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"He start with the simplest vocabulary 

of images, with "left" and "right" and 

lI one , two, three, II and before we know 

how it happened the words and numbers 

have conspired to make a match with 

nature: we catch in them the pattern 

of mind and matter as one." (I3ronowski) 
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Calls: 

Command: 

GLOSSARY 

each time the end of a procedure is reached it 

tells the computer to execute the commands again, 

or move to another procedure. 

an instruction that performs in a particular way. 

Learning metaphor: 

LISP: 

~Iatch : 

M.LT. 

the Turtle is seen as a computational metaphor. 

It is seen as a tool for analysing and 

understanding one's own thinking. It is argued 

that the hurdle in learning is to make explicit 

notions of relevance and irrelevance the learner 

is already employing. 

a programming language used in the field of 

artificial intelligence and the basis for many of 

the ideas in LOGO. 

setting a problem that is just beyond the 

learner's present level of ability. (Hunt) 

Massachusetts Institute of Technology. 

Playing turtle: 

a physical simulation of the turtle movements 

which help the learner to think through a 

procedure. 
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Procedure: the conceptual building blocks of constructing a 

LOGO program. 

Re-planning or debugging: 

State: 

Turtle talk: 

changing a procedure so that it works as 

intended. 

refers to the position and direction of the 

turtle. 

the commands and procedures that turn and move 

the turtle. 

A video-cassette of the edited version of the 

teaching sessions will be found in the main 

library of Rhodes University. 
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CHAPTER ONE 

AN OVERVIEH OF THE INVESTIGATION 

1.1 Introduction 

The impact of computer technology has not yet been felt in 

South African primary schools. Yet it is believed that the 

effect of microelectronics on society will cause a revolution 

as significant as the industrial revolution. Whereas the 

industrial revolution amplified and extended the power of 

human muscles, the new microcomputer technology will mostly 

be concerned with amplifying and extending the power of the 

human mind. In order that the future generation might come 

to terms with the rapidly changing conditions, it is 

suggested that children of school age benefit by gaining 

experience with the new technology. 

It was against this background of challenge that I began to 

explore various uses of the new technology. The Cockcroft 

Committee (1982) investigation considered many aspects of 

mathematics teaching in primary and secondary schools in 

England. They gave a clear indication of the place of the 

microcomputer in mathematics teaching when they made this 

significant observation, 

"There can be no doubt that the increasing 
availability of microcomputers in schools 
offers considerab le opportunity to teachers 
of mathematics to enhance their existing 
practice and also to work in ',~ays which 
have not hitherto been possible." (para . 
4(2) 
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The aspect of 'doing' mathematics 'in ways which have not 

hitherto been possible' caught my attention. I saw the 

microcomputer as a powerful tool which would extend the 

children's range of mathematical experiences through the use 

of simulations. Seymour Papert (1980) propounds an exciting 

vision of education for the future which consists of 

collaboration between computers and children. His philosophy 

does not allow for computers programming children through 

drill and practice methods. He envisages the child 

programming the computer and mastering the powerful 

technology by using a highly active problem solving method. 

Besides learning problem solving skills, the aspect most 

emphasized by Papert (1971, 1972, 1980) is that through 

building and experimenting with computer programs, a child 

ought to gain new mathematical insights in the topic under 

investigation. 

1.2 Active Learning 

It is necessary to make a distinction between learning 

styles. Choosing between active learning on the one hand and 

drill and practice nethods on the other hand implies 

different theories about the way children learn and, 

consequently, the way t h ey can best be taught. This VIas a 

ke y issue which stron g ly influenced the direction this 

investigation was to take. Hy belief was that the computer 

ought to focus on teaching through guided , active exploration 

rather than throu gh the use of drill and practice routines. 

11y task, therefore, was to devise situations using 
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microcomputer technology which would encourage active 

exploration and investigation in mathematics. The Cockcroft 

report indicates that problem solving methods ought to be 

undertaken on the computer in the primary years when it says, 

"\'Ie believe that special attention should 
be paid to the development of programs for 
mathematical activities which will encourage 
~roblem solving and logical thinking in a 
mathematical context." (Cockcroft, 1982 
para. 409) 

I f the method to be used is 'problem solving and logical 

thinking', the key notion is problem decomposition. In other 

words problem solving takes place within a context and is 

broken down into parts. The parts are solved and then 

combined to solve the whole. The question is how can this be 

implemented in computer program form suitable for primary 

school children? 

1.3 LOGO Learning Environment 

LOGO provides an appropriate environment so that a child can 

explore his problem solving capability. LOGO is a computer 

language designed for children. LOGO uses 'turtle graphics' 

which is a geometrical modelling language based on Papert' s 

'turtle geometry' (Papert, 1971). Using turtle graphics the 

child is able to command a mechanical robot to draw pictures 

or patterns. 
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At first these may be simple shapes such as squares, 

triangles and hexagons. Later these basic elements can be 

combined to form complex constructions. Drawings are made by 

a pen attached to the robot which leaves a trail as it moves. 

The robot or turtle is controlled by a microcomputer and all 

commands are typed at the computer keyboard. The immediacy 

of a physical floor turtle means that children are able to 

relate to its slow movements more easily. 

to build up problem solving procedures. 

It allows children 

An alternative to the 'floor turtle' is the 'screen turtle' 

where the dral·/ing is done on the monitor of the computer. 

The screen turtle can be moved in just the same way as the 

floor turtle and similarly will leave a trail on the screen. 

.Ny concern, initially, was to examine how children 

transferred from using the 'concrete' floor turtle to the 
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more abstract screen turtle. My other concern was how they 

would manage in moving from the horizontal plane of the floor 

to the vertical plane of the screen turtle. 

1.4 The Teaching Sessions 

The teaching situation was planned for eight sessions, each 

taking one hour. The sample for the investigation consisted 

of six primary level pupils, two boys and four girls all aged 

about twelve years. The events in each session were 

video-recorded for reference and a non-participant observer 

monitored all the sessions. He held discussions with the 

children at the conclusion of each session, which were also 

video-recorded. 

Using LOGO the pupils were able to explore shapes and 

combinations of shapes. They were required to plan their 

procedures on paper prior to making their drawing. An 

essential aspect of the philosophy which underlies the use of 

LOGO with children is the idea that pupils should be in 

control of their own learning. Commands for such concepts as 

'repeat' and 'variable' were introduced only in response to a 

need discovered by the pupils. 

It was during the teaching sessions that I realised that my 

ini tial hypotheses \vere perhaps not the most important issues 

in this investigation. Comments made by the pupils in 

conversation, in addition to those made by the observer 
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caused me to reflect on the significant issues which actually 

emerged. 

The objective of this study became an investigation into how 

twelve year old pupils learned mathematics concepts through 

their experience of LOGO computer programming. 
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CHAPTER THO 

BOH CHILDREN LEARN MATHEI1ATICS 

2.1 Introduction 

At a time when primary school mathematics teaching was under 

serious review in England, the Association of Mathematics 

Teachers (1956, p. viii) made this significant statement, 

"There exists in each human mind the power 
to recognise order, to distinguish a whole 
and its part, and to combine wholes to 
make new and distinct wholes. These are 
fundamental patterns of mathematical 
thinking." 

Because of its very nature, hoy,ever, it is one thing to teach 

mathematics but quite another for children to learn 

mathematical skills and concepts. 

Twenty years later, in their comprehensive survey of primary 

mathematics ;Hlliams and Shuard (1976, p. 12) make the same 

point y,hen they write, 

"mathematics is concerned with structures 
and operations, i.e. with mental images 
and the ways in which they can be 
manipulated in the mind. In other words 
mathematics depends on thinking." 

Both ;villiams and Shuard and the Association of l~athematics 

Teachers are concerned with the issue of the child's patterns 

of thinking in mathematics. In looking at the views of the 

learning theorists, I will concentrate on the aspect of how 
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the primary school child develops these patterns of thinking 

or 'mental images'. 

2.2 Understanding Mathematics 

The Nuffield Primary ~lathematics publication, "I do and I 

understand" (1967) says this, 

"At all times and at all levels children 
should have a real understanding both of 
the problem involved and the possible 
ways it might be approached." 

What is meant by understanding? This word has been used in 

such a variety of educational contexts and about so wide a 

range of subjects that any attempt to give it an easy 

definition would not help. Let us say when a teacher begins 

with mathematical material which is familiar (to the child) 

and SlO~lly works towards the more complex, he is making 

understanding easier for the pupils. Understanding is 

different from rote learning. Understanding emphasises 

principles and concepts. If the principles are understood, 

then information can be derived from other sources without 

memorization taking place. This means the child can apply 

the information ~lhich he has learned to a variety of 

different situations. In other words his learning has 

meaning because he is able to transfer it to new situations. 

To distinguish between learning with understanding and 

learning without understanding Skemp (1976, p. 25) uses the 

term relational understanding. By this he means "kno",ing 
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both what to do and why". The acquisition of skills purely 

by rote he calls instrumental understanding, or "rules 

without reasons". 

Skemp uses the following analogy to draw out the differences 

between the two types of learning: 

"A person with a set of fixed plans can 
find his way from a certain set of starting 
points to a certain set of goals. The 
characteristic of a plan is that it tells 
him what to do at each choice point: 
turn right out of the door, go straight 
on past the church, and so on. But if at 
any stage he makes a mistake, he will be 
lost: and he will stay lost if he is not 
able to retrace his steps and get back on 
the right path. 

In contrast, a person \vi th a mental map of 
the town has something from which he can 
produce, when needed, an almost infinite 
number of plans by vlhich he can guide his 
steps from any starting point to any 
finishing point, provided only that both 
can be imagined on his mental map. And 
if he does take a wrong turn, he will 
still know where he is, and thereby be 
able to correct his mistake without 
getting lost; even perhaps to learn from 
it. 

The analogy between the foregoing and 
the learning of mathematics is close. 
The kind of learning which leads to 
instrumental mathematics consists of 
the learning of an increasing number 
of fixed plans, by which pupils can 
find their way from particular starting 
points (the data) to required finishing 
points (the answers to the questions). 
The plan tells them what to do at each 
choice point, as in the concrete example. 
And as in the concrete example, what has 
to be done next is determined purely by 
the local situation. (Hhen you see the 
post office, turn left. llhen you have 
cleared brackets, collect like terms.) 
There is no awareness of the overall 
relationship bet\'leen successive stages, 
and the final goal. And in both cases, 
the learner is dependent on outside 
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guidance for learning each new 'way to 
get there'. 

In contrast, learning relational 
mathematics consists of building up a 
conceptual structure (schema) from 
which its possessor can (in principle) 
produce an unlimited number of plans 
for getting from any starting point 
within his schema to any finishing 
point. (I say 'in principle' because 
of course some of these paths will be 
much harder to construct than others.)" 

Skemp (op. cit. p. 23) follows this up with a discussion on 

the advantages of relational and instrumental learning: 

"Instrumental 

1. Instrumental mathematics is easier, 
initially, to acquire. 'If what is wanted 
is a page of right answers, instrumental 
mathematics can provide this more quickly 
and more easily.' 

2. The rewards are more immediate and 
apparent. Pupils enjoy a feeling of 
success when they get a page of right 
answers . II 

This can be dangerous for both pupils and teachers. It is 

inevi table for the teacher to 'turn ,~here the light glows 

brightest' • It is perhaps true of girls more than boys and 

particularly in the primary school where it is more possible 

(See Noble, 1974). 

"3. Pupils can get the right anS\ver to 
a routine question presented in a familiar 
way more quickly since they do not have 
to think it out. 

Relational 

1. It is more adaptable to new tasks -
pupils do not have to learn a new nethod 
for each type of problem. 
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2. It is easier to remember, although it 
is harder to acquire because different 
relationships have to be recognized. 
However once relationships are made the 
learning is more permanent. 

3. Seeing the relationships is more 
satisfying than having to learn meaningless 
procedures, and therefore more motivating. 

4. Each idea grasped is a growth point 
for further relationships to be developed." 

According to Skemp, unless a child has relational 

understanding (i.e. he can see relationships), he cannot make 

deductions using principles or tackle problems for himself. 

The instrumental learner is required to operate from memory. 

This is particularly true for slower children who have poor 

memories. 

My stance, based on the evidence above is that understanding, 

I suggest, should precede rote learning, or formal exercises. 

2.2.1 Activity and Experience, the Key to Understanding 

The environment is vital to the child's mathematical 

development. He engages in a series of interactions that 

constitute experience. During this interaction of activities 

and explorations concepts are formed . Yet concept formation 

is not an automatic process. It is formed by selecting and 

piecing together experiences through perceptions. Children 

use their perceptual powers to act on things, to discriminate 

and conceptualize by image and thought. l'iaget (1972 ) 

believed that activities were vital because mathematical 
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thought resulted from experience. 

from two types of experience. 

He saw pupils as learning 

By physical experience he 

meant activity with objects to discover the properties of the 

objects themselves. For example making different shapes of 

the same area on the geoboard. By logico-mathematical 

experience he meant the child's mental activity relating to 

the physical task ego that different-shaped regions can 

enclose equal amounts of space {conservation of area}. These 

actions are internalised symbolic operations. In other 

words, logic and mathematics develop beyond a level of just 

physical activities. Logico-mathematics overtakes physical 

experience which allows for higher order concepts to be 

formed. 

Piaget stated that a child goes through three main stages of 

development of this type of logico-mathematical thinking, 

namely pre-operational, concrete operational and formal 

operational. A child who is pre-operational has no real 

understanding; reasoning is inconsistent, for example a 

number of counters remains the same regardless of their 

arrangement. The next is called concrete operational. At 

this stage the child has complete understanding but at a 

concrete level; reasoning is consistent provided there is 

reference to concrete objects. For example, a child who is 

concrete operational may not be able to make sense . of a graph 

which relates pressure to temperature since the graphical 

representation is far removed from the physical changes it 

represents. At the formal operational level there is 

complete understanding at an abstract level i. e. the child is 

able to reason with reference to logical definitions. 
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Recent investigations with British children by Shayer and 

Adey (1981) indicate that the stages of development occur 

much later in a majority of pupils than has been suggested by 

Piaget. He said that most children were pre-operational from 

about 2 to 7 years, concrete operational from 7 to 12 years 

and formal operational from 12 years. By contrast Shayer and 

Adey (op. cit . ) found that between 12 and 15 years only 10 to 

20% of the group had reached the stage of formal operations. 

This means that • slow learners' are likely to be in the 

concrete operational level during their entire school career 

on specific tasks. 

Shayer (1981) selected three Piagetian tasks (horizontal and 

vertical, volume and density, pendulum) for distinguishing 

between concrete and formal operational tllinking. He 

adr,linistered these tasks to a large sample of secondary 

school children in Britain. It was on the results of this 

investigation that he said the proportion of British children 

who reach the full formal operational stage before leaving 

school is not more than 20%. 

The graph belm" shm'/s the proportions of children in a sample 

of British schools who are at the four Piagetian stages; 

early and late concrete and early and late formal. They were 

tested by using the three Piaget-type tasks of horizontal and 

vertical, volume and density and the pendulum. It shows a 

fair degree of correspondence between the proportions of 

pupils defined as late concrete or early formal on specific 

tasks. This provides evidence to the existence of these 

stages when pupils tackle specific tasks. 

- 15 -



100 

ifi 90 
> 
a 80 
< 
f-
< w 70 
z> wo 
a:also 
9< -a: 
5°50 
"-w oel 
~40 

~(/) 

~ 30 
w 
~ 20 
w 
Q. 

10 

o 

EARLY 
CONCRETE 

EARLY 
.~~.~----~.~----.. CONCRETE 

(2A) 

LATE 
CONCRETE 

LATE _---:e==! f CONCRETE 
(28) 

EARLY 

EARLY LATE ~
_-.~~=-___ -_} ~~~MAL 

____ ----... ~MAL FORMAL 

• --:--_. - LATE FORMAL (38) 

9 10 11 12 

.. 8y Task I (Horizon!a! and Vertical) 

• 8y Task II (Volume and Density) 

• 8y Task III (Pendulum) 

13 

AGE 
14 15 16 

(Bell et aI, 1983). 

Dienes (1960) showed that an acquaintance with a number of 

experiences illustrating a concept can facilitate learning. 

This evidence reveals that a single, concrete exeQplar might 

cause a perceptual block where the child cannot generalise 

the concept to other instances. Dienes is convinced that it 

requires more than one exemplar to grasp a concept. 

Therefore variety of experiences should be contrived for each 

mathematical concept. 

The main theme in this section has been to shm" the 

importance of activity and experience as the necessary 

foundation for the formation of mathematical concepts and 
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patterns of thinking. Pupils should not be seen as passive 

recipients of whatever information is meted out to them. 

They should be actively involved in the learning process in 

such a way that what they learn becomes a part of them. But 

not everyone agrees with all the findings of Piaget's theory. 

2.2.2 Language and the Formation of Mathematical 

Concepts 

Piaget (1954) gives a general view of the relationship 

between language and thinking. He states that, 

" language and thought are linked in 
a genetic circle where each necessarily 
leans on the other in independent formation 
and continuous reciprocal action." 

On the other hand Vygotsky (1 962) sees ego-centric speech as 

a transitional stage from vocal to 'inner-speech', that is 

the ability to think in verbal terms . The sub-vocal movement 

of the lips is sometimes observed in pupils when difficult 

material is to be mastered. This use of language is clearly 

helpful to the learner. Cockcroft writes, (1982, para. 306) 

"Language p l ays an essential part in the 
forr.1ulation and expression of mathematical 
ideas" 

It would seem that language p lays an essential role ' in the 

development of hi g her order concepts. Both Pia get and 

Vygotsky provide evidence to show that concept formation and 

language are inextricably linked. 
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Stephens (1977) emphasises the need for a varied pattern of 

communication. The learning of mathematics involves 

discussion, or the 'negotiating' of mathematical meaning, for 

and by each pupil. By contrast, individual programmes, says 

Stephens, tend to isolate children from one another and 

reduces the amount of meaningful discussion as a result. 

Stephens emphasises the need to develop a teaching method 

which allows mathematical dialogue to take place, and for the 

teacher to engage in 'negotiation' with the pupils. An 

article by Hanley (1978) discusses two main themes. One is 

that the oral verbalization of mathematical ideas should be 

encouraged. The other is that some guidance about the choice 

of words for concepts should be given and that these concept 

words should be applied carefully and not used ambiguously. 

He maintain s that the best learning situations are those 

where language can be used freely as the interactive medium 

and that the teacher has a vital role to play in fostering 

this interaction. 

It would appear from the above 'i!vidence that the children's 

use of language (oral dialogue), has a significant part to 

play in the development of mathematics concepts. 

It was the findings of Stephens and Hanley that directly 

influenced my approach in the teaching session of this study. 

Cognisant of their recommendations I planned that the p up ils 

should work to ge ther in pa irs, so as to promote oral 

dialogue. In this way I envisaged plentiful discussion 

between pairs of children which would help clarify their o~m 

concepts. 
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By arranging the pairs of children around the 'turtle-table' 

it was my intention to allow 'negotiation' (Stephens) to 

develop in a natural way. concept words such as 'procedure', 

'program' and 'external angle' would be introduced in the 

appropriate context to ensure understanding. By providing a 

'climate' and a 'setting' for discussion it was hoped that 

the pupils would talk to their peers, or to the teacher about 

their difficulties and possible solutions. 

2.2.3 Critiques of Piaget's Theory 

Although the field of cognitive psychology has advanced 

beyond Piaget's innovative theories by revising and extending 

them, his fixed stages of development remain the same . 

Hm-lever, Travers (1982) cites some of the limitations of his 

original theory. 

One of these includes the relationship between language and 

thought, and it is claimed that Piaget does not make this 

relationship clear, particularly where there is believed to 

be thought without language. It is difficult to identify in 

the theory what takes the place of language . 

Perhaps a major criticism is that Piaget failed to give 

proper recognition to the fact that the ability to perforrn 

logically is tied to situations which are familiar. 

This means that exp erience plays a much bigger part than was 

recognised by Piaget. Travers says that "experience is a 
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very important component of logical effectiveness." (1982, 

p. 213). 

Piaget realised that people may reach a certain stage and 

then cease to develop because they are not sufficiently 

challenged by relevant problems. He expected everyone, 

provided the environment was right, to become high-level 

logical thinkers. If this were true then it would leave 

little opportunity for individual differences. 

Ennis (1975) doubts whether concrete thinkers can be clearly 

differentiated from formal thinkers, if Piaget's vague 

criteria are used. 

Another criticism is that Piaget' s theory is over elaborate. 

For the busy teacher this may well be true. 

2.2.4 Accelerating Progression Through Piaget's Stages 

/·lany of the studies that attempted to improve children's 

performances on classical Piagetian tasks v,ere unsuccessful. 

It would appear that training has little effect on children's 

level of thinking. It is interesting to note that Piaget 

(1972) himself, expresses doubts about the efficacy of trying 

to accelerate cognitive growth. 

There is growing evidence, however, that suggests that it is 

possible to teach children to solve problems belonging to a 

higher level of thinking. The evidence shows that by 
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changing certain features of Piagetian-type tasks, children 

are able to achieve a level at an earlier age than stated by 

Piaget (see Gelman 1972, Bryant and Trabasso 1971, Donaldson 

1978). This means that it might be possible to teach 

children to control variables before the child has reached 

the appropriate level of development. 

can it be done? 

The question is how 

According to Hunt (1969) the important factor in education is 

always to pose problems that are slightly beyond the 

learner's capability. This idea of setting a problem just 

beyond the learners present level of development is what Hunt 

calls 'match'. Lovell (1971) attempted to apply this 

principle of 'match' directly to the problem of mathematics 

learning in the primary school. Hunt (1969) maintains that 

the value of 'matching' learning to pupil capabilities lies 

in improving the quality of the child's thinking. 

2 . 2.5 Conclusion 

The work of Piaget, Dienes and Skemp has had an impact in 

formulating a philosophy for primary school mathematics. The 

leadership provided by Piaget in the field of developmental 

psychology has transformed the view of how children think and 

hence how they can best learn. Despite criticism of Piaget's 

theory it still provides an appropriate rationale for hml 

children learn. Hunt's view of 'match' extends Piagetian 

principles to the classroom. Defore accepting the Piagetian 
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perspective, however, other learning theories need to be 

considered. 

2.3 Bruner's Theory of Learning 

Farrel and FarQer (1980) Qake the point that Piaget provides 

us with the evil'ence we need as to how learning takes place. 

!lut they say that \-/e need to look at other types of learning 

t hat results from intentional attempts to change behaviour. 

They ta,(e the behaviourist' s view that learning is a more or 

less permanent change in hur,lan abilities \'lhich is not due 

simp ly to grm~th. 

It is at this point, therefore, that a consideration of the 

work of Gruner (1966) becor.',es i mportant. He indicates hm., 

teachers can directly support and proDote learning . He set 

out a theory of i nstruction "/hic11 \.,ould increase a chilel ' s 

active learning of most appropriate skills, processes and 

knov/lec1ge \'1i thin hi s culture. Here the pupil employs 

techniques in order to better understand the worlel. He 

ielentifies three ;aodes by which the learner can represent the 

\lorld. The first is throur;h action the (enactive .:loele), the 

second is through visual or other sensory organisation (the 

iconic moele) and the thirel is through '.yards or symbols (the 

symbolic r.lode). ~3runer susgests that there is a lin}: bet· . ..,een 

the learner's cognitive development and the role the teacher 

can play in rror,lot in~J this development. 
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Bruner (1966, p. 21) writes, 

" the heart of the educational process 
consists of providing aids and dialogues 
for translating experience into more 
powerful systems of notations and ordering 

" 

He emphasises the need for the child to be active in the 

learning process. The key concepts are again those of 

activity, experience, individualism and in general, 

child-centredness. 

Bruner also maintained that there were ways of presenting 

difficult concepts so that children could understand them, 

provided they were presented in a manner appropriate to the 

level of the child. This concept of a 'spiral curriculum' 

has applicability so far as concepts of 'function' and 

'variable' in mathematics are concerned. 

Bruner writes, (1966, p. 44) 

" Any idea or problem or body of 
knowledge can be presented in a form 
simple enough so that any particular 
learner can understand it in a recognizable 
form. " 

It must be remembered however, that "'hat might be appropriate 

for a pupil at one level of development might not be 

aFpropriate for a pupil at a more advanced level, 

particularly in teaching abstract mathematical concepts. 
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2.4 Gagne's Theory of Learning 

No discussion on how children learn would be complete without 

mention being made of the work of Gagne (1977). lIe describes 

eight different kinds of learning beginning ,'lith simple types 

and ending with complex ones. They are signal learning, 

stimulus-response learning, chaining learning, discrimination 

learning, concept learning, principle or rule learning and 

problem solving. 

Stimulus-response learning derived from Gagne's model has two 

advantages. First, it emphasises the precise skilled nature 

of the responses involved and secondly it implies that the 

learned connection is instrumental in satisfying some motive. 

Connecting a set of responses (S-R' s) ,vi th planned sequential 

steps is called chaining, hence chaining-learning. In this 

type of learning Gagne maintains that individual motor chains 

that are learned become the components of more complex !;lotor 

skills. The s e are later organised into performances which 

practice helps to perfect. 

Contrary to the explanation made earlier of how a child 

develops concepts, Gagne shows that a child can learn through 

verbal association. lIe is told, for example, whilst being 

shown a cube, IIthis shape is called a cube". If the 

condi tions are right, the next time a child sees a cube he 

will be able to name it, says Gagne. Out the conditions are 

important. The child for instance may not discriminate the 

object as a stimulus, and may not say the correct name of 

cube {eg. bloc}:, square). The act of naming a cube is a 
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chain made up of a series of links. Depending upon the 

stimulus thv.t the object creates, the child recalls the 

associated nrune by memory. 

8iann and Ugarebu (1980, p. 95) give v. clear account of how 

Gagne's rule learning is applied to mathematics. They 

conclude with the comment that "effective learning of rules 

lie in making pupils' learning as interesting and as 

meaningful as possible." 

To conclude this section Donaldson (1978, p. 122) dra\·/s our 

attention, rightly, to the important role of the teacher in 

raising a child's consciousness of his own learning 

development. She maintains it is the teacher's role to help 

children "to learn to be conscious of the powers of their own 

minds" and to help them "decide to what ends they will use 

them ll
• This is the dimension that Bruner's theory of 

instruction has added to Piaget' s theory of intellectual 

development. 

The Cockcroft Commission suggests that for the learning of 

mathematics to be effective, the material needs to make sense 

to the child. The report also goes on to say, 

"The primary years are a time when children 
are not only acquiring the skills of 
language and number but are also 
experiencing a variety of methods of 
learning; they are learning to think, to 
feel and to do, to explore and to 
discover." (Cockcroft, 1982, para. 367) 

This approach to learning advocated by Cockcroft gives 

further support to the findings made by PiaC)et, Gienes, ~kemp 
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and Bruner. In T:ly vie\', these psychologists have underpinned 

an appropriate philosophy for primary education. Cockcroft 

has further provided us with clear guidance on how children 

in primary school today should set about learning their 

mathematics. 

Having discussed the views of relevant learning theorists it 

became necessary to see how these theories could be applied 

to learning through the computer. 

2.5 Papert's Computer l-Iodel 

Papert (1980) developed LOGO which he considered a powerful 

tool for learning and thinking in mathematics. Let us 

consider the characteristics of LOGO that make it 

educationally valuable for children. LOGO is a simple yet 

powerful language. Underlying its simplicity and ease of use 

is a philosophy of hO\" children learn. Rooted in the theory 

of Piaget, LOGO is designed to place the child in a setting 

where the pupil controls both the learning environment and 

the technology. The learner becomes the authority, 

i nstructing the computer to follow conUY,ands. Building LOGO 

procedures encourages pupils to plan their worle, develop a 

logical sequence and then test it. l\bstract thinking is 

encouraged when the children consider new possibilities and 

learn '",ha t to anticipate from a given procedure. The child 

is ?rov i ded with a means of recognising the strengths and 

weaknesses of his or her own thinking. In teaching the 

computer how to 'thin~,' the child has the opportunity to 
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develop and sharpen his own reasoning process, in a logical 

and syste~atic manner. Papert (1980 ) would say that the 

child is "engaging in the PROCESS of thinking". The pupil 

has in fact created a learning environment in which he can 

experiment, investigate, estimate and finally see concrete 

examples of what he has generated. In other words LOGO has 

provided the child vIi th a learning r:letaphor (See Glossary). 

Although Papert has based his LOGO "lor}; on Piaget' s theory of 

the child interacting with the environment, he maintains that 

it is Piaget' s epistemological aspects that offer greater 

opportunities for education. Papert (1980, p. 156) writes, 

"I think these epistemological aspects of 
Piaget's thought have been underemployed 
because up until nOvl they offered no 
possibilities for action in the \'Torld of 
traditional education. But in a computer­
rich educational environment this will 
not be the case." 

Papert's interpretation of epistemology is based on the idea 

of the child progranuning the cODputer. In so doing the child 

is engaged in intellectual model-building or 'thinl;ing about 

thinking I. 

Papert (1980, p. 1(6 ) rolakes the point most clearly when he 

says, 

"Given my background as a rr:athematician 
and Piagetian psycholog ist, I naturally 
became roost interested in the kinds of 
compu tational r.lodels that night lead me 
to better thin);ing about powerful 
developmenta l p rocesses: the acquisition 
of spatial thinking and the ability to 
deal with size and quantity. • •• The 
kind of developmental questions I was 
interestecl in needed a cynamic mode l 
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for hOvl intellectual structures themselves 
could come into being and change. I 
believe that these are the kind of models 
that are most relevant to education." 

The 'Turtle' (See Chapter 'fhree) is a computer controlled 

robot that makes up part of the 'LOGO environment'. Papert 

(1980, p. 11) sees the turtle as "being good to program and 

good to think with". He regards LOGO as a comprehensive 

computer model. It teaches progran®ing, employs graphics and 

encourages new approaches to problem solving with the pupil 

initiating learning and interacting with his OI'In program. 

I believe that Piaget has formulated a general solution to 

the problem of how mathematical concepts develop. Bruner has 

given guidance to teachers on how to aid concept development. 

But it is the union of Piaget's theory \vith Papert's 

computer-based model that provided me with an appropriate 

rationale for use in the teaching sessions. 
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CEAPTER THTIEI: 

nATliE~'1ATICS M ID CmlPGTER PROGRAJ.I~IHIG 

3.1 Introduction 

The issue being addressed in this chapter is \vhether there is 

a relationship bet\veen a child learning to prograI:l a computer 

and learning to think mathematically about a problem. In 

both programming and in mathematics it is necessary for the 

learner to describe a situation or process in the most 

precise and logical terms possible. It is then necessary for 

him to test that description for correctness and make 

relevant changes. 

If the above is true, then it can be argued that the 

development of a child's ability to think mathematically 

might be encouraged by learning to write progral7ls that 

describe a mathematical procedure. This argument is strongly 

supported by Papert (1973) when he says that certain kinds of 

programming experience certainly do enhance the pupils 

understanding of mathe:oatics. This is particularly true in 

an interactive computing system ,,!hich corovid es feedback about 

the validity of an atteI:lpted description. It is this 

activity of planning and testing a hypothesis which is 

consillered the key to building l7lathematical concepts. Papert 

(1972) stresses the i mportant difference bebleen the work of 

a primary school child and that of a mathematician. Be 

maintains that the difference is not in subject matter but in 

the fact that the mathematician is actively enqaged in 

0.> . ~ 
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"lorking at a situation that is personally meaningful to him. 

lIe says, 

"Being a mathematician is no [.lore definable 
as 'knowing' a set of mathematical facts 
than being a poet is definable as 'knowing' 
a set of linguistic facts. Some modern 
mathematical education reforr:1ers will give 
this statement a too easy asseSSr:1ent \-lith 
the con~ent: 'Yes, they must understand, 
not merely knm·/'. But this misses the 
capital point that being a mathematician, 
again like being a poet, or a composer, or 
an engineer, r:1eans doing, rather than 
knowing or understanding." 

Papert's ideas expressed in his book 'Nindstorms' represent 

an exciting vision of education for the future in \~hich he 

sees collaboration between computers and children. His 

vision does not allow for computers prograr:1ming children, 

rather the reverse. He ' envisages the child programming the 

computer, r:1astering the powerful technology and working with 

important concepts related to science and mathematics. To 

enable children to build their oVln thin}~in<J structures Papert 

designed a computer language called LOGO. An essential 

aspect of the rationale which underlies the use of LOGO with 

children, is the premise that pupils should be in control of 

their own learning. 

Feurzeig and Papert ( 1969) maintain that children should be 

taught prograr:1ming skills in order to develop mather:1atics 

conce p ts. '1'0 substantiate this vie\} they postulate the 

following four claims: 

i) that programming provides some justification 

for, and illustration of, formal roathematical 

rigour, 
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ii) that p rog ramming encourages cnildren to study 

mathematics through exploratory activity, 

iii) that programming gives insight into certain 

mathematical concepts, and 

iv) that programming provides a context for 

problem solving and a language with which a 

pupil may describe his own problem sOlving. 

These claims will be exar.lined more fully later in the 

chap ter. 

3.2 LOGO 

Hork in Artificial Intelligence is strongly based on the idea 

that constructing and mOdifying programs is an appropriate 

me thodology for studying the interpretation of visual 

information. The computer language most associated with the 

programming approach is LOGO. It is an interactive 

procedural language derived from a high-level language used 

in the field of Artificial Intelli gence called LISP 

(McCarthy, 1962). 

l\ccording to ,Vills (19 81 ) LOGO has a nur..ber of features vlhich 

make it suitable for the children to use in the study of 

r.la thematics. 

" i) It is non-threatening and appealing 
wi th the focus on a pet-li),e 'turtle' 
and with emphasis on g raphics rather 
than overt raa thema tics . 

ii) Focus on th e robot provides a concrete 
r epresentation of the pupils' programming. 
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iii) It has a simple starting level of a 
few English commands which make it 
an easily accessible language. 

iv) Each command produces a concrete, 
visible response. 

v) Because of the emphasis on graphics 
(Turtle Geometry) there is visible 
re-planning or 'debugging'. 

vi) The language can be extended. It is 
easy to define new procedures and so 
tailor the language to the demands 
that one makes of it. 

vii) 

viii) 

The language has a highly consistent 
syntax \.hich uses an 'economy of 
concepts' • 

The robpt itself provides an 
interesting introduction to process 
control and procedure building." 

Although the first three claims made by Feurzeig and Papert 

(1969) are not specifically related to LOGO this discussion 

\·,ill focus mainly on LOGO since it is the language that has 

been roost used in the departments of Artificial Intelligence 

at the t'l assachusetts Institute of Technology and at the 

University of Edinburgh. 

The issue to be faced nO\1 is whether there is sufficient 

evidence to confirm or deny the particular claims made by 

Feurzeig and Papert for children learning roathematics 

concepts throu'lh prograrmning. 
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3.3 Prograrnminq and t-:a thematical Rigour 

Ross and Howe (1981) maintain that filathematical rigour 

reduces ambiguity in ~athematical comr.mnication. This 

applies to both the child's understanding as well as the 

ability to define a problem. The value of this rigour is 

that it forces the learner to produce an explicit description 

of the process to be carried out. Horking with paper and 

pencil, in mathematics, the child may make many mistakes of 

which he may not be aware. This is because lIe filUSt both 

specify the instructions and execute them hir:lselE. An 

advantage of LOGO programfiling is that even poorly thought out 

instructions Hill produce an observable response. The 

cOfilputer ",ill say either there is a clerical mistake or it 

will carry out an unexpected series of actions. Ross and 

Hmve (1981) state, 

"In LOGO semantic mistakes are rare, because 
most of the actions are visible and 
irmnediate - very fe,,, instructions control 
the context of actions." 

In seeking evidence to support the claim for rigour made by 

l"eurzeig and Papert (1969) we turn to the research conducted 

by [lowe and O'Shea (1976). They describe how sO"le of the 

t,.elve year old children in their study exhibited marked 

gains in self-confidence and became more "mathematically 

arsurr.en ta ti ve II • Fro!:: this it was implied that the children 

;;ere searching for greater refinement, henc e the need to be 

more rigorous. 
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Evidence also comes from a further study by Howe, 0' Shea and 

Plane (1979) in which they spent a year teaching LOGO to a 

group of eleven year old boys and then spent a year teaching 

them mathematics using LOGO. The results of this group was 

COI7lpared against 

exposure. From 

a control group who had no LOGO programming 

a questionnaire subr:1itted to all the pupils 

it emerged that the teachers rated the boys in the 

experimental group as being significantly more able to argue 

rationally about mathematical issues and to be able to 

explain their own mathematical difficulties. 

It !Just be mentioned, hO\vever, that as the experimental group 

"lOrked outside the school, it is not certain that the result 

was due entirely to the LOGO programming. 

Resul ts from the Brookline project at ~nT (1979) also tends 

to confirm the clair". The cas e studies made of the 

participating children in the project suggest that the pupils 

settled into a 11 steady, step-by-step, regular checking ll 

approach. 

There was no control group built into the design so that 

COT<1parisOllS could be r~·lade .. It is difficult, therefore, to 

substantiate the findings of this project when tlle evidence 

is largely anecdotal. 

In Edinhurgh, du Boulay (1978), working "lith prir:1ary scllool 

students in training produced evi dence in favour of the claim 

thClt progrcJ.mminC] enhu.nced mathe::latical rigouroo In a series 

of experir.,ents he studied the effects of LOGO progra;c1r.1ing on 
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the mathematics ability of teachers in trai n ing . lIe reported 

that some of them came to value making explanations clear. 

The students noted the confusions \vhich r.light arise in a 

child's mind if an explanation is not nade explicit. 

1\1 though du Boulay's sample consisted of only a few adults 

with a self-confessed 'block' about mathematics his evidence 

is more convincing because his subjects had the chance to 

make their observations prior to his investigation. 

The li mi tation of du Boulay's findings is that there were 

only a few candidates in the sample and these Here not 

rando mly selected. Any generalisations made need to be 

tentative and seen \.;i thin a specific context. 

It could be argued that programming "lith its need for rigour 

and precision of expression mi9ht inhibit intuitive forms of 

mathematica l thinking described by Kruteskii in the Cockcroft 

report (1982). Papert \Vould argue that the first analysis of 

the problem may well be intui ti ve, producing an initial plan 

of action "Thich is t hen gradually refined usi ng more formal 

nethods into the p recise program. 

The evidence, such as it is, c>.rising out of research 

conducted at I:dinburgh and tHT tent'S to favour the clain made 

by Feurzeig and Papert that prog r amming (LOGO) does lC(l l1 to 

formal matheMatical rigour. 
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3.3.1 I-latheroatica l Exploration and Programming 

There is strong e vidence that programming can be a useful 

tool for conducting investi gations in mathematics. \'lith 

r eference to inv es tigational methods Cockcroft ma)~es this 

point in favour of them: 

"The idea of investigation is fundamental 
both to the study of mathematics itself 
and also t o an understanding of the ways 
i n v,h ich mathematics can be used to 
extend knowledge and to solve problems 
in many fields." 

(Cockcroft 1982, para. 250) 

In pa rticular, p rogramming can allow a pupil to experiment 

with d ynamic processes and patterns. Almost all the 

researchers using LOGO programming give examples of children 

doi ng geometric exploration. In fact the final report of the 

Erookline p roj e ct (Papert, 1979) is filled with the geometric 

explorations of the children in the cas e studies. Another 

exa;u?le is given by Howe, 0 ' Shea and Plane (1979). They cite 

t he boy who \·,as try in'] to construct a LOGO p rocedure that 

\'lould d rau a house usin g t he p roce dure of triangle a n d 

square. At first he p roduced a faulty procedure \'lhich caused 

the trian g le t o apt/ear inside the square. 

ti onetheless he wen t b ac k t o experir.Jentin g ,,,ith the fau lty 

p rocedure until he p r oduced an interesting design using th e 

fau lty p r ocedure. 

Acc ording to Papert (1 972) the cOr.Jputer system can be 

des i c;ned to er.Jbody a mathemat ical syster.1. In t he cas e of the 

turtle it is a geor.:e try VJh i ch the pupil can explore. This 
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principle of embodying a roathematical system in a piece of 

apparatus is not confined to computers but is true of all 

structural apparatus. 

The Dienes (1973) nu ltibase Arithmetic Blocks (t-IAB ) for 

exploring place value and numeration is an exarople of such an 

embodiroent system. The teaching of abstract ideas through a 

particular model or embodiment of those ideas is, according 

to Dienes, an effective teaching approach. Both Dienes and 

Papert argue that the conceptual understanding arises 

naturally out of the activities of children using a 

mathematical embodiment. 

A pertinent con~ent on the use of embodiments comes from Bell 

et al (1983) when they say, 

.. the conclusion of this research is 
that constructive activities in an 
embodiment p rovide a useful starting 
point for the development of analytical 
thou gh t leading to an abstraction, .. 
(p. 194). 

The type of help required by pupils programming is similar to 

that required by pupils using structured r,laterials such as 

ClAD . Dienes (1973 ) gives six stages of abstraction in the 

process of understand ing a mathematical systero. 'I'he child 

may start by playing with the structural apparatus, in this 

case the turtle. Then via a succession of acti vi ties (for 

example fil.ding a route through a maze), they come to 

understand the principles and constraints built into the 

apparatus. The turtle will only do ,-,hat it is COf-lmanded to 

do. 
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By representing this structure synbolically the child is in a 

posi tion to examine it, then plan and re-plan a procedure. 

Later he will be able to examine the properties of the 

synbolic system itself (the program). Finally the pupil "ill 

be able to formulate theorems in the system under 

investigation, for example, the Total Turtle Trip Theorem to 

be described later. 

Another major problem is one familiar to all teachers, namely 

how much guidance should the teacher give? An instance might 

be a child working on a program that includes the use of 

variables. If the teacher gives explicit instructions on how 

to build such a procedure then the enjoyment which comes from 

making a discovery is removed and the consequent level of 

understanding may well be reduced. Yet on the other hand 

guidance is necessary if the child is to feel he is maJdng 

progress if he cannot do so on his own. Such a dilemma 

requires the teacher to decide '''hich compromise to make. 

Exploratory activity in mathematics appears to fall into two 

categories: 

i) The one approach is guided discovery \vith 

clear objectives which the pupils are expected to attain. 

Guided discovery is closely bound up with problem solving in 

wh i ch th e pup i 1 s investigate a prescribed task to discover 

which aspects in a problem are relevant to its solution. 

This is the approach favoured by !lowe and the Department of 

Artificial Intellisence in Edinburgh (Ross and lIowe, 19(1). 

ii) The other approach is one of free 

investigation. Here pupils set out to discover relationships 
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without being led to systematically searching for them. Open 

exploration is the method advocated by Papert in ~·Iindstorms 

(1980). The Drookline project, for example, gave anecdotal 

evidence of it, describing situations in which children 

changed their goals when they encountered something 

interesting. Says Papert (1980, p. 214) "The best learning 

takes place when the learner takes charge." 

The claim that programming activity helps to allow 

mathematical exploration seems to enjoy much support. 

3.3.2 Key Mathematical Topics 

3.3.2.1 Function and Variable 

One of the key mathematical concepts mentioned by Feurzeig 

and Papert (1969) in connection ,>'ith LOGO is that of 

f function I and I variable t • They argue in programming a 

number of issues arise concretely including: 

"the many roles of 'x' in algebra: 
sor.letir.les it appears to be a number, 
sometimes a subtley different kind 
of object called a variable, and 
other occasions it is to be treated 
as a function" (p. 7, their underlinings). 

They suggest that programming helps to clarify these 

concepts. Feurzeig and Papert (1969) taught LOGO to children 

of average ability aged bet,veen seven and nine years old. 

The children learned to ',vri te and 'debug' sim[.>le procedures. 

They claimed, 
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"Children of this age do ncquire menningful 
understnnding of concep ts like varinble . 
function and formal procedure (though not 
in those words) through their experience 
with progrnmming." 

In Papert' s (1980) 'Turtle Geometry' a number of other key 

concepts are given vivid illustration. In particular 

rotation, translation, state, state chnnge operator, angle as 

rotation are all used by the pupils in the course of 

constructing a variety of plane figures. h study undertaken 

by Nilner (1973) also shovled promising results. He worked 

with a small group of eleven year old children of varying 

nbility, tenching them to construct recursive programs to 

generate number series. The tests included evaluating 

expressions containing varinbles whose values were given and 

finding the value of variables under specific conditions. 

According to nilner the experimental group made significant 

gains in their test scores, whereas the control group did 

not. Hilner maintains that the procedures written by the 

children and their explanations of the actions of Ute 

procedures provide evidence of the children's knowledge of 

variables. hs there "ere only eighteen children in the 

sample one cannot generalise from these results. 

3.3.2.2 Spatial Concepts 

An investigation \'/as conducted by r:cGinley (1930) in which 

eleven to thirteen year old children used LOGO over a ten 

week period. 'l~hey studied such topics as directed numbers 

and fr<lctions. 'I'he LOGO g roup viaS tested against groups 
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taught the same topics using conventional methods over the 

same period. The post-tests included measures of spatial and 

relational thinking. Although the LOGO group shO'ded 

significant benefits, the di stribution of scores wi thin the 

LOGO group was bimodal. This result suggests that some 

children gained much from using LOGO whilst others gained 

very little. In speculating on the bimodal outcome I suggest 

that it may have been due to the distribution of high and low 

abili ties of the children in the LOGO g roup. Another reason 

for the result might be because the high scoring pupils were 

well advanced in their thinking according to Piaget, whereas 

the low scorers were not (See Chapter Two). 

The results from these investigations do support the claim 

that programming does assist children to gain insights into 

certain mather.1at ical topics. 

3.3.3 Progran@ing As a Context for Lang uage and 

Problem Solvinq 

Feurzeig and Papert (19G9) argue that programming' gives the 

pupil many opportunities to solve probler.ls, often of his own 

devising. The pupil CiJ.n be given insight into his own 

p roblem-solving processes by using the record of his dialogue 

wi th the computer as iJ.n indication of his ovm thinking. Ross 

and HOIve (1981) say that of iJ.ll the cliJ.ims nliJ.de by Feurzeig 

and PiJ.pert (1969) this i s the most contentious. They cite 

three uSsuI:1ptions being made, 
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" i) thut people 
free study skills 
different do~ains 

use the saQe context­
to solve probleQs in 
(Polya 1957), 

ii) that certain of these skills are 
made explicit more readily through 
programming activity than through 
matheQatical activity, 

iii) thut prograHuning provides 
memorable paradigms for certain 
other skills that cannot othen-rise 
be made explicit easily." 

By contrast mather.1atics problem-solving often yields sparse 

documentary evidence of the process of solution unless 

special steps are taken. In prograr:uning, hm.,rever, the idea 

of 'debugging' and the value of investigating mistakes comes 

out clearly. In this way programning can p rovide both a 

context in which probler.ls may be posed and solved as we 11 as 

a language for describing the problem-solving process. Not 

only does Papert (1972) "rish to g ive children insight into 

their o,,'n thinking bu t he also wishes them to change the 

emphas is in matheQatics education away f roQ teaching 

part icular pieces of Qathematics towards teaching the 

activity of doing mathematics . In this way the nature of 

r.lathernatics is brought out. It J:leans the uuthority of the 

subject lies not in the authority of the teacher, but in the 

subject itself. SkeJ:lp (1 975 ) eluborates on this aspect of 

mathematics and the teacher. Clearly there mus t still be 

explanations and suggestions for \fork fror.1 the teacher but 

much of the respons i bil ity for "'hut harpens in a session no"r 

rests with the l ea.rner. 



In a study conducted by Statz (1973) nine to eleven year old 

children were taught programming for a year. Her thesis was 

that children taught this "laY would be better on a set of 

prescribed problem-solving tasks than a control group who 

learned no programQing. The results were not convincing. 

The experimental group did marginally better than the control 

group. Statz argued that the fault lay not with the 

programming skills required by the pupils but with the nature 

of the tests. 

It appears that the difficulty of studying progra~~ing as an 

aid to problem-solving is that the pupil must first have sOr.'.e 

understanding of the subject matter. For exaQple Papert and 

Goldstein (1972) looked at the errors in this SUQ: 

35 Child reasons: 

610 

They said, 

" 

5 + 5= 10 , llri tes 10 and 

3 + 3= 6, Hrites 6. 

given access to a vocabulary for 
prograT<lS, plans and bugs, we believe that 
student and teacher could be articulate 
about describing the algorithm used by 
the student in reaching the 'GIO' answer, 
in identifying the bugs, and in debugging 
the addition program (in the student's 
head) to yield the correct result." 

The child appeared not to understand the concept of exchange 

(carrying) and was therefore unable to apply the relevant 

matheloat ical concepts. The lack of success in this case ;:lay 

not have be en one of planning but one of nathcmatics. 
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The dilemr"a for the teacher is which comes first the 

mathematics concept or the programming ability? 

3.3.4 Conclusions 

If we refer to the research evidence produced on mathematics 

and programming \-,e see few encouraging signs. In defence of 

their claims Papert argues that mathematics tests are usually 

bound to a specific context. If this is the case they do not 

measure those concepts that programming activities are aiming 

to deve lop. In support of this view Papert produces 

considerable evidence of a non-statistical nature which 

encourages the belief of 'mathematics through programming'. 

,'n,at can be said with confidence however, is "LOGO is almost 

certainly the best educational language." (Ross and Howe, 

1901). A lot more \'lOrk needs to be ,cone in order to produce 

convincing evidence even though it is a truism that results 

in educational research that are statistically convincing can 

be prone to weaknesses. 

Readin,) the non-statistical case studies of Papert and his 

colleagues is nonetheless encouraging. It is because of 

Papert's claims that I went ahead with my investigation, 

recognisins that there was a need for practice and not just 

theory. 
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3.4 The Use of retanhors 

Accordin0 to O'Shea (1982) LOGO can contribute to a learner's 

mathematical development through metaphor (See Glossary). He 

argues that the programr.ling acti vi ty serves as metaphors for 

mathematical concepts and mathematical reasoning. This, he 

says, is particulurly relevant when it comes to such concepts 

as 'functions'. The program serves as a metaphor for the 

type of mathematical reasoning that involves generalisation. 

Howe and 0' Shea (1976) set up an investigation with average 

ability eleven year old boys in Edinburgh. Their goa l \'las to 

determine how the children's mathematical skills were 

affected by the acquisition of a set of learning metaphors. 

Following Papert's example (Papert, 1973) they constructed a 

learning environ;:lent which comprised LOGO prograrmning 

language and the turtle. 11 child communicated with the 

computer in order to change and run LOGO procedures. By 

using these devices the child provided himself with sets of 

metaphors which functioned both as tools for learning and for 

explicuting the learning process. 

Howe and 0' Shea found that the children used four different 

situations in ,"hich metaphors ,vere usefully invoked: 

"I) i'·ietaphors in teaching. In the 
teaching si tua tion !lm,e and 0' Shea 
employed metaphors to help the child 
acquire LOGO prograr,:ming concepts. 

2) t-letaphors in programming. \.;rhen 
a cllild applied a programming concept 
in the construction of a procedure, he 
used this concept as a metaphor for a 
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wider class of processes than that 
explicitly e~bodied in the procedure. 

3) t'letaphors in communication. In 
understanding or explaining so~e problem 
the child invoked a metaphor without 
actually constructing a procedure. 

4) Metaphors in interpretation. In 
their research !love and O'Shea maintain 
that metaphors helped them to explicate 
and interpret the pupil's problem solving 
and learning processes." 

(Research Paper No. 92). 

As a result of this investigation Howe and O'Shea argue that 

learning and applying LOGO concepts ~ade it possible for the 

pupils to acquire powerful metaphors. The pupils could then 

use these to achieve a deeper understanding of processes such 

as their own problem-solving activity. their own ~athematics 

work at school and their own learning. 

But. says O'Shea (1982). LOGO users have to date not 

perfor med 'stunningly better' at school mathematics than 

non-LOGO learners. One reason for this. he claims. is that 

tiluch of the metaphorical content of LOGO is inappropriate to 

school mathematics. He says that most school ,,,ork is not 

based on creative problem-solving but rather on the recall of 

particular algorithms. So the pO'tlerful proble;71-s01ving 

strategies that LOGO supports such as top-down decomposing of 

probler:1s in sub-problems \1ill not necessarily bo helpful. 

I:ven more problematic is the fact that many algorithms taught 

in SC11001 depend on physical layout on paper. As we have 

seen earlier a pupil v,ho cannot 'carry' \-,ill not obtain 

insight from a LOGO program. 
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LOGO was designed to help the learner express mathematical 

processes as computer programs. The acquisition of metaphors 

successfully follows the work of Piaget and the philosophy of 

expressing knOl'; ledge as procedures. The acquisition of these 

netaphors confirms the theory that the learner is a model 

builder. I concur with lleikinen (1983) when he makes this 

pertinent corJment: 

3.5 

"Thinking about computers in education 
ultimately means thinking about education 
not about computers." 

Summary 

LOGO is an interactive programming language designed to be 

easy to learn. /-lany LOGO implementations simulate the action 

of the turtle by portraying it on the screen, allowing young 

children to quickly learn how to write programs that produce 

line dravlings whose angle and other mathematical properties 

can be studied through observation, experiment and 

discussion. 

Feurzeig and Papert (1969) made four claims for their 

approach to using LOGO. They argue that first, mathematics 

can be made both enjoyable and useful by basing it on the 

pupil's own progra8rning projects. Second, that writing a 

computer program that rr:odels a mather.mtical process is an 

excellent way of explaining that process to oneself. Third, 

undertaking progranUJing projects gives valuable practice in 

problem solving. Finally, that the proble:u solving 

techniques appropriate to LOGO, such as breaking do','n 
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problems and re-planning theD, are concrete examples of a 

useful skill which the pupils can learn to apply in other 

areas of mathematics . 

In general the research evidence does suggest that LOGO 

programs do assist in understanding the mathematical ideas 

that they embody. This was the key issue vlhich was 

addressed. 

A further issue ,vas the fact that LOGO can contribute to a 

learner's mathematical d evelopment via metap hor. 
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CHAPTER FOUR 

TURTLE GEOt-lETRY 

4.1 Turtle Graphics 

Turtle graphics ,,,as first developed by Papert and others at 

l·lIT as part of the progra=ing language LOGO. At the heart 

of turtle graphics is a nevi way of doing mathematics called 

turtle geometry based on the movements of the turtle. Papert 

describes turtle geometry in these terms, 

"To put this in perspective recall that 
you probably encountered at least two styles 
of doing geometry: Euclid's style (prinarily 
logical in structure) and Descarte's style 
(primarily algebraic). Turtle geometry is a 
new style matched to the computer." 

(nyte, 1980 p. 234) 

This new-style geonetry emphasises transformations in local 

space rather than using a fixed global reference point. By 

local is meant "it deals with geometry a little piece at a 

time", says i\belson and di Sessa (1981). \'Ihen the Turtle 

moves, it does not move in respect of a globally-defined 

origin. 'Ehe only require!:>ent is hm'l to !"ove the turtle in 

relation to itself and the allocated space. For example, the 

turtle in drawing a circle deals only with the small part of 

the plane that surrounds the current position that it is in. 

The Cartesian co-ordinate represent<ltion for a circle is 

222 x + Y = r . 2 2 Dy contrast \"lith the turtle, x + y = 2 l' r re l.es 

on a global co-ordinate system to define its properties. On 

this issue ~~belson and eli Sessa (19 G. 'J, p . 14) \,.trite, 
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"And defining a circle to be the set of 
points equidistant from some fixed point 
.. t Ibl . 2 2 2 1S JUs as goa as uS1ng x + y = r • 
The turtle representation does not need 
to make reference to that 'faraway' 
special point, the centre." 

Turtle geometry is more local, whereas co-ordinate geometry 

is more global. 

The physical context for the floor turtle consists of a large 

flat surface (in this case the turtle table). The floor 

turtle is a computer controlled robot that is capable of 

moving forward and back relative to a previous position and 

direction. It is also capable of rotating about its central 

axis. The screen turtle is a representation of the floor 

turtle on the computer screen. It is a triangular point that 

moves about the screen using commands similar to those for 

the floor turtle. 

The place and direction are the turtle's geometric state. At 

any particular time the turtle is at a particular place and 

facing in a particular direction. It is significant that 

these two components of the turtle's state are independent. 

It has a pen 'which can be up or dmvn which enables the turtle 

to draw the geor:;etric state that it is programmed to do 

either on the screen or on the floor at any particular time. 

4.1.1 Turtle Talk 

l3y • turtle talk' is meant the commands used for doing turtle 

geor"etry, Lven without previous computer experience it is 
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possible to move the turtle so that it \vill make a particular 

shape. For example. 

FORI lARD 100 

RIGHT 90 

FORHARD 10J 

RIGHT 90 

FORWARD 100 

RIGHT 93 

FOmlARD 100 

EIGHT 90 

The FORHARD command makes the turtle move in a straight line 

for 100 turtle units and the RIGHT cor.unand tells the turtle 

how many degrees and in which direction to turn. 

In describing the effects of these commands it can be said 

that FOm-!AR]) changes the turtle's position and IUGI:T changes 

the turtle's heading. These simple cO:iunands make turtle 

graphics easy for a child to 'get into'. The use of everyday 

language to tell the computer to do things that the child 

already knows. such as turning and moving. is an appropriate 

starting point for the child. 

4.1.2 Procedures 

Turtle 'Jeor"etry would be less exciting if it did not allow us 

to teach the turtle new co~manc.ls. For example, 
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TO SQUARE 

PORI/ARD 10J 

r,IGlIT 90 

PORlIAWJ 100 

n.IGI~T 90 

FORl'iARD 100 

RIGHT 90 

FORl,IARD 100 

EllD 

This is an example of a procedure. The first line of the 

procedure (the title line) determines the name of the 

procedure. The rest of the procedure specifies a list of 

instructions the turtle is to carry out in response to the 

square conmand. In other words these are directions telling 

the computer hoVl to describe a square. The word TO, inforns 

the computer that the next \lord SQUARE, is being defined and 

that the number of lines constitute its definition. 

\'!hen it is indicutec~ by the .,ord END, that the definition is 

complete the machine ;·,ill respond ,lith SQU1,RE DEFIlJED. 

1;0'." if PjWDO~'I~,: SQUARE is typed into the computer the turtle 

"ill carry out the procedure leaving a trail either as a 

floor turtle or as a screen turtle. 

Unlike the direct command above the turtle mOVes in one 

continuous mOV(2!.1ent because a procedure has been 17:ade and 

stored in the me,nory of the Cor:lputer. The drawn route \'lOuld 

look like this I 
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Getting pupils to construct their own procedures is a vital 

step as these are the conceptual building blocks of LOGO 

programs. 

4.1.2.1 Iteration 

Iteration is a REPEAT command. 1',hen drawing syt:lll\etrical or 

regular shapes it becomes tedious typing the instructions 

repetitively. A more concise method of telling the turtle to 

draw a square would be by using iteration or REPLAT. 

TO SQU.l',RE 

REPEA'T 4 

FORliARD 180 

RIGHT 99 

END 

Besides saving typing \\lark the child using RI:PEAT is starting 

to organise the movements of the turtle. lIe is b eginning to 

understand how procedures can b e built. 
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4.1.2.2 Introducing the Concept of a Function 'vi th One 

Variable 

In the exanple of constructing a square the length of the 

side in turtle units (d) is being held constant. The learner 

is thus, in effect, working with a function with one variable 

which is the amount of rotation (9-0
) and in this instance 

has been chosen as 90 degrees. If 19- is chosen as say 60 

degrees then a hexagon will result, if (d) is still held 

constant. 

4.1.2.3 Sub-Procedures 

LOGO allows the child to link procedures, that is, to get the 

turtle to folloyl one set of instructions and then to move 

directly to another. For example, 

TO HOUSE 

Sc;,UA!l.E 

TRIANGLE 

EtlD 

Bere the child has lin~(ed the two sub-procedures of SQUARE 

and TRIAlJGLE to make a new procedure called HOUSE. 

(1980, p. GJ) says, 

"One does not need a computer to draw a 
triangle or a square. Pencil and paper 
\vill do. But once these prograr;\s have 
been constructed they becOIile building 
blocks that enable a child to create 
hierarchies of knOWledge." 
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4.1. 3 Debugging a Procedure 

Very often a child's first atter.lpt to draw a house results in 

a triangle inside the square (a) instead of on top of it. 

(a) 

Replanning or 'debugging' a procedure, as it is called, 

becomes a normal part of building a program. The debugging 

process helps a child understand the program. In this case 

the bug can be fixed by inserting a RIGHT 30 between SQUARE 

and TRIANGLE as in (b). 

TO !lOUSE 

SGUA~E 

P.IGHT 30 

'l'L-!.IANGL~ 

END 

(b) 

- 57 -



The learner has made progress \vi thout being criticised for an 

error in drawing. The pupil is encouraged to study the bug 

and rectify the error. 

Often several options are available in designing a procedure. 

LOGO is not simply a matter of getting it right or not right. 

The LOGO language using graphics encourages the learner to 

correct the errors in a program so that the intended shape 

can be completed. 

4.1. 4 Recursion 

In making HOUSE a procedure was made which 'called' both the 

other procedures, namely SQUARE and TRIANGLE. 'Calls' means 

that when the end of the procedure is reached it moves to 

another procedure. It is also possible to make a procedure 

which 'calls' itself. This is knolrm as recursion. Take for 

example a program such as this: 

TO POLY 

FOmlAnD 

RIGHT 

POLY 

mm 

SIDE 

GIDE 

ANGLE 

SIDS 

: ANGLE 

Al, GLE 

rrhis POLY progra m says go FORHi\RD some fixed amount, turn 

n IG HT sone fixed amount and repeat this sequence over and 

over. The final line keeps ele process going over and over 

by includinc; "do POLY again" as part of the ,,)rocedure. 

!larvey (1982, p. 166) \-lrites about recursion and r:1athematics; 
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"It's hard to explain in a simple <lay 
why recursion is important. The idea 
behind recursion though has profound 
mathematical importance. By allO'.ving 
a complicated problem to be described 
in terms of simpler versions of itself, 
recursion allows very large problems 
to be stated in a very compact form." 

The POLY procedure has two inputs SIDE and ANGLE. This 

procedure generates a fascinating series of patterns as 

variable inputs are typed in. One advantage of this 

procedure is that the last line of POLY can be changed to 

make another interesting procedure. The ne"" procedure is 

now, 

TO POLYSPI : SIDE ANGLE 

: SIDE 

RIGHT ANGLE 

POLYSPI SIDE +3 ANGLE 

END 

e,.g. POLYSPI 1 120 

FD 1 RT 120 

FD 4 R'I' 120 

FD 7 RT 120 

FD 10 RT 120 

etc. 

The effect of POLYSPI is that each step is 3 units larger 

than the previous one. Systematic increments in the variable 

are no", included in the programs which produces the pattern 

shown in Figure 1 on p. 6 \) . 
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4.1.4.1 Introducing the Concept of a Function with Two 

Variables 

Here (0) varies and (d) varies. 

In the example shown above (d) was chosen as 1 and (e) as 

120 0
• Variation of both these variables will result in the 

different shapes shown below . 

SIDE 8 0 NJGLE 144 

FIGURE 1 

SI D::: H JC l.J.:;GLE 15G 
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4.1.4.2 Variables 

In the POLY and POLYSPI programs SIDE and fu~GLE are of 

variable magnitude. The words on the title line preceded by 

" " are names of the inputs, rather like the variables x 

and y in algebra. By keeping the SIDE variable constant and 

changing the ANGLE variable in the POLYSPI program the 

patterns on p. 60 are produced. The possibilities for 

creating patterns using two variables are endless. 

Papert (1980) states that the variable is a key mathematical 

concept Vlhose understanding is facilitated by the turtle. In 

'turtle talk' he says variables are presented as a means of 

corrununication. 'Turtle tnlk' enables the learner to "create 

a procedure with an input". For example, 

TO STEP : DISTANCE 

FORHARD 

RIGHT 90 

END 

DISTANCE 

The command STEP 1 00 instructs the turtle to go fonJard 100 

and turn right 90 degrees. If the input is changed to STEP 

200 it will go fon~ard 200 and then turn 90 degrees. 'l'his 

symbolic naming through a variable is an important 

mathematical concept for n child to know. The concept of 

vnrinble coupled '.vi th the concept of recursion offers pupils 

t'N'O sources of pO\'ler for constructing their ovm LOGO 

environment. 
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4.1. 5 Total Turtle Trip Theorem 

Hhen the turtle travels along a route and ends in the same 

direction in which it started, the total amount of turn is 

36'1 degrees. This is the proposition of the Total Turtle 

Trip Theorem. Total turning is the central concept here. 

All total journeys made by the turtle turn through 360 

degrees, as do the three 120 degrees of the equilateral 

triangle and six 60 degrees of the regular hexagon. In the 

POLY program for example an angle input of 360/n draws a 

regular n-sided polygon. 

By comparison with the Euclidean counterpart "The sum of the 

internal angles of a triangle is 180 degrees" Papert (1980, 

p. 76) makes the following observation, 

" 

4.1. 6 

in the context of LOGO computers the 
Total Turtle Trip Theorem is more powerful 
The child can actually use it. It is more 
general : It applies to squares and curves 
as well as to triangles. It is more 
intelligible : . the proof is easy to grasp." 

Play Turtle 

By more "intelligible", Papert means that a child is in a 

posi tion to 'play turtle'. By that he means that the child 

can "valk' the plan through i. e. simulate the movements of 

the turtle. The child who wants to make an approximation of 

a circle is asked to move his body as the turtle would move. 

Such movements might lead him to say, "When you 'walk in a 

circle you take a step fonvard and you turn a little." From 

- 62 -



this physical movement comes a verbal description which is 

only a step away from a turtle procedure: 

TO CIRCLE 

REPEAT 

FORWARD 1 

RIGHT 1 

END 

'de have seen from the Total Turtle Trip Theorem that the 

circle closes when the turtle has turned through 360 degrees. 

The result is an approximation of a plane curve with constant 

curvature. Playing turtle refers to the thinking related to 

a procedure before programming it. As Papert (1980, p. 76) 

describes it," it is a model for the general habit of 

relating mathematics to personal knowledge." Playing turtle 

according to Papert (1980) helps to relate and unify 

knowledge gained through the physical act of walking out the 

turtle route. This internalization is the basis of clear 

concept development in the individual. 

4.1. 7 1'licrovlOrlds 

The term microworlds as used in a LOGO context is a 

well-defined but limited learning environment. The concept 

of microworlds stems from research in the field of Artificial 

Intelligence. It is difficult to probe directly the thinking 

processes of a child, but by limiting our attention to a 

small area it is possible to find aspects that can be 

modelled. 
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In the context of turtle graphics it is possible to define a 

microworld, for example, all the designs that can be dravln 

with the procedure POLYSPI. The POLYSPI microworld shows how 

a variable can be changed incrementally whilst holding the 

other variables constant. This provides a clear model how 

particular patterns may be generated through the dimensions 

of variation. Piaget would place this activity at the formal 

level of operational thought (See Chapter Two). The idea is 

important because it relates to other problem-solving 

situations. 

4.1.7.1 The Dependent Function 

If, for example, one function is dependent on the other \ve 

can solve a problem such as this: 

Given a square of paper of side 1000 turtle units 

what is the relationship between the side (d) of 

an n-gon and the degrees of rotation of the turtle 

Q so that the polygon does not exceed the square 

of paper? 

, 

- 64 -



We have f n ~ e with e f(n) 360· 
n 

and g e ) d with d g(e) 1000 cos(90· ~) 
2 

So for h n ~ d, 

d k(n) gtf(n)] 100 cos (90· 180· - ) 
n 

h ~ g 0 f: the function h, is a composite of g and f. 

d is a variable dependent on n. 

4.1. 8 Conclusion 

Turtle Geometry was developed for children. The computer 

provides an environment in which the pupils learn by doing 

and thinking about what they are creating. The pupil 

investigates the capabilities of the computer and LOGO by 

planning p rocedures and re-planning them to remove the bugs. 

The computer serves as a tool for creating mathematical 

shapes through the use of the turtle. Playing turtle helps 

the child's unde rstand ing of that procedure. 

The appeal of turtle graphics depends largely on the 

emergence of designs made by b uil d ing p rocedures. These 

procedures can be developed and extended throu gh the pupils' 

understanding of the powerful mathematical concept of 

variable. The other powerful (Papert) mathematical concep t 

is that of the Total 'l'urtle Trip Theorem wh ich states that 

the complete turn of the turtle a mounts to an integer 

mUltiple of 36 0 de<;rees. 
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The LOGO iT.icro'.lor 1(1 provides a lini tee environr,lent in ~.vhicb 

there are i~portnnt conce~ts to be unGerstood. Turtle 

geometry provides a rich environment for the chilG to 

unc1e rst.::.nd certain rr.il thematics concc2ts. It enables him to 

learn how to solve particular p roblems and gives hi~ a ~£thoG 

of becor.ling a,yare of his own thin},ing . 

GG 
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Clli\PTER FIVE 

~lETHODOLOGY 

5.1 Two Traditions 

One of the problems before me in this investigation was the 

question of how to evaluate the teaching sessions. Hy 

atti tude towards the evalua·tion of the research \vas in fact 

influenced by fundamentally different views about the nature 

of the educational process itself. Two traditions dominate 

the field of evaluation. 

The first emphasises measurement and prediction. In this 

"experimental" style of research the emphasis is on rigorous 

testing of hypotheses. By changing selected features of the 

experimental situation whilst controlling others, it is 

possible to observe c}langes in behaviour, which are then 

interpreted in terms of the predetermined hypotheses. The 

interpretation of the results depends on the reliability and 

validi ty of the tests made as well as the control of as many 

extraneous variables as possible. It has been called the 

"experimental" I II scientific II I "objecti Yes II and sometimes the 

"agr i cu 1 t ura I-bota ny" model. It "as Parlett (1974, p. 14) 

who coined the phrase "agricultural-botany model" which he 

described in these terms, 

" appropriate for testing fertilizers 
on carefully-tended fields of crops at 
agricultural research stations, but 
inapplicable and incongruous for 
moni taring ho\-, innovations oecome absorbed 
and adapted in a diversity of school 
settings. II 
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I wou Id go further and say that the evaluation of such an 

activity as human lear ning must necessarily call for the 

interplay of a wider variety of human qualities than is 

normally considered in a scientific investigation. 

Arising out of disenchantment with the experimental tradition 

comes the "hermeneutic" model. This approach has found 

favour with classroom observers and those interested in the 

sociology of knowledge. It is a style of evaluation that can 

best be desc ribed as "interpretive", because it relies on 

explanations of people's actions. The researcher's task is 

to understand man as viewed by the anthropologist. 

and Stribley (1979) see it like this, 

"It is best symbolized by the school of 
research known as ethnography which 
emphasises naturalistic observation of 
phenomena in the field and seeks insights 
into social behaviour gained from data 
which are as unadulterated as possible 
by the procedures the researcher employs 
and the preconceptions he brings with 
him." (Genera l Introduction) 

Bynner 

The second model emphasises meaningful description and 

interpretation. It is concerned with elf<ergent effects as the 

evaluation proceeds. It has been called the "illuminative", 

"participant observer" or "social-anthropological" model. 

Clearly the issues that concern the researcher using these 

ethnographic methods are the accuracy of the information he 

collects, the p roblem of the role he adopts in COllecting it, 

and the generalizability of his findings outside the 

particu lar research setting. 
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In sharp contrast to the ethnographic style, the experimental 

style provides a model for the logic of scientific enquiry, 

which no social researcher can completely disregarJ. 

In short, the fundamental question asked by the experimental 

evaluator is, "does the innovation perform as intended?" On 

the other hand the illuminative evaluator asks, "what happens 

when the innovation is introduced?" These, in fact, were the 

very questions I had to ask myself prior to making a decision 

about the style of evaluation to be used. 

5 .1.1 Illuminative Evaluation: Reasons for Selection 

In my investigation I recognised the complexity and subtlety 

of the teaching/learning processes taking place. I needed to 

employ an evaluation strategy that would take into account 

modifications and departures from the original instructional 

concept. I also ",an ted to take into account the 

social-psychological environment in vlhich the pupils and the 

teacher co-operated together. 

As far as possible I wanted to determine the variety of 

influences operating in the teaching sessions. This '''ould 

include the pressures, the successes, the fears and the 

failures and the degree of co-operation whilst the learning 

activity was in progress. 

Illuminative evaluators make the criticisrl here that the 

experimental-style evaluators have considered only the 
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innovation and have not taken the whole learning milieu 

sufficiently into account. They point out that new 

innovation produces unintended outcomes. 

It is suggested by Parlett and Hamilton (1977, p. 12) that 

the style of evaluation has a bearing on the outcome of the 

innovation. They write, 

"Students do not confront 'knowledge' in 
naked form; it comes to them clothed in 
texts, lectures, tape-loops etc. These 
form part of a wider set of arrangements 
for instructing, assessing and counselling 
vlhich embody core assumptions about how 
knowledge and pedagogy should be organised . 

•.. Both teaching and learning are 
profoundly influenced by the type of 
assessment procedures in use." 

Illuminative evaluation rests upon a general research 

strategy not upon a standard me thodo log ical approach. I too, 

was lookin g for a research strategy that Vias sufficiently 

flexible to cope with such variables as the size of the 

group, the use of computer technology, the role of the 

evaluator and other factors. I could see that in this 

investigation the evaluator would not need to attempt to 

manipUlate or control situational variables. Be would accept 

the scene as he found it, uith all its complexities included. 

I could also see that the evaluator would have to unravel 

these complexities, to separate the significant from the 

i ns ignificant and to look for relationships. He would 

concentrate on 'process' within the learning milieu. 
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According to Parlett and Hamilton (1977), illuminative 

evaluation should properly pass through three stages, 

evaluators observe, inquire and seek to explain. 

In reaching an interpretation I would deem it necessary to 

take into account evidence from other sources such as other 

observers. I-lithout doubt the feature that attracted me to 

this style of evaluation was its flexibility and its 

adap tability. to circumstances. 

It was on the following factors that I made my decision to 

base the investigation on illuminative evaluation: 

i) It was the nature of the investigation that 

defined the evaluative method to be used not vice versa. 

The choice of research techniques that I used were determined 

not by doctrine but by the need to gather data in a 

particular setting. In this case the data had to be gathered 

fron six pupils and a teacher, using computer technology. 

ii) Different techniques were combined to throvJ 

light on the computer innovation. No one research method 

with its own inevitable built-in limitations was used 

eXClusively or in isolation. The approach I useu may be 

referred to as "triangulation" (Cohen and ~ I anion, 198~). The 

different methods used for data collection ,vere by a 

non-participant observer, video recordings and participant 

observation. 
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iii) The investigation progressively focussed on 

specific aspects of the milieu. Beginning with an extensive 

base of information about the innovation, the eva luators 

reduced the breadth of the enquiry to give concentrated 

attention to certain issues which emerged. After each 

teaching session new information was used to clarify and 

r e-define the problem issues as the investigation progressed. 

The course of the study could not have been charted in 

advance. Through progressive re-focussing it was hoped that 

new and important factors would be given their due we ight . 

5.2 Data Collection Methods 

5.2.1 Classroom Observation 

There a re two principal types of observation, participant 

observation and non-participant observation. In the former 

the observer engages in those activities he sets out to 

observe. In this investigation it was I, the teacher, who 

acted as the participant observer. 

A non-participant observer, 

apart from the group he is 

on the other hand, sets himself 

actually investigating. In this 

case the non-participant observer was Dr. A. Penny who sat at 

the back of the classroom recording the exchanges and events 

that took place between pupils and between teacher and 

pupils . But in a setting where one is observing children and 

one is interested in wr,at they are doin'] it is difficult for 

the observer who wishes to r emain covert not to act as a 
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participant. If Dr. Penny had not participated it would have 

been difficult to explain his presence as he was very obvious 

to the actual participants. 

This was an unstructured observation study . Dy that I mean 

there were no prepared observation schedules, as I wanted Dr. 

Penny to monitor events as they occurred, taking into account 

the pupils' verbal and non-verbal cues. 

It was felt that this form of research was eminently suitable 

to participant observation if one considers the views of 

Bailey in Cohen and Manion (19 80 ). He says there are 

advantages in using participant observation. In the 

observation study the investigator is able to discern ongoing 

acti vi ties as they occur and therefore can take note of the 

most important features. As the research takes p lace over a 

period of time the investigator can develop a more intimate 

and informal relationship with those he is observing, in this 

case the children. 

On the other hand participant observation studies are not 

without their critics. It has been said that the account 

that emerges from partic ipant observation is "subjective, 

biased, i mpressionist ic, idiosyncratic and lacking in the 

precise quantifiable measures that can be found in 

experimental research" (see Cohen and Manion, 1980, p. 1(4). 

The observer might lose his perspective and become blind to 

the events he is supposed to be investigating. 
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It was for these reasons that I decided it was necessary to 

have a non-participant observer present at all the teaching 

sessions. 

As well as having a non-participant observer present, 

sophisticated equipment in the form of video cameras was used 

in orde r to make the data capable of review and available to 

other viewers. 

5.2.2 Video Recording 

Video-recording the teaching sessions ,,,ould support the idea 

put forward earlier on illuminative evaluation, that the 

nature of the phenomena to be studied should determine the 

method and by implication the techniques for observing it. 

As visual phenomena were to be investigated, a visual data 

collecting method was used. I felt the videotapes would 

capture both audio and visual information. 

Adams and Biddle in Cohen and 1'Ianion (1980 , I)' 118) maintain 

that there are distinct advantages for using videotape 

recordings in classrooms. 

"Firat, it provides an extremely 
comprehensive record of classroom 
behaviour t ha t can be preserved for 
subsequent analysis. Second, "'hat 
they t err.) the fidelity of the system 
is good, that is to say the cameras 
can dea l ",ith conventional classroom 
settings, and mic rophones are able 
to p ick up the great e r proportion of 
the p ublic utterances that take place. 
Third, the stop-re",ind facility of the 
tape recorder permits sequences of 
behaviour to be viewed and r evie"/ed at 
will during data-coding." 
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In this instance the reviewing of the videotapes was found to 

be particularly useful because of all the valuable 

information that emerged. 

I elected to use video-recordings 

collecting strategy for the following 

as part of the data 

reasons. I felt that 

the tapes would provide a unique view of the teaching 

sessions which could be used for extensive analysis. As the 

teacher I would be aware throughout the replay of the total 

time-scale of the lesson. It would therefore be possible to 

make comparisons across the lesson of different aspects of 

it. t-lany behaviours of the pupils that I missed in a lesson 

would be clear on the videotapes. Perhaps most important was 

that the recording did not misinterpret or misrepresent their 

classroom. 

It would be possible to look at the same lesson time after 

time so that it "iOuld allow reliability checks to be made by 

and between observers. These interpretations could be 

compared to assess the reliability of the interpretations, 

particular ly where certain events have been claimed to be 

significant. These could be exar,lined to establish the 

criteria for their significance. 

This dis sertation includes an edited version of all the 

v i deotapes that were 

provided so that the 

made. Counter numbers l,ave been 

rea de r can easily locate the 

's i gnificant' events on the videotape (See Appendix) . 

- 76 -



5.2.3 Triangulation 

Classroom observation techniques by a non-participant 

observer and a complete video-recording of the classroom 

events were the methods used to increase the validity. 

The idea of using three r.1ethods of data collection in the 

study is known as triangulation from techniques used in 

navigation. 

lly analogy, triangular techniques in the social sciences 

strive to explain more fully the richness and complexity . of 

human behaviour by studying it from more than one viewpoint. 

The making of inferences always calls into question validity 

and requires the researcher to check that the data supports 

that inference. llecker in Bynner and Stribley (1978) gives 

some possible forms of checking the frequency and 

distribution of phenomena. I undertook to establish the 

validi ty of data by triangulation. Using the two methods of 

observer participation and video-recording it was possible to 

identify significant behaviour by means of two data sources, 

in addi tion to lily own. Cohen and Nanion (1980) argue that 

the use of a triangular technique helps to overcome the 

p roblem of • method boundness' as it has been termed. I'lhen 

the phenomena in the investigation is recorded using 

alternative methods then the data collected is likely to be 

valid. (See Cohen and ~Ianion 1980 , for a full discussion on 

triangulation l,ethods). 
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In using a participant observer, a non-participant observer 

and vi deo- recor dings I attempted to establish reliable and 

valid methods for selecting significant events in the 

teaching sessions. 
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CEAPTER SIX 

THE HIVESTIGATION 

This chapter describes the events that took place in the 

teaching sessions. There were seven one hour sessions \·,ith a 

final 'teach-back' at the end of the prograrame. Throughout 

this chapter reference \vill be r1ade to the counter numbers of 

the edited version of the video-recording, so that the reader 

can identify what is being described in the text. 

The six children \.;ho participated in the investigation were 

two boys and four girls, all from Standard Five at Kingswood 

College. The class teacher selected the pupils using the 

criterion of how well the children would co-operate together 

in their work. Their names were Nicola and Karen, Rhonda and 

Sheilagh and David R. and David P. 

G.l The Setting: The Floor Turtle 

A deliberate attempt was made to create a setting that would 

allo\'! the pupils to focus on the movements of the floor 

turtle, as well as follm" the programs that had been planned 

on the blackboard. Getting the children to sit in pairs 

rounCl the turtle table was designed to encourage 

cor,lElUnication '.-lith each other across the table anc also with 

the teacher Vlho sat with the children . 
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On one side of the turtle table was placed the micro-computer 

to which the turtle was connected (See Appendix 1, counter 

number 002 ). 

The video camera was controlled from outside the room throu yh 

a transparent window. Suspended above the turtle table were 

three microphones for recording the dialogue. 

The observer ~/as p l aced at a desk within the room in a 

position where he could hear what was said round the table 

and also see what the children were doing. He also had easy 

communica tion with the teacher. Although he was sitting at 

the rear of the room there was opportunity for him to become 

engaged in the whole teaching-learning situation. 

= , BLACKBOARD 

X xC~ C01-IPUTER 
---I 

0 I TEACHER 
\ .' I .\ 

I X 

'/. ! X PUPILS 
.x 

CN-lERA . ! r , 
OBSERVER ; V 

The siJnificance of the setting p layed a crucial part in the 

development of interaction between pupil and pupil and 

between teacher and pupils . 
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6.2 Session One 

I collected the children from ICingswood school and squeezed 

the six of them into the car. They sat quietly for most of 

the ten minute journey unsure of what to expect. 

For ease of identification we pinned on name tags and sat 

ourselves round the turtle table. The children selected 

their own partners. The only positions to remain fixed were 

those of the observer and the teacher. 

The pupils were introduced to the turtle and the computer, 

and were encouraged to suygest how the turtle could be moved. 

In this initial phase I found it easier to teach the children 

the commands FORHARD and J3ACK, LEFT and RIGHT turn. They 

encountered no difficulties typing the commands into the 

computer using One Key LOGO. The advantage of using OK LOGO 

was that it reduced the tedium of typing experienced by 

children using a keyboard for the first time. 

All that was required of the pupil was to type the initial 

letter of the command and the full command would appear on 

the computer screen. \'lorking in pairs they concentrated on 

moving the turtle over a set distance to become familiar with 

the turtle unit as a measurement of distance. This unit of 

n:easurer,lent , ... as unknovm to the children so that they required 

experience before making accurate estimations of distance. 

At this stage they were confined to right angle turns only. 
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Instead of moving the turtle in a haphazard manner, I set 

each pair the task of moving the turtle through a simple 

maze. But this was achieved not simply through trial and 

error. It required a p rocedure to be made. Right from the 

start the children \-Jere required to plan their route on the 

blackboard. A written procedure was necessary before they 

rnovel1 the turtle, as I felt without an understanding of 

procedure-building they \vould have difficulty creating their 

own programs. The procedure-building activity caused much 

discussion amongst the children as they planned to navigate 

throu gh the maze. A typical route would look like this: 

I 

L --7 - ~ 
1 

L 

r·-·.·---- - ..... 
, , I 

L. _____ 1 r --; 
, i _ L...L_ 

I 

On the blackboard they recorded the set of commands as 

follows: 

F 2 (H:) 

L 9 0 

F 250 

R 9 U 

F 25U 

L 9.1 

F 27 ~ 
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Not all their estimations worked out, so this required 

further debate in order to debug the original plan. The 

amended version of the procedure would be recorded on the 

blackboard. (Appendix 1, counter number 4.5 to 042 shows 

Rhonda and Sheilagh planning a route through a maze, then 

debugging a procedure). 

The group found this joint decision-making activity 

non-threatening and great fun. 

I realised as did the pupils that soon they "/ere going to 

need to rotate the turtle through an angle other then a right 

angle. In the video recording of this episode a child can be 

heard to say, "we have just been doing this sort of thing -

we have been doing bearings in maths". Although it had 

recently been done in school it still caused difficulties for 

some of the children when they physically turned through 

angles of various magnitude related to the points of the 

compass. Rotation through four right angles (3G0 0
) laid the 

foundation for the Total Turtle Trip Theorem which they would 

require in later sessions. It also provided them with a 

concrete J:letaphor of the turning of the turtle which would be 

necessary in planning future programs. (See hppendix 1, 

counter number 042 to 066). 

The first session ended with a discussion between Dr. Penny 

and the children. The return journey to school was very 

anima ted, \Vi th the children excitedly discussing the events 

of the afternoon. One girl asked if the turtle could make 

one long continuous journey instead of a set of tliscrete 
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journeys as it had done that afternoon. They were 

anticipating the next stage of procedure-building. 

6.2.1 Session Two 

The initial task set was to plan a procedure for a square. 

To assist the pupils in planning their program I suggested 

that they draw the diagram on the blackboard. The suggestion 

was ignored. The problem was theirs and they chose to solve 

it in their own way. Having worked through a solution Karen 

and Nicola wrote up their procedure for the square. Guidance 

was given for the instruction 'making a procedure'. The 

program read like this: 

!-1 SQ ( r-Iake square) 

F' HJ0 (For\vard 1(0) 

R 90 (Right 90 ) 

F 100 (Forward HJ0 ) 

R 9,) (Right 90) 

F laO (Forward H)0 ) 

H 90 ( Hight 90) 

F 100 (Forward 100) 

R 90 (Right 90 ) 

E End 

I , 
I 
-.., '10 
,, \ " r 0:) +7'----

I 
lIDO 

j , 
CI T) I 

- -'"-' ~-~j-- 1:::> 0 
- -- - - - _ . .. _;:-_ .. 

\... 
qo 

Ti1is program showed the group that the turtle could be 

instructed to combine the commands into one continuous 

r.lovement. As the program was long it took Nicola some time 

to type it in. I asked them to reconsider writing the 

procedure so that it could be shortened. The children's 
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thinking was revealed in the discussion with the teacher on 

how to plan a shortened procedure. David R. and Nicola wrote 

the shortened procedure for the square using the concept of 

repetition or 'times' as it is called in OK LOGO. They 

called their procedure 'SP', 

/·1 SP (nake SP square) 

F 100 (Forward 1(0) 

R 90 (Right 90) 

E (End) 

T4PSP (Times four procedure SP) 

(See Appendix 1, counter number 066 to 110 for the full 

sequence of building a square procedure, first without 

repetition and then planning a procedure using the idea of 

repetition). 

As the children appeared to have grasped the idea of using 

repetition in program writing, I posed the task of planning a 

procedure for an equilateral triangle thinking that they 

would be able to apply this concept in writing a program. I 

did not anticipate the difficulty they would experience. It 

\-las not a programming problem they encountered but a 

mathematical one. 

Although the children were able to define an equilateral 

triangle with accuracy they experienced diffiulty deciding on 

the size of the angles of rotation. One pair planned a 

procedure with three different size angles. They suspected 

this ",as incorrect yet were not sure ho,., to debug the 

procedure because they had not conceptualizecJ the problem. 
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Of their own accord they 'played turtle' with no prompting 

from the teacher. In fact they used their mm strategies in 

searching for a solution to the problem which had become 

theirs. My role as teacher diminished as they addressed the 

problem which had now become very important to them. They 

progra~ned the turtle to move through the internal angles of 

the triangle and not through the 'turtle angle' which was the 

exterior angle. The error in their thinking can probably be 

accounted for by the misapplication of the rule that 'the 

three angles of a triangle add up to 180 degrees'. I suspect 

it was also due to having just drawn a square Ivhose interior 

and exterior angles are all 90 degrees. The successful 

completion of the square did not confront the pupils with 

this interior/exterior angle distinction. (Appendix I, 

counter number 11 0 to 120). The effects of physically 

turning through 360 0 in the previous session had not been 

transferred to this problem. It required me to intercede and 

deliberately focus their attention on the exterior angle 

before they realised that the turtle had to travel through 3 

x 120 degrees= 360 degrees, which is the concept underlying 

the Total Turtle Trip Theorem. The diagram belo';, illustrates 

the point: 

I ~-» 
----------------~ -
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The activity of finding the exterior angle of an equilateral 

triungle assumed considerable importance to the children. 

There was much argument, debate and negotiation between them 

before they committed themselves to testing their procedure. 

It \-Iould seem that this was a vital barrier that the children 

had to \vork through for themselves. Once they mastered 360/n 

for the exterior angle of a regular polygon, they were not 

confused by this mathematics concept in the sessions that 

follO\ved. 

Before running their program for the equilateral triangle 

Sheilagh said it was a pity the turtle could not leave a 

trail. That seemed the appropriate moment for the pen to be 

fitted to the turtle. The first turtle drawing was made and 

it was of an equilateral triangle. The drawing made a 

fitting close to the session. (See Appendix 1, counter 

number 120 to 147). 

On the journey back the children could not contain their 

excitement at the afternoon's events and declared their 

enthusiasr:l for the floor turtle. 

6.2.2 Session Three 

In this session the pupils were set the task of drawing a 

flag. Once aguin the children set about creating a solution 

to the problem in their own way. It was significant that 

they incorporated 'playing turtle' (See Glossury) as a 

problem-solving technique before committing themselves to the 
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program, an indication of concrete-operational stage 

thinking. Rhonda and Sheilagh produced a procedure and a 

drawing for their flag. ( See Appendix 1, counter number 

147.5 to 157). Whilst the girls were busy with their program 

the boys produced a proyram that would repeat the original 

flag procedure. Before trying it David R. showed the class 

what route the floor turtle would take prior to the event. 

It was satisfying for the group as a whole to see the turtle 

produce the drawing that David had predicted. They '"ere well 

into the idea of using recursion as a programming technique. 

To reinforce the idea of the turtle travelling 360 degrees 

when creating an n-gon, I used a circular protractor. The 

children examined the amount of turn in prescribed angles in 

preparation for drawing various shaped polygons. 

Appendix 1, counter number 190 to 205). 

(See 

To incorporate the mathematical idea of the Total Turtle Trip 

Theorem and the programming idea of recursion, the group was 

set the task of drawing a re g ular hexagon. 

Sheilagh produced this program: 

F 100 

L 60 

E 

TGPY 

- ,,9 -

Rhonda and 



\;hereas the t\<lO Davids produceu one program that 'called' 

another: 

11 PEX 

F 100 

n G0 

E 

t·l RUN 

T6P PEX 

E 

P RUN 

(Perfect hexagon David R.) 

David R.' s clear explanation of the program reflected a 

thorough understanding of both the mathematics concept of the 

exterior angles of a regular hexagon, and the programming 

concept of one procedure 'calling' another. (Appendix 1, 

counter nur"ber 205 to 213). 

6.2. 3 session Four 

Each pair was set a different task. Using the circular 

protractor to help them, they had to create procedures for a 

trapezium, a rhombus and a simple cross. The pairs took 

turns to enter their procedure into the cowputer and test and 

uebug tIle program if it needeu it. Little guidance was 

requireu from the teacher and often I \vithdrew totally and 

allowed the children to continue on their own. It was 

interesting to note hO\<l proficient they had become in 
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planning the procedure, making a trial run, then running 

through the program with the pen down. 

The next task was to combine sub-procedures into a new 

prograr.1. For instance one pair had to make a house using the 

stored procedures of triangle and square. Another pair had 

to make a rocket using the sub-procedures of triangle, square 

and trapezium. 

One of the pairs preferred to create one entire procedure and 

not use the sub-procedures already stored in the computer. 

Through discussion they recognized it was easier to 'call' 

two sub-procedures to make the new procedure. t.ficola ancl 

Karen designed the following program: 

M HOUSE 

P TRI 

P SQ 

E 

"the house that tiicola built" 

(See Appendix 1, cOunter number 213 to 23:3). 

Nicola and Karen also created a recursive program for their 

George Cross (G.C.) 

l'l CROSS 

P AI:H 

L 90 

E 
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11 GC 

T4P CROSS 

E 

These drawings indicated that the children had <leveloped 

confidence in combining procedures. 

programs that were recursive. 

They were able to design 

6.2.4 Session Five 

Before the children arrived I programmed into the memory of 

the computer a set of sub-procedures. These included: 

triangle, square, rhombus, trapezium, arc etc. From these 

sub-procedures I asked the pupils to create new procedures. 

I anticipated that given a set of microworlds the children 

would be in a better position to plan their own procedures. 

This, in fact, was not the case. Although they tackled their 

tasks with enthusiasm they 

the sub-procedures into the 

found great difficulty combining 

ne,.; program. The children had 

not created the presented sub-procedures themselves and were 

therefore not fully familiar with them. In my ignorance I 

had created the set of microworlds which in this situation 

worked against itself. The boys struggled to plan and debug 

a program that was not theirs in origin. It was 

disappointing, considering the progress that had been ma<le. 

To intro<luce the i<lea of an externally created microworld at 

this stage was an ill-judged decision on the part of the 

teacher. In retrospect, I realise that I should have allov/ed 
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the children time to create their own microworlds in keeping 

with the philosophy of Papert (1980). 

6.2.5 Summary 

After five sessions "i th the floor turtle I reflected on the 

concepts that the children had developed. The pupils: 

i) learned LOGO commands for moving and 

rotating the turtle. 

ii) engaged in the process of planning a 

procedure - the building block of 

programming. 

iii) used iteration in building procedures. 

iv) had experience in using the idea of the 

Total Turtle Trip Theorem. 

v) created sub-procedures which could be 

incorporated into other procedures. 

vi) designed programs that used recursion. 

As the pupils had reached this level of achievement I decided 

to transfer from the floor turtle to the screen turtle. I 

felt they ",ere ready for it. 
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6.3 The Screen Turtle 

G.3.1 Session Six 

The setting for the screen turtle consisted of three 

microcomputers arranged in a tight semi-circle, with two 

children working together on a computer. The task was first 

to familiarise themselves with slightly different commands. 

Then they had to build procedures for the regular hexagon, 

square and equilateral triangle. They also had to acquaint 

themselves with the turtle unit on the computer screen. 

Both the observer and myself watched for difficulties that 

might have arisen from using a floor turtle with its slow, 

physical, three-dimensional movements, then adapting to the 

screen turtle 0 s quick t\vo-dimensional movements. This factor 

appeared to cause the children no difficulty, neither did 

moving from the horizontal plane of the floor turtle to the 

vertical plane of the screen turtle. 

Having experienced building a procedure with the floor 

turtle, they transferred this skill with ease to the screen 

turtle and vlere impatient to get on and build other 

procedures. The girls set about making a house using the 

sub-procedures of square and triangle and the boys built a 

rocket using square, triangle and trapezium. 

Video counter reading 230 to 239 shOlvs the error in the house 

procedure of f(aren and Nicola. They debugged the program and 

another error emerged, but they kept at it despite the 

- 94 -



program not running as they intended it to. Significant 

aspects of using the screen turtle were the speed at which 

the children entered a procedure and the speed of the 

resultant response. I felt that the immediate feedback 

helped maintain interest and motivation. Al though the 

program did not run as they hoped it would, the girls 

nonetheless persevered at resolving the problem. Video 

counter readings 239 to 245 show the boys designing a rocket 

procedure. In the first instance there is an error, in the 

second the error is corrected but the rocket is on its side, 

and the third shows the final correct rocket procedure. 

The conversation with Dr. Penny (245 to 260) indicated some 

of the pupil difficulties. For Karen and Nicola it was 

debugging the house procedure. For Rhonda and Sheilagh it 

was establishing turtle distances and for the bro Davids it 

was getting the rocket to face the right direction. 

Despi te these difficulties they were enthusiastic about the 

screen turtle. 'I'hey felt they each had a turn more quickly, 

that they could understand it, it was faster and seemed more 

exciting. They were unaminous in saying the 

procedure-building ideas were the same as the floor turtle. 

In the car they again voiced their enthusiasm for the turtle, 

this time the screen turtle. Judging from their comments 

they had clearly been ready for the transfer. 
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6.3.2 Session Seven 

The pupils were more confident in building procedures. They 

were set the task of making an approximation to a circle. 

Each pair produced this procedure: 

TO CIRCLE 

REPEAT 360 [RT 1 FD 1 l 
END 

This produced a very slowly-drawn circle. I then asked if 

they could speed-up the dravling of the circle (See 261 to 

271 ) . Left with the problem they planned and tested 

different procedures which included: 

TO CIRCLE 

REPEAT 36 : RT 
1-

EHD 

TO CIRCLE 1 

Rr:;PEAT 30 I RT 12 I'D 

END 

In planning these procedures the children used the factors of 

360 degrees to satisfy the Total Turtle Trip Theorem. 

It \vas suggested to the pupi ls that they try to spin the 

circle they had made, in other words make n recursive 

procedure that would 'call itself'. The dynamic aspect of 
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crea ting a recursive pattern caused interest and excitement 

(271 to 281). 

Later in the session the children were introduced to a 

one-variable function. It was suggested to them that they 

design a procedure that would accor~odate squares of various 

sizes, building on from what they already knew. The ease 

with which the children created these programs was 

significant. It was a painless experience. For example, 

TO SQ 

REPEAT 4 I!D 60 RT 9al 

then, 

END 

TO RSQ SIZE 

nEPEAT 4 [!D 
END 

SIZE RT 90J 

Rhonda and Sheilagh made squares and circles of variable size 

(2 8 3.5 to 320). The boys posed the problem of whether they 

could then spin a square of variable size. This meant using 

the concepts of recursion as well as function with one 

variable. 

The program ./<:1S developed out of the previous two procedures 

and looked like this: 
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TO SP1NSQUARE SIze 

RSO S1Z1; 

RT 20 

SPINSQUARE SIzr; 

END 

6.3.3 Session Eight 

This session developed the theme of variables. Once again, 

starting from the procedures they had already internalised, 

they planned a procedure for an n-gon. Once the n-gon was 

created they used recursion to spin the shape. This logical 

development flov/ed naturally from their own exploratory needs 

and Vias found to be exciting and certainly within their 

capability. 

like this: 

The sequence of procedures that emerged looked 

i) TO TR1 

REPEAT 

END 

3 r FD 50 RT 

., 
360 /3 J 

ii) TO SQ 

iii) 

REPEAT 4 [ FD 50 RT 36D/4J 

END 

TO HEX 

REPEAT G 1- FD 50 RT 3 60 /6 

n:D 
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i v) TO POLY 

REPEAT 

END 

SIDE 

SIDE [FD 50 RT 360/ 

v) TO SPIN : SIDE 

POLY SIDE RT 10 

SPIN SIDE 

END 

SID~ 

The pupils understanding of one-variable function grew out of 

their activities and was not imposed or withheld by the 

teacher. 

The final stage was when the side was varied and the angle of 

rotation as well. This introduced the concept of a 

two-variable function \'lhich could be considered well beyond 

the ability of pupils in secondary schools. It is not 

included in the Senior Certificate Hathematics syllabus. The 

two-variable concept emerged naturally in the course of 

vlOrking through the logic implicit in creating this program. 

TO Sf-JAPE 

FD 

TIT 

SHAPE 

END 

SIDE l\..'<GLE 

SIDE 

ANGLE 

SIDE AtlGLI: 

Of the group it was the boys who brought the most insight 

into explaining this program. '.Then they came to run it they 

had difficulty in 1:o1ding one of the variables constant. 
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Because of this they were unable to detect a pattern which 

might have been revealed if they had used a more systematic 

approach. 

By using turtle geometry the abstract concept of two 

variables was seemed not to be beyond the comprehension of 

these twelve year old pupils. This accords with Hunt's 

(1969) theory of 'match' related to Piaget's stage 

development. Given more time to investigate and run their 

procedures I suspect they might have internalised the notion 

of running two mathematical variables in a program. I felt 

that they had the understanding but were restricted through 

lack of practice. 

6.3.4 Pupil Demonstration and Observer Discussion 

In this, their final session the children demonstrated to 

four external, adult observers the concepts that they had 

developed over the course. Co~mencing with the floor turtle 

they reviewed the mathematics concepts and programming 

techniques that they had acquired. These included programs 

from the square to programs for two-variable functions. 

Arisiny out of this demonstration was a discussion with the 

four observers led by Dr. Penny. 

emerged: 

The follmving issues 

i) The turtle provided a dynamic means of 

communicating mathematics concepts. 
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ii) The visual and tactile impact was 

important for establishing understanding. 

iii) It was an advantage for the pupil to be 

able to correct errors quickly and 

accurately and easily. 

iv) Turtle geometry provided a suitable 

vehicle for introducing primary children 

to computers. 

v) Turtle geometry provided a powerful 

introduction in the important mathematics 

concept of function. 

vi) Doubt was cast as to whether primary 

children should in fact be learning about 

vii) 

viii) 

variables. Debate ranged on whether time 

would be better spent in developing more 

simple mathematics concepts such as 

proportion. The findings from Hart's 

(1981) Concepts in Secondary Mathematics 

and Science (CSMS) project were quoted to 

substantiate this viev. 

An observer (the headmaster) was surprised 

to see how his 'average' pupils tackled 

problems with confidence and 

understanding. 

The children expressed themselves with 

precision, clarity and confidence, which 

reflected thorough understanding and 

possession of the necessary skills. 
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ix) The observers were amazed and surprised at 

the class teacher's (Kingswood) rating 

of the children in terms of school 

mathematics lessons. It did not compare 

with their own perceptions of the 

children. 

x) Doubts were expressed about the speed of 

operation of the screen turtle and how 

this might limit understanding for some 

children. The slow beginning with the 

floor turtle was considered a useful aid 

to learning. 

(The entire discussion was recorded on 

audio-cassette and is included to assist 

the reader.) 
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CHAPTER SEVEiJ 

CONCLUSIO~,S 

7.1 Aspects of Significance: 

The Teacher's Perspective 

In using turtle geometry I attempted to create an environment 

in which the pupil's task was not to learn a set of formal 

rules but to engage in the process of program building. 

(1979) likens this process to building a r·leccano model. 

Howe 

To the beginner a /·leccano set is a confusing collection of 

metal pieces that have to be correctly assembled in order to 

successfully construct a model. Nhat does a child need to 

learn so that he can create a model? He must first become 

familiar with the components; angle girders, strips, 

fishplates, spriny cli;:os, trunions and axles. He must learn 

how to fit the parts together in a meaningful ",ay. Building 

a complex model such as a gantry crane requires him to plan 

an assembly sequence, building the sub-parts of cab, 

hoisting-carriage and platform separately, before bringing 

them together into a co-ordinated ",hole. Should there be any 

mismatches betv/een the plan and its execution, Dodifications 

need to be carried out to overcome the problem. 

The analogy of the l'-Ieccano builder illustrates two key issues 

that need to be addressed in deciding whether mathematics can 

be taught successfully in con junction \·,i th programming. The 

first is an assessment of how \Jell the children learned 
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turtle geometry and the second is how well the children 

learned to progran. 

In this investigation I found that the computer developed 

both mathematics concepts and computer programming. The 

children needed to understand the mathematics concepts so 

these could be incorporated into a program. At the same time 

they needed to understand the techniques of compiling a 

program to illustrate a mathematical idea. The development 

of mathematics concepts through programming were 

complementary activities. These two aspects were of great 

significance to me. Like using a l-leccano kit of metal parts 

for creating a model, the turtle became the electronic model 

building kit. Perhaps this will become the kit of the 

future? 

7.1.1 The /'lethod of Teaching 

The \vay in vlhich the computer is used in a classroom reflects 

a teacher's philosophy about teaching. Some see it as a tool 

for computation, or a tool for processing information. 

Others see it as a tool for creating and testing models. I 

see it as a tool for describing processes, procedures and 

algori thms. Papert (l9i3 0 ) would go so far as to say it is a 

tool to be used in an o p en-ended fashion for introducing a 

child to new ideas I new concepts t neVI teChniques and a new 

outlook. 
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Papert bases his philosophy on what may be described as 

"natural learning" after Piaget (1972), where the child 

controls his own learning through interaction with the 

environment. 

On the other hand the model of teaching presented by Howe 

(1979) at Edinburgh is much more structured in so far as he 

based his 'teaching on worksheets designed for self study. 

His approach to teaching was much more after the findings of 

Bruner (1966). 

t ;y style of teaching incorporated aspects from both Papert 

and Howe. Like the latter I deliberately set the children 

goals to achieve, although these goals often arose from their 

own declared needs. At the same time I used the children's 

natural tendency to learn, in other words I used the child's 

ability to exert control over his min activities. Arising 

out of this situation were what Stenhouse (1975) calls 

'principles of procedure'. It implies that the goals centre 

around the process of learning, rather than around the 

product. Observations of the children indicated to me that 

"here the children exercised control, their activities 

developed rationally in response to both raathematical and 

programI:ling events. They developed their mYn algorithms for 

mathematics and for programr.ling. 

I was conscious of the external pressures operating in the 

teaching sessions (video camera and observer), yet I 

attempted to maintain enthusiasm through my perception of the 

\.;hole teaching situation. TllC video tapes will give the 
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'reader ' an opportunity to verify this. As this work 

proceeded I was pleased to see how the children became 

less dependent on me as • the authority', · .... hich allowed them 

to evolve and act upon their own ideas. The subject netter 

was not seen as the possession of the teacher and we (Dr. 

Penny 'and I), were not seen by the pupils as having sole 

access to it. I sa,~ my role as being sensi ti ve to the 

pupils' reactions and interpretations, to value these, and to 

allow the pupils to develop the activity according to their 

m'm needs. This "lay I felt they gained control of the 

process of their own learning while I became part of the 

pupils' internal dialogue. Giving children the opportunity 

for conjecture, discussion and dilemma \Vas for me the key to 

the pupils control over their learning. The observations by 

Dr. Penny and myself, suggested that the children were 

afforded this opportunity. Nith them saying, 

"I vlonder what will happen •.• ? 

HOVI can we change this ... ? 

If v;e do this, then .... " 

they ,,,ere defining their own problems. 

This approach rejected the vieVl that computer knowledge was 

absolute and objective, knowledge that was possessed the 

teacher and therefore to be replicated in the pupils. Given 

real problems to tackle, the learning that took place and the 

knoHledge gained ~laS not a copy of the teacher' s knowlcd<Jc, 

but a reconstruction of it. The pupils' perspective of that 

knm"ledge Has therefore their own. 
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7.2 The Observer and the Observed: 

The Observer's Perspective 

Sitting at the back of a classroom an observer is often 

overwhelmed by information emerging from the 

teaching/learning situation. Sometimes the meaning of ~,hat 

is seen is not immediately apparent and therefore may be 

passed over. The observer cannot always be certain what is 

important or relevant at the time. Hhen the situation 

observed is complex, ambiguous or emotionally charged, then 

it becomes more difficult for the observer. It is this 

dilemma that the observer (Dr. Penny) finds himself in and 

opens his description of the teaching sessions with this 

quotation from R.G. Collingwood (1951), 

"'I begin by observing that you cannot find 
out what a man means by simply studying 
his spoken or \"rri tten stateQents, even 
thoug:h he has spoken or I',ritten with 
perfect command of language and perfectly 
truth ful intention. In order to find out 
his meaning you nust also kno'l' what the 
question was (a question in his own mind, 
and presumed by him to be in yours) to 
which the thing he has said or \·,ri tten 
\-las meant as an ans\-Ier.1I 

This is how the observer describes hm" he viewed the 

question: 

"'You begin ,,'ith tIle premise that the 
teaching of ma thel<la tics needs i mprovenent. 
It is unlikely that anyone would disagree. 
The trouble begins I"hen we try to take 
action. II 
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In attempting to take action we uncover ambiguities and 

diverse positions. Dr. Penny maintains that the need lies in 

changing mathematics teaching: 

"1\n increasing demand that more people be 
able to respond to the mathematical 
aspects of their work and environment 
means that we (teachers) have to find 
ways of relating the present changing 
face of Qathematics teaching to these 
demands. This is not to say that 
mathematics teaching must adapt to 
meet these demands. To suggest so 
would lead to a too ready acceptance 
of quickly offered solutions." 

Perhaps the key question is this, 

"Should we not be more critical of 
offered solutions and theory and more 
careful in our enquiry?" 

[jere Dr. Penny is on the horns of a dilemma. He attempts to 

answer his question on the one hand and yet on the other hand 

not fall into the trap of declaring that ready answers exist. 

"hThilst you were trying to induct a group 
of children into a set of techniques, you 
were in my view, mainly concerned with 
the internretation of what was happening 
and how one consequently acts." 

He goes on to say, 

"I am trying to avoid falling into the 
trap of thinking that there are answers 
... the children initially thought 
there \vere such 'things' to be 'teased' 
out of you and me. lie did not try to 
bluff thew. Yet there is a problem 
here, that if one tries to be honest 
U,e result can be disheartening to 
those expecting help." 
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From his posi tion as observer Dr. Penny cor.unented on the 

total learning milieu. In doing so he focussed on 

significant events arising out of the situation. He 

describes his role in these terms, 

"I did not see my task as that of achieving 
objectivity. I saw myself working within 
the diversity of situations to focus on 
emergent themes and areas of significance. 
I perceived my role as an additional person, 
distanced from the action, to whom the 
pupils and the teacher might speak in order 
to clarify what I thought was going on." 

Looking at the whole learning environment the observer found 

the setting of significance when he \vrote, 

"The setting was yours; your beliefs, 
values about teaching and learning are 
embodied in it. Uy presence, however 
perceived by you and the children, did 
disturb the intricate network of 
interaction in that situation, as did 
the T.V. camera." 

It is significant that Dr. Penny uses the word 'inspiration' 

and not 'motivation' in describing the teaching style, when 

he says, 

"The setting, the given problems, the 
exciting change of situations form and 
medium, all provided inspiration (I a!" 
not a r.\oti vat ion fan). Each child ',vas 
building on his/her own mathematics. 
It was related to his/her world. 

I ar.l looking at you the teacher. There 
is a brief exposition, a sharing of ele 
problem, skilfully including a recap of 
previous vJork and an attempt to set the 
pupils to define tlleir problem. Because 
it vas difficult hOyl can we knm/ it vIas 
successful? There vas the setting ~lich 
encouraged discussion. You generated 
discussion, sharitl9 etc., but sometimes 
the pairs "Iere not listening to other 

- 11 0 -



pairs' presentation because they were 
too involved in their own terms, 

The children worked at their OvID speed 
yet were encouraged to follow your plan. 
But various avenues of work were open to 
them. The decision and consequences of 
their actions ",ere irrunediately known to 
them. 11 

The possession or control of knowledge was an issue that 

concerned both Dr. Penny and r.le (see previous section). I 

viewed the control of knowledge as an aspect of my own 

teaching method. This is how he saw it, 

"I feel you were engaged in an enterprise 
aimed at: 

i) articulating the authority of 
experience yours, Papert's 
etc. and 

iiJ enabling the pupils to learn 
new ways of interpreting this 
situation. 

You ",ere also, on reflection, drawing 
attention to the inadequacy of any theory 
of learning and teaching which concerns 
itself only with the end product, All 
your actions embodied a theory which was 
largely idiosyncratic." 

As regards his perceived role of observer, Dr. Penny acted as 

a ' r.1irror t to me. Although he started out as the 

non-participant observer, he became to the class a secondary 

source and confidante. His role as observer, critic and 

evaluator diminished as the programme ran its course. In the 

final analysis he viewed his part in the investigation in 

these terrl:s: 
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7.3 

"I sa\-, nyself there to offer legitimacy 
in an exercise which was fraught with 
difficulties." 

Concluding Suwmary 

The observer and I agreed that within the investigation the 

children utilized a range of concepts and skills. 

7.3.1 

In 'being mathenaticians' (Papert) the children utilized such 

nathematical concepts as: 

- estimation of turtle units and angles 

- magnitude of angles 

- interior/exterior angle relationship 

the sum of the exterior angles of a regular 

polygon is 360
0 

- similarity, same shape but different size 

symmetry, mirror image through reverse direction 

of an']les 

- 112 -



7.3.2 

curves made up of infinite line segments as in 

the algorithm for the circle 

- functions with one and two variables 

- properties related to construction of regular 

shapes 

- developing mathematical algorithms 

In working with the computer the children felt comfortable 

using the following programming techniques: 

- typing LOGO commands 

- transforming a prepared plan into a working 

program 

- sequential procedure building 

- editing and debugging 

- developing programming algorithI:1s 

- 113 -



7.3.3 

The socio-psychological aspects that emerged from the 

investigation were: 

7.3.4 

the children became responsible for their own 

learning 

the children were in control of their own 

knowledge (the mathematics became personal) 

- the turtle served as a metaphor for learning 

the children engaged in conjecture and 

generalization 

Computer modelling as a teaching style involved the children 

in: 

articulating in precise terms how problems 

should be tackled 

investigating for themse lves the mathematics 

concepts required for building a p rog ram. 

clear conceptualization of a problem if a 

program was to run as they intended it to 
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expressing mathematical processes as computer 

proyrams which generated visual experiences. 

I leave the final word to Hins ton when it comes to computers 

and problem solving: 

7.4 

7.4.1 

"Answering questions about knowledge is 
the first step in learning to be an 
expert at any sort of problem solving. 
\fuat kind of knowledge is involved? 
How should it be represented? 
How much is there? 
I'lhat knowledge specifically? 
Concepts uncovered to cope vii th these 
questions \"hen creating computer 
problem solvers appear to be good for 
amplifying human intelligence as well." 

(I'linston 1979, p. 254) 

Suggestions for Further Research 

There is very little documented research evidence related to 

children first using the floor turtle, then moving on to use 

the screen turtle. Generally it is a case of using either 

the floor turtle or the screen turtle. 

Having seen the children transfer with ease from the floor 

turtle to the screen turtle, I suggest it was because they 

thoroughly understood the techniques of procedure building. 

These techniques I suspect were established by means of the 

floor turtle. This is a hypothesis that needs exploring. If 

it was found that procedure building \'laS better understood by 

primary children using a floor turtle, it ",ould serve as a 
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useful guide to teachers who are considering introducing a 

computer into a school. If, on the other hand it was found 

that children find no difficulty using the screen turtle for 

procedure building, that too would be helpful information. 

7.4.2 

Another avenue for further research would be to conduct the 

same type of investigation described in this study, only over 

a longer period of time. It would be interesting to see the 

progress children made, as well as assess their attitude 

towards mather.,atics over an extended period. 

7.4.3 

From the class teacher's point of view an appraisal of the 

methods used to integrate computer technology into the normal 

school progranme \-JOuld indeed be useful. So much research to 

date has been of the laboratory-type, which excludes the 

difficulties of curriculum innovation. Very often the 

innovation is pl<lced in the h<lnds of overworked teachers. 

Further research in this <lrea would provide the teacher \~i th 

guidelines on hO\'1 to introduce computer innov<ltion into the 

classroom. This would be of practical value to the te<lcher. 
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7.4.4 

It has been acknovlledged that computer technology is likely 

to influence the lives of all people in South Africa in the 

future. 'de see 

white schools but 

signs of this happening now, not only in 

in black schools as well. It would be a 

worthwhile study to see if the computer could in some way 

bridge the cultural and knowledge gap between the developed 

and developing racial groups. 

just one method' of doing it. 

Using turtle geometry might be 

7.4.5 

And what of research in teaching? This study provided an 

ethnographic model for classroom research. Using the 

procedures of ethnomethodological research incorporates the 

teacher's interpretations of what is occurring, with direct 

observation of events. Carefully implemented research of 

this type could generate descriptions of the distinctive 

nature of specific classrooms. This model of research has 

great potential for generating knOlvledge that is useful and 

relevant to teachers. The approach focuses on the total 

situation and might serve as a useful model for conducting 

research on how teachers view teaching. This model of 

research might provide teacher e d ucationists with a method of 

i mproving initial or in-service training. 
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7.4.6 

Of more direct mathematical relevance is the use of the 

turtle (both floor and screen) in the development of the 

function concept. Controlled educational experiments are 

frau<Jht with difficulties. Nevertheless it would be 

interesting to make random selections from two groups 

comparable in mathematical ability and of the same sex at the 

Standard Seven level, and have them both taught a sequence of 

lessons on functions by the same teacher. One group could 

have enrichr.1ent via the turtle, emphasizing the "function" 

aspects. Although "one-variable" functions would be taught 

an exploratory sequence involving "two-variable" functions 

could also be tried, but not forced. 
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1',PPEllDIX 1 

TRANSCRIPT OF VIDEO-RLCORDING (EDITED VERSION) 

COUNTER READInG , 
Start End 

000 

002 

003 

004.5 042 

042 06G 

OGG 110 

110 120 

120 147 

BETAI·lAX FORHAT 

TITLE: TURTLE TALK 

Group round turtle table 

The floor turtle 

BUILDING A PROGRAr,j 

Planning a program (Rhonda and 

Sheilagh) 

Debugging a program (Rhonda and 

Sheilagh) 

Turning though angles 

Procedure for building a square (Karen 

and t! icola) 

Shortening the procedure (David R. and 

Nicola) 

Rhonda: procedure for equilateral 

triangle 

Loading pen into turtle 

Trial run without pen 

Turtle drawing equilateral triangle 
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Start End 

USIllG REPETITION 

147.5 151 Rhonda and Sheilagh playing turtle 

151 157 Turtle drm-ling flag (Rhonda and 

Sheilagh) 

157 19 13 David R. explains repetition of flag on 

blackboard 

190 202 Using circular protractors to measure 

the amount of rotation (Sheilagh) 

202 205 Group discussion 

COt-lBINING PROCEDURES 

2135 213 Davids (two) drawing of a hexagon 

David P.'s explanation of procedure 

213 230 Discussion on building House (Nicola 

and Karen) 

SCRI:El, TUETLE 

23 0 239 Building a house. Error (Karen and 

Nicola) 

Building a house. Second error (Karen 

and cJicola) 

239 241 Davids together. Rocket-building. 

I:rror 

241 Davids together. Rocket on side 

245 DavicJs together. Rocket corrected 

245 260 Discussion -,-lith Dr. Penny 

2Gl 271 Speeding up circle. Teacher's 

exp lanation 

1 ..... ( ·1 - L..,-,-



Start I:nd 

271 281 

281 283 

283.5 300 

300 304.5 

304.5 316 

316 319.5 

319 320 

RECURSIVE PATTERNS 

Davids together. Spinning the circle. 

Nicola. Spinning the circle 

Rhonda and Sheilagh spinning the square 

USING VARIABLES 

Teacher's explanation of variable 

Rhonda and Sheilagh. Variable size 

squares 

Rhonda and Sheilac:rh • Variable size 

circles 

Davids together. Variable sides 

pattern 

Group working 

CHILDREN ni TURTLE GROUP 

Nicola and Karen 

Rhonda and Sheilagh 

David R. and David P. 
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