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There is now overwhelming evidence that students in the 
developing, predominantly agricultural countries of the 
tropics have a much lower level of spatial ability than stu
dents in the more industrialised nations in the temperate 
regions [Deregowski 1980, Mitchelmore 1975] While psy
chologists argue over the causes of the difference, educa
tors are rightly more concerned with its effects in the class
room. 'The major research areas have been in picture 
production and perception, where some teachers have de
vised successful means of helping students overcome their 
initial difficulties [Davies 1976; McCrae 1973; Nicholson, 
Seddon and Womsop 1977] 

However, spatial ability tests measure only one aspect of 
a person's knowledge of space, namely the ability to pre
dict the results of various transfOrmations of depicted ob
jects, using only such everyday words as draw, tum, fold, 
look like, longer than and nearer to. Much of what one 
knows about space requires a more technical vocabulary, 
including such words as line, square, angle, area, parallel 
and congruent, and is expressed in statements about the 
relations between the corresponding concepts and in the 
application of these relations to given configurations This 
second aspect is what one usually calls geometrical knowl
edge. The two aspects are clearly not independent; all geo
metrical concepts are entirely visual in origin and owe 
their importance to their invariance under some common 
transformation, and many spatial ability tasks can be 
made significantly easier by the application of a little geo
metrical knowledge 

In Western studies of secondary school children, it has 
been found that geometrical knowledge is only moderately 
condated with spatial ability, with verbal ability and logi
cal reasoning oflen proving to be more strongly correlated 
[Werdelin, 1961]. In younger or less sophisticated stu
dents who are still in the process of forming the basic con
cepts of geometry, a much stronger relation might be ex
pected. One would therefore predict that students in 
developing countries would show a deficit in their geomet
rical knowledge similar to their deficit in spatial ability 
Such a relation was in fact fOund in two recent studies 
comparing samples of students tram urban areas of 
Jamaica and West Germany In one study [Mitchelmore, 
1982a], the geometrical knowledge of Jamaican Grade 9 
students in non-selective secondary schools was found to 
be less than that of Grade 5 students in German compre-

hensive schools. In another study [Mitchelmore, 1982b] it 
was estimated that the spatial ability ofJamaican Grade 5 
students was equivalent to that of German students 8 6 
years younger. 

The difference in geometrical knowledge and spatial 
ability which these studies show is more than half the 
length of time which students usually spend in school 
Since .Jamaica is one of the richer developing countries 
and is highly accepting of Western culture, one might ex
pect other developing countries to show even bigger differ
ences, to the point where they exceed the normal length of 
schooling Obviously geometry teaching in developing 
countries has to be qualitatively different from geometry 
teaching in Europe and North America, at least for the 
great majority of students 

However, the mere finding of a correlation between geo
metrical knowledge and spatial ability does not help us to 
understand what aspects of spatial understanding are im
portant in early geometry learning, and so gives us no clue 
as to how geometry teaching in developing countries 
should be designed We need answers to the following 
questions: 

I In what ways does low spatial ability affect geome
try learning in developing countries? Or, to put it 
another way, what specifically spatial problems do 
students encounter in learning geometry? 

2 Can students oflow spatial ability learn geometry, 
and if so, how should it be taught? 

The purpose ofthis paper is to describe the results of are
search project carried out in rural Jamaica which throws 
some light on these questions [Mitchelmore 1982c] Al
though the urban areas of Jamaica are similar in many 
ways to small cities in fully industrialised countries, the 
rural areas remain largely dependent on small-scale farm
ing and are probably not very much different from rural 
areas all over the tropical world 

Background 
At the time the project took place (1980-81), students in 
Jamaican teachers' colleges were placed in schools as in
terns in their third year and as part of their work were 
each required to make an empirical study of an educa
tional problem in their school Fifleen interns from two 
colleges, all of whom were teaching in rural primary 
schools, agreed to study the teaching of various topics in 
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elementary geometry The topics, procedures and results 
were discussed and coordinated at a number of seminars 
held under the direction of the author, but the studies were 
the responsibility of the individual intems working under 
the supervision of a college tutor The quality of the study 
repmts varies considerably, but one can have a f3.ir degree 
of confidence in the many observations which appear in 
slightly different fmm in several reports, and it is these we 
shall rely on. 

In rural primary schools in Jamaica, the principal may 
be the only ti ained teacher. Classes are often large and fre
quently crowded into one large room, the students sitting 
three to a desk designed for two and the classes separated 
by no more than a standing blackboard .. The typical child 
comes flum a large one-parent family living in a two-room 
house, frequently comes to school without breakfast, and 
tends to attend inegularly [Figeroa 1971] There has been 
no fmmal study of what mathematics is taught in mral 
schools in Jamaica, but anecdotal repmts suggest that 
teaching tends to be authoritarian and little influenced by 
the textbooks and cuniculum guides dis!Iibuted by the 
Ministry of Education Anyone who has visited a mral 
primary school in a developing countiy in the tropics will 
recognise the situation [see, fOr example, Roberts and 
Kada 1979] 

The studies 
Ihe fifteen studies fell into six categmies: two on the 
recognition of basic shapes, three on fitting shapes to
gether, fom on parallels and perpendiculars, fOur on mir
rm symmetry, one on angles, and one on solids By fOrce 
of circumstances, most followed a one-group, pretest
teach-posttest design in the intern's regular class or an ex
perimental group selected from it. To indicate the flavom 
of the results, here are summaries of the three studies 
which dealt with fitting shapes together 

Study 1. Making patterns (Grade 3) 
In the pretest, a circle was correctly named by all the 25 

Figure I 
A Grade 3 student ·s attempt to continue the pattern given 
in the two left-hand columns From the pretest in Study 1 

students in the class, and a square, a rectangle and a trian
gle by 62-64% However, knowledge ofpattems was very 
weak: only one student could point to a pattern in the 
classroom or name one outside, all students made rather 
poor etfmts at continuing given patterns, and only three 
could create theii own patterns Figure 1 illustrates stu
dents' difficulties in continuing patterns 

Ihe teaching unit consisted of 23 lessons over fom 
weeks- ten from mathematics, twelve from art and craft, 
and one from language arts periods .. The art lessons con
sisted of identifying pattems in the classroom and during a 
nature walk, and then making patterns using scrap 
material, stiing pulling, paper folding, drawing, ink blob
bing, paint blowing, block printing, tie-dying and weaving 
The emphasis here was on the regular repetition of a basic 
shape to create a pleasing pattern (Naturally, many of the 
pattems were rectangular) The mathematics lessons dealt 
with different types of triangles, the difference between a 
square and a rectangle, finding perimeters, making tessel
lations of squares and rectangles, and finding rectangular 
areas by counting squares .. Students also wrote a composi
tion on "Patterns" 

The intern reports that, after an anxious start, children 
became very eager and worked carefully trying to create 
"better" pattems than their friends. They brought materi
als and patterns hom home and talked fleely about their 
discoveries; no stigma seemed to be attached to using 
scrap materials. It was noted, however, that children pre
fened to copy pattems freehand rather than use tracing 
paper Also, some children had difficulty dividing rectan
gles into squares in order to find their areas 

On the posttest, all the children named all tom basic 
shapes correctly and many identified patterns in their en
vironment There was still difficulty in continuing given 
pattems, but "after much effmt" about 80% produced 
adequate completions; by contrast, they showed much en
thusiasm and creativity in constructing their own pat
terns The comparison with the pretest shows that stu
dents had made enormous progress. The intern also 
reports that students seemed to have become more alert, 
observant, creative and willing to "experiment and re
search". 

Study 2: Tessellations (Grade 6) 
The 18 students in this class were given a written and an 
oral pretest. On the written test, children were asked to 
draw various figures on squared paper, to say whether 
given shapes could fmm a tessellation, to draw tessella
tions using a given rectangle and square, and to find the 
area of fOur rectilinear shapes drawn on a square grid The 
mean score was 8% On the oral test, students were shown 
cards with diagrams of several shapes and asked to point 
to all the examples of various named shapes. Perfmmance 
here was smprisingly poor, the best-known shapes being 
the right-angled tiiangle (55% conect), the square (33%) 
and the rectangle (33%) There was frequent confusion 
between the sqnare and the rectangle; 33% called a rec
tangle a square. Similru fl·equencies were found when stu
dents were asked to name the shape fmming a given tessel
lation 
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Teaching consisted of 15 one-hour lessons spread over 
four weeks and fell into three sections. In the first, de
signed to reinforce concepts of basic shapes (the various 
types of tiiangles, square, rectangle, pentagon and hexa
gon), children outlined shapes on squared paper, drew 
shapes to given dimensions, and made shapes on gee
boards The second section dealt with tessellations of these 
shapes, the students firstly sticking card squares m trian
gles on to squared paper and then drawing given tessella
tions on squared paper and creating original ones; they 
were also encouraged to prodUce coulour pattexns by us
ing card shapes of different colours aud by crayoning their 
tessellations In the final lesson, children learned how to 
find the area of a rectangle by dividing it into unit squares 
and counting the squares. 

Children's work collected during the teaching period 
showed evidence of consider able individual differences 
and much leaming Elementary enors included pencil 
lines not following the grid lines or made of two distinct 
segments; vertices not on a grid vertex; sides of the wrong 
length; square cards not quite fitting on the grid lines, so 
that adjacent squares did not fit together; card shapes 
rotated so that they could not possibly fit together (see 
Figure 2); and drawn shapes fitting together but changing 
shape hom one side of the paper to the other. These errors 
gradually disappeared as students did further work on 
each topic The major remaining difficulty appeared to lie 
in drawing isosceles triangles on squared paper; there was 
no discussion of symmetry in this unit 

Figure 2 
A Grade 6 student's attempt to stick right-angled triangles 
on to a square grid to form a tessellation From the second 

week of the teaching unit in Study 2 

I he posttests were identical to the pretests On the written 
test, the mean score was 59% On the oral test, only one 
student (who had not been in regular attendance) could 
not identify all the shapes on the cards; the shapes in tiian
gular, rectangular and square tessellations were identified 
by 83%, 89% and 100% of the students respectively. Stu
dents had obviously learned a great deal not only about 
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the basic geometrical shapes but also about shape in gen
eral. 

Study 3: Area (Grade 6) 
This study, done with a group of eight selected students, 
was intended to fall into a measurement categmy, but it 
was in fact largely concerned with teaching children to ap
preciate how certain shapes can fit together. 

On the written pretest, half the students gave the cmrect 
values for the areas of various squares and rectangles, but 
none could state how many unit squares would fit into 
each shape. A group of ten Grade 7 children was also 
tested; they all found the cm rect areas but again none 
could state the number of unit squares The intern con
cluded that some students had leamed the "length X 
breadth" fmmula but that none had any concept of area 
measurement 

The four-week teaching unit staited with exercises on 
covering regions with congruent shapes in a rectangular 
pattern; books were covered with bottle caps, desk-tops 
with books, and the classroom with desks(!) The rectan
gular pattern was highlighted by looking at squared paper 
and by pulled-thread activities with crocus-bag material 
(hessian) It took some time fm students to appreciate that 
the covering pattem is fmmed by intersecting, regularly
spaced perpendicular lines; and they counted squares one 
by one instead of using multiplication The general idea of 
area measurement was reinfOrced in art and craft lessons; 
for example, children made shapes representing people, 
houses, etc. on squared paper and counted the number of 
squares covered; or they covered a sheet of squared paper 
in a tessellation, coloured it in a ·pattern, and counted the 
number of unit shapes of each colour Areas of tiiangles 
and circles were found by counting squares, and students 
also learnt to estimate the areas of objects in the class
room 

Students nevertheless had difficulty in proceeding to the 
semi-concrete case; they did not find it easy to draw the 
squares in a rectangle of a given size, and they still counted 
the squares one by one .. Towards the end of the teaching 
period, a few students noticed that there are the same 
number of squares in each row and the same number in 
each column when a rectangle is divided into squares 

Perfmmance on the posttest was much improved, with 
about two-thirds of the students showing understanding of 
the items testing their concepts of area measurement The 
most frequent error was the use of linear units in place of 
area units 

Results of the other studies were similar Students in 
Grades 2 and 4 learned to identify squares, rectangles and 
triangles successfully and learned their basic properties; 
students in Grades 4, 5 and 6 leamed to identify parallel 
and perpendicular lines without much difficulty, and were 
able to investigate and use the con·esponding properties of 
squares and rectangles; students in Grades 3 to 6 learned 
to recognise bilaterally symmetiical figures and to canst
met them using paper folding and sketching, but were un
able to draw symmetrical figures accurately; Grade 6 stu
dents learned with some difficulty to measure angles to the 
nearest 45c; and a Grade 3 class learned the names of the 



commonest solid figures and their basic properties. All 
units, typically of 8-12lessons over four weeks, followed a 
concrete-exploratory approach similar to that exemplified 
in Studies I -3, in which shapes or relations were identified 
in the environment and then constructed for study in the 
classroom using geoboards, squared paper, art materials 
and whatever scrap materials could be gleaned by the in
tern and the children 

Conclusions 
The results of the fifteeu project studies answer our second 
question conclusively: young children of low spatial abil
ity can learn geometry. On 8 of the 15 studies which in
cluded an identical pretest and posttest, the mean gain was 
53%; similar gains seem to have occurred in the other stu
dies .. Even though no study included a retention test to 
find if the improvements were lasting, these are certainly 
impressive gains Students ceitainly met difficulties, but 
the important thing is that most children tried and suc
ceeded in overcoming many of them. Of course, many 
problems still remained, but you cannot expect to teach 
everything in one unit. Were students exposed to a se
quence of units such as those which were taught in this 
project, one could reasonably expect that the elementary 
difficulties would be progressively eliminated and that stu
dents would be ready to proceed to a more abstract and 
analytical study of geometry by the end of primary school 

The teaching method which produced these gains was 
based on structured concrete explorations The structure 
was imposed by the teacher in order to ensme that the tar
get concepts were encountered; the teacher was also direc
tive in presenting the geometrical terms and their defini
tions, but only after the need for them became apparent. 
The approach was concrete in that it dealt with real ob
jects embodying the concepts under study, and it is inter
esting to notice that many of the spatial difficulties which 
children could not overcome so easily seemed to result 
from the transition to a semi-concrete representation (e.g 
hom covering a rectangular object with square cards to di
viding a rectangle into squares by drawing). Finally, the 
method was exploratory in that, within the structure sup
plied by the teacher, students were flequently set simple 
problems to solve cooperatively and openended construc
tion tasks leaving scope for individual creativity 

It should be clear that by following this method the in
terns taught an understanding of space which went far 
deeper than mere knowledge of geometrical jargon This is 
evident both from the improvement in the technical stan
dard of students' creative work and from gains on test 
items which were not dependent on verbal knowledge (e.g 
the pattern production items in Study I above} No stan
dardised spatial ability tests were given, and indeed it is 
doubtful whether the gain resulting from any one unit 
would have been measurable by such means; but it does 
seem likely that a sequence of units studied over a period 
of time would produce significant increases in measured 
spatial ability as well as geometrical knowledge. 

We now turn to consider our first question by looking in 
more detail at the types of spatial difficulties which the stu
dents appeared to face Three concepts turned up over and 

over again in our seminar discussions of interns' observa
tions and results: congruence, pattern and direction 

The concept which seemed to give most difficulty in 
many different contexts was that of congruence 'This con
cept appears to be fundamental to our understanding of 
space, and to be formed intuitively long before it is given a 
name and a verbal definition. Several studies showed the 
concept developing in response to situations where two or 
more figures needed to be "exactly the same" Young chil
dren frequently did not see any need for the figures to be 
congruent, or ifthey did they did not know how to achieve 
congruence. This should not be surprising; a great deal of 
cognitive development may be characterised as learning 
what "the same" means in different contexts lhe teaching 
units presented situations where congruence was seen to 
occur because two shapes could be fitted on top of each 
other (using identical squares of card, making symmetri
cal figures by paper folding, and so on) and where congru
ence was seen to be important in order to produce a 
desired effect (pattern continuation, filling a square grid, 
copying a shape on a geoboard, making a symmetrical fig
ure) Through these activities, students become aware of 
the need in certain circumstances for one shape to be an 
exact copy of another shape, meaning that one shape 
would if moved fit exactly on top of the other Some activi
ties also provided students with methods of copying 
shapes exactly in order to achieve congruence (using trac
ing paper, a square grid, or measurement) Several studies 
showed that children learned to copy shapes fairly well 
when it was necessary, although they did not even try 
before the unit was begun 

In examining examples of children's work included with 
the study reports, it would be easy to attribute their enors 
in copying to carelessness or lack of manipulative skill 
There was certainly some element of the latter, but it can
not explain the extent of the errors which were made (see 
for example, Figures I and 2). Also, the activities seemed 
to be universally interesting and pleasing, and it is unlikely 
that in such circumstances children would have done any
thing less than the best that they knew It appears much 
more reasonable to assume that etrurs arose either because 
children did not realise that they should try to draw a con
gruent figure or because they did not know how to do so 

A second concept which turned up in several studies as a 
source of difficulties was that of covering a plane with a 
regular pattern. The basic idea, of repeating a given shape 
in some regular fashion, was soon grasped and led to much 
enjoyable activity of an aesthetic nature At first, children 
did not fully appreciate the necessity of repeating the 
shape exactly, but, as we have seen, the experience proba
bly helped the development of their concept of congru
ence. The next step was the tessellation, a special kind of 
pattern in which the repeated copies leave no gaps be
tween them. Making tessellations also proved to be an en
joyable aesthetic experience; in addition to providing fur
ther opportunities to expexience congruence, it also drew 
attention to the necessity to orient copies appropriately 
(see Figure 2}. The most important tessellation is no doubt 
the square grid, which embodies several critical properties 
of squares and rectangles and of par aile! and perpendicu-
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lar lines and is basic to the ideas of rectangular coordinates 
and area measurement. Studies 2 and 3 showed that the 
idea of a square grid does not come at all naturally and 
needs to be supported by many practical exercises in mak
ing tessellations and experience of using squared paper in 
other geometrical activities 

A third critical concept was that of direction, which is 
closely related to the concept of an angle. Children did not 
seem to have any difficulties learning the ideas of parallel 
and perpendicular lines and of a right angle, all of which 
are rather static. However, we have just commented on 
the difficulty which young children had in keeping copies 
of shapes in their correct orientation; and despite copious 
real-life examples and even a specially-simplified protrac
tor, Grade 6 children could not master the idea of an angle 
as an amount of rotation. (Other studies done in Jamaican 
secondary schools have identified angle measurement as a 
particularly difficult topic. [Mitchelmore, 1982c, p 44]) 
This seems to be another example of the relative difficulty 
of ideas which require a semi-concrete representation; 
Jamaican schoolchildren obviously need many more con
crete expeiiences involving corners and turning befOre 
they can deal successfully with the semi-concrete angles 
which occur in diagrams 

There were doubtless many other spatial concepts which 
caused students difficulties; whatever they were, they were 
overshadowed by congruence, pattern and direction and 
we did not notice them We did notice several difficulties 
of a linguistic, logical and social nature, but these were mi
nor in comparison to those of spatial origin 

Implications 
The question "Why should we teach geometry?" has re
curred with monotonous regularity this century with re
cent discussions giving increasing attention to the role of 
geometry in the primary school [Henderson 1973, Steiner 
and Winkelmann 1981) All answers have been in terms of 
the characteristics and needs of students in the developed, 
industrialised countries What of students in the develop
ing world? 

The results of the project just described confirm the pre
dictions hom ability and achievement testing that geome
try learning in developing countries is quite different from 
what it is in Europe and North America; so geometry 
teaching should also be different. Criticisms such as those 
of Fielker [1979) of "the various pretences to be concerned 
with "geometry of the environment"" on the grounds that 
they "are only involved in perceiving shape, and perhaps 
how shapes fit together" [p.85), however valid they may be 
of geometry teaching in England, cannot be applied to 
Jamaica. In fact, it would seem that the very opposite 
statement should be made: primary school children in 
developing countries need to study "geometry of the envi
ronment" because it involves perceiving shape and how 
shapes fit together By environmental-geometry, we under
stand the many and various practical activities both inside 
and outside the classroom and the mathematics lesson in 
which children can make, handle, copy, use, examine and 
learn about the common geometrical shapes and develop 
understanding of such spatial concepts as congruence, 
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pattern and direction - in other words, spatial education 
(In German, Raumlehre as opposed to Geometrie). Stu
dents in developing countries have low geometrical knowl
edge and spatial ability because they rarely engage in such 
activities either at home or at play, so if they are to develop 
the critical concepts it is the school which will have to pro
vide them 

A study of environmental geometry in primary school is 
likely to be helpful to students both in other school work 
and in out-of-school actitivies which involve any sort of 
spatial ideas, and is essential if they are to make sense of 
geometry in secondary school. There is no doubt that geo
metrical activities of the sort we have described can give 
children a great deal of pleasure and also teach them some 
elements of critical thinking To twist Fielker's words 
again [1979, p 87], the case for teaching environmental 
geometry to young children in developing countries there
fore rests on its utilitarian value, on its place as prepara
tion for later geometrical studies, and on its intrinsic value 
to the educational development of children at the time 

fhe objectives of environmental geometry, as we have 
envisaged it, are largely long-term The spatial under
standings arise from many different units organised 
around geometrical concepts such as symmetry, tessella
tions and angle, and are rarely the subject of separate 
units. For example, an understanding of congruence does 
not come from a unit on congruence (although such a ullit 
might appear late in the sequence), but from many "fit
ting" activities in which the concept is not made explicit 
This means that the readily-identified learning outcomes 
of individual units (e.g "state the name of the given 
shape" or "calculate the area of a rectangle of a given 
size") tend to be trivial and to distract attention from the 
long-term objectives- which are in any case extremely dif
ficult, if not impossible, to tie down in words [Tahta 1980] 
As Fielker [1979, p.85) points out, the situation is in 
strong contiast to the position in arithmetic teaching, with 
its emphasis on skills and techniques 

The clash between the identifiable short-term objectives 
and the elusive but more valuable long-term objectives of 
environmental geometry brings many difficulties both fOr 
teachers and their advisors .. The advisor can soon con
vince teachers through hands-on workshops that practical 
activities can be instructive, for the teachers themselves 
will often have difficulty completing them accurately. 
Teachers may even feel that the activities are inherently 
interesting and agree that the development of the concepts 
involved should be considered part of everyone's general 
education .. But the teacher still has to battle with parents 
and principals. There is a long history of opposition to 
"play" in schools in developing countries; and since this 
term seems to mean anything enjoyable with no readily
identified short-term learning objectives, environmental 
geometry is likely to be included in that category Also, in 
auxilliary investigations cauied out by several of the in
terns in this project, a large number of primary school 
teachers said that they did not teach geometry because of 
lack of instruments, which suggests that they perceive 
geometry mainly in terms of· euclidean constructions- a 
practical activity indeed, and one with well-defined short-



term objectives, but certainly not appropriate in the cir
cumstances 

Even if teachers can be persuaded and are able to include 
some geometry teaching in their yearly plans, there is still 
a great danger that it is the trivial short-term objectives 
which will be emphasised, since they are easier to teach 
and to test The effect of this sort of geometry teaching is 
already apparent in Jamaica; despite the acknowledged 
difficulties in learning to measure angles in secondary 
schools, items in public examinations at Grade 9 and 
Grade II on the sum of angles on a straight line or in a tri
angle have relatively high facilities [Mitchelmore 1982c, 
p 42] These and similar highly specific objectives can in 
fact be taught more efficiently without the time
consuming practical activities which can be more valuable 
in the long run.. There is, however, another danger: a 
teacher, recognising the poverty of short-term objectives, 
might swing to the opposite extreme, anange a great var
iety of practical experiences and never ask what children 
are learning hom them The difficulty fm the teacher advi
sor is to ensure that teachers are sufficiently aware of the 
long-term objectives that they can not only arrange suita
ble activities but can also recognise when the objectives are 
being achieved 

Teachers who themselves have problems dealing with 
basic geometrical ideas are likely to need a great deal of 
help in the fmm of curriculum guides, but the writer of 
such materials is faced with a further problem: how to 
specify the activity and the expected products clearly 
without destroying its exploratory nature and without re
stricting the creativity of both students and teacher. A 
most valuable help to the teacher would be diagnostic tests 
similar to the Nuffield Check-ups [Nuffield Mathematics 
Project, 1972] which could be used to assess achievement 
of the long-term objectives and advise the teacher on what 
types of activities are desirable and which are unnecessary 

Of course, these are not the only problems facing a 
teacher in a developing country who wants to teach envi
ronmental geometry. A class of 60 students cannot easily 
cany out a practical investigation together; they must be 
divided into smaller groups But then each group must be 
given simple but clear instructions which they can follow 
independently and each group will probably have to dis
cuss its own results and reach some smt of conclusion 
which they can then report to the rest of the class. This is, 
however, entirely different from the usual mode of teach
ing; it requires a very confident teacher to give up her 
authority in this way and very brave students to break free 
of it. Fortunately, it seems that practical geometrical 
investigations are highly motivating throughout the pri
mary grades, so they provide an ideal means of starting to 
promote student self-reliance 

A fmther problem concerns material and equipment. 
Although we have argued that sophisticated materials are 
not necessary, there is a certain minimum requirement of 
paper and card, scissors and paste without which nothing 
can be done. Even these might be outside the resources of 
schools which have annual grants measured in cents per 
student Squared paper, which seems to be so very helpful 
in so many ways, would be a luxmy. In these circum-

stances, it requires a keen teacher to beg and collect suffi
cient scrap and commercial materials to supply a large 
class for any length of time. 

A final problem we shall mention is perhaps the most 
serious of all How can teachers organise large classes to 
conduct independent explmatory investigations and de
velop students' spatial and geometrical concepts when 
they themselves are products of an authoritruian system 
from which they learned very little geometry? The amount 
of inservice education needed to develop all primary 
school teachers' concepts of congruence, pattern and di
rection to the point where they can design and supervise 
appropriate student activities is so enormous as to defy 
contemplation The only hope, it seems, lies with the next 
generation of teachers. Perhaps the most encouraging as
pect of the project described above is that it constitutes an 
existence proof that teachers' colleges in developing coun
tries can produce teachers who can teach elementary 
geometry successfully and enjoy doing it 

References 
Davies, TN. Cultural influences on visual perception in engineering 

drawing Science Teacher, 1976, 19(3), 3-35 
Deregowski, J B Illusions. patterns and pictures:· a cross-cultural perspec

tive London: Academic Press, 1980 
Feilker, D S. Strategies for teaching geometry to younger children. Edu

cational Studies in Mathematics, 1979, 10, 85-133 
Figeroa, J J Society. schools and progress in the West Indies OxfOrd: Per

gamon, 1971 
Henderson, K B (Ed) Geometry in the mathematics curriculum Thirty

sixth Yearbook Reston, Virginia: National Council of Teachers of 
Mathematics, 1973 

McCrae, M. Practical mathematics fOr secondary school entrants Edu
cational Development International, 1973, 1, 39-46 

Mitchelmore, M C Cross-cultural research on concepts of space and 
geometry In J.l Martin (Ed), S'pace and geometry Columbus, Ohio: 
ERIC/SMEAC, 1976 

Mitchelmore, M C Knowledge of basic geometrical concepts among 
Jamaican schoolchildren Caribbean .Journal of Education, 1982, 9, 
14-31 (a) 

Mitchelmore, M C Variation in spatial abilities among industrialized 
countries Cross-cultural Psychology Bulletin, 1982, 16(2), 2-3 (b) 

Mitchelmore, M.C. Final report of the Cooperative Geometry Research 
Project Unpublished report, U WI School of Education, Kingston, 
Jamaica, 1982 (c) 

Nicholson, J.R, Seddon, G M. and Wornsop, J G leaching under
standing of pictorial spatial relationships to Nigerian secondary school 
students . .Journal of Cross-Cultural Psychology, 1977, 8, 401-414 

Nuffield Mathematics Project Checking-up 2 Edinburgh: Chambers, 
1972 

Roberts, R.E and Kada, V I'he primary mathematics classroom Papua 
New Guinea Journal of Education, 1979, 15, 174-201 

Steiner, H -G and Winkelmann, B. F'ragen des Geometrieunterrichts 
Cologne: Aulis Verlag Deubner, 1981 

Iahta, D About geometry For the Learning of Mathematics, 1980, 1, 
2-11 

Werdelin, I Geometrical ability and the space factors in boys and girls 
Lund, Sweden: CWK Gleerup 1961 

7 


