra ining programme es tabl i shed by SEPU in Kenya. 

Some of the problems faced by the schools for which the SEPU kits a re 
pr imar i ly intended may be summarized a s follows: 

(a) Academic Qualification 

Of the approximately 1,250 secondary schools in Kenya, some 850 a re 
e i ther pr iva te o r a r e built on a self-help bas i s to s e rve a local com-
munity. The r e s t a r e government a ided . F i g u r e s published by the 
Minis t ry of Education show that al l secondary schools a r e staffed 
la rge ly by non-graduate science staff. Although many of them a r e 
enthusias t ic and ve ry able t e a c h e r s , a high propor t ion do exper ience 
problems of an academic nature at the form 4 (East African Cert if icate 
Education) l eve l . In the non-government s ec to r , the t eacher shor tages 
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are acute par t icu la r ly among the science subjec ts ; vacancies tend to 
be filled on a temporary basis by secondary school l e a v e r s . While 
every opportunity must be taken to r a i s e the academic s tandards of 
these t e a c h e r s , the problem is how one could do this and at the same 
time, avoid damaging the li t t le confidence they p o s s e s s . 

(b) Inexperience 

P a r t of the above problem is the re la t ive inexperience of science 
t e a c h e r s . With the shortage of t ra ined science g r a d u a t e s , promo-
tion to non-teaching posts of responsib i l i ty is r ap id . As a r e s u l t , 
it is unusual to find exper ienced African science graduates as heads 
of science depar tments . 

(c) Lack of Confidence 

Although much p r e - s e r v i c e t raining is cen t red on new approaches to 
science teaching, t e ache r s a re extremely re luctant to depar t from the 
pa t te rns that they were familiar with as s tuden t s . Once teaching p r a c -
tice is ove r , there is a rapid r eve r s ion to what is r e f e r r e d to as 
"tradit ional teaching" - a s e r i e s of l ec tu res re l ieved by occasional 
demonstration e x e r c i s e s . Behind this is a fundamental lack of con-
fidence in abi l i ty. 

(d) Poor Motivation 

However dis tas teful , poor motivation of t eache r s is something that 
must be accepted. A significant proport ion of t eache r s lack the neces -
s a r y commitment to the i r profess ion , and this needs to be recognized 
and adequate plans made to overcome i t . 

Aware of the problems desc r ibed above, a s e r i e s of in teres t ing and 
promisingly useful cou r se s were planned to promote an in te res t in and encou-
rage c o r r e c t use of science k i t s . For the benefit of par t ic ipants from the non-
government s e c t o r , the c o u r s e s were designed to include some basic educa-
tional theory and c lassroom technique. 

The diagram provides a summary of the scheme for i n - se rv i ce training 
devised by S E P U . Initial planning and development were the responsibi l i ty of 
the biology consultant at S E P U . Having been a key person in the design work 
re la ted to the biology ki t , his teaching exper ience in Kenyan schools ensured 
an awareness of the problems that had to be faced. The basic plan was to 
provide a s e r i e s of one-day c o u r s e s , each involving as much teacher activity 
as possible throughout the p rov inces . The cou r se s were designed on a unit 
plan, combining a local adaptation of some of the mater ia l developed in the 
U.K. Science Teacher Education P ro j ec t , with opportunit ies to use the 
science k i t s . 

The diagram i l lus t ra tes the training available to an individual t e ache r . 
He has the opportunity to attend an introductory course at which he will be 
able to examine and use some of the science kits and familiarize himself with 
relevant teaching methods. Follow-up cou r se s held l a te r will enable him to 
go into g r e a t e r depth in some of the experimental work as well as providing 
him with prac t ice in o ther teaching sk i l l s . Final ly , if he is sti l l in te res ted , 
he can continue to gain experience and help through half-day prac t ica l s e s -
sions which a re organized local ly . 

P a r t of the long-term plan was to identify and t ra in the n e c e s s a r y 
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personnel to conduct similar cou r se s at a l a te r date and to follow up the i n t r o -
ductory programme. For tunate ly , an excellent re la t ionship was establ ished 
with the Inspectorate Division of the Ministry of Education. Since follow-up 
work to a course of this nature is absolutely essen t ia l SEPU has s ta r ted to 
make use of provincial organizat ions in this aspect of its work. With finances 
very limited, this has been cen t red on exist ing local organizat ion and help has 
been received from the Ministry of Educat ion 's provincial i n s p e c t o r s , the 
Br i t i sh Council and, what is potentially a ve ry valuable l ink, the Kenya 
Science T e a c h e r s ' Associa t ion . SEPU provides a s s i s t ance by way of person-
nel and equipment. 

Unless attendance during in - se rv ice c o u r s e s is made compulsory (and 
this is not the policy in Kenya), it is impossible to reach every teacher in this 
way. Alternat ive s t r a t eg i e s a re n e c e s s a r y . Most important of these is an 
adequate t eache r s guide. The biology kit guide , the la tes t in the line of SEPU 
teachers gu ides , t r i e s to meet the same objectives as the c o u r s e s . It is in two 
sec t ions , a shor t introduction which puts in simple language some advice on 
teaching method and a main par t which d i s cus se s each investigation in tu rn . 
Throughout the booklet , a compromise has been made between providing full 
information and at the same time keeping the guide brief enough to appeal to 
r e a d e r s . 

Experiments have also been made in conjunction with school ' s broad-
cas t ing . Radio programmes have been produced which, although di rec ted at 
the s tudents , incorpora te an element of t eacher t r a in ing . Because these p r o -
grammes have not been broadcas t at the time of writ ing this pape r , further 
comment is not possible at this s t age . 

The in - se rv i ce t raining of t eacher s is expens ive . A brief examination 
of the financing of the SEPU programme may be of in te res t h e r e . The l a rges t 
items on the budget a r e the t r anspor t expenses and accommodation for t e a c h e r s . 
These have usual ly been kept to a minimum by running identical one-day courses 
on a provincial b a s i s . The cost of a t e a c h e r ' s t r anspo r t and subsis tence is met 
from the appropr ia te vote by his school . SEPU pays for staff accommodation 
and t r anspor t In a s e r i e s of six int roductory c o u r s e s for which full r eco rds 
were kept , it was found that SEPU spent approximately 3 ,000 Kenya Shi l l ings . 
It is of in te res t to note , however , that in the month immediately following these 
c o u r s e s , sa les resul t ing from o r d e r s made at these c o u r s e s amounted to 
35,000 Kenya Shillings' . 

The situation with p r e - s e r v i c e t raining is not sa t i s fac to ry . P r o g r e s s 
has been poor but it is hoped that be t t e r l ia ison between insti tutions that t ra in 
science t e ache r s and SEPU will lead to c lo se r co-opera t ion in fu ture . Out-
side of this expe r i ence , it must be remembered that once a production unit 
s t a r t s manufacturing science appara tus in quanti ty, note must be taken of this 
fact by training col leges and univers i t i es prepar ing science t e a c h e r s , whether 
or not they a r e in full support of the scheme. 

Evaluation of Equipment by Teache r s 

Formative evaluation should be a basic concern of any production unit . It is 
essen t ia l to have continuous as sessment and feedback from the c l a s s room. 
Much has been wri t ten concerning this subject (see the New Zealand Conference 
repor t on "Mate r i a l s for Learning and Teaching") a l ready and s o , here only 
the importance and ro le of the t eache r in evaluation is cons ide red . Close co -
operat ion between the eva lua to r , however exper ienced , and the t e a c h e r , how-
ever inexper ienced, is v i t a l . The fact that this is not recognized probably 
leads to more fa i lures than any o ther factor in attempts to gain information at 
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the school level. A look at some recent, small-scale evaluations reveals a 
number of points worthy of note: 

(a) Teachers are busy. They have many more important jobs to do 
than fill in c i rcu la rs . It is reasonable to ask a teacher for ten minutes 
of his time, but questionnaires that take an hour or more to complete 
are unrealist ic. Similarly, a teacher is more likely to return the 
information promptly if he has to tick the appropriate box rather than 
supply a detailed report in answer to every question. A further prac-
tical point that is easily forgotten is that certain times in the school 
year are much busier than others . Avoidance of the examination period 
period, for example, will be much appreciated. 

(b) The aims of the evaluator are often not c lear . The teacher 
should know why he is being asked to supply particular information and 
to what use it will be put. 

(c) There are obvious advantages, mainly in terms of a saving of 
time and money, in conducting an evaluation by means of postal c i r -
culars . Unfortunately, the number of such circulars that are returned 
can be depressingly low. If circumstances permit, it is better to 
establish personal contact. A structured interview can produce more 
satisfactory results since points can often be clarified where necessary. 

(d) It is important that the evaluator asks his questions in the 
correct way. In the early work of SEPU, an attempt was made to 
determine the needs, in terms of apparatus, of science teachers . 
Teachers were asked a question like, "Would you like a model of a 
DNA molecule?". Obviously, no teacher was going to look a gift 
horse in the mouth. When the results were analysed it was found that 
"95% of teachers would like DNA model". In this way, an item com-
pletely unjustified in terms of cost-effectiveness was included in the 
prototype kit. 
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SUMMARY OF SEPU IN-SERVICE TRAINING SCHEME 
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