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The Use of Dart i n the Development of 

Mathematical Language and Problem Solving S k i l l s 

By 

Anne F i r t h 

Abstract 
The research was designed fundamentally to answer questions 
about the role of computer proramming experience for 
children and the level of importance attached to i t i n the 
primary school curriculum. 
In r e l a t i o n to t h i s role areas targetted for investigation 
were the development of language competencies, improved 
a t t i t u d e towards mathematics and the growth of transferable 
problem solving s k i l l s . 

During the course of the research the issue of gender 
presented i t s e l f . I t could not be overlooked and was 
discussed at some length. The strong cultu r a l association 
of males with computers and related gender issues i n 
mathematics i s an area which warrants greater research. 

Despite changes i n personnel during the research period 
every e f f o r t was made to maintain continuity and 
progression. Unexpected d i f f i c u l t i e s caused by the change 
were dealt with as quickly and e f f i c i e n t l y as possible. I t 
must be acknowledged that the change could have marginally 
influenced the outcome of the study. 

As the research progressed s i g n i f i c a n t s i m i l a r i t i e s could be 
noted with that of Pea, Kurland and Hawkins, "Logo and the 
Development of Thinking S k i l l s 1984". However on completion 
of t h i s project i t was found that no s o l i d conclusion could 
be drawn from the results as some of the evidence appeared 
to be somewhat contradictory. 
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Chapter 1 

The Nature of the Concern 

The writer started her teaching career i n a small v i l l a g e 

primary school i n September, 1973. At that time the school 

had a s t a f f of f i v e f u l l time teachers and a head teacher. 

The school was i n a social p r i o r i t y area. Many of the 

parents were unemployed, others were i n low income jobs and 

there was a s i g n i f i c a n t number of one parent families. 

The f i r s t year intake of pupils came from the Infant School 

which was situated on the same school s i t e . The teaching 

s t a f f of t h i s school consisted of four f u l l time teachers, 

a head teacher and also had the support of a f u l l time 

au x i l i a r y . Owing to educational cutbacks and f a l l i n g 

r o l l s , by September, 1982 the infant s t a f f had been reduced 

to a t o t a l of two teachers, the junior s t a f f remained 

v i r t u a l l y the same. The two schools were amalgamated i n 

September, 1982, the infant head teacher r e t i r e d and the 

junior head teacher became head of the amalgamated school. 

Prior to the amalgamation there had been very l i t t l e 

contact tsetween the two schools, each school functioned 

separately. Both schools had independent schemes of work 

which had not been amended fo r approximately twenty years. 

"Schools need sensitive antennae to detect change and 
s e n s i t i v i t y i n adapting and up-dating t h e i r aims i n 
response to them. In these f a s t moving times the need i s 
for constant review. At the very least perhaps schools 
should agree to l e t no set of aims run fo r more than f i v e 
years without review." <1) 



The need f o r change was apparent. Both the junior and 

infant schemes of work needed to be analysed and revised 

with the prime objective being continuity and progression 

throughout the school. 

Two quotations are appropriate. The f i r s t from 

D.E.S.Circular 6/81 and the second from R.G.Mager 1982. 

These are: 

"Schools should set out i n wr i t i n g the aims which they 
pursue" (2) 

and 

" I f your not sure where you're going, you're l i a b l e to end 
up some place else and not even know i t . " (3) 

This then was the s i t u a t i o n i n September, 1982. Over the 

next two years the writer prepared a scheme of work f o r 

language development f o r use throughout the school. The 

headteacher, who was fast approaching the age of retirement 

and seeing the obvious need f o r curriculum change i n the 

school took responsibility f o r mathematics education. 

The Scottish Primary Mathematics Group Scheme (S.P.M.G.) 

was h a s t i l y bought and implemented. The mathematics scheme 

was amended, that i s , £.s.d. was crossed out and £.p. was 

substituted. Although the school now had a valued and 

useful practical mathematics scheme the process of 

promoting change i n the school was not well designed and 

clear cut. 



Neal Gross suggests Educational Administrators conceive 

the process of promoting change i n schools as including 

three requirements:-

1. Locating or developing a promising new idea. 

2. Obtaining funds to carry i t out. 

3. Convincing s t a f f that the innovation has educational 

value. 

Gross believed that i f the " i n i t i a t i o n " phase was well 

handled then innovations would be readily implemented. 

Although the above conditions may constitute necessary 

pre-requisites f o r successful i n i t i a t i o n of educational 

change, they do not represent s u f f i c i e n t requirements for 

successful implementaton of innovations. 

The writer f e l t that only one of the c r i t e r i a had been 

p a r t i a l l y f u l f i l l e d , that i s , locating a promising idea. 

Unfortunately, development of the idea had not been 

successful. C r i t e r i a 2 and 3, were both very important and 

both had been sadly neglected. 



other procedures necessary f o r successful curriculum change 

had not been carried out. 

a) There had been no review of the 
school's mathematics scheme of work 
i n order to ascertain where and 
how modifications, when made, would 
benefit the children i n the school. 

b) There had been no review of the 
school's current practices i n order 
to i d e n t i f y the level of match 
between practices and objectives. 

c) There had been no p r i o r i t i s a t i o n of 
needs. 

d) There had been no i d e n t i f i c a t i o n of 
resource implications and traini n g 
needs. 

e) There was no planned programme of 
in-service t r a i n i n g t o implement and 
support i d e n t i f i e d change nor were 
there any plans f o r the monitoring 
and evaluation of the proposed 
curriculum innovation, that i s , the 
new mathematics scheme. 

On retirement of the head teacher i n the Summer of 1984, a 

female head teacher was appointed. During her f i r s t year 

she made an appraisal of the school curriculum i n order to 

id e n t i f y i t s strengths and weaknesses with a view to 

re-writing the schemes of work. This would also c l a r i f y her 

thinking and lead to the formulation of the aims and 

objectives needed by the school f o r submission to the 

Director of Education i n the Summer of 1985. 

She soon realised that the second and t h i r d c r i t e r i a had not 

been met and took steps t o correct the situation. Funds 

were made available t o purchase mathenatics equipment 

8 



necessary f o r the implementation of the scheme. Staff 

meetings with the mathematics adviser were organised i n an 

e f f o r t to meet the requirements of C r i t e r i a 3. A further 

change occurred i n 1985. The writer was given curriculum 

res p o n s i b i l i t y f o r mathematics and R.E. throughout the 

school. Hitherto her interest i n mathematics centred solely 

on the development of the children she was teaching and 

mathematics had not been one of her special curricular 

interests or strengths. 

In order to avoid f a l l i n g into the trap, i d e n t i f i e d by 

R.G.Mager, "not knowing where you're going", her personal 

knowledge of current mathematics research and i t s influence 

on educational practice had to be evaluated and up-dated. 

She began by attending a two day mathematics course 

organised by the L.E.A. Mathematics Adviser. I t was based 

on aspects of the Cock c r o f t Report and held at a local 

college. 

Points put forward f o r discussion and consideration were:-

a) The c h i l d needs to be encouraged to be the 
tool i n his own learning. 

b) That the teacher should provide a 
mathematically stimulating environment. 

c) Relevant problems should be posed for the 
c h i l d to solve both by himself and i n groups. 



d) The teacher must act more as a f a c i l i t a t o r 
or enabler rather than an instructor and 
must not be tempted to provide a quick and 
easy solution to the child's problems. 

e) The teacher should create an environment 
where children could be s c i e n t i f i c a l l y 
observed during problem solving a c t i v i t i e s 
i n an e f f o r t to f i n d out what s k i l l s have 
NOT been learned. The theory being that 
once i d e n t i f i e d , steps could then be taken 
to improve teaching techniques. 

The above points formed the basis of an approach to teaching 

mathematics which was completely new and exciting to the 

wr i t e r . Problem solving of t h i s nature was an area of the 

school's curriculum that had hitherto been unheard of. 

Previously problem solving had been interpreted as giving 

conventional t e x t books to the children which provided them 

with the exact amount of information with which to solve the 

set problems and t h i s was coupled with the view that a 

particular method should be used to solve these problems. 

The writer having considered the above i n conjunction with 

her knowledge of the inadequacies of the mathematics scheme 

and the i n e f f i c i e n t teaching methods employed in the school, 

realised that before the formulation of a new math^natics 

policy, a great deal of "homework" on a long term basis, must 

f i r s t be completed. I f the policy was to incorporate the 

b e l i e f i n the value of problem solving i n developing young 

children's mathematical thinking, then a careful analysis of 

the word "problem solving" and proof of i t s v a l i d i t y i n the 

mathematics curriculum must f i r s t be undertaken. 
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Chapter 2 

Why Solve Problems? 

The organiser of the L.E.A. two day mathematics course held 

the view that problem solving i s an essential, i f not a 

major, component of a primary mathanatics scheme. This 

prompted a study of recent governmental and other 

publications r e l a t i n g to the teaching of mathematics in 

primary schools to see which a r t i c l e s , i f any, supported 

the view. 

Brief reference had already been made to the Cockcroft 

report and t h i s was turned to f o r further study. 

The report suggests that mathematics i s taught f o r the 

following reasons:-

1. To promote arithmetical s k i l l s 

2. As a basis f o r s c i e n t i f i c discovery and the 

development of technology 

3. To develop mathematical techniques to be 

used as a management tool i n commerce and 

i ndustry. 

4. As a means of communications to represent, 

explain and predict. 

5. To present information. 
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6. To show that mathematical statements can 

relate to more than one situation. 

"Results which have been obtained i n solving a 
problem arising from one sit u a t i o n can often 
be seen to apply to a d i f f e r e n t s i t u a t i o n . " (4) 

7. Mathematics encourages the development of:-

a) logical thinking 

b) accuracy 

c) spatial awareness 

I t must be noted here that other subjects can also help 

encourage the development of these s k i l l s . 

I f one assumes that teaching practitioners have accepted 

the above as being a reasonable c r i t e r i a on which to base 

t h e i r mathematics teaching, so enabling them to equip 

children t o deal with mathematics i n society, then one 

would also assume that much of the teaching i n Britain's 

schools has been geared to meeting those requirements. The 

l i s t i s varied and comprehensive. I f considered, 

understood and assimilated i t could over the years have 

provided teachers with very exciting mathematical avenues 

to explore with t h e i r children. 

I f t h i s were indeed the case then one would hope that after 

having passed through at least eleven years of compulsory 

schooling many adults would feel quite confident i n dealing 

with mathematics i n everyday l i f e and have quite positive 

views towards the subject as a whole. 
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This i s not the case. Research by the Advisory Council for 

Adult and Continuing Education (A.C.A.C.E.) i n a study 

e n t i t l e d "Use mathematics i n daily l i f e " found that there 

was a huge percentage of negative opinions towards 

mathematics i n a l l aspects of society. Feelings of g u i l t 

and inadequacy were high amongst the group of people whom 

others considered to be educated. Many people commented of 

feelings of inadequacy because they did not use a "proper 

method" t o ar r i v e at the correct answer. 

The survey showed that many people saw nnathematics in 

vocational u t i l i t a r i a n terms, few saw i t as serving any 

wider purpose. 

Research by the A.P.U. states:-

" I t i s not easy to pick out points which summarise a l l the 
research on a t t i t u d e to mathematics. Strangely polarised 
attitudes can be established even amongst primary school 
children and 11 seems to be a crucial age for the 
establishment." (5) 

A strong tendency amongst pupils of a l l ages was the belief 

that mathematics was useful but not necessarily interesting 

or enjoyable. The research also appeared to show that the 

set of people who like d mathematics had only a r e l a t i v e l y 

small overlap with the set of those who were good at i t . 
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From t h i s i t can be deduced that a large percentage of the 

now adult population have found t h e i r mathematics education 

to be unsatisfactory, leaving them with negative attitudes 

towards the subject and often i l l equipped to deal with the 

mathematical needs of adult l i f e . 

Cockcroft sums up these needs as being, i n very broad 

terms, " a feeling f o r number and a feeling of 

measurement." 

Perhaps then, mathematics has been taught too s t r i c t l y , 

from the textbook and out of context, forgetting that to 

children i t should show i t s e l f to be a l i v e and interesting 

subject. 

Cockcroft upholds t h i s view:-

"However, we do not believe that mathematical a c t i v i t y i n 
schools i s t o be judged worthwhile only i n so far as i t has 
clear practical usefulness. The widespread appeal of 
mathematical puzzles and problems to which we have already 
referred shoi/Njs that the capacity for appreciating 
mathematics f o r i t s own sake i s present in many people. I t 
follows that mathematics should be presented as a subject 
both to use and enjoy." (6) 

How then should mathematics be presented and how important 

i s the role of "problem solving" i n t h i s presentation? 

The report states that the study of shape and space, 

graphical methods of presenting information, studying 

number properties a l l help develop the powers of 

"abstraction" and "generalisation" both of which are 
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necessary f o r the understanding of higher level 

mathematics. 

Pupils should be encouraged to look f o r "pattern" i n 

results of number work and l i n g u i s t i c a l l y explain t h e i r 

results. 

The use of mathematical games and puzzles can often c l a r i f y 

mathematical concepts and promote the development of 

logical thinking. Confidence and understanding w i l l 

increase i f children are given a c t i v i t i e s which allow them 

t o think about the process of mathematics i n ways which are 

dif f e r e n t from those encountered i n the usual channels. I f 

children have had a wide variety of mathanatical experience 

then problem solving a c t i v i t i e s may be easier to 

understand. Cockcroft i s f i r m i n his belief i n the 

importance of problem solving. 

"The a b i l i t y to solve problems i s at the heart of 
mathematics. Mathematics i s only " useful " to the 
extent t o which i t can be applied to a particular 
s i t u a t i o n and i t i s the a b i l i t y to apply mathematics to a 
variety of situations to which we give the name "problem 
solving". However, the solution of a mathematical problem 
cannot begin u n t i l the problem has been translated into the 
appropriate mathematical terms. This f i r s t and essential 
step presents very great d i f f i c u l t i e s to many pupils, a 
fa c t which i s often too l i t t l e appreciated. At each stage 
of the mathematics course the teacher needs to help pupils 
to understand how to apply the concepts and s k i l l s which 
are being learned and how to make use to them to solve 
problems. These problems should relate txjth to the 
application of mathematics to everyday situations within 
the pupil's experience and also to situations which are 
unfamiliar. For many pupils t h i s w i l l require a great deal 
of discussion and oral work before even very simple 
problems can be tackled i n writtem form." (7) 

The development of mathematical language i s of fundamental 
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importance i f c h i l d r e n ' s problem s o l v i n g c a p a b i l i t i e s are 

t o be increased. Language should be developed through 

discussion and explanation and by encouraging the c h i l d r e n 

t o suggest t h e i r own problems and express them i n t h e i r own 

words. 

" A l l c h i l d r e n need experience o f applying the mathematics 
they are l e a r n i n g both t o f a m i l i a r everyday s i t u a t i o n s and 
a l s o t o the s o l u t i o n o f problems which are not exact 
r e p i t i t i o n s o f exercises which have already been 
p r a c t i s e d . " (8) 

I t must be stressed t h a t c h i l d r e n should not give way t o a 

method o f l e a r n i n g which i s based wholly on the 

a s s i m i l a t i o n o f received mathematics knowledge and whose 

t e s t o f t r u t h i s " t h i s i s the way I was t o l d t o do i t . " 

A booklet published by the N.A.H.T. "Mathematics i n Primary 

Schools" supports t h i s view. I t believes t h a t problem 

s o l v i n g encourages p u p i l s t o t h i n k c l e a r l y and 

independently, t o use the mathematics they already know 

i n t e l l i g e n t l y and t o apply i t t o u n f a m i l i a r and challenging 

s i t u a t i o n s . 

They w i l l l e a r n by "doing" - consequently the "mathematics" 

l e a r n t w i l l make more sense. I t advocates t h a t the chosen 

tasks should have the purpose o f encouraging c h i l d r e n t o 

f i n d t h e i r own methods. 

The H.M.I, document "Mathematics 5-16 " i s also f u l l y 
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supportive o f a problem s o l v i n g approach. 

"Problems should be chosen w i t h a range o f possible 
outcomes. Some problems have a unique s o l u t i o n , some have 
no s o l u t i o n , others would have a s o l u t i o n i f more 
inf o r m a t i o n were a v a i l a b l e , many w i l l have several 
s o l u t i o n s and the m e r i t o f each may need t o be assessed." 
(9) 

One o f the aims expressed i n the curriculum document issued 

t o a l l County Durham Schools, e n t i t l e d "Curriculum i n the 

Primary School" i s : -

"For c h i l d r e n t o develop an awareness o f the uses o f 
mathematics i n the world, i t s a p p l i c a t i o n t o problem 
s o l v i n g and i t s power t o provide ways o f representing and 
e x p l a i n i n g events." (10) 

Recent s i g n i f i c a n t r e p o r t s and documents support the view 

t h a t "problem s o l v i n g " i s an important element i n the 

development o f c h i l d r e n ' s mathematical understanding and 

use o f mathematical language. That problems should be 

i n t e r e s t i n g , enjoyable, placed i n context, give 

o p p o r t u n i t i e s f o r discussion and argument on s t r a t e g i e s t o 

be f o l l o w e d and should encourage the use o f equipment such 

as c a l c u l a t o r s and computers. 

The emphasis placed on the use o f computers i n education 

has gained momentum i n recent years. This has been 

necessary because o f the growth o f technology which has 

r e s u l t e d i n changes i n the p a t t e r n o f s k i l l s and knowledge 

which are needed by a d u l t s t o equip them t o f i n d a 

worthwhile and happy place i n soc i e t y . I n schools there 

has been a s h i f t from a knowledge based curriculum t o a 

s k i l l s based curriculum. The computer lends i t s e l f w e l l t o 
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the development o f s k i l l s necessary i n a technological 

s o c i e t y . I t can e a s i l y simulate learning s i t u a t i o n s which 

might otherwise be d i f f i c u l t t o create i n the classroom. 

I t can also, w i t h apparent ease, create o p p o r t u n i t i e s f o r 

problem s o l v i n g i n i t s widest sense, examining such 

questions as:-

"What happens i f 

and 

"What i s the e f f e c t o f . 

I t would appear t h a t the w r i t e r ' s p r e l i m i n a r y reading 

supports the view o f the importance o f a "problem s o l v i n g " 

approach w i t h i n the primary school curriculum. 

The next o b j e c t i v e must be t o examine the p h i l s o p h i c a l 

framework o f "problem s o l v i n g " and the accompanying 

psychology and i f t h i s proves sound then t o i n v e s t i g a t e the 

p o s s i b i l i t y o f i n i t i a t i n g a computer based programme i n 

school t o develop c h i l d r e n ' s problem s o l v i n g s k i l l s . 

18 



Chapter 3 

Approaches t o Problem Solving 

According t o the A.P.U. M a t h ^ a t i c a l Development Primary 

Survey Report No.3, the importance placed i n the development 

o f t h i n k i n g s k i l l s and problem s o l v i n g has gained momentum 

since 1979. Yet as e a r l y as 1901 John Perry, t a l k i n g t o the 

B r i t i s h Association, recommended an approach through 

experiment i n the teaching o f mathematics. A few years l a t e r 

i n 1914, Percy Nunn advocated t h a t pure and applied 

mathematics should not be separated, h i s view seems t o have 

been neglected, f o r i n 1982 the main concern o f the Cockcroft 

Report was about the teaching and learning o f mathematics i n 

schools a t a l l l e v e l s and the need f o r more emphasis t o be 

placed on problem s o l v i n g s k i l l s i n mathematics. 

But what i s problem s o l v i n g and what are problem s o l v i n g 

s k i l l s ? Many teachers i n t e r p e t problem s o l v i n g as being 

s t r i c t l y s t r u c t u r e d word sums taught i n a p a r t i c u l a r way. 

Child r e n then t r y t o do what the teacher wants them t o do, 

o f t e n becoming f r u s t r a t e d i n t h e i r e f f o r t s . I n a r i g i d l y 

formal and s t r i c t l y supervised day the c h i l d may o f t e n come 

t o the conclusion t h a t doing t h i n g s neatly i n a p a r t i c u l a r 

way i s the o b j e c t o f the exercise. Bruner c a l l s t h i s 

e x t r i n s i c problem s o l v i n g ; i t has nothing t o do w i t h the 

lea r n i n g tasks associated w i t h the subject matter. 
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Much o f mathematics teaching i n the past has been based on 

the p r i n c i p l e t h a t before s o l v i n g c e r t a i n types o f problems 

a l l the techniques which might be needed must f i r s t be 

c a r e f u l l y taught. The philosophy behind t h i s idea was t h a t 

i f the c h i l d could s t i l l remember the various techniques i n 

r e l a t i o n t o the problem, he would then be able t o solve i t . 

This approach i s more l o g i c a l than psychological. I t i s 

worth t r y i n g t o present the problem f i r s t , then helping the 

c h i l d t o discover what they need t o know on the way. By 

doing t h i s the c h i l d may be able t o generalize the problem 

and look a t the r e s t o f the theory l a t e r . 

At t h i s p o i n t i t i s b e n e f i c i a l t o review some o f the 

t h e o r e t i c a l frameworks r e l a t i n g t o problem s o l v i n g t h a t 

c u r r e n t l y grace our l i b r a r y shelves. 

H i s t o r i c a l l y Rene Descartes (1596-1650) i s regarded by some 

as the founder o f modern philosophy. Many people believe 

t h a t h i s work changed the face o f mathematics. 

During h i s l i f e t i m e Descartes planned t o present a u n i v e r s a l 

method f o r s o l u t i o n o f problems. He expected the f o l l o w i n g 

t o be a p p l i c a b l e t o a l l types o f problems:-

F i r s t - reduce any ki n d o f problem t o a mathematical problem. 

Second - reduce any ki n d o f mathematical problem t o a problem 

o f algebra. 
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T h i r d - reduce any problem o f algebra t o the s o l u t i o n o f a 

s i n g l e equation. 

One can see t h a t Descartes r u l e s are not p r a c t i c a l i n the 

m a j o r i t y o f cases. However they may prove useful f o r an 

o l d e r c h i l d when working w i t h a complicated word sum. 

Although t h i s i s a very b r i e f synopsis o f h i s work, i t i s 

s u f f i c i e n t t o i n d i c a t e t h a t w h i l s t h i s views may have had 

great i n f l u e n c e i n s c i e n t i f i c f i e l d s , they have very l i t t l e 

relevance i n the teaching o f problem s o l v i n g i n primary 

schools. 

I n v e s t i g a t i n g the nature o f "problem s o l v i n g " led next t o 

Polya's book "Mathematical Discovery on Understanding, 

Learning and Teaching Problem Solving". 

I n i t Pdlya s t a t e s : 

"Solving a problem means f i n d i n g an obstacle, a t t a i n i n g an 
aim which was not immediately a t t a i n a b l e . Solving problems 
i s the s p e c i f i c g i f t o f mankind: s o l v i n g problems can be 
regarded as the most c h a r a c t e r i s t i c a l l y human a c t i v i t y . " 

(11) 

The aim o f t h i s s e c t i o n o f the work i s t o b e t t e r understand 

Polya's view o f the nature o f the a c t i v i t y and t o examine h i s 

proposals f o r teaching i t . 

He believes t h a t s o l v i n g problems i s a p r a c t i c a l a r t and t h a t 

i t can only be learned by i m i t a t i o n and p r a c t i c e . An analagy 

here could be the a r t o f le a r n i n g t o swim. Children do not 

lear n t o swim by reading books and studying diagrams. They 
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may, i f they are keen, look a t diagrams and sports books i n 

an e f f o r t t o improve a p a r t i c u l a r s t r o k e , but e s s e n t i a l l y 

swimming i s learned through p r a c t i c a l a c t i v i t y on a regular 

basis. I n l e a r n i n g t o swim c h i l d r e n must be given many 

o p p o r t u n i t i e s f o r i m i t a t i o n and p r a c t i c e . So too w i t h 

problem s o l v i n g . 

Polya suggests t h a t c h i l d r e n must s t a r t by s o l v i n g simple 

problems through t h e i r own e f f o r t , these may then become a 

model f o r s o l v i n g other s i m i l a r problems. I m i t a t i o n becomes 

more d i f f i c u l t when s i m i l a r i t i e s are not obvious. 

Although Polya acknowledges t h a t there i s not a p e r f e c t 

method f o r s o l v i n g problems he does o f f e r a method c a l l e d 

h e u r i s t i c s . This term i s ap p l i e d t o the study o f means and 

methods o f problem s o l v i n g . 

The A.P.U. Mathematical Development Primary Survey Report 

No.3, d i s t i n g u i s h e s f o u r phases i n Polya's h e u r i s t i c s , also 

c a l l e d discovery procedures. They b r i e f l y are:-

6.61 1. Understanding the problem 

What i s the data? 

What are the conditions? 

What are the unknowns? 

2. Devising a plan 

Connecting the data t o the unknowns. 

Think how t o use a r e l a t e d problem. 
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3. Carrying out the plan 

Check each step. 

Can each step be proved? 

4. Reviewing the s o l u t i o n 

Can the r e s u l t be derived d i f f e r e n t l y ? 

Can the r e s u l t be used f o r some other problem? 

The suggested procedure o f " t h i n k o f a r e l a t e d problem" i s 

important i n t h a t i t could lead t o the discovery o f a new 

l i n e o f att a c k by the c h i l d . 

Polya a l s o advocates t h a t the problems should be challenging, 

i n t e r e s t i n g and t h a t they should a l l o w the use o f i n i t i a t i v e 

by the c h i l d . His b e l i e f i n the involvement o f the c h i l d i n 

the f o r m u l a t i o n o f h i s own problems i s p a r t i c u l a r l y strong. 

He does not suggest t h a t the teacher's r o l e i n the classroom 

i s unimportant, what i s important i s t h a t the teacher 

recognises t h a t s/he ac t s as a f a c i l i t a t o r f o r the c h i l d r e n 

t o discover by themselves as much as i s f e a s i b l e under the 

given circumstances. He advocates t h a t c h i l d r e n should be 

encouraged t o c o n t r i b u t e t o the design o f the problem t h a t 

they have t o solve afterwards. He suggests t h a t sharing i n 

the c o n s t r u c t i o n o f the problem encourages students t o work 

harder and d e s i r a b l e a t t i t u d e s of mind are c u l t i v a t e d . 
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" I f students have had a share i n proposing the problem, they 
w i l l work a t i t more a c t i v e l y afterwards. I n f a c t i n the 
work o f the s c i e n t i s t f o r m u l a t i n g the problems may be the 
b e t t e r p a r t o f discovery, the s o l u t i o n o f t e n needs less 
i n s i g h t and o r i g i n a l i t y than the f o r m u l a t i o n . " (12) 

The w r i t e r f i r m l y believes t h i s t o be t r u e and sees 

tremendous o p p o r t u n i t i e s f o r c r o s s - c u r r i c u l a r l i n k s i n 

primary schools. During the month o f October i n the research 

year i t was decided as a school t o work on the thene o f 

"Foods" f o r Harvest c e l e b r a t i o n s . The research class decided 

t o make broth f o r the whole school. I t evolved i n t o an 

e x c i t i n g week o f problem s o l v i n g a c t i v i t i e s , each problem 

developing from the one before and each eve n t u a l l y being 

solved by c h i l d r e n working co-operatively together i n groups. 

The task involved many concepts both s c i e n t i f i c and 

mathematical - e s t i m a t i n g , volume, measuring, c o s t i n g , 

p r e d i c t i n g outcomes, weight, temperature, time, expansion and 

c o n t r a c t i o n . I t ra i s e d issues r e l a t i n g t o health and 

hygiene, moral and s o c i a l . 

The c h i l d r e n d i d indeed work hard and improvement i n a t t i t u d e 

was noticed by a l l members o f s t a f f . I t proved t o be an 

extremely successful week culminating i n some very 

i n t e r e s t i n g language work. One piece e n t i t l e d "A problem t o 

be solved - making broth f o r the school" was subsequently 

published by D.C.C. Education Department i n a book e n t i t l e d 

"The Mind's Eye" which i s a c o l l e c t i o n o f c h i l d r e n ' s A r t and 

W r i t i n g . ( F i g . l ) 

W h i l s t Polya i s strong i n h i s view t h a t the c h i l d should be 

instrumental i n h i s own le a r n i n g , he i s not suggesting t h a t 
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the teacher's r o l e i s being made redundant, ra t h e r a 

m o d i f i c a t i o n o f the t r a d i t i o n a l r o l e . 

Polya expands f u r t h e r by suggesting t h a t knowledge about any 

subje c t c o n s i s t s o f in f o r m a t i o n and o f know how and t h a t i n 

mathematics teaching the know-how i s more important than mere 

possession o f in f o r m a t i o n . This view i s c u r r e n t l y much i n 

vogue i n educational curriculum documents issued by Durham 

County i n a l l s u b j e c t areas. 

Polya defines know-how as being the a b i l i t y t o solve problems 

which r e q u i r e some degree o f independence, judganent, 

o r i g i n a l i t y and c r e a t i v i t y . An assumption can be made t h a t 

Polya's idea o f an able teacher would be one who would 

emphasise methodical working h a b i t s , develop know-how, 

reasoning a b i l i t y and have the s k i l l o f being able t o 

recognise and encourage c r e a t i v e t h i n k i n g . He stresses t h a t 

the teacher should know what he i s supposed t o teach and 

r e l a t e i t t o the a b i l i t y o f the i n d i v i d u a l c h i l d . He 

acknowledges the f a c t t h a t the teacher's own mathematical 

education may not have been developed i n t h i s way. I t would 

seem t h a t a programme o f r e - t r a i n i n g f o r many teachers i s 

necessary i f p u p i l s are not be handicapped i n acqu i r i n g the 

problem s o l v i n g s k i l l s which are so much i n demand i n a 

modern t e c h n o l o g i c a l s o c i e t y . 

" I f the teacher has had no experience o f c r e a t i v e work o f 
some s o r t , how w i l l he be able t o i n s p i r e , t o lead, t o help 
or even t o recognise the c r e a t i v e a b i l i t y o f h i s students. A 
teacher who acquired whatever he knows i n mathematics purely 
r e c e p t i v e l y can ha r d l y promote the a c t i v e learning o f h i s 
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students. A teacher who never had a b r i g h t idea i n h i s l i f e 
w i l l probably reprimand a student who has one instead o f 
encouraging him." (13) 

The Cockcroft Report very much r e f l e c t s Polya's view o f the 

r o l e o f the teacher. I t suggests t h a t teachers should 

develop i n c h i l d r e n a f e e l i n g f o r number and measurement and 

the a b i l i t y t o t h i n k c l e a r l y , c o n f i d e n t l y and l o g i c a l l y 

through an understanding from the e a r l i e s t stages. Teachers 

should not g i v e way t o a method o f learning which i s based 

wholly on the a s s i m i l a t i o n o f received mathematical knowledge 

and whose t e s t o f t r u t h s i s "This i s the way the teacher t o l d 

me t o do i t " . 

Mathematics 5-11 i s also supportive o f t h i s view o f 

mathematical education and l i k e Polya, acknowledges the 

d i f f i c u l t i e s faced by teachers i n f u l f i l l i n g t h e i r r o l e . 

"The primary teacher today i s faced w i t h a considerable task, 
brought by the changes which have taken place i n the teaching 
o f mathematics 

Today, the c h i l d i s encouraged t o make enq u i r i e s , 
i n v e s t i g a t e , discover and record; le a r n i n g i s not looked upon 
as something imposed from without. I t i s recognised t h a t i t 
i s through h i s own a c t i v i t y t h a t the c h i l d i s able t o form 
new concepts which w i l l i n t u r n be the basis o f f u r t h e r 
mathematical ideas and t h i n k i n g . " (14) 

Having examined Polya's framework f o r problem s o l v i n g and 

noted the p o s i t i o n o f the teacher's r o l e i n t h a t framework, 

f u r t h e r c l a r i f i c a t i o n o f the d e f i n i t i o n o f problen s o l v i n g i s 

required. 

The word "problem" can have a very comprehensive meaning. 

Polya defines problem s o l v i n g as the need: 
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" t o search consciously f o r some a c t i o n appropriate t o a t t a i n 
c l e a r l y conceived, but not immediately a t t a i n a b l e aim." (15) 

To solve a problem means t o f i n d such a c t i o n . By i t s very 

nature a problem must have a c e r t a i n l e v e l o f d i f f i c u l t y . 

S olving problems i s the s p e c i f i c achievement o f i n t e l l i g e n c e . 

The a b i l i t y t o solve problems suc c e s s f u l l y has raise d man 

above the most clever animals. Much o f man's conscious 

t h i n k i n g i s concerned w i t h s o l v i n g day t o day problons, o f 

vary i n g degrees o f d i f f i c u l t y and importance. 

I r r e s p e c t i v e o f the s i z e or scope o f the problem Polya 

suggests t h a t they g e n e r a l l y f a l l i n t o two groups, those " t o 

f i n d " t h a t i s , ones i n which the aim i s t o construct, o b t a i n 

or i d e n t i f y a c e r t a i n o b j e c t , or the unknown o f the problem 

and those " t o prove" t h a t i s t o decide whether a c e r t a i n 

a s c e r t a t i o n i s t r u e or f a l s e , t o prove i t or disprove i t . 

Polya's h e u r i s t i c s , h i s suggested groupings f o r problems and 

h i s b e l i e f i n the importance o f the fbrrrajilation by the c h i l d 

o f h i s own problems, becoming t h e r e f o r e a s i g n i f i c a n t t o o l i n 

h i s own l e a r n i n g has influenced the t h i n k i n g behind the 

A.P.U. Mathematical Survery Report No.3. The A.P.U., 

i n i t i a t e d a conference e n t i t l e d "Problems, a p p l i c a t i o n s and 

i n v e s t i g a t i o n s " . From t h i s conference a number o f assessment 

categories f o r problem s o l v i n g were formulated. They bear 

the mark o f Polya's philosophy. They are:-
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6.1 - 6.7 

1. Processi ng i nformation 

Paying a t t e n t i o n t o relev a n t d e t a i l s , ignoring 

i r r e l e v a n t d e t a i l s . Understanding sentences, 

t a b l e s , diagrams,etc. 

T r a n s l a t i n g from one medium o f communication 

t o another, f o r example:-

from discourse t o diagram, t a b l e or graph, 

using n o t a t i o n . 

2. Formulating problems 

Given some inf o r m a t i o n , focus on some aspect 

and devise a problem or ask a question. 

3. S t r a t e g i e s and methods o f s o l u t i o n 

Representing the problem using n o t a t i o n , graphs, 

diagrams et c . 

Reasoning: use o f mathematical (or other 

knowledge) and deduction i n order t o a r r i v e a t a 

r e s u l t . 

4. Generalising s o l u t i o n s 

Recognising p a t t e r n s and r e l a t i o n s h i p s ; 

c o n t i n u i n g p a t t e r n s . 

Hypothesising g e n e r a l i s a t i o n s . 
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5. Proving 

Exp l a i n i n g and j u s t i f y i n g r e s u l t s . 

Comprehending a l o g i c a l argument. 

Constructing a l o g i c a l argument. 

Detecting l o g i c a l e r r o r s . . 

6, Evaluating r e s u l t s . 

R e l a t i n g r e s u l t s t o the o r i g i n a l problem. 

Devising p o s s i b i l i t i e s f o r the development o f an 

i n v e s t i g a t i o n . 

Problems o f t e n r e q u i r e a high l e v e l o f concentration and 

judgement. C e r t a i n advantages a r i s e from working i n groups. 

Ch i l d r e n can discuss t h e i r work and c l a r i f y t h e i r t h i n k i n g , 

both o f which promote the development o f use and 

understanding o f mathematical language. 

Polya gives g u i d e l i n e s f o r group work i n mathematics. 

They are as f o l l o w s : -

1. Each p u p i l receives a d i f f e r e n t problem which s/he i s 

supposed t o solve i n t h a t session; s/he i s not supposed t o 

communicate w i t h his/her peers but may receive help from 

his/her teacher. 

2. Before the next lesson each p u p i l should review h i s work, 

i f p o s sible s i m p l i f y i n g h i s s o l u t i o n and looking f o r other 

methods o f a r r i v i n g a t the same answer. By these means 



she/he masters the problem as f u l l y as s/he can, s/he 

should then begin planning i n an e f f o r t t o best present 

the s o l u t i o n t o the class. The c h i l d i s given the 

o p p o r t u n i t y t o consult the teacher about any o f the above 

p o i n t s . 

3. The p u p i l s should then form f r e e choice discussion groups 

o f f o u r . One member o f the group acts as "teacher" and 

presents his/her problem t o the class. His/her aim should 

be t o guide them t o the s o l u t i o n . Once the s o l u t i o n has 

been reached f r i e n d l y c r i t i c i s m should take place. Each 

member has a t u r n as teacher w i t h his/her own problan. 

P a r t i c u l a r l y good problems should be given a more polished 

f i n i s h ; they can then be presented f o r discussion by the 

whole class. 

W h i l s t the w r i t e r sees the value o f Polya's g u i d e l i n e s , she 

t h i n k s t h e i r use would need considerable m o d i f i c a t i o n f o r 

primary school c h i l d r e n . The number and v a r i e t y o f problems 

needed by one class would be too great t o cope w i t h 

s a t i s f a c t o r i l y . D i f f i c u l t i e s would also a r i s e i n a class o f 

c h i l d r e n w i t h a wide range o f mathematical a b i l i t y . 

S t i m u l a t i n g problems f o r b r i g h t e r c h i l d r e n would prove too 

complicated f o r less able c h i l d r e n t o understand during 

discussion time. Conversely i t would also be a f r u i t l e s s 

task f o r a b r i g h t e r c h i l d t o l i s t e n t o a presentation o f a 

problem which he could probably solve mentally. Upon 

m o d i f i c a t i o n , c e r t a i n elements o f the guide l i n e s could prove 
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t o be most u s e f u l during problem s o l v i n g a c t i v i t i e s . The 

w r i t e r believes the value o f group work during problem 

s o l v i n g a c t i v i t i e s l i e s i n the i n t e r a c t i o n between c h i l d r e n , 

t h e i r ideas and i n the development o f t h e i r a b i l i t i e s t o 

hypothesise and experiment. By s t r e s s i n g the a c t i v e 

involvement o f the learner c h i l d r e n can exercise t h e i r 

n a t u r a l s k i l l s o f t h i n k i n g , o f dealing w i t h the world, o f 

c r e a t i n g and manipulating i n t h e i r minds models which can 

guide t h e i r a c t i v i t y and i l l u m i n a t e t h e i r experience. 

Problem s o l v i n g involves a l o t o f wondering, "What i f ?" 

and working out the consequences o f hypotheses, checking 

inconsistencies and above a l l t r y i n g t o convince others. 

Working i n groups can be seen here as a d i s t i n c t advantage. 

Group work also promotes the idea o f the importance and 

necessity o f using symbols and diagrams t o comnunicate w i t h 

themselves as much as others, as an a i d t o the convenient 

handling o f complex ideas. 

W h i l s t agreeing i n p a r t t o much o f Polya's philosophy and 

seeing educational value and s i g n i f i c a n c e i n h i s work, search 

continued f o r a s u i t a b l e p h i l o s p h i c a l framework which could 

be j u s t i f i e d i n t h e w r i t e r ' s school s i t u a t i o n . 

Stephen Lerman's work,"Problem s a l v i n g or knowledge -

centred: the i n f l u e n c e o f philosophy on mathmatics teaching" 

(p.198) gave f u r t h e r ideas. 

He believed t h a t teachers o f mathematics could be di v i d e d 

i n t o two c l e a r groups. Those who believe i n : -
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a) The Euclidean programme, which i s an attempt to base 

mathematics on knowledge based foundations, 

and those who telieve i n 

b) the quasi-empirical programme - that i s the 

recognition that mathematics progresses 

h e u r i s t i c a l l y . 

In his book Lerman argues -For the l a t t e r i.e. Polya's 

heuristics which have already been discussed. What then i s 

the Euclidean programme? According to Lerman i t implies the 

tendency to see the teaching of mathematics as being 

deductive i n nature, that i s , i f correct methods of 

deduction are applied to a perfectly set question then a 

satisfactory answer w i l l be achieved. However for the c h i l d 

there i s no real sense of purpose i n the task and 

s a t i s f a c t i o n i n a job well done i s often limited to the 

receiving of a "red t i c k " on a page in the child's work 

book. The Euclidean method implies that one must learn 

methods f i r s t and understand uses, applications and relevance 

afterwards. This could well be the reason why many children 

and adults d i s l i k e the subject and f a i l to see i t s value and 

are unable to apply whatever mathematical knowledge they 

possess to real situations or other problems which vary 

s l i g h t l y i n presentation. The Cockcroft report noted that 

most people, when interviewed, saw mathematics in vocational 
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u t i l i t a r i a n terms. Very -Few saw i t as serving any wider 

purpose, p a r t i c u l a r l y the type which could be termed o-F a 

cu l t u r a l or general educational kind. This research was also 

supported by the A.P.U. which was set up by the Department 

o-F Education and Science. The Assessment o-F Performance Unit 

(A.P.U.) came into being i n 1975. I t s b r i e f was to supply 

the D.E.S. with information about the per-Formance levels of 

the nation's school children. As a result Mathematical 

Development Primary Survey Report No.l was published i n 1980. 

The second report was published i n 1981. The National 

Foundation -For Educational Research carried out the surveys 

on behalf of the A.P.U. 

Both surveys involved large scale reseach. Primary Survey 

No.l acknowledges that the thoughts and -Feelings of pupils 

toward the a c t i v i t i e s they engage i n at school are an 

important feature of th e i r learning, i f these thoughts and 

feelings are of a positive nature then pupils w i l l have a 

greater security i n the i r learning and more enjoyment i n 

t h e i r work. The A.P.U. f e l t i t was important to gauge 

pupils' attitudes though i t was recognized that there would 

be d i f f i c u l t i e s involved i n attempting to do so. 

As a result of t h e i r work a questionnaire rela t i n g to 

at t i t u d e was evolved as part of th e i r assessment framework. 

This questionnaire i s re-Ferred to i n greater detail later i n 

the study. 

Their large scale research showed that there i s a strong 
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tendency among pupils of a l l ages to believe that mathematics 

i s useful but not necessarily interesting or enjoyable. This 

a t t i t u d e i s encouraged by teachers, who, when asked about 

the reason f o r studying a particular topic answer, "Because 

i t ' s on the syllabus." or, "You'll understand when you grow 

up." 

The quasi-empirical, Polya's view, leads to a completely 

d i f f e r e n t approach t o mathematics teaching. 

To argue f o r the l a t t e r Lerman turns to Piaget and his views 

on develomental psychology. I t i s the work of Piaget which 

suggests that there i s a strong analogy between the growth of 

new knowledge and conceptual development in an individual. 

I f one accepts t h i s view then i t seems logical to consider 

that mathematics teaching should be based on the idea of 

children being encouraged to search out solutions to problems 

at a l l levels from pre-school to research fellow. Pupils 

would then be encouraged to propose ideas, suggest methods, 

te s t hypotheses and search out other problems of a similar 

nature, a l l relevant to t h e i r stage of development. This 

should lead to a much greater degree of participation and 

involvement by the c h i l d i n his a c t i v i t y , consequently 

greater pleasure and satis f a c t i o n of a problem solved w i l l be 

derived. Perhaps t h i s may encourage a change i n at t i t u d e 

towards mathematics and promote a healthier view about i t s 

value and use i n the real world. 
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The consequences f o r choice of content are well expressed by 

Jere Confrey i n "Conceptual Change and Analysis: Implications 

f o r Mathematics and Curriculum Inquiry." He suggests that i f 

the curriculum theorist accepts a conceptual change theory of 

knowledge i n mathematics then questions are raised relating 

to the determination of content. He believes that t h i s can 

be answered at two levels. 

1. That what one teaches ought to r e f l e c t 

the theory of knowledge which one 

thinks i s most appropriate and 

adequate -For that discipline, that i s , 

content should be selected which 

accurately portrays the particular 

d i s c i p l i n e involved. In mathematics 

i t ought to be portrayed evolving, 

growing and changing. 

2. There should be an analysis of 

particular concepts and of the variety 

of ways in which they develop. The 

curriculum theorist must also consider 

alternative conceptions of particular 

concepts i n an e f f o r t to assess t h e i r 

appropriateness f o r inclusion as 

content. 

Ruth Rees and George Barr i n "Diagnosis and Prescription" 

believe that although the a b i l i t y to solve problems i s 
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important, the placing of mathematics in a relevant context 

is not necessarily a general panacea. 

Rees states that problem solving should be interpreted as 

being mathematics in an appropriate context. For many t h i s 

may mean an appeal t o imagination, discovery, or a r t i s t r y . 

For others i t may imply f a m i l i a r everyday contexts or the 

application of other subjects studied. 

In whatever context problem solving i s placed, the child's 

knowledge of mathematics must be sound. Therefore i t i s 

crucial that the teacher be aware of the:-

1. Level of di-Fficulty at which the mathematics i s 

pitched. 

2. Level of f a m i l i a r i t y and relevance that the context 

presents. 

Rees suggests that successful problem solving may represent 

the ultimate i n understanding. The aim of the educator must 

be f o r the c h i l d to acquire the a b i l i t y to apply learned 

concepts and s k i l l s to many and varied contexts. 

Two components of problem solving are i d e n t i f i e d as:-

a) mechanical 

and 

b) i n f e r e n t i a l . 
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Rees goes further and gives four categories into which she 

believes problems f a l l . 

1. Mechanical mathematics embedded in a clearly defined 

mechanical context. 

2. Mechanical mathematics embedded in a more in f e r e n t i a l 

context, that i s , the learner has to infer not only 

what to do but why and when. 

3. I n f e r e n t i a l mathematics i n a mechanical context. 

4. I n f e r e n t i a l mathematics i n an i n f e r e n t i a l context, t h i s 

appears t o be the most demanding and d i f f i c u l t category. 

In her summing up Rees states that i n designing problems f o r 

our children, the teacher should ask herself the following 

questions:-

1. I s the mathematics involved mechanical or inferential? 

2. Is the context appropriate, i s i t straightforward or 

i n f e r e n t i a l i n i t s d^nands? 

As long as the teacher i s aware of what she i s requiring from 

her children then she can mix and match between the 

categories of problems always being aware, e x p l i c i t and 

f l e x i b l e . 
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Polya states:-

" I t i s f o o l i s h to answer a question that you do not 
understand. I t i s sad to work -For an end that you do not 
desire" (16) 

The above statement could apply to many children when 

tackling problems. Although understanding and motivation i n 

pupils are desirable objectives, mathematical knowledge i s 

also an important requirement -For success-Ful problem solving. 

Lerman claims that the problem solving approach r e f l e c t s the 

conceptual growth view of mathematical knowledge and also the 

nature of the learning process. However care must be taken 

to ensure topics come within the conceptual a b i l i t y of the 

c h i l d and also that teachers do not expect a piece of 

knowledge to be tagged on to the existing conceptual 

framework of the c h i l d . Lerman i s clear i n his view that 

knowledge must be assimilated by a growth of the existing 

concepts of the c h i l d . His solution for the correct choice 

of problems i s -For the teacher to stimulate the c h i l d i n an 

e f f o r t t o examine his knowledge. I f -Found inadequate to 

solve the problem, then they should be guided to extend t h e i r 

knowledge by hypothesis, or by taking a solution from another 

problem and then testing the hypothesis, that i s , by the use 

of Polya's heuristics. 

In conclusion i t can be said of the two schools of 

mathematical thought Lerman re-Fers to, that i s , the Euclidean 

programme and'the quasi-emperical programme, that the l a t t e r 

seems better suited to the s i t u a t i o n i n mathematics today, as 
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outlined i n the Cockcroft report. However although the 

approach appears to be dynamic and exciting i t demands a 

complete re-appraisal of a l l aspects of a teachers work. 

Having found similar philosophies f i r m in the b e l i e f i n the 

value of problem solving, which supported i n i t i a l interest, 

evidence of a more concrete nature was needed to give 

credance to the research plans. 

Leone Burton ended the search. She reported i n an a r t i c l e 

entitled,"The Teaching of Mathanatics to Young Children using 

a Problem Solving Approach - Volume 11,1980", her aims for 

the project were:-

a) to construct an inventory of mathematical 

s k i l l s and procedures available to 

mathematical problem solvers. 

b) to design and test a structured teaching 

programme through which appropriate problem 

solving s k i l l s and procedures could be taught 

and learned by pupils aged 9-13 years 

Burton, l i k e Lerman, used Piaget's developmental phychology 

as theoretical tDoundaries to her work. Burton reinforces 

Lerman's view on the nature of learning, believing that for 

a c h i l d dependency upon concrete experience constrains the 

type and variety of experience through which learning takes 

place. Lerman states clea r l y that not only does the 
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informational content have to be contextually available but 

abstraction and generalisation must take place before the 

mathematical content can be said to be "learnt". Burton, 

l i k e Lerman, rejects the Euclidean programme on the grounds 

that arithmetical concepts taught i n isolation from 

meaningful, interesting and enjoyable applications w i l l be 

learned, i f at a l l , at the instrumental level only. She opts 

-For the quasi-empirical view and states clearly that a c h i l d 

i s motivated to learn by seeing relevance and use -For the 

new learning when the concept or s k i l l i s placed alongside 

the structure he already has. 

Burton's opinion of the importance of the development of 

mathematical language f a l l s i n l i n e with the reconvnendations 

of the Cockcroft report and also of the view held by Polya. 

She states that mathematical language walks hand in hand 

with mathematical understanding. That i t i s l i n g u i s t i c a l l y 

dominated and embedded in the language development of 

children. She expands further by stating that i t i s a 

language in i t s e l f with i t s own symbols and rules -For 

correct usage. She believes that as the c h i l d acquires the 

terminology and structures more complex a c t i v i t i e s can then 

take place. 

Burton acknowledges also that mathematics i s both a content 

and s k i l l based a c t i v i t y . An infant c h i l d spends much of 

his time learning to count, to add, to measure etc. These 

are s k i l l s which are teachable components. They are 

dependent upon mathematical content for t h e i r data since a 
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s k i l l can only be exercised on some data. She also agrees 

with Piaget on the nature of children, that during t h e i r 

early years they are driven by curi o s i t y , physical and 

mental control t o experiment, connect and relate and 

comprehend t h e i r environment. She suggests that mathematics 

i s a useful vehicle i n the satisfaction of t h i s drive. 

Through mathematics a c h i l d i s able to describe and 

manipulate simple ideas of shape, structure, pattern, number 

and measurement a l l o f which help the c h i l d to comprehend 

and understand the environment about him. That of making 

sense of the world i s one of the major aims of the Cockcroft 

report. 

Burton states:-

"That the nature of mathematical a c t i v i t y i n young 
children i s three f o l d : -

I t i s l i n g u i s t i c i n that the growth of 
understanding i s interdependent with the 
development of the means to verbalise or 
symbolise that understanding; 

I t i s environmentally based i n that the 
mathematics of the world about us i s , f o r the 
ch i l d , part of his understanding of that world; 

I t i s process dominated i n that through the 
process of doing mathematics they can have 
experiences which not only illuminate 
mathematics i t s e l f , but also increase t h e i r 
mathematical c r e a t i v i t y and effectiveness."(17) 

Leone Burton's analysis of mathematics i s complimentary and 

similar i n many ways to the view of mathematics as 

expressed both by Polya and Lerman. I t leads also to the 

same b e l i e f that there should be a change of emphasis from 

the isolated content and s k i l l s based view of mathematics 

41 



(the Euclidean programme) towards a process-tDased view which 

i s the same as Lerman's quasi-empirical view or Polya's view 

and his b e l i e f i n heuristics. 

She suggests that what i s required i n mathematics teaching 

today i s a:-

" s h i f t i n perspective both i n terms of mathematical 
a c t i v i t y and i n terms of the nature of learning mathematics. 
The wide range of individual differences to be -Found in a 
class of children, together with an understanding of what 
mathematics i s and how i t i s produced and used leads 
inevitably to a method of teaching which i s both active, 
exploratory and experience-based and which allows the 
individual a range of choice and discretion over his 
mathematical experiences. This method of teaching i s being 
called problem solving." (18) 

S i m i l a r i t i e s with Polya's work on problem solving appear 

again when she discusses the implications -For teachers i n 

introducing a problem solving approach to the classroom. 

She suggests that often t h e i r own mathematics is too 

fragmented to cope with rel a t i n g one topic to another and of 

extending problem solving a c t i v i t i e s . Also that the 

heuristics of problem solving have not been incorporated 

into the teacher's own scheme of understanding. Teachers 

therefore have l i t t l e background on which to draw -For the 

children. These problems must be overcome. The rapid 

growth of technology has led many employers and decision 

makers to emphasise the need f o r increased problem solving 

a b i l i t y i n young people as they enter the world of work. 

Un-Fortunately the task i s made more di-Fficult by parents who 

put pressure on schools t o con-Form t o curricula and methods 

with which they i d e n t i f y . 
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The implementation of a problem solving approach i n 

mathematics depends upon the a b i l i t y , experience and 

at t i t u d e of the teacher, school and parents. I t would seem 

that some sort of in-service re-training for teachers i s 

necessary i f mathematics through problem solving i n schools 

i s to gain momentum. 

Teachers prepared to use problem solving techniques i n their 

classrooms should note that i t can be j u s t i f i e d as the 

process aspect of mathematics and that i t has a repertoire 

of mathematical s k i l l s which are appropriate to i t . 

Burton suggests that the s k i l l s of comprehension, 

transformation and communication can be taught and stored 

f o r future use. Here again are s i m i l a r i t i e s to Polya's 

heuristics. She further divides s k i l l s into two 

categories:-

Representational s k i l l s , those which f a c i l i t a t e the 

construction and/or the use of diff e r e n t modes of 

presentation. They appear as:-

1. Linguistic 

2. P i c t o r i a l 

3. Concrete 

4. Symbolic 

5. Translation 

6. Modelling 
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Information analysis s k i l l s are those of collecting, 

organising, analysis and presenting information. They 

appear as:-

1. Using representational s k i l l s t o id e n t i f y data 

and information. 

2. Making known and unknowns e x p l i c i t . 

3. Using systematic arrangement of information. 

4. Presenting data. 

Leone Burton suggests that the above s k i l l s can only be 

applied when the problem has been h e u r i s t i c a l l y approached, 

that i s , when certain procedures have been applied. 

She contends that problem solving draws upon a combination 

of these s k i l l s and procedures, and that they span a l l 

l i k e l y problem solving techniques. I f the s k i l l s and 

procedures are involving and engaging enough then 

mathematics may be seen as an enjoyable and useful a c t i v i t y 

and t h i s may well help change the negative a t t i t u d e towards 

mathematics experienced by many children. 

In summing up Burton claims that problem solving i s a 

valuable method of teaching mathematics because i t 

encompasses individual differences, engenders positive 

e f f e c t and provides opportunities f o r teaching the s k i l l s 
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associated with i t . She does not believe that i t should 

occupy every minute of school mathematics time rather that 

i t should be incorporated as a necessary and v i t a l part of 

the time-table. By doing so i t could help erradicate 

negative opinions and a t t i t u d e towards the subject and 

increase interest i n the growth and development of 

mathematical s k i l l s i n children which w i l l assist them in 

the assimilation and understanding of facets of the world 

about him. 
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Chapter 4 

Mathematical Language 

The short quotation, used previously, from the Cockcroft 

report "Mathematics Counts - 1982", 

"The a b i l i t y to solve problems i s at the heart of 
mathematics" (19) 

has been used frequently i n education c i r c l e s and has often 

been used i n advertising I.N.S.E.T. mathematics courses. 

This over exposed quotation should not be considered i n 

iso l a t i o n but rather i n conjunction with paragraph 250 which 

states that:-

"The idea of investigations i s fundamental both to the study 
of mathematics i t s e l f and also t o an understanding of the 
ways i n which mathematics can be used to extend knowledge 
and to solve problems in very many f i e l d s . " (20) 

The report expands f u r t h e r : -

"Mathematical exploration and investigations are of value 
even when they are not directed s p e c i f i c a l l y to the learning 
of new concepts." (21) 

The quotations from the report -Focus on active 

investigation and exploration. Whether at the service of 

another d i s c i p l i n e or i n i t s own r i g h t , mathematics i s a 

"doing subject". As outlined e a r l i e r i t i s used to solve 

useful problems, i t can also be played with i n a creative 

way to see what can be discovered, i t has power to in-Form 

and i t i s the basis on which i n t r i g u i n g puzzles can be 

invented. A l l good reasons to validate a problem solving 

approach in understanding and developing mathematics. 
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The success of investigation and exploration incorporated in 

a problem solving approach depends greatly upon children's 

language competencies. As i n the Bullock Report "A 

Language f o r L i f e " (D.E,S.1975) the Cockcroft Report placed 

tremendous weight on the role of language i n mathematics 

learning. Cockcroft states:-

"There i s need f o r more talk i n g time 
ideas and findings are passed on through language and 
developed through discussion after the a c t i v i t y which 
f i n a l l y sees the point home." (22) 

Mathematics can and should enrich pupils' l i n g u i s t i c 

experiences. Teachers need t o develop and encourage i n t h e i r 

pupils an awareness of the power of mathematics to 

communicate and explain. The development of t h i s s k i l l i n 

children should enable them to make more precise an 

argument or to better present the results of an 

investigation. The introduction and use of new vocabulary 

in mathematics should be carefully planned and monitored 

from the children's f i r s t entry into nursery school. The 

gradual assimilation of technical language into everyday 

speech patterns should greatly f a c i l i t a t e the child's 

development i n a l l aspects of the curriculum, p a r t i c u l a r l y 

mathematics, science and technology. 

Mathematics can be used as a powerful tool f o r c l a r i t y of 

communication. I t i s concise and unambiguous. 
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Recently the Kingman Committee underlined the kinds o f t a l k 

teachers need t o encourage:-

" I n a d d i t i o n t o encouraging the development o f speech f o r 
communication, teachers need t o encourage t a l k which can be 
ex p l o r a t o r y , t e n t a t i v e , used f o r t h i n k i n g through problems, 
f o r discussing assigned tasks and f o r c l a r i f y i n g thought: 
t a l k i s not merely s o c i a l and communicative, i t i s also a 
t o o l f o r l e a r n i n g . " (23) 

Child r e n who have acquired a broad understanding and use o f 

mathematical language w i l l have an advantage over t h e i r 

peers i n problem s o l v i n g a c t i v i t i e s . For many c h i l d r e n 

mathematics c o n s i s t s o f a c o l l e c t i o n o f f a c t s which must be 

be remembered and s k i l l s t o be p r a c t i s e d . I f a wide 

mathematical vocabulary were added t o the two lone 

components and o p p o r t u n i t i e s f o r a c t i v e problem s o l v i n g 

given, then hesitancy may be replaced by confidence and 

ctependence by autonomy. Apathy towards mathematics by many 

c h i l d r e n may then be replaced by enthusiasm. 

Leone Burton i n "Thinking Things Through" 1984, believes 

t h a t the overwhelming importance o f problem s o l v i n g i s i n 

the o p p o r t u n i t i e s i t provides f o r p u p i l s and teachers a l i k e 

t o , through t h e i r own enquiry, e s t a b l i s h d i f f e r e n t s t y l e s of 

teaching and l e a r n i n g . She believes t h a t problem s o l v i n g 

cannot be taught, r a t h e r i t develops i n an environment where 

s k i l l s which have already been acquired are given 

o p p o r t u n i t i e s f o r exercise. 

The use o f a problem s o l v i n g approach i n mathematics, gives 

even the l e a s t capable c h i l d the o p p o r t u n i t y t o s t a r t from 

where they are and use whatever they can t o make progress, 
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hence the m o t i v a t i n g power o-F problems. I f c h i l d r e n ' s 

c u r i o s i t y can be nurtured and developed and t h e i r s p i r i t o-F 

enquiry re-Fined then sound s k i l l s w i l l be established -For 

t h e i r l e a r n i n g both i n the present and i n the -Future. 

To help develop a s p i r i t o-F enquiry an atmosphere i n the 

classroom o-F questionning and challenge must p r e v a i l . 

Questions by c h i l d r e n should be respected -For t h e i r 

existence. They can prove t o be s t a r t i n g p o i n t s -for 

important m a t h ^ a t i c a l i n v e s t i g a t i o n s and i n t a c k l i n g the 

problems which have evolved from the questions, the teacher 

can make use o f a v a r i e t y o f mathematical concepts. From 

t h e i r e a r l i e s t attempts a t problem s o l v i n g c h i l d r e n should 

be encouraged t o challenge t h e mathematical arguments 

r e l a t i n g t o the s o l u t i o n . This would enable very young 

p u p i l s t o begin t o d i s t i n g u i s h between an argument which i s 

i t s e l f s a t i s f y i n g , as opposed t o an argument required t o 

s a t i s f y a s c e p t i c . 

Emphasis, i n a problem s o l v i n g environment, should also be 

placed on r e f l e c t i o n and consideration. R e f l e c t i o n on 

d i f f e r e n c e s i n approach or i n method deepens the awareness 

o f the p u p i l ' s own understanding and c a p a b i l i t i e s and can 

extend his/her own r e p e r t o i r e o f procedures -For s o l v i n g 

problems. 

Leone Burton suggests t h a t the teacher's r o l e i s t o ensure 

t h a t r e f l e c t i o n i s both possible and valued. Questions such 

as:-
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"What d i f f e r e n c e w i l l t h a t make?" 

"What d i d you do t o a r r i v e a t t h a t 
conclusion?" 

" I s t h ere another way o f doing t h a t ? " 

a l l cause p u p i l s t o evaluate the methods which they have 

app l i e d . A wide use and understanding o f mathematical 

language w i l l enable c h i l d r e n t o implement t h i s s t r a t e g y on 

a more s o p h i s t i c a t e d l e v e l , a l l o w i n g them t o have p o s i t i v e 

procedures t o r e c a l l and apply i n problem s o l v i n g a c t i v i t i e s 

on f u t u r e occasions. An example o f mathematical language i s 

a c h e c k l i s t -For use w i t h c h i l d r e n who have learning 

d i - F f i c u l t i e s , t h i s can be found i n the appendix ( 2 ) . I t i s 

one o f many l i s t s which are a v a i l a b l e -For teachers t o use. 

Problem s o l v i n g i s best seen as a group a c t i v i t y , where 

p u p i l s are encouraged t o c o l l a b o r a t e - pooling 

understanding, knowledge and s k i l l s . Group a c t i v i t y can 

encourage co-operative work h a b i t s . Communication s k i l l s 

are developed and th e r e are many o p p o r t u n i t i e s f o r making 

and e x p l a i n i n g o f conjectures. Persistence i n the 

e x p l o r a t i o n o f problems i s also promoted. Practice i n these 

s k i l l s i s advocated by Cockcroft i n the development o f 

s t r a t e g i e s f o r problem s o l v i n g and i n v e s t i g a t i o n . 

Leone Burton s t a t e s t h a t mathematical e x p l o r a t i o n s and 

i n v e s t i g a t i o n s are o f value i n t h e i r own r i g h t because:-
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1. They enthuse and e x c i t e p u p i l s . 

2. They provide o p p o r t u n i t i e s f o r c r e a t i v i t y . 

3. They can be attacked a t various l e v e l s o f 

s o p h i s t i c a t i o n so everyone can enjoy 

and achieve something. 

4. They b u i l d confidence and independence. 

5. They develop c o l l a b o r a t i v e l e a r n i n g . 

6. They enable p u p i l s t o recognise and apply 

what they already have stored. 

7. They s h i f t the focus o f a t t e n t i o n from what 

i s learned, t o how t h a t l e a r n i n g i s used. 

8. They give meaning and value t o the study 

o f mathematics, (p.18) 

A l l are v a l i d i n promoting the development o f a problem 

s o l v i n g approach and a l l r e l y h e a v i l y on sound mathematical 

language competencies. 

To t a l k mathematically means t o t h i n k mathematically. 

Acquiring the vocabulary, making sense o f the concepts, 

a p p r e c i a t i n g the s t r u c t u r e s , e v a l u a t i n g the issues; these 

are what l e a r n i n g t o t a l k i n the subject o f mathematics 

means. Learning t o t a l k mathematically t h e r e f o r e i s 

l e a r n i n g t o l e a r n mathematically and t h i s a b i l i t y w i l l 

f a c i l i t a t e the understanding o f the processes, concepts, 

s k i l l s and a t t i t u d e s which mathematics encompasses. The 

Bullock Report (DES 1975) argued t h a t i n order t o help the 

growth o f c h i l d r e n ' s language competence a teacher must be 
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able t o : -

"examine the verbal i n t e r a c t i o n o f a class or group i n terms 
o f an e x p l i c i t understanding o f the operation o f language." 

(24) 

Mathematics as a subject w i l l have i t s own p a r t i c u l a r 

conventions f o r observing and assessing t a l k . I n s p i t e o f 

t h i s when assessing devopment i n c h i l d r e n ' s mathematical 

t a l k i t i s h e l p f u l t o bear i n mind the f o l l o w i n g : -

Working w i t h others 

Does the p u p i l : 

l i s t e n and respond t o what others have t o say? 

respect other speakers c o n t r i b u t i o n s ? 

help t o resolve d i f f i c u l t i e s ? 

Using Mathematical Talk 

Are the p u p i l s c o n t r i b u t i o n s r e l e v a n t , accurate 

and c l e a r t o those l i s t e n i n g ? 

Do they show: 

depth and breadth o f understanding o f the basic 

t o p i c being studied? 

show a sense o f the d i r e c t i o n and purpose o f 

the task? 

an a b i l i t y t o s e l e c t p o i n t s and make 

connections? 

knowledge o f the appropriate words? 
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I n considering the . above i n r e l a t i o n t o p u b l i c a t i o n s 

o u t l i n e d i n t h i s study the w r i t e r was guided towards the 

p o s s i b i l i t y o f i n t r o d u c i n g t o school a computer language f o r 

c h i l d r e n , t o be used as a v e h i c l e f o r developing t h e i r 

problem s o l v i n g s k i l l s and improving the q u a l i t y o f 

mathematical language used i n group a c t i v i t i e s . 

53 



Chapter 5 

A Computer Language 

Dr. Seymour Papert and a team o f American computer 

s c i e n t i s t s , based a t the A r t i f i c i a l I n t e l l i g e n c e Laboratory 

o f the Massachusetts I n s t i t u t e o f Technology (M.I.T) i n 

Boston developed LOBO as a computer language f o r c h i l d r e n . 

LOGO has been promoted as the id e a l computer language f o r 

c h i l d r e n , since i t was s p e c i f i c a l l y devised t o make i t easy 

f o r c h i l d r e n t o create t h e i r own programs. The philosophy 

behind the development o f LOGO i s f u l l y explained i n 

Papert's book "Windstorms: Children, Computers and Powerful 

Ideas." 

I n 1958 Papert s t a r t e d t o work w i t h Jean Piaget, renowned 

f o r h i s work i n developmental psychology. Papert was t o 

spend f i v e years a t h i s Centre f o r Genetic Epistemology i n 

Geneva. 

Papert was g r e a t l y influenced by the work o f Piaget, 

becoming convinced t h a t i t i s the c u l t u r e i n which a c h i l d 

grows which inf l u e n c e s the development o f the mind and on 

the order i n which the Piagetian stages occur. 

I t was wh i l e working w i t h Piaget t h a t he a r r i v e d a t the 

conclusion t h a t c h i l d r e n found c e r t a i n ideas d i f f i c u l t t o 

a s s i m i l a t e , not because o f t h e i r uncterdeveloped minds but 

from the l i m i t e d nature o f t h e i r experiences. He believes 

t h a t a p a r t i c u l a r k i n d o f c u l t u r e produces a d i s t i n c t i v e 
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p a t t e r n o f l e a r n i n g development and from t h i s he concludes 

t h a t changing the c u l t u r e i s l i k e l y t o a l t e r the ways i n 

which t h i n k i n g develops. Papert i s o f the same opinion 

t h a t c u l t u r a l change can be brought about i n a computer 

r i c h s o c i e t y . He believes t h i s "computer c u l t u r e " has a 

l i b e r a t i n g p o t e n t i a l which should be disseminated as widely 

as possible. He promotes the view t h a t the use o f 

computers w i l l e v e n t u a l l y make t r a d i t i o n a l educational 

systems obsolete. Children would move from teaching 

s i t u a t i o n s where they are forced t o l i s t e n t o other 

people's explanations t o s i t u a t i o n s which allow freedom t o 

f i n d out -For themselves, where learning becomes the 

perogative o f the i n d i v i d u a l w i t h his/her computer. Papert 

also believes t h a t the computer can be used as a t o o l -For 

overcoming d e f i c i e n c i e s i n schools when they are properly 

used as a means t o encourage a new way o f learning . I t was 

t h i s b e l i e f t h a t led him t o the development o f LOGO. I t i s 

claimed t h a t LOGO w i l l a s s i s t i n the development o f a 

c h i l d ' s t h i n k i n g s k i l l s by making him a c t i v e l y react 

mentally t o l e a r n i n g s i t u a t i o n s . I t o f f e r s o p p o r t u n i t y -For 

f a m i l i a r i s a t i o n w i t h and general use o f the computer. LOGO 

i s designed t o be easy t o use and understand and i t makes 

a v a i l a b l e a wide range o f f a c i l i t i e s . I t i s also claimed 

t h a t LOGO of-Fers c h i l d r e n an i n t r o d u c t i o n t o computer 

programming which i s h i g h l y s t r u c t u r e d and which encourages 

the care-Ful c o n s t r u c t i o n o f programs through analysis and 

breakdown o f the problem t o be solved or goal t o be 

achieved. This i n t u r n develops good t h i n k i n g and 

programming h a b i t s , both s k i l l s necessary f o r the 
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development o f higher grade computer s k i l l s needed i n 

secondary education and also u s e f u l i n improving t h i n k i n g 

processes needed i n other areas o f mathematics such as 

geometry. I t i s claimed t h a t one o f the values o f LOGO i n 

the development o f c h i l d r e n ' s problem s o l v i n g s k i l l s stems 

from the necessity o f "debugging ". Debugging procedures 

and programs enable a p u p i l t o analyse the components o f 

the problem and t h i s leads t o the development o f a 

co n s t r u c t i v e a t t i t u d e r a t h e r than o f a d e s t r u c t i v e or 

negative a t t i t u d e which can o f t e n occur when a c h i l d 

b elieves s/he has f a i l e d . Often the unexpected outcome o f 

a program encourages a c h i l d t o i n v e s t i g a t e and expand 

t h e i r l e a r n i n g i n other d i r e c t i o n s . The anal y s i s o f the 

problem and the r e s u l t i n g o p p o r t u n i t i e s f o r language 

development can s t i m u l a t e and encourage the c h i l d r e n and i n 

so doing they can develop a p o s i t i v e and i n v e s t i g a t i v e 

a t t i t u d e t o t h i n g s d i f f e r e n t from t h a t which they had 

planned. 

Many teachers who have used LOGO i n t h e i r classrooms s t a t e 

t h a t i t i s s t i m u l a t i n g and enjoyable f o r c h i l d r e n thereby 

leading t o increased m o t i v a t i o n and enjoyment. 

I t i s claimed t h a t LOGO i s most e f f e c t i v e when used i n 

groups where discussion and debate i s encouraged. Through 

the c o n t r i b u t i o n o f ideas and suggestions and e f f o r t s t o 

understand the p o i n t s o f view o f others the s k i l l s o f o r a l 

f l u e n c y and coherence are developed. Group members learn 

from and help each other. Learning t o compromise, le a r n i n g 
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t o accept and value each other as working c o n t r i b u t o r s t o a 

team ef-Fort and r e s u l t are also important s k i l l s necessary 

f o r a working li-Fe i n a tech n o l o g i c a l s o c i e t y - a l l , i t i s 

claimed, can be developed through the use o f LOGO. 

Since t h i s study began the National Curriculum has been 

introduced t o our schools. The three core subjects o f 

English, Science and Mathematics and accompanying seven 

foundation subjects are intended t o give c h i l d r e n i n 

schools a s t r u c t u r e d , balanced education which allows f o r 

c o n t i n u i t y and progression a t the same time g i v i n g 

o p p o r t u n i t i y f o r discussion and debate. Oral coherence, 

confidence, the a b i l i t y t o get on w i t h others and work i n a 

team are i d e n t i f i e d as important s k i l l s . Opportunities -For 

t h e i r a c q u i s i t i o n are a v a i l a b l e through the programmes o f 

study. The i n t r o d u c t i o n o f LOGO i s seen as being 

desi r a b l e . 

"Good o p p o r t u n i t i e s -For using mathematics i n a v a r i e t y o f 
contexts a r i s e from using micro-computers. Primary c h i l d r e n 
who have mastered the simple LOGO commands. FORWARD, 
BACKWARD, LEFT AND RIGHT, might be asked t o use them ( i n 
conjun c t i o n w i t h a p r i n t e r or a t u r t l e ) t o draw p i c t u r e s , 
sketches, or diagrams t h a t stem from other areas o f work. 
I n t h i s way, p u p i l s can use t h e i r mathematics i n a v a r i e t y 
o f contexts provided by t o p i c s they are working on and also 
develop and p r a c t i s e t h e i r s k i l l s w i t h LOGO procedures." 

(25) 

I n recent years a v a r i e t y o f LOGO studies have been 

undertaken. One o f the f i r s t s t udies was made by Pea, 

Kurland and Hawkins, i n New York. The study took place over 

a two year p e r i o d i n 1984 and concentrated upon looking a t 

whether LOGO experience enhances general t h i n k i n g s k i l l s 
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such as problem s o l v i n g or planning. A f t e r a two year 

perio d they were o f the opinion t h a t there was l i t t l e 

conclusive evidence t o show t h a t the use o f LOGO enhanced 

general t h i n k i n g s k i l l s . The conclusions o f the research 

aroused controversy. The advocates o f LOGO claimed t h a t 

the methods used by researchers were not adequate t o t e s t 

the b e n e f i t s o f LOGO. Seymour Papert and h i s supporters 

argued t h a t " o b j e c t i v e " educational researchers look f o r 

measurable r e s u l t s w h i l s t ignoring f a c t o r s which are 

d i f f i c u l t t o measure such as happiness, confidence, 

i n t e r a c t i v e n e s s , o r a l coherence, debate and a t t i t u d e s . 

I n t e r p r e t i v e and q u a l i a t i v e methods o f research may prove 

t o be more us e f u l i n i d e n t i f y i n g p o s i t i v e f a c t o r s i n the 

use o f LOGO. 

The Walsall LOGO Pr o j e c t was set up i n 1983 and was funded 

by the LEA. The emphasis o f the p r o j e c t was not on LOGO as 

a v e h i c l e f o r mathematics teaching but as a stimulus t o 

lea r n i n g i n many areas w i t h the emphasis on language 

development. The p r o j e c t involved s i x schools and was 

school based. The l o c a l Teacher Centre becanne a centre f o r 

i n - s e r v i c e work, regular workshop sessions were held f o r 

teachers. Teachers personal experiences were used as a 

stimulus f o r new a c t i v i t i e s . 

The p a r t i c i p a n t teachers believed t h e i r p r o j e c t t o be a 

success. They claimed i t had a cl e a r educational philsophy 

i n mind which was based on a climate o f t r u s t i n the 

classroom which enabled the c h i l d ' s n a t u r a l c u r i o s i t y t o 
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a c t as an i n c e n t i v e t o lear n . Children were t r e a t e d as 

t h i n k i n g , understanding, c o n t r i b u t i n g i n d i v i d u a l s , thereby 

enabling themselves t o approach decision t a k i n g 

c o n f i d e n t l y . I t was claimed t h a t as a r e s u l t o f the 

p r o j e c t the c h i l d r e n developed independent work h a b i t s and 

t h i n k i n g s k i l l s . A -Further claim was t h a t LOGO 

i n i t i a t i v e s w i l l succeed best where there i s maximum 

involvement from a l l f a c e t s o f education, t h a t i s . Local 

Education A u t h o r i t y , teacher, parent and c h i l d . 

Papert's o v e r a l l claim i n c r e a t i n g LOGO was not merely t o 

provide a more a t t r a c t i v e way i n t o mathematics but t o 

provide a means which would encourage joy-Ful and 

independent l e a r n i n g . The a b i l i t y t o create programs using 

graphics and sound e f f e c t s gives c h i l d r e n the oppor t u n i t y 

t o use t h e i r mathematics c r e a t i v e l y . Since problems are 

set and solved by the c h i l d r e n themselves they and t h e i r 

teachers can l e a r n together i n a partnership which does not 

r e l y on a s e t curriculum. By b u i l d i n g up programs the 

c h i l d i s able t o le a r n i n what Papert terms "mind sized" 

chunks, he claims t h a t h i s system gives the i n i t i a t i v e t o 

the c h i l d . Papert t h e o r i s e s t h a t many people hate 

mathematics because i t has been taught i n a t r a d i t i o n a l way 

w i t h the emphasis on l o g i c a l , coherent pa t t e r n s o f 

t h i n k i n g , ways which compartmentalise the subject 

a r t i f i c i a l l y from other areas o f the curriculum such as 

language and movement which use other modes o f t h i n k i n g . 

Papert holds the view t h a t i f mathematics i s t o be 

accessible i t must be continuous and personal and i t must 
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enable the c h i l d t o work a t meaningful and relevant 

p r o j e c t s which could not be s a t i s f a c t o r i l y achieved without 

i t . Papert claims t h a t LOGO can be used as the v e h i c l e t o 

meet those requirements. He does acknowledge t h a t 

l e a r n i n g s t r a t e g i e s do e x i s t t o encourage independent 

systems o f thought which pre-date the computer but he 

believes t h a t i t i s the f a c i l i t y o f f e r e d by the use o f 

debugging s t r a t e g i e s w i t h i n LCGO and the subsequent 

improved a t t i t u d e towards problem s o l v i n g which makes LOGO 

a more a t t r a c t i v e t o o l t o use i n the developnnent o f 

t h i n k i n g s k i l l s . 

The p o s s i b i l i t y o f using LOGO t o promote the development o f 

ch i l d r e n ' s language competencies and problem s o l v i n g s k i l l s 

e x c i t e d the w r i t e r , however d i f f i c u l t i e s r e l a t i n g t o 

finance and l o g i s t i c s had f i r s t t o be inv e s t i g a t e d . At the 

beginning o f the study only one computer was a v a i l a b l e f o r 

use by 120 c h i l d r e n and there was no p r i n t e r . The school 

was i n a poor socio-economic area and finances and 

resources were l i m i t e d . At t h a t time a f u l l LOGO chip was 

approximately £70. This f i g u r e could not be met by the 

school which was saving hard t o purchase a p r i n t e r . Lack 

o f school s t a f f knowledge r e l a t i n g t o the f a c i l i t i e s 

o f f e r e d by LOGO and the apparent i n i t i a l complexity o f 

becoming f a m i l i a r w i t h i t s use coupled w i t h r e s t r a i n t s o f 

time, a l l became s i g n i f i c a n t f a c t o r s i n the decision t o 

r e j e c t LOGO as the means on which t o base the study. 

I t was a t t h a t p o i n t t h a t the w r i t e r turned towards DART 
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which i s a subset o f LOGO w r i t t e n i n Basic. I t can be used 

t o operate a f l o o r t u r t l e , again a resource the school d i d 

not possess and i t provides some o f the graphics f a c i l i t i e s 

o f a f u l l LOGO. I t does not of-Fer -Features such as l i s t 

processing, s p r i t e s , music or c o n t r o l technology. Knowing 

the resource l i m i t a t i o n s i n r e l a t i o n t o both s t a f f 

e x p e r t i s e and equipment the decision was made t h a t DART 

should not be r e a d i l y dismissed. Further i n v e s t i g a t i o n s 

showed c e r t a i n disadvantages. DART has insu-Fficient memory 

necessary t o hold a l l the subprocedures required -For more 

complex p r o j e c t s . I t i s claimed t h a t the syntax i s not 

l o g i c a l , a -Feature deemed important when c h i l d r e n go onto 

i n v e s t i g a t e l i s t processing, then i t i s important t o have 

the same l o g i c a l l the way through. I t has also been 

al l e g e d t h a t the mathematical p o t e n t i a l o f DART i s narrow. 

However though l i m i t e d i n nature i t can s t i l l o-Ffer 

s t i m u l a t i n g challenges and as the c e n t r a l concern was t h a t 

o f f i n d i n g a v e h i c l e t o develop problem s o l v i n g techniques 

and one which could promote s i t u a t i o n s i n which t o develop 

language i t appeared t o be appropriate. DART had d i s t i n c t 

advantages -for the w r i t e r who had no LOGO experience, the 

programme i s r e l a t i v e l y simple and s t r a i g h t f o r w a r d . This 

can be seen as an important f a c t o r i n encouraging 

p r a c t i s i n g teachers t o use the program, many who may -Feel 

daunted by the apparent i n i t i a l complexity o f LOGO and time 

needed t o acquire basic LOGO s k i l l s . Mounting classroom 

pressures and c o n s t r a i n t s o f time are f a c t o r s which could 

also deter teachers from a s s i m i l a t i n g LOGO i n t o t h e i r 

teaching philosophy and classroom p r a c t i c e . 

61 



The f i n a l and most important f a c t o r was t h a t o f cost. For 

the p r i c e o f a disk DART could be obtained from the Local 

Education A u t h o r i t y which had purchased the license. 

A l l o f these f a c t o r s , coupled w i t h the b e l i e f t h a t DART was 

c l e a r l y able t o provide a na t u r a l access t o the world o f 

problem s o l v i n g and could o f f e r many o p p o r t u n i t i e s f o r the 

development o f language and problem s o l v i n g s k i l l s led t o 

the f i n a l d e c i s i o n being made. DART was t o be used as the 

v e h i c l e on which t o base the study. 
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Chapter 6 

Evaluation Techniques 

"He t h a t judges w i t h o u t informing himself t o the utmost t h a t 
he i s capable cannot a c q u i t himself o f the judging amiss." 

(26) 

One o f the problems regarding the outcomes o f t h i s study i s 

t h a t o f not being a q u a l i f i e d , or s p e c i a l l y t r a i n e d 

evaluator. I n t a c k l i n g the question o f e v a l u a t i o n a study 

o f the v a r i e t y o f r o l e s t h a t the evaluator may be c a l l e d 

upon t o play was necessary. One o f the common r o l e s i s t h a t 

i n which the evaluator can be responsible f o r gathering and 

o r g a n i s i n g the r e a c t i o n s o f teachers and p u p i l s t o the 

innovation. The evaluator can also be expected t o act as a 

c r i t i c a l f r i e n d t o the p r o j e c t and through the work can 

question the basic philosphy o f the p r o j e c t and the 

appropriateness o f m a t e r i a l s used i n the study. Using these 

t a c t i c s the evaluator may t e able t o sharpen the d e f i n i t i o n 

o f the p r o j e c t o b j e c t i v e s . A task o f prime importance i s 

the r e s p o n s i b i l i t y f o r s e l e c t i o n o f t e s t s and other 

instruments t o measure the success o f the undertaking. The 

evaluator also has a d e s c r i p t i v e r o l e , s/he must e x p l a i n t o 

teachers and head teachers a l l the f a c t o r s involved i n the 

i n n o v a t i o n and what can be expected from them. The work o f 

an evaluator i s t h e r e f o r e o f a f l e x i b l e nature. I t might be 

argued t h a t the evaluator should be concerned w i t h more 

long-term aims, such as the c h i l d r e n achieving b e t t e r 

educational r e s u l t s or becoming b e t t e r c i t i z e n s than those 

working on more t r a d i t i o n a l l i n e s . This i s a d i f f i c u l t 

f i e l d , but not one which should be neglected. 
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Attention was turned to the task o-F -Finding e f f i c i e n t 

procedures and instruments -For evaluation. I-F evaluation i s 

reduced to the testing of pupil learning then i t i s quickly 

-Found that the range o-F available measures i s limited. 

Tests of cognitive s k i l l s are usually characterised by 

factual r e c a l l . The model of curriculum developn^nt 

frequently used i s the objective approach where clearly 

defined objectives have been stated leading to desired 

pupil/teacher outcomes. Ralph W. Tyler i n "Basic Principles 

of Curriculum and Instruction," suggests that there are a 

rRjmber of sources on which to tiase wise and comprehensive 

decisions about the objectives of a school. They are:-

a) studies of the learners themselves as a 

source of educational objectives, 

b) studies of contemporary li-Fe outside the 

school, 

c) suggestions about objectives from subject 

specialists, 

d) the use of a philosophy i n selecting 

objectives, 

e) the use of a phsychology of learning i n 

selecting objectives, 
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•F) stating objectives i n a -form t o be help-Ful 

i n selecting learning experiences and i n 

guiding teaching. 

Content and method can be derived from these objectives. 

Later the evaluator rteasures the extent to which the 

pre-speci-Fied objectives have been reached. 

Tyler states:-

"The process o f evaluation i s essentially the process of 
determining t o what extent the eckjicational objectives are 
actually being realised by the programme of curriculum and 
instruction. However, since ecLicational objectives are 
essentially changes i n human beings, that i s , the 
objectives aimed at are to produce ctesirable changes i n 
the behavicMjr pattern o f the p u p i l , then evaluation i s the 
process f o r ctetermining the degree to which these changes 
i n behaviour are actually taking place. 

Evaluation has come to have a strong emphasis on the 
measurement of pupil outcomes, on meaures of behavioural 
change." (27) 

I t was decided af t e r further investigation and discussion 

to use the B r i s t o l Achievement Mathematics Test 3, for 

children aged 10-11 years, as a means of assessing the 

children's mathematical s k i l l s . 

This p a r t i c u l a r t e s t includes s k i l l s which are deemed 

important i n recent mathematical publications. 

PART 1 - examines the understanding of number from the 

stage of conservation t o the level of binary and 

directional number. 
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PART 2 - i s concerned with sets and series and with 

inductive and decLicative reasoning. 

PART 3 - examines spatial discrimination and judgement 

and overlaps to some extent with PART 4 

PART 4 - i s primarily concerned with measurement and 

measuring units 

PART 5 - concedes the need to examine knowledge of 

conventions and arithmetic laws and processes, 

but avoids becoming t i e d t o computational 

accuracy. 

A l l parts of the t e s t must be administered at one s i t t i n g 

to achieve t o t a l scores, which are di-Fferently balanced 

over the varicMJS levels. The size of the school seriously 

limited the number i n the sample of children to be used in 

the research. I t was therefore p a r t i c u l a r l y important that 

the t e s t chosen -For use with the children used standardised 

t e s t scores which have been based on a very large number of 

children throughout the country and from a l l stratas of 

socio-economic backgrounds. 

Using a standardised t e s t score has the -Following 

advantages:-
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1. Each child's score i s compared with the 

scores of a standard sample of children of 

the same age (within a two months i n t e r v a l ) . 

2. Whatever the age and whatever the te s t , the 

average score i s always 100. 

3. The distance of the child's score frcm the 

average i s always measured in a standard 

deviation, which i s 15 points of 

standardised score. 

4. There i s a direct relationship between the 

standardised score and the proportion of 

children who have i n the standard sample 

achieved that level of score. 

Most achievement tests specify age as the discriminating 

variable f o r selecting the level of test to employ. The 

B r i s t o l Achievement Tests, i n addition to age variable, 

also incorporates a "length of schooling" variable. Level 

3 refers t o those children who were ten but not yet eleven. 

Testing may be carried out at any time of the year, as a 

resu l t children may range i n age from 10:0 at the beinning 

of the year, t o 11:9 at the end of the year. The test i s 

standardised over the age range 10:0 - 11:11. Parallel 

forms at each level enable re-testing to take place. Thus 
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Level 3, Form A, would be anployed -For testing at the 

beginning of the year and Level 3, Form B, later i n the 

year. 

Conditions i n which testing i s to take place are clearly 

stated i n the Administrative Manual -For the Br i s t o l 

Achievement Tests. Obvious factors such as, temperature, 

l i g h t i n g , seating arrangements and previcxjis a c t i v i t y which 

ccsald influence testing oatcomes were to be considered by 

the administrator. Less obvious factors were also to be 

considered, they included demeanor and c l a r i t y of speech of 

the administrator, friendliness and firmness of manner and 

e-Fficient preparation of the rocm -For testing. 

The time control i s an essential aspect of the test 

per-Formance and i s p a r t i c u l a r l y important -For the p r o f i l e 

of part scores. 

A l l of the above factors were considered by the 

administrators of the t e s t used i n the study. Since i t was 

hoped that a t t i t u d e was also going to be assessed a search 

was made -For a d e f i n i t i o n as well as tests of at t i t u d e . 

G.W.Allport provictes the following d e f i n i t i o n : -

" Attitudes; A mental and nueral state of readiness 
organised through experience, exerting a directive or 
dynamic influence upon the individual's response to a l l 
objects and situations with which i t related." (28) 

Attitudes are thus the key to what people are l i k e l y to do, 

how they "-Feel" about scwnething. Attitude measurement, 
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essentially involves the administration of a questionnaire 

which requires the subject to indicate either:-

a) a r a t i n g evaluation of a "feeling" about 

someth i ng; 

b) the likelihood of the individual behaving 

i n a particular way; 

Kretch, Crutchfield and Bellachy i n "Individaal and 

Society" suggest that attitudes have:-

1) A Cognitive Component - knowledge or 

b e l i e f about an object/state of a f f a i r s . 

The issue then becomes what information i s 

avialable. 

2) An Affective Dimension - the emotional 

"content"; l i k e or d i s l i k e . 

3) A Conative Diftension or "action" tendency; 

the disposition t o take action towards the 

object of the a t t i t u d e . 

Attitude measurement aims to produce a quantitative measure 

of a mental state which i s held to be an indication of a 

propensity to behave i n a d i f f e r e n t way. 

69 



However commentators agree that there i s a gap between 

measured attitude and actual behaviour which are:-

a) c e n t r a l l y related to the s e l f concept of 

the individual (ego defensive functions) 

b) related to values and morality - people 

w i l l say the right thing i f asked 

questions, but behave differently. 

These factors must be considered when evaluating responses 

to questions on an att i t u d i n a l questionnaire in order to 

make v a l i d inferences about actual leve l s of interest, 

attitude or l i k e l y behaviour. 

In the f i n a l analysis i t was decided that in addition to 

the B r i s t o l Achievement Mathematics Test A and B the 

children a t the conclusion of the study period would be 

given the Assessment of Performance Unit's Mathematics 

Attitude Questionnaire. I t was f e l t important that careful 

examination of the r e s u l t s of the questionnaire was to be 

made in an e f f o r t to note i f a general positive attitude 

towards mathematics could be indentified. Hitherto i n the 

research school a lack of enthusiasm towards the subject 

had been noted over a period of years and t h i s was 

reflected by poor examination r e s u l t s achieved by past 

pupils in t h e i r comprehensive school. Only one c h i l d had 

gone on to further education to study a course with a 

s p e c i f i c mathematics link. I f i t i s to be believed that 
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positive a t t i t u d e s towards mathematics developed early i n 

the primary years help ensure success in later stages of 

the education process then analysis of the attitucte 

questionnaire, i n spite of the limited size of the sample, 

should not be overlooked or disregarded. 

The statements i n the questionnaire were chosen by the 

Assessment of Per-Formance Unit to measure at t i t u d e towards 

mathematics. However i t must be noted that the Assessment 

of Per-Formance Unit i s concerned with large scale surveys 

and not, as i n t h i s instance, with a very small sample of 

children who had been known t o the researcher -For a 

substantial period of time. The questionnaire was used in 

an e-Ffort t o i d e n t i f y whether pupils liked the subject, saw 

i t as being useful, and how di-Fficult they thcxxght i t was. 

In addition to the questionnaire the research sample of 

children were t o be asked to write a personal opinion of 

t h e i r work with DART. The children had from the beginning 

of t h e i r junior education been encouraged to express 

themselves i n w r i t t e n -Form and from these writings to 

discuss and c l a r i f y t h e i r thoughts and -Feelings with the 

teacher. I t was believed that the children would not te 

in h i b i t e d i n t h e i r w r i t t e n accounts nor would they be 

influenced undaly by "pleasing the teacher syndrome" , that 

i s , that they would write positive statements i n an e f f o r t 

t o gain teacher approval. 

Throughout the study the children were encouraged to 

verbalise honestly about t h e i r involvement. 
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Chapter 7 

The Study Begins 

The control group used i n t h i s research came from four 

primary schools i n Cleveland. A l l schools i n the research 

project used the Scottish Primary Mathematics Scheme and the 

children came -from a variety of socio economic backgrounds. 

The control group were a l l at stage four i n the Scottish 

Primary Mathematics Grcxip scheme and a l l were aged between 

ten and eleven years. 

At level four the children are required to work on aspects 

of number, length, weight, area, volume, time and shape. To 

encourage t h i s development the teacher i s able to draw frcmn 

support materials which include work cards, work books and 

t e x t books. 

I t was decided that the teachers concerned with the work of 

the control group would a l l follow the sch^ne carefully. I t 

was essential that a l l the children had an equal weighting 

of mathematics. The control group i«ere to concentrate 

solely on Scottish Primary Mathematics Group schene the 

experimental group wcxild use DART as well as the Scottish 

Primary Mathematics Group scheme. Both the control group 

and research group were small mixed a b i l i t y groups of ten, 

eleven year olds. 

The research was designed to answer questions about the 
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cognitive and social impact of DART i n the primary 

classroom. 

Specific questions raised were:-

a) Does learning to program a-Ffect the development 
of positive attitudes towards mathematics? 

b) W i l l language competencies be improved by 
computer based group problem solving a c t i v i t i e s ? 

c) W i l l programming experience result i n greater 
f a c i l i t y with the a r t of "heuristics", that i s , 
e x p l i c i t approaches to problem solving which can 
be trans-Ferred to and -Foster the understanding of 
higher order mathematical concepts? 

The children were allowed to decide who they wanted to work 

with. The researcher -Felt that i t was important that time 

and care was spent i n the s e l f selection of the children 

into working teams. I t was -Felt that i f children were to be 

encouraged to be independent and s k i l l s of co-operative work 

were t o be developed then the importance of group dynamics 

was not to be overlooked. The children divided thanselves 

up into two groups of three and two groups of two. Polya's 

theory of group work discussed e a r l i e r was to be given every 

opportunity to succeed. 

On analysis of group membership i t was interesting to note 

that the three g i r l s -Formed a group on t h e i r own despite the 

f a c t that there was a wide divergence i n academic a b i l i t y 

between them. This group contained both the most 

i n t e l l i g e n t c h i l d i n the class and one of the least able. 

Their group had been -Formed on a gender bias as the children 
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did not have strong friendship l i n k s . The boys on the other 

hand appeared to cluster i n a b i l i t y groups. The less able 

gravitated towards each other as did the more average 

children. Despite the fa c t that they had been given free 

choice, the only proviso teing that once formed, peer group 

membership must remain the same during the designated period 

of computer worktime, the children appeared to have been 

influenced by the mathematics grc»jp system of working 

employed by t h e i r class teacher. The "labelling" syndrome 

had i t s e f f e c t i n the formulation of the group of boys. 

Four groups emerged: 

Group A Graham 
Steven C. 

Group B Anne Marie 
Beth 
Michelle 

Group C Peter 
Richard 
David 

Group D Michael 
Steven L. 

The i n i t i a l proposal was that the children would be given 

inst r u c t i o n i n hcM to get started. A workcard was made -from 

the DART instruction manual (Appendix 3) and presented to 

the children i n t h e i r small groups. 

After i n i t i a l b r i e f explanation of the card the children 

were a l l given hands on experience of the computer. There 

was much enthusiasm, hi t h e r t o the children had only very 

li m i t e d experience. One computer to be shared by a whole 
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schcxDl, even a small schcol, poses problems of access and 

l o g i s t i c s . The children were macte aware that they were to 

be involved i n "a computer project" and as such accepted 

that by so doing would have the privilege of using the 

computer fo r a six month period. The rest of the school 

were pacified i n the krKDwIedge that the a r r i v a l of a second 

computer was imminent. 

Once a l l of the children were confident and capable of 

loading the disk and using the f i r s t basic cc»ivnands, they 

were given the second workcard, (Appendix 4). The children 

tackled the card with confidence and enthusiasm. Without 

exception they a l l talked p o s i t i v e l y about their work. I t 

was the intention from the outset that the children would be 

encouraged t o set t h e i r own problems, t o f i n d solutions by 

exploring and adapting previously learned conmands and 

seeing the need to learn or create new ones. Talking about 

d i f f i c u l t i e s or ease of solution was to be encouraged. 

In order that the work be monitored the children were given 

an exercise book. In i t , they had to date and record the 

commands used and then draw the picture produced. At t h i s 

stage the school did not have access to a printer, t h i s came 

late r i n the study. I n i t i a l l y each group spent sessions of 

between one hour - one hour and f i f t e e n minutes on the 

computer. Groups had three sessions per week. After each 

session the children had to write a convnent about t h e i r 

work. They had long been encouraged to speak t h e i r own 

opinion and had also, during language a c t i v i t i e s , been given 
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opportunities to be f o r t h r i g h t i n t h e i r views, whether i t be 

about a book they had read, a playgrcxand incident or an item 

o f news under discussion. Giving t h e i r opinion, however 

b r i e f or i n a r t i c u l a t e was therefore nothing new to them. 

I t was anticipated early i n the study that the amount of 

work covered by each group of children wcxild vary. This 

quickly proved to be true. Appendixes 5,6,7,8, were 

completed by one group i n one session and Appendixes 9 and 

10 by another i n a session of equal length. 

The amount of work covered by indivicLial groups was to be 

a r b i t r a r y . I f ctiildren were t o be motivated to develop 

t h e i r ideas to the f u l l , t o become instrumental i n t h e i r own 

learning and i n so doing develop methodical work patterns 

thereby establishing t h e i r own code of behaviour and 

d i s c i p l i n e , then judgements should not be made on numbers or 

quality of pieces of work produced during a specific period 

of time. 

The computer was housed i n the school's mathematics 

workshop. A spare classroom had been re-organised into 

topic bays, that i s , shape, volume, number, weight, area, 

time. Each bay housed items of equipment needed to 

implement the Scottish Primary Mathematics Group scheme. As 

the children were used to working i n the workshop fo r 

certain a c t i v i t i e s and only occasionally under the direct 

supervision of the teacher, i t seemed natural f o r the 

computer t o occupy a bay i n the workshop. The children 
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would be able t o verbalise f r e e l y about the task i n hand and 

would not inter-Fere or cause a distraction to other children 

i n the class. The children were made -Fully aware that t h e i r 

task was important and that unruly behaviour and time 

wasting would be reflected i n t h e i r work, that i s , they 

would have nothing t o show -For the i r time using the 

computer. 

During the i n i t i a l stages of the study, the researcher, 

because of classroom cormiittments, was unable to act as a 

non-participant observer of the children at work. 

Interviews with the children i n rel a t i o n t o t h e i r workbooks 

was to be used as part of the evaluation procedure. Of the 

research interview techniques available to use, an 

unstructured interview conducted i n either classrocm or 

mathematics i«srarkshop was chosen as best satisfying the 

research requirements. 

In order t o analyse i n greater ctetail the progress of 

individual children and development of the study as a whole, 

two grcxips were focused upon. 

GrcMjp B was made up of t h r ^ g i r l s , one of above average 

intelligence, one average and one of below average 

intelligence. 

Group C consisted of three boys, a l l of average a b i l i t y . 

A l l children i n both groups were friends and worked 

co-operatively together. 
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Group A and D consisted of two pairs of boys of matched 

a b i l i t y . Whilst work produced by Groups A and D contributed 

t o the data used i n the research project i t was decided that 

as there were s i g n i f i c a n t s i m i l a r i t i e s between two groups i t 

would prove more enlightening f o r the purposes of the study 

to focus on groups with greater differences, hence the 

choice of Groups B and C. 

The f i r s t interview was conducted i n the mathematics 

workshop at the end of Group B's ( g i r l s ) f i r s t "real" work 

session, that i s , work was recorded i n a book fo r the f i r s t 

time. I t was the children's playtime but they appeared 

reluctant to leave the room and were obviously keen to tal k 

about t h e i r a c t i v i t i e s . 

Researcher: "Well, what have you been up to? Did you get 
anywhere with your task?" (Workcard 2 - Appendix 4). 

Beth: "'Course we did - i t was easy." 

Anne Marie: "Eeh, you fibber - Miss, that's not r i g h t . Beth 
kept mixing up her l e f t s and r i g h t s . " 

Beth: " I know, we a l l did, anyway I wrote that i n my book." 

Researcher: "Let me have a look." Beth had indeed recorded 
her i n a b i l i t y t o sort her l e f t s from her rights. (Appendix 
5) 

Researcher: "Do you know why you found i t d i f f i c u l t ? " 

Beth: "Not r e a l l y - I haven't thought about i t - I suppose 
I thought i t would be the other way round, l i k e a mirror -
then the more I thought aboat i t the more I got mixed up." 

Anne Marie: "Then we laughed at her - i t was funny." 

Researcher: "Did Beth laugh?" 

Michelle: "Yes - we got the giggles." 
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Beth was an i n t e l l i g e n t g i r l who hated to make mistakes. 

Her i n a b i l i t y t o cope with f a i l u r e had often been the cause 

-For distress and concern. 

Researcher: "Beth, didn't you mind making mistakes?" 

Beth: "No, i t didn't matter, cos we could t a l k abcxit i t and 
t r y to put i t r i g h t again and again on the computer t i l l we 
could f i n d out where we went wrong and put i t r i g h t . 
Anyway i t didn't leave a mess - not l i k e on paper." 

Michelle: "We won't forget -For next time." 

This l i n e of thinking was i n l i n e with Polya's heuristics 

discussed i n de t a i l e a r l i e r , that i s . 

Understanding the problem 

Devising a plan 

Carrying out a plan 

Reviewing the s i t u a t i o n 

Having -Fully discussed t h e i r a c t i v i t i e s and having 

surmounted t h e i r d i f f i c u l t i e s or solved t h e i r own 

indent i f i e d problem, -For example, sorting out t h e i r l e f t s 

from t h e i r r i g h t s , the children went happily out to play. 

On closer examination of the children's work i t was revealed 

that by working together i n a team they had successfully 

managed t o produce commands which drew a square, rectangle, 

t r i a n g l e and hexagon. The comments the children had written 

were v i r t u a l l y i d e n t i c a l . On examination of the transcript 

i t appeared that Beth had been instrumental i n guiding the 

group through the morning's a c t i v i t i e s . Michelle, a c h i l d of 

low a b i l i t y , with a short term memory span appeared to have 
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taken a back seat. I n an e f f o r t t o discover i f she had 

indeed a s s i m i l a t e d and r e t a i n e d anything o f the morning's 

work an e f f o r t was taken l a t e r i n the day, i n the 

classrocon, t o engage her i n conversation. 

Researcher: "Michelle come and t e l l me because I've 
f o r g o t t e n - what were the names o f the shapes you made w i t h 
t h e others t h i s morning?" 

Mi c h e l l e : "You mean w i t h DART?" 

Researcher: "Yes." 

Mi c h e l l e : "We d i d a square, a rectangle and a t r i a n g l e . " 

Researcher: " I thought your group had done f o u r shapes.?" 

M i c h e l l e : "We d i d - the other one was a - was a - i t had s i x 
a n g l e s . " ( c h i l d b e s t i t a t e d ) . 

Researcher: " I ' l l g i v e you a clue - i t s t a r t s w i t h "h"." 

Michelle: (shouted),"hexagon." 

Researcher: "Well done. I am pleased w i t h you. Hc»̂i d i d you 
remember i t had s i x angles?" 

M i c h e l l e : " I t was me who s a i d l e t ' s make a harder shape 
a f t e r we d i d the t r i a n g l e . Then Beth s a i d a hexagon. When 
her and Anne-Marie f i n i s h e d I counted and i t had s i x . " 

Despite previous d i f f i c u l t i e s r e l a t i n g t o her sho r t term 

memory span, M i c h e l l e had s u c c e s s f u l l y remembered the shapes 

created t h a t morning and used i n the c o r r e c t context the 

word angles. She had also obviously p a r t i c i p a t e d a c t i v e l y 

i n the group work, t h a t i s , by suggesting they make a harder 

shape. Again t h i s r e f e l e c t s Polya's h e u r i s t i c s , t h a t by 

sharing i n the f o r m u l a t i o n o f the problan students are 

encouraged t o work harder. Thereby c u l t i v a t i n g desirable 

a t t i t u d e s . 
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The c h i l d r e n were again time-tabled -for DART the f o l l o w i n g 

day. 

At t h i s e a r l y stage the researcher f e l t i t was important not 

t o encumber the c h i l d r e n w i t h too much information r e l a t i n g 

t o new commands rath e r w a i t f o r the c h i l d t o request 

assistance or i d e n t i f y the need f o r knowledge o f new 

commands. As a r e s u l t the c h i l d r e n were given a personal 

task o f drawing a parallelogram. 

The researcher f e l t t h a t t h i s p a r t i c u l a r group shcxjild have 

more p r a c t i c e i n producing geometric shapes. 

T r a n s l a t i n g p h y s i c a l movements i n t o l i n e s on a screen i s 

q u i t e an a b s t r a c t t a s k , t h i s group needed time t o consolidate 

p r e v i o u s l y learned commands and adapt t o a new way o f 

t h i n k i n g and l e a r n i n g . 

At the end o f t h e session the c h i l d r e n returned t o the 

c l a s s . They had completed the s e t task, t h a t o f drawing a 

parallelogram. The group also produced a k i t e shape 

(Appendix 11,12). On reading t h e i r comments i t was obvious 

t h a t they were s t i l l not ready t o proceed t o new commands. 

At t h i s p o i n t i t ccxild be noted t h a t the c h i l d r e n were a t 

d i f f e r e n t stages o f development. Mi c h e l l e appeared t o be a t 

Piaget's stage o f l o g i c a l operations w i t h concrete 

m a t e r i a l s . This precedes Piaget's period o f formal 

operations which normally begins a t the age o f eleven or 

twelve. 
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This can be i l l u s t r a t e d by examination o f Beth's w r i t t e n 

comment r e l a t i n g t o the c o n s t r u c t i o n o f a pole procLiced 

l a t e r t h a t week (Appendix 13). She conmented, 

"The pole was very easy but we picked the pole f o r Michelle 
t o do and she s a i d what she thought t o me and I rraved i n 
t h a t d i r e c t i o n on the f l o o r . " 

Both Beth and Anne-Marie had acquired the a b i l i t y t o 

t r a n s l a t e p h y s i c a l movements d i r e c t l y onto the screen. They 

were a t the p e r i o d o f formal operations. They had also 

i d e n t i f i e d M i c h e l l e ' s need f o r support, she s t i l l needed t o 

p h y s i c a l l y put the DART commands i n t o sequential order. 

At t h i s stage o f the research p r o j e c t the c h i l d r e n were 

e x h i b i t i n g work h a b i t s deemed des i r a b l e both by Cockcroft 

and o u t l i n e d i n Mathematics from 5-16 which were quoted 

e a r l i e r t h i s study. W h i l s t t h i s study i s not intended t o be 

a psychological d i s s e r a t i o n , t o ensure as many p o i n t s as 

po s s i b l e and complete coverage o f the area o f research, 

d e l i b e r a t i o n was again given t o Papert's view which he 

formulated w h i l s t working w i t h Piaget himself, t h a t the 

reason most c h i l d r e n found some ideas d i f f i c u l t was not 

because t h e i r minds were immature as Piaget would have sai d , 

but because t h e i r experiences i n a computer-starved c u l t u r e 

were inadequate. I t was f o r t h i s reason t h a t the 

researcher decided t o fiKDnitor Michelle's progress f u r t h e r . 

Papert's view t h a t a c h i l d learns spontaneously when l e f t t o 

i t s e l f appeared t o be v a l i d a t e d i n a comment w r i t t e n by Beth 
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i n r e l a t i o n t o Michelle's progress, (Appendix 14) 

"The van shape was very easy so we l e t Michelle do i t and 
now she i s used t o i t . " (Appendix 14) 

Mi c h e l l e had indeed gained i n confidence and showed 

tremendous enthusiasm when computer sessions were about t o 

begin. 

Papert's claims t h a t computers can be used as a v e h i c l e f o r 

e x p l o r i n g a b s t r a c t ideas i n a concrete and personal way 

seemed t o be authenticated. At t h i s j u n c t u r e i t seemed 

appropriate t o introduce f u r t h e r ccmnmands t o the c h i l d r e n . 

The repeat command was presented t o the c h i l d r e n i n the form 

o f a workcard, (Appendix 15). The c h i l d r e n were l e f t very 

much t o t h e i r own devices i n an e f f o r t t o give them 

every o p p o r t u n i t y t o develop independent work h a b i t s . The 

research group had t o become i n i t i a t o r s , they were i n the 

so l e c o n t r o l o f the computer. I t was they who wcxjild be 

programming, using a computer language w i t h power and a 

d e f i n i t e c o n s i s t a n t s t r u c t u r e . 

The c h i l d r e n appeared q u i c k l y t o i d e n t i f y l e a r n i n g 

s t r a t e g i e s s u i t e d t o t h e i r own personal needs. 

Beth's comment on l e a r n i n g the repeat command, 

"This p a t t e r n was very easy but i t gets us used t o the 
repeat." (Appendix 16) 

Once the c h i l d r e n had mastered the a b i l i t y t o create 

a b s t r a c t shapes and were nwDtivated t o create more complex 
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p r o j e c t s - p i c t u r e s o f space ships, hcxxses, people and 

th i n g s from l i f e - they were introduced t o the more 

complicated task o f b u i l d i n g up procecLires, t h a t i s , the 

breaking down o f an i c t e n t i f i e d problem i n t o smaller pieces. 

This would lead the c h i l d r e n t o q u i t e d i f f i c u l t programs 

made up o f a number o f procedures. These a c t i v i t i e s were t o 

be rooted i n the c h i l d r e n ' s own experience and based on a 

pure l y personal choice. The researcher d i d not attempt t o 

i n t e r f e r e w i t h the c h i l d r e n ' s choice o f task. The c h i l d r e n 

were allowed t o modify t h e i r pre-determined plan t o f i t i n 

w i t h what they a c t u a l l y drew or they could change i t a t any 

p o i n t . 

Group C (Boys) f o l l o w e d a s i m i l a r p a t t e r n t o t h a t o f the 

g i r l s , they too made geometric shapes:- square, rectangle, 

t r i a n g l e and pentagon. On the whole the comments made by 

the boys about the work was more p o s i t i v e , they d i d not 

cl a s s second, t h i r d or f o u r t h attempts as being "mistakes" 

as had the g i r l s ; r a t h e r as inaccurate guesses or estimates 

which had missed t h e i r mark. This can be i l l u s t r a t e d by a 

comn^nt from Peter i n r e l a t i o n t o h i s work on t r i a n g l e s , 

(Appendix 17), 

" I enjoyed doing t h i s p a r t i c u l a r shape because i t was the 
hardest shape as you can see by a l l the rubbing cxjit." 

There was a s i m i l a r comment from Richard about the same 

shape:-

" I enjoyed doing t h i s because i t took a l o t o f t h i n k i n g 
about a l l o f the time." 
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The boys a l s o began t o s e t t h e i r own challenges and began t o 

time themselves f o r s p e c i f i c tasks. They q u i c k l y moved from 

making simple geometric shapes t o more complex tasks, f o r 

example, t h a t o f drawing a robot. The f i r s t robot the boys 

attempted t o draw r e s u l t e d i n the f o l l o w i n g w r i t t e n comment 

frcOT Peter, 

" I thought t h i s o b j e c t was the hardest t h i n g we have done. 
We got the legs wrong but we w i l l t r y t o improve i t next 
time." 

The boys were s i g n i f i c a n t l y more e n t h u s i a t i c i n t r y i n g t o 

improve upon t h e i r f i r s t attempts. Richard's conment about 

the same task was. 

" I thought t h i s o b j e c t was the hardest t h i n g we have done. 
We got mixed up on cbing the legs otherwise i t was good. I 
hope we can t r y again next time." 

Comments made always r e f l e c t e d p o s i t i v e enthusiasm f o r next 

time. 

I t seemed ap p r o p r i a t e t o i n t e r v i e w the boys during the 

daytime f o l l o w i n g t h e i r next computer work session. The 

discussion went as f o l l o w s : -

Researcher: "My goodness are you three s t i l l busy?" 

Richard:"Yeah i t ' s been great." 

Peter: "We've made a robot and i t ' s b r i l l . " 

Researcher: "Let me have a look, what have you got there?" 
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David: "We made a plan 'cos l a s t time we messed up the 

legs." 

They had drawn a plan on a piece o f paper. The various 

p a r t s o f the robot had been c a r e f u l l y l a b e l l e d head, body, 

arms and legs. C l e a r l y they had decided t o break the 

p i c t u r e down i n t o s ections and draw a piece a t a t i r r e . 

Researcher: "Whose idea was t h i s ? " 

Peter; "Mirs - we..." 

David: "No i t wasn't" 

Peter: "Well i t was everyone's r e a l l y - we were t a l k i n g 

about i t i n the yard - because l a s t time we couldn't get the 

legs r i g h t and we wasted time - so we decided t o have a 

plan." 

Researcher: "Did the plan work as you expected?" 

Richard: "Better 'cos we a l l had d i f f e r e n t jobs." 

Researcher: " T e l l me more." 

Richard: "Well, we t a l k e d about i t f i r s t and looked a t aj.r 

notes from l a s t time." 
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Peter: "We decided what i n s t r u c t i o n s t o use again and what 

needed changing." 

Richard: " T e l l her about the Jobs." 

Peter: "Yes I'm coming t o t h a t - then we a l l took d i f f e r e n t 

jobs. I gave the orders, Richard typed them i n and David 

wrote the order down on paper and I kept Richard r i g h t . " 

Researcher: "What do you mean - kept Richard r i g h t ? " 

Peter: "Well, i f Richard typed something i n wrong I t o l d him 

t o put i t r i g h t . 

Reasearcher: "That seems l i k e a sensible plan - d i d i t 

work?" 

David: "Yes i t d i d , look a t the robot we made." 

Researcher: "What was the most important t h i n g t h a t you d i d 

t o help you succeed?" 

Long pause 

Peter : "Well I suppose i t was t a l k i n g about i t together i n 

the yard." 

Richard: "Yes - 'cos when we came i n we knew what we wanted 

t o do - i t ' s been great." 
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The boys were obviously e v o l v i n g s t r a t e g i e s t o ensure the 

forrrajilation o f a successful program. They s t i l l had only a 

l i m i t e d grasp o f how t o make shapes i n d i r e c t d r i v e on the 

screen but they c l e a r l y understood the necessity o f breaking 

down the problem i n t o pieces which could be solved. They 

were l i k e the g i r l s using Polya's h e u r i s t i c s but u n l i k e the 

g i r l s they appeared t o develop more confidence and a more 

p o s i t i v e a t t i t u d e towards t h e i r work. The boys had 

unknowingly t o themselves adopted top-down planning 

s t r a t e g i e s . They were c r e a t i n g a plan f r a n successively 

r e f i n i n g the goal i n t o a sequence o f subgoals f o r 

achievement i n sequence. Bottom-up planning s t r a t e g i e s , on 

the other hand, note the ̂ nergent p r o p e r t i e s o f the plan and 

add data - d r i v e n decisions t o the plan throughout i t s 

development. The g i r l s i n t h i s research d i d not attempt t o 

use "Top-down" planning s t r a t e g i e s . They favoured 

"BottcOT-up" programming. 

The LOGO Mathanatics P r o j e c t (1983-6) (Hoyles and 

Sutherland,1989) paid a t t e n t i o n t o modes o f working and 

c o g n i t i v e s t y l e s between the sexes. They found no evidence 

o f any d i f f e r e n c e between g i r l s and toys w i t h respect t o 

t h e i r f a c i l i t y w i t h a top-down or bottom-up approach t o 

planning. 

As the study progressed the boys understanding o f the DART 

program continued t o grow they r e a d i l y m^norized f a c t s , 

r u l e s and procectires r e l a t i n g t o the programming. They 
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a s s i m i l a t e d and used new computer associated language q u i t e 

n a t u r a l l y and were able t o t r a n s f e r l e a r n i n g from one 

context t o another. I t seened t h a t the boys were motivated 

t o l e a r n by seeing the relevance and use f o r the new 

le a r n i n g , f o r example, accepting the need t o learn 

procedures and knowing why t o use them. The boys approach 

t o l e a r n i n g and use o f new language used i n c o r r e c t context 

appeared t o g i v e support t o both Lerman's and Barton's view 

on t h e nature o f l e a r n i n g and use o f language discussed 

e a r l i e r i n t h i s study. The same could not be s a i d o f the 

g i r l s , they appeared t o lose i n t e r e s t and became less 

motivated than t h e boys. This observation r a i s e d questions 

r e l a t i n g t o t h e s o c i a l influences a f f e c t i n g a t t i t u d e s t o 

ccOTputer use and g i r l s - The Royal Society - I n s t i t u t e o f 

Mathematics and i t s A p p l i c a t i o n s , 1980 provides d i s t u r b i n g 

s t a t i s t i c a l evidence t h a t g i r l s , as a group, are s e r i o u s l y 

u n d e r p a r t i c i p a t i n g and underachieving i n mathematics i n 

comparison t o boys. There i s rci convincing or conclusive 

evidence t h a t t h i s can be a t t r i b u t e d t o innate or genetic 

d i s a b i l i t y . The g i r l s involved i n the study had been given 

equal amounts o f computer time. Teacher prai s e , support and 

discussion were also balanced. Outside f a c t o r s were taken 

i n t o c o n s i d e r a t i o n . 

Of the three g i r l s i n t h i s study, i n group B, only one had 

access t o a heme computer. That computer had been bcxaght 

f o r her brother by her f a t h e r . When questionned about what 

the computer was used f o r the answer received was war/space 

and adventure games. The g i r l ' s brother was f o u r years 
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o l d e r and attended comprehensive school, she expressed the 

o p i n i o n t h a t her brother would p r e f e r t o use h i s computer 

w i t h h i s f r i e n d s r a t h e r than h i s s i s t e r . She also s t a t e d 

t h a t she wasn't p a r t i c u l a r l y bothered anyway t h a t she would 

r a t h e r play her recorder. The d i f f e r e n c e i n age would 

probably s i g n i f y t h a t the games purchased and used by her 

brother would p o s s i b l y be o f a too d i f f i c u l t l e v e l f o r her. 

Despite the obvious enjoyment her brother gained from using 

the games i t i n no way encouraged the g i r l t o e i t h e r buy her 

own games or ask f o r t h ^ t o be purchased f o r her. 

P r i o r t o the Christmas p e r i o d f o u r o f the boys i n the study 

already had computers. A f t e r Christmas a l l the boys claimed 

t h a t they had access t o a computer a t home. When 

questionned about software used most f r e q u e n t l y a t home i t 

f e l l i n t o the adventure game category. The t i t l e s used 

i n d i c a t e d a strong gender bias. 

The boys enthusiasm f o r t h e i r DART work i n school continued 

t o grow, the g i r l s needed a great deal o f encouragement. 

The a r r i v a l o f a p r i n t e r d i d l i t t l e t o r e v i v e the g i r l s 

i n t e r e s t y e t motivated the boys s t i l l f u r t h e r . I t would 

appear t h a t i n the world outside school there are strong 

pressures f o r g i r l s t o conform t o sexual stereotypes, 

t r a d i t i o n a l perceptions o f mathematics and computers as 

"male" s u b j e c t s p e r s i s t and these perceptions hincter g i r l s 

achievements i n mathematics and computer studies. This i s 

an area which needs f u r t h e r research. 
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Chapter 8 

Analysis o f Work Samples 

At the beginning o f the Spring term and during the research 

period, classrocwn circumstances changed. The researcher had 

t o leave her c l a s s and take the p o s i t i o n o f Acting Head. 

The c h i l d r e n d i d not r e a d i l y accept t h e i r new teacher and as 

a r e s u l t sane s i g n i f i c a n t behavioural problems i n class were 

reported and had t o be addressed. 

Despite the change i n c l a s s the DART work apjaeared t o 

progress smoothly. There were no obvious or reported 

behaviour problems w i t h i n the Mathematics Workshop. One can 

make the assumption t h a t the work s u f f i c i e n t l y motivated and 

i n t e r e s t e d t h e c h i l d r e n t h a t they f e l t no need or desire t o 

misbehave, w i t h or wi t h o u t supervision, w h i l s t working on 

t h e i r p r o j e c t . 

At the end o f the research p e r i o d the c h i l d r e n were asked t o 

prepare a s e l e c t i o n o f work and a w r i t t e n comment about 

t h e i r o p i n i o n o f the DART work. The w r i t t e n comment was t o 

be used as a basis on which t o base second interviews. 

On examination o f the work o f Grcxip B and C, i t was 

immediately evident t h a t the i n i t i a l i n t e r e s t shown by the 

g i r l s d i d not develop s i g n i f i c a n t l y . Much o f t h e i r work was 

i n d i r e c t d r i v e . They selected only ti«o pieces o f work f o r 

p r e s e n t a t i o n , both o f a very simple nature.(Appendix 18 

and 19) Both were simple drawings. When asked why they had 

sel e c t e d the pieces Beth spoke f o r the group, 
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"We picked the house-boat 'cos we l i k e d the frame and we put 
Sammy the square t o r t o i s e i n 'cos i t only took us h a l f an 
Oour t o do and we enjoyed i t but t h a t was ages ago anyway." 

The comments were hardly p r o l i f i c and gave very l i t t l e 

i n s i g h t i n t o t h e c h i l d r e n ' s t h i n k i n g . 

Despite the waning enthusiasm f o r DART / computer work a 

spe c i a l form o f c o l l a b o r a t i o n appeared when the g i r l s were 

working together i n a group. Throughout the research the 

two more able g i r l s were perceptive t o the needs o f 

Mic h e l l e , they prompted, supported and encouraged her i n a l l 

she d i d on the computer. 

From the beginning o f the research the c h i l d r e n were given 

the freedom t o s e l e c t t h e i r own goals and develop t h e i r own 

problem s o l v i n g s t r a t e g i e s . I n t e r v e n t i o n was aimed t o focus 

on process and t o encourage the p u p i l s t o p r e d i c t and 

r e f l e c t . 

From discussions w i t h the g i r l s i t would appear t h a t they 

favoured more open-ended tasks. These tasks were 

ch a r a c t e r i s e d by the lack o f a pre-planned s t r u c t u r e , 

e v o l v i n g out o f e x p l o r a t o r y a c t i v i t i e s . They b u i l t up t h e i r 

goal w h i l s t i n t e r a c t i n g w i t h the computer. The open-ended, 

"bottom-up" tasks allowed them t o assume r e s p o n s i b i l i t y f o r 

dev i s i n g and t r y i n g out d i f f e r e n t approaches t o the task i n 

hand. The tasks upon which the c h i l d r e n worked allowed f o r 

the mix i n a b i l i t y and f o r the development o f language. The 

c h i l d r e n appeared t o be r e l a t i v e l y confident i n what they 
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d i d , y e t they never showed any desire t o progress beyond the 

simple p i c t u r e making a t which they were p r o f i c i e n t . 

One can question whether the g i r l s were given enough 

enccurgement t o take up challenging ideas but the researcher 

believes they were. However whether a non-participant 

observer would agree w i l l remain an unanswered question. 

During the course o f the research i t had been noticed t h a t 

the boys appeared t o favcxir more complicated graphics work 

than d i d the g i r l s . They also had produced i n t r i c a t e moving 

p a t t e r n s and screen messages. 

The boys DART sessions had been characterised by high l e v e l s 

o f concentration, c o l l a b o r a t i v e problem s o l v i n g and a great 

deal o f discussion. The boys were also more keen t o w r i t e 

about t h e i r work, w i t h o u t pressure from the teacher.(App.20) 

This was r e f l e c t e d i n the q u a n t i t y and v a r i e t y o f work 

presented by the boys f o r examination and discussion. A l l 

the c h i l d r e n had a f r e e choice as t o the pieces o f work 

selected. Group C gave samples o f t h e i r work which showed 

progression -From beginning t o end. On each piece o f work 

was w r i t t e n a very b r i e f comnent. Appendix 21 showed t h e i r 

f i r s t attempt t o draw using the p r i n t e r f o r a f i n i s h e d 

r e s u l t . Despite the obvious f a i l u r e the boys were keen t o 

discuss the i n c l u s i o n o f the p a r t i c u l a r piece o f work. When 

asked why i t had been included the answer given was, 
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"We wanted t o show how good we've got!" 

The r e s t o f t h e work (Appendix 22-27) d i d indeed represent a 

cross s e c t i o n o f t h e i r e f f o r t s and shcMed patterns and 

p i c t u r e s . The samples prockaced incorporated the use o f a 

number o f d i f f e r e n t commands and the use o f procedures. 

Peter's w r i t t e n comment on appendix 22, 

"This i s my f i r s t p i c t u r e I drew on the p r i n t e r . I chose i t 
because i t j o i n s up i n the middle and the dark makes i t IcxDk 
b r i l l i a n t . " 

This was t y p i c a l o f much o f what the boys wrote - always 

very p o s i t i v e . S c r i b b l i n g s on backs o f pieces o f work could 

be found which r e f l e c t e d p o s i t i v e a t t i t u d e s and group 

dynamics. Peter classed himself as No.l. Computer Genius, 

Richard as No.2 Genius and David as the computer apprentice. 

Throughout the research p e r i o d Group C remaired h i g h l y 

motivated and showed a s i g n i f i c a n t degree o f persistance i n 

t r y i n g t o meet a p a r t i c u l a r l y challenging goal. They also 

showed a great deal o f i n i t i a t i v e . 

They appeared t o t h r i v e and enjoy the c o l l a b o r a t i v e 

atmosphere which they created i n the mathematics workshop. 

"What do you t h i n k ? " 

"Why don't we ?" 

"Shall we t r y ? " 

"Come on, l e t ' s have a go a t t h i s . " 
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were a l l comments which could f r e q u e n t l y be heard when Group 

C were working together. They q u i c k l y mastered the a b i l i t y 

t o use the ideas o f s t r u c t u r e d programming when working on a 

c l e a r l y defined task. 

The procedural nature o f DART allows f o r w e l l defined goals 

which can r e s u l t from f o l l o w i n g a pre-planned s t r u c t u r e 

leading t o a s p e c i f i c p i c t u r e . An example o f t h i s by the 

boys was a drawing named Cobra (Appendix 23), 

W h i l s t q u a n t i t y was never the o b j e c t o f the exercise the 

boys produced s i g n i f i c a n t l y more i n both volume and 

q u a n t i t i y than d i d Group B, the g i r l s . Much o f the work 

procliced by the boys involved a high degree o f q u i t e complex 

mathematical problem s o l v i n g and i n v e s t i g a t i o n . The work 

covered by a l l the c h i l d r e n a l so had a d e f i n i t e geometric 

basis. 

The biggest d i f f e r e n c e between the g i r l s Group B and the 

boys Group C was i n terms o f confidence. This was apparent 

•from c o n f i d e n t behaviour e x h i b i t e d by the boys during 

i n t e r v i e w s and i n e x h i b i t e d behaviour i n the mathematics 

workshop. However t h i s view i s unsupported as the school 

d i d not have access t o a video camera. 

Watching the c h i l d r e n work provided i n s i g h t i n t o behaviour 

p a t t e r n s and s o c i a l i n t e r a c t i o n s which would have been 

h i t h e r t o neglected. 
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On a n a l y s i s o f the c h i l d r e n ' s w r i t t e n opinions i t would 

appear t h a t , w i t h the exception o f Beth, a l l o f the c h i l d r e n 

had by the end o f the study claimed t o have enjoyed t h e i r 

work. Beth was f i r m i n her view t h a t the work was on the 

whole boring. Three o f the c h i l d r e n claimed t h a t they 

i n i t i a l l y thought t h a t DART would be boring. Four c h i l d r e n 

claimed t h a t they l a t e r became bored. This word had not 

been used i n the f i r s t i n t e r v i e w s . When asked what they 

meant by the word "bored" a c e r t a i n commonality appeared i n 

t h e i r responses, 

"Well when you came t o a hard b i t , you get stuck then you 
get bored." 

"When you get a problem you get bored w i t h i t . " 

The c h i l d r e n appeared t o associate the word bored w i t h 

d i f f i c u l t y . One c h i l d wrote, 

" " A f t e r t h a t i t got boring a b i t but now I can understand i t 
b e t t e r I enjoy i t a l o t more." 

Only one c h i l d , a boy, claimed t o have enjoyed DART 

throughout. Fc»ar o f the c h i l d r e n thought a t f i r s t i t was 

d i f f i c u l t . This group coupled w i t h the three who believed 

i t t o be a t f i r s t b o ring would suggest t h a t the bulk o f the 

c h i l d r e n had o r i g i n a l l y s t rong reservations about the work. 

This d i d not show i n i n i t i a l conversations or inte r v i e w s 

w i t h the c h i l d r e n , a l l had in d i c a t e d t h a t they were 

e n t h u s i a s t i c about the work. l-fc>jever nine out o f the ten 

c h i l d r e n i n the research group a l l claimed a t the end o f the 

p r o j e c t t o have enjoyed the work. The c h i l d r e n associated 
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success w i t h enjoyment and boredcDm w i t h d i - f - f i c u l t y . 

Further s i m i l a r i t i e s between both boys and g i r l s onerged 

during discussions about t h e i r work. Both boys and g i r l s 

judged t h e i r own performances favcaarably and appeared proud 

o f t h e i r work. There was nothing t o suggest i n any o f the 

discussions w i t h any o f the c h i l d r e n t h a t wojild support the 

view t h a t a t t i t u d e s r e l a t e d t o gender d i f f e r e n c e s influenced 

the c h i l d r e n . 
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Chapter 9 

Consideration o f A t t i t u d e Questionnaires 

Following t h e examination o f the c h i l d r e n ' s w r i t t e n 

opinions o f the DART work the researcher was keen t o 

discover i f t h e c h i l d r e n ' s completed A.P.U. Mathematics 

a t t i t u d e questionnaires r e f l e c t e d an o v e r a l l p o s i t i v e 

a t t i t u d e towards the subject. 

I t must be stressed once more t h a t these p a r t i c u l a r 

a t t i t u d e measures have h i t h e r t o only been used on large 

n a t i o n a l samples. Inferences from small scale studies 

should t h e r e f o r e be made w i t h caution. The A.P.U. 

suggests t h a t the computation o f a t o t a l score f o r the 

statements should be r e s i s t e d . The i m p l i c a t i o n s being 

t h a t the f e e l i n g s measured i n the statements c o n s t i t u t e a 

s i n g l e t r a i t and s t a t i s t i c a l a n a l y s i s has revealed t h a t 

t h i s i s not so. The questions and answers were examined 

t o see i f t h e r e was an o v e r a l l p o s i t i v e bias towards 

mathematics r a t h e r than o f a negative bias. I t was also 

decided t o compare negative responses t o the A.P.U. 

a t t i t u d e questionnaire w i t h the scores on the B paper o f 

the B r i s t o l Achievement t e s t s t o see i f a low opinion 

c o r r e l a t e d w i t h a low or decreased standardised t e s t 

r e s u l t . 

The i n t r o d u c t i o n o f programming as a research t o o l t o the 

c h i l d r e n i n the study was based on many f i n d i n g s o f 

computer s t u d i e s and o f the recommendations made by 
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Cockcroft, t h a t i s , t o endeavour t o make mathematics 

teaching more e x c i t i n g , p r a c t i c a l , r e a l and more c h i l d 

d i r e c t e d . The use o f DART had been selected w i t h those 

aims i n mind, i f successful then one would a n t i c i p a t e a 

more p o s i t i v e a t t i t u d e from the c h i l d r e n towards 

mathanatics. 

The a t t i t u d e questionnaire contained f o r t y f i v e 

statements. B r i e f l y these were concerned w i t h : -

Enjoyment - how much p u p i l s l i k e mathematics 

U t i l i t y - how u s e f u l p u p i l s see mathematics 

as being 

D i f f i c u l t y - the p u p i l s perception o f how 

d i f f i c u l t mathematics i s as a 

subject. 

Statements are scored from 5 down t o 1 or 1 up t o 5 

depending on whether a p o s i t i v e l y or negatively loaded 

statement i s being r a t e d . 

P r i o r t o t h e completion o f the a t t i t u d e questionnaire the 

c h i l d r e n were given a l i s t o f s i x t e e n words t o learn f o r 

hcmiework, they were t o l d they were f o r a s p e l l i n g t e s t . 

A l l the words were taken from the questionnaire. Although 

the language used i n the questionnaire was w i t h i n the 

competence o f most o f the c h i l d r e n there were those who 
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would have been hindered i n t h e i r comprehension o f the 

statements. I n order t o ensure the questionnaire was 

completed ac c u r a t e l y and not merely as an i n d i s c r i m i n a t e 

t i c k l i s t , i t was important t h a t a l l the c h i l d r e n were 

competent i n reading f l u e n t l y t h e statements contained i n 

the questionnaire. 

The words selected were:- d i f f i c u l t i e s , u s e f u l , subject, 

s u r p r i s e d , important, u s u a l l y , q u i c k l y , i n t e r e s t i n g , 

textbook, understand, complicated, disappointed, rememter, 

r e l i e f , normally, o r d i n a r y . 

The meanings o f the words were discussed. A l l the 

c h i l d r e n had t o w r i t e one sentence t o include each o f the 

above words i n t h e i r rough book. 

fHaving been s a t i s f i e d t h a t the c h i l d r e n could adequately 

ccxnprehend the reading matter i n the questionnaire, i t was 

duly administered i n the mathematics workshop. Each c h i l d 

occupied an i n d i v i d u a l t a b l e . Care was taken so t h a t 

c h i l d r e n were w e l l separated from each other, they were 

obviously not allowed t o confer. Care was taken t o 

s t r e s s t h e p o i n t t h a t the questionnaire was not a t e s t . 

Honest answers were t o be given t o the statements and t h a t 

t h e re were no " r i g h t " answers. The c h i l d r e n f o l lowed the 

i n s t r u c t i o n s and f i l l e d i n t h e questionnaires. 

As suggested by the A.P.U., computation f o r the t o t a l 

score was r e s i s t e d on the grounds t h a t the f e e l i n g s 
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measured i n the statements d i d not c o n s t i t u t e a s i n g l e 

t r a i t , s t a t i s t i c a l a n a l y s i s had revealed t h i s not t o be 

so. 

Separate scores were computated f o r the three scales:-

enjoyment, u t i l i t y and d i f f i c u l t y . The r e s u l t s from each 

scale appear o v e r l e a f , each w i l l be d e a l t w i t h s i n g l y , 

beginning w i t h the u t i l i t y scale. A copy o f the 

questionnaire can be found i n the Appendix (28). 
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UTILITY / USEFUL SCALE 

QUESTION 12 16 20 23 28 33 36 40 42 46 50 52 TOTAL POS.T °/. 

GROUP A 

GRAHAM 5 5 3 4 4 4 5 4 2 3 4 4 47 60 78.3 

STEPHEN C 5 5 4 5 4 5 5 1 4 4 5 5 52 60 86.6 

GROUP B 

BETH 5 5 5 5 5 5 5 5 5 5 5 5 60 60 100 

MICHELLE 5 4 2 5 4 5 4 5 5 4 5 5 53 60 88.3 

ANNE-MARIE 5 4 5 5 4 5 4 5 5 5 5 5 57 60 95.0 

GROUP C 

PETER 

DAVID 

RICHARD 

5 5 2 4 4 2 2 2 4 4 4 5 43 60 71.6 

5 3 3 2 4 2 4 5 4 5 1 4 42 60 70.0 

5 4 4 4 4 4 4 4 2 3 4 3 45 60 75.0 

GROUPD 

MICHAEL 5 

STEPHEN L 5 

4 2 2 3 3 3 2 4 2 2 2 34 60 56.6 

2 2 2 4 1 3 2 5 3 3 3 35 60 58.0 

High score i n d i c a t e s h i g h / p o s i t i v e f e e l i n g s r e l a t i n g t o usefulness 
7. 

1. Beth 100 *a 6. Richard 75.0 
2. Anne-Marie 95.0 7. Peter 71.6 
3. M i c h e l l e 88.3 )Kb 8. David 70.0 
4. Stephen C 86.6 9. Stephen L 58.0 
5. Graham 78.3 10. Michael 56.6 
iKa denotes most able c h i l d 
*b denotes l e a s t able c h i l d 
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DIFFICULTY SCALE 

QUESTION 11 14 21 26 30 35 43 48 51 53 TOTAL POS.T 7. 

GROUP A 

GRAHAM 3 3 2 3 2 3 3 3 4 4 4 34 55 61.8 

STEPHEN C 3 4 2 2 1 2 2 2 3 3 3 27 55 49.0 

GROUP B 

BETH 2 2 2 1 2 2 2 1 4 3 3 

MIOELLE 3 4 5 2 2 4 2 2 4 4 3 

A^flME-MARIE 2 1 1 2 5 1 1 2 5 4 4 

24 55 46.6 

35 55 63.6 

28 55 50.9 

GROUP C 

PETER 

DAVID 

RIOIARD 

2 4 4 2 4 4 2 2 2 4 4 34 55 61.8 

4 3 5 5 5 2 5 2 3 5 3 42 55 76.3 

3 4 2 2 2 2 3 3 2 3 4 30 55 54.5 

GROUP D 

MICHAEL 4 2 2 2 2 4 3 2 2 4 5 32 55 58.0 

STEPl-EN L 3 4 2 4 3 4 4 2 2 5 5 3 a 55 69.0 

High score i n d i c t a t e s c h i l d believes s u b j e c t t o be d i f f i c u l t 
Low score i n d i c a t e s ease 

7. 

1. David C 76.3 6. Michael 58.0 
2. Stephen L.. 69.0 7. Richard 54.5 
3. Mi c h e l l e 63.6 8. Anne-Marie 50.9 
4. Graham 61.8 9. Stephen C 49.0 
5. Peter 61.8 10.Beth 46.6 
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ENJOYMENT SCALE 

QUESTION 

10 4 4 5 5 5 4 4 4 2 2 

13 2 3 5 4 5 2 1 2 2 1 

15 4 4 3 5 5 4 4 2 2 2 

17 2 4 1 4 2 2 1 2 2 2 

19 3 3 1 4 5 4 4 2 1 5 

22 4 5 2 4 4 4 4 3 4 3 

24 3 2 4 2 5 1 5 2 1 1 

25 2 3 5 3 2 4 4 2 3 1 

27 5 5 4 5 5 4 2 2 2 2 

29 4 4 4 5 5 4 4 3 2 3 

31 4 5 1 5 4 2 3 4 3 4 

32 3 3 5 2 2 2 1 2 2 1 

34 4 4 4 5 5 4 2 2 1 1 

37 3 4 2 1 5 2 3 2 2 5 

39 5 2 3 5 5 5 2 2 1 1 

41 4 3 3 5 5 2 1 2 1 1 

45 3 3 3 5 5 2 3 2 1 1 

47 3 3 3 5 5 2 4 2 1 1 

49 4 4 5 5 5 4 3 4 2 1 
TOTAL 66 68 63 79 84 58 55 46 35 38 
POSS.T 95 95 95 95 95 95 95 95 95 95 
7. TOTAL 69.4 71.5 66.3 83.0 88.4 61.0 57.8 48.4 36.8 40.0 
GROUP C A 3 C B DC C I C D l 
GROUP CAD Graham GROUP LCI Peter 

Stephen C David 
Richard 

GROUP CB: Beth 
M i c h e l l e GROUP CD] Michael 
Anne-Marie Stephen L 

High score i n d i c a t e s high l e v e l o f enjoyment 
Low score i n d i c a t e s negative a t t i t u d e / f e e l i n g s 

continued over:-
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ENJOYMENT SCALE 

INDIVIDUAL TOTAL PERCENTAGES 

1. Anne-Marie 88.47. 
2. Mi c h e l l e 83.07. 
3. Stephen C 71.57. 
4. Graham H 69.47. 
5. Beth 66.37. 
6. Peter 61.07. 
7. David 57.87. 
8. Richard 48.47. 
9. Stephen L 40.07. 

10. Michael 36.87. 
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The most p o s i t i v e responses concerned the u t i l i t y or 

usefulness o f mathematics. Scores ranged from 56.6% t o 

the unexpected high o f one c h i l d whose score was 1007.. 

The l e a s t able c h i l d i n the class gave an 887. p o s i t i v e 

response t o t h i s s e c t i o n . Every c h i l d i n the group scored 

5 f o r t h e i r response o f "Strongly Agree" t o the statement, 

"Mathematics i s a very us e f u l s u b j e c t . " 

Despite the f a c t t h a t a l l c h i l d r e n , without exception, 

agreed t h a t mathematics was a usef u l subject the statement 

which they scored lowest ( t o t a l 32 out o f a possible 50) 

r e l a t e d t o t h e statement, " I use mathonatics t o help me i n 

l o t s o f ways i n school." The c h i l d r e n appeared t o have 

compartmentalised mathematics t o a s p e c i f i c subject area 

and f a i l e d t o n o t i c e c r o s s - c u r r i c u l a r l i n k s . This i s an 

important p o i n t f o r p r a c t i s i n g classroom teachers. 

C h i l d r e n should from the e a r l i e s t primary stages o f 

education, be given maximum opp o r t u n i t y f o r using and 

applying mathematics across the curriculum. 

Nine out o f t h e ten c h i l d r e n r a t e d h i g h l y the statement, 

" I can use mathematics t o solve some everyday problems." 

The score f o r t h i s statement was 40. As i t appeared t o 

c o n t r a d i c t the pr e v i o u s l y quoted example, the researcher 

asked the c h i l d r e n f o r f u r t h e r explanation. They a l l 

responded s i m i l a r l y and s t a t e d t h a t "problems" were word 

sums. The explanation was s a t i s f a c t o r y . 
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O v e r a l l t h e r e was a very high p o s i t i v e response t o 

statements concerning the usefulness o f mathematics. Both 

sexes recognised the u t i l i t y o f mathematics. 

I n t e r e s t i n g l y enough, the g i r l s showed more c e r t a i n t y than 

the boys, s c o r i n g 1007., 957,, 88.37., A high score on the 

d i f f i c u l t y scale i n d i c a t e d t h a t the c h i l d believed the 

sub j e c t t o be problematic and a low score i n f e r r e d t h a t 

the c h i l d perceived mathematics t o be easy. 

An i n t e r e s t i n g f a c t emerged. The c h i l d r e n who scored the 

thr e e lowest scores ( i n d i c a t i n g ease) scored the three 

highest scores i n the B r i s t o l Achievement Test A. The 

same t h r e e c h i l d r e n occupied the top three p o s i t i o n s on 

the enjoyment scale (high score i n d i c a t i n g enjoyment) 

w i t h scores ranging between 71.57. and 88.47.. The same 

c h i l d r e n were w i t h i n the top f c u r p o s i t i o n s on the u t i l i t y 

scale. For these three f o r t u n a t e c h i l d r e n ' s scores showed 

t h a t they were mathematically able, saw the usefulness o f 

the s u b j e c t , were co n f i d e n t and enjoyed using mathematics. 

The c h i l d who scored the lowest on the B r i s t o l 

Achievement Test A was i n the top three scores i n the 

scale o f d i f f i c u l t y . She scored 63.67. , i n d i c a t i n g t h a t 

she viewed the subj e c t as being troublesome. 

Knowing o f the d i f f i c u l t i e s the c h i l d normally experienced 

i n mathematics the score o f 63.67. was lower than expected. 
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This led t o a f u r t h e r examinaton o f the questionnaire. 

The c h i l d scored 2 f o r fou r o f the statements, a 

r e l a t i v e l y low mark i n d i c a t i n g ease. Analysis o f the 

statements showed why: 

Score 

26 I can u s u a l l y understand my Cagree] 2 

mathematics textbook 

43 Mathematics books are hard [disagree] 2 

t o follOftl 

M i c h e l l e d i d not use the same textbooks as the m a j o r i t y o f 

the c l a s s . The textbooks she worked from were matched t o 

her a b i l i t y l e v e l . 

38 There are f a r too many t h i n g s [disagree] 2 

t o remember a t a time 

Michelle's work and tasks were always i n d i v i d u a l l y s et and 

u s u a l l y made up o f small achievable steps. On completion 

o f each step or stage she reported t o the teacher f o r 

marking, support and f u r t h e r explanation. 

30 I get l o s t i f I miss any [disagree] 2 

mathematics work. 
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Again, M i c h e l l e always worked i n d i v i d u a l l y or i n a very 

small group and always under supervision o f the teacher. 

As a r e s u l t the c h i l d would never f e e l t h a t she missed any 

work i n mathematics. 

Michelle's responses t o the statements were made w i t h 

thought and judgarent. 

Despite her acknowledgement o f the subject as posing 

d i f f i c u l t i e s t o her, t h i s i n no way appeared t o a f f e c t her 

enjoyment o f t h e su b j e c t . She scored the second highest 

percentage o f 837.. She also saw the usefulness o f the 

s u b j e c t s c o r i n g 88.37.. 

On the whole 807. o f the c h i l d r e n i n d i c a t e d t h a t they found 

d i f f i c u l t y w i t h the subject. 

The statement which scored the highest adverse response, 

i n d i c a t i n g d i f f i c u l t y , was:-

51 I f i n d mathematics an easy subject. 

Most c h i l d r e n s t a t e d t h a t they disagreed w i t h t h i s 

statement. 

Ove r a l l a general t r e n d o f d i f f i c u l t y l i n k e d w i t h d i s l i k e 

and l i k i n g w i t h ease, could be detected. This was t o be 

expected. 
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On a n a l y s i s o f the enjoyment scale a very obvious l i n k 

could be seen w i t h the u t i l i t y scale. L i k e the u t i l i t y 

s cale a high score i n d i c a t e d a p o s i t i v e response, t h a t i s , 

i n t h i s case a high score i n d i c a t e d a high l e v e l o f 

enjoyment. 807. o f the c h i l d r e n scored above 48.47. 

i n d i c a t i n g a high degree o f l i k i n g f o r the subject. 

The c h i l d r e n who occupied places i n the f i r s t f i v e on the 

enjoyment scale also occupied places i n the f i r s t f i v e on 

the u t i l i t y scale. With the removal o f Richard from the 

l i s t o f the remaining f i v e c h i l d r e n on both the u t i l i t y 

s cale and the enjoyment scale the l i s t would read 

i d e n t i c a l l y , t h a t i s , Peter, David, Stephen and Michael. 

There was a high r e l a t i o n s h i p between enjoying the subject 

and seeing the u t i l i t y o f the subject. 

Despite the smallness o f the sample, the same conclusion 

as Primary Survey Report No.2 was a r r i v e d a t , t h a t the 

e x t e n t t o which c h i l d r e n perceived a subject as being 

u s e f u l i n f l u e n c e d t h e i r i n c l i n a t i o n t o f i n d i t an 

agreeable or conversely, a disagreeable one. Whilst the 

scales used gave only a measure o f general f e e l i n g s 

towards mathematics, they a l l showed o v e r a l l t h a t the 

m a j o r i t y o f the c h i l d r e n had a p o s i t i v e a t t i t u d e towards 

the s u b j e c t and t h a t a l l saw the usefulness o f 

mathematics. 
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I n c o n t r a s t t o the research group's responses the answers 

t o the questionnaires completed by the c o n t r o l group were 

found not t o be c o n s i s t e n t . A p o s i t i v e or negative 

a t t i t u d e could not be proven. Within the questionnaire 

were three statements r e l a t i n g t o gender, they were not 

intended f o r s c o r i n g , however having discussed the 

question e a r l i e r o f t h e possible c u l t u r a l a s s o c i a t i o n o f 

males w i t h computers/math«natics, i t was f e l t a worthwhile 

task t o evaluate the c h i l d r e n ' s responses. 

The c h i l d r e n had t o address the f o l l o w i n g three 

statements:-

A) I t h i n k t h a t g i r l s and boys are equally good a t 

maths? 

B) I t h i n k t h a t g i r l s are normally b e t t e r than 

boys a t maths? 

C) Boys are normally tetter than g i r l s a t maths? 

The c h i l d r e n had t o t i c k the responses they f e l t t o be 

ap p r o p r i a t e , t h a t i s . Strongly agree. Agree, Disagree, 

Strongly disagree or Unsure. 

The responses proved most i n t e r e s t i n g . With the exception 

o f one c h i l d , a boy, the whole group made balanced 

statements, t h a t i s , Beth s t r o n g l y agreed w i t h the 

statement A, t x i t s t r o n g l y disagreed w i t h statanents B and 
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C. Richard disagreed w i t h statement A but t i c k e d the box 

marked unsure -For B and C. 

The exception was David, who agreed w i t h statement A, then 

c o n t r a d i c t e d himself by then agreeing t h a t g i r l s were 

normally b e t t e r than boys. When asked t o c l a r i f y h i s 

statement A, he immediately r e p l i e d t h a t he r e a l l y meant 

t h a t sometimes g i r l s and boys were the same a t maths, but 

most times i t was g i r l s . He then c i t e d the name o f the 

most able c h i l d i n mathematics i n the class, who happened 

t o be a g i r l . 

Of the ten c h i l d r e n who completed the questionnaire, s i x 

e i t h e r s t r o n g l y agreed or agreed w i t h statement A. JVXD 

c h i l d r e n d i s a g r ^ d and were unsure as t o whether g i r l s or 

boys were b e t t e r a t mathematics. The two remaining 

c h i l d r e n thought t h a t g i r l s were b e t t e r a t mathematics 

than boys. No one thought t h a t boys were tetter than 

g i r l s . C3verall the c h i l d r e n appeared t o telieve t h a t 

t h e re was no o v e r a l l s i g n i f i c a n t d i f f e r e n c e tetween the 

c a p a b i l i t i e s o f boys and g i r l s i n the subject o f 

mathematics. Any s l i g h t bias appeared t o te towards 

g i r l s , t h i s may w e l l have had t o do more w i t h the female 

r o l e models the c h i l d r e n saw i n school. A l l p o s i t i o n s o f 

a u t h o r i t y were f i l l e d by women, the teacher who had 

r e s p o n s i b i l i t y f o r the ccmputer was a woman and as 

mentioned e a r l i e r the most able c h i l d mathematically was a 

g i r l . 

108 



I-f t he c h i l d r e n perceived no s i g n i f i c a n t d i f f e r e n c e i n 

the mathematics c a p a b i l i t i e s o f boys and g i r l s why then 

d i d the boys r e f l e c t a p o s i t i v e a t t i t u d e towards ccxnputer 

use and the g i r l s a negative a t t i t u d e ? The relevance o f 

t h i s i s important when one considers t h a t the computer 

work the c h i l d r e n were involved i n was mathematically 

based and t h e computer was housed i n the math»natics 

workshop, thereby i n d i c a t i n g a l i n k w i t h the subject a t 

the time o f the study. Research i s needed t o i n v e s t i g a t e 

the s o c i a l i nfluences a f f e c t i n g a t t i t u d e s o f g i r l s t o 

computers. 

Some research has already been completed i n t h i s area and 

presented as a s e r i e s o f papers, e d i t e d by Cel i a Hoyles, 

i n " G i r l s and Computers." She too urges more research i n 

the area acknowledging t h a t w i t h increasing use o f 

computers i n s o c i e t y a l l c h i l d r e n should have equal 

o p p o r t u n i t y t o reach t h e i r maximum p o t e n t i a l i n achieving 

computer s k i l l s . 
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Chapter 10 

B r i s t o l Test Results 

The c o n t r o l and research groups both took the B r i s t o l Test 

o f Mathematical Achievement before the research began. The 

standardised mean scores were 100.8 and 108.5 w i t h standard 

de v i a t i o n s o f 11.45 and 10.54 r e s p e c t i v e l y . A T-test 

i n d i c a t e d t h a t t h ere was no s i g n i f i c a n t d i f f e r e n c e between 

the groups (P=0.952). (Appendix 29) 

The two groups were w e l l matched o v e r a l l as a summary o f 

the s t a t i s t i c s given below shows. 

Area Group Mean T Value 2 - T a i l e d 
P r o b a b i l i t y 

Number A Control 4,1 
Research 4.9 -0.79 0.44 

Reason Control 4.6 
Research 5.8 -1.04 0.313 

Space A Control 6.0 
Research 5.8 0.18 0.862 

Measure A Control 4.5 
Research 2.5 1.66 0.115 

Laws A Control 4.1 
Research 4.0 0.08 0.94 

Standardised 
Score A Control 108.5 

ResearchlOS.S -0.06 0.952 

Percentage 
A Control 67.6 

Research 67.6 0.00 1.00 

The l a r g e s t d i f f e r e n c e between the groups occured i n the 

measurement p a r t o f t h e t e s t where the 2 - t a i l e d p r o b a b i l i t y 

was only 0.115 - but s t i l l w e l l above the usual 0.05 l e v e l . 

The o v e r a l l scores as i n d i c a t e d by Standard Score Test A 

and Percentage Test A were w e l l matched. 
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On a n a l y s i s o f the B r i s t o l Test Result i t was noted, w i t h 

disappointment, t h a t a l l o f the c h i l d r e n i n both the 

research group and the c h i l d r e n from the c o n t r o l group 

showed a decrease i n the Standardised Scores on Test B. 

The o v e r a l l decrease i n Test B scores rai s e d questions 

r e l a t i n g t o t h e choice and s u i t a b i l i t y o f the B r i s t o l Test. 

Was what the c h i l d r e n had t o do t o achieve a higher score 

on the B r i s t o l Test covered i n the S c o t t i s h Primary 

Mathematics Group scheme? 

and 

Was the area o f the work f u l l y covered and consolidated by 

the c l ass teacher? 

A cursory look a t the t e s t i n d i c a t e s t h a t the work which 

the t e s t would expect t o cover during the s i x month 

pe r i o d i s not covered s p e c i f i c a l l y by the S c o t t i s h Primary 

Mathematics Group scheme i n the same period. Work a t l e v e l 

f o u r includes area, length, weight, numter, volume, time. 

This work i s compatible, though not s t r i c t l y r e l a t e d t o , 

the B r i s t o l Test. There the t o p i c s are l a b e l l e d as teing 

numter, reason, space, measure and laws. However the 

v a l i d i t y o f the t e s t could also have been questionned i f 

the c h i l d r e n had been taught p r e c i s e l y t o meet the 

requirements o f the t e s t . Of the t e s t s a v a i l a b l e a t the 

time o f the study the B r i s t o l Test was selected as teing 

test s u i t e d t o f u l f i l l the research requirements. The t e s t 

was t o te used i n an attempt t o discover i f computer 

developed problem s o l v i n g s k i l l s were t r a n s f e r a b l e t o 

other areas o f mathematics and not merely t o t e s t the 
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success or f a i l u r e o f the S c o t t i s h Primary Mathematics 

Group scheme. The second question concerning the work 

covered and consolidated by the class teacher can only be 

answered s p e c u l a t i v e l y . The research group o f c h i l d r e n d i d 

not have the same class teacher throughout the study 

period. 

The c o n t r o l groups work was not subjected t o the same 

change. No i n d i c a t i o n was given t o suggest t h a t the 

mathematics work was not covered normally. Hcs^iever, 

unforseeable circumstances could not have been catered f o r 

during the design stage o f the research, when e f f o r t s had 

been made t o ensure s i m i l a r l e a r n i n g and t e s t i n g c o n d i t i o n s 

f o r a l l the c h i l d r e n involved i n the study. 

A t a b l e o f r e s u l t s f o r both the c o n t r o l group and research 

group f o l l o w s . The f i r s t f i g u r e i s the p r e - t e s t score, 

Test A, and the f i g u r e i n brackets i s the post t e s t score. 

Test B. 
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Non Logo (Control Group) 

Number Reason Space Measure Laws SS 7. 

TA TB TA TB TA TB TA TB TA TB 

K e l l y 8 (7) 9 (8) 8 (5) 7 (6) 6 (4) 124(111) 95(76) 

Rachel 4 (6) 8 (7 ) 9 (7 ) 7 (8) 6 (5) 121(108) 92(70) 

Mark 5 (2) 5 (5) 9 (4) 7 (6) 6 (4) 118(99) 88(48) 

Mathew 5 (5) 6 (6 ) 8 (7) 7 (7 ) 7 (5) 115(106) 84(66) 

Daniel 4 (1) 5 (1) 7 (6) 2 (2) 0 (3) 108(96) 70(39) 

Nicholas 4 (5) 2 (4) 6 (5) 6 (1) 0 (4) 105(96) 63(39) 

Tracy 4 (1) 3 (1) 0 (1) 2 (1) 4 (0) 96(83) 39(13) 

Susan 1 (1) 3 (3) 3 (2) 2 (2) 4 (3) 100(94) S)(34) 

Robert 3 (4 ) 5 (5) 7 (7 ) 3 (0) 8 (3) 104(92) 61(30) 

Louise 3 (0) 0 (1) 3 (0) 2 (0) 0 (0) 94(73) 34(4) 

10 c h i l d r e n i n group: 5 boys 

5 g i r l s 
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Research Group 

Numter Reason Space Measure Laws SS 7. 

TA TB TA TB TA TB TA TB TA TB 

Beth 7 (6) 9 (6) 9 (7) 6 (4) 6 (4) 131(111) 98(76) 

Anne-Marie 7 (6) 8 (4) 5 (7 ) 7 (4) 2 (0) 120(101) 91(52) 

Stephen C 6 (5) 8 (2) 6 (2) 3 (4) 7 (4) 116(99) 86(48) 

Peter 7 (6) 7 (2) 7 (5) 2 (1) 5 (0) 114(100) 82(50) 

David 8 (6) 5 (4) 8 (4 ) 0 (5) 2 (3) 108(99) 70(48) 

Richard 3 (2) 6 (4) 5 (3) 3 (5) 7 (3) 107(98) 68(45) 

Michael 6 (5) 1 (0) 5 (0) 0 (4 ) 5 (0) 99(88) 48(21) 

Graham 1 (2 ) 6 (2) 6 (8) 2 (2) 6 (3) 99(93) 48(32) 

Stephen L 1 (4) 5 (2) 5 (2) 0 (1) 0 (3) 99(93) 48(32) 

M i c h e l l e 3 (0) 3 (0) 2 (4 ) 0 (0) 0 (0) 95(77 ) 37(6) 

10 c h i l d r e n i n sample 
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Close examination o f the t e s t s showed t h a t the three 

c h i l d r e n from the research group who achieved high 

standardised t e s t scores on Test A showed a marked decrease 

on Test B. 

Standardised Score 

Beth A 131 B 111 Loss 20 

Anne-Marie A 120 B 101 Loss 19 

Stephen C A 116 B 99 Loss 17 

The t h r e e i n i t i a l high scorers from the c o n t r o l group also 

showed a decrease 

Standardised Score 

K e l l y A 124 B 111 Loss 13 

Rachel A 121 B 108 Loss 13 

Mark A 118 B 99 Loss 19 

Using c h i l d r e n from the research group a comparison 

was made w i t h the enjoyment scale i n the A t t i t u d e 

Questionnaire t o see i f a low enjoyment score c o r r e l a t e d 

w i t h a large drop i n the Standardised score on Test B. Both 

Anne-Marie and Stephen C. had scored 88.4% and 83.(7/. on the 

enjoyment scale. This i n d i c a t e d very p o s i t i v e f e e l i n g s 

towards the s u b j e c t o f mathematics. Beth the highest scorer 

and also the c h i l d w i t h the highest drop i n score, scored 

66.3% on the enjoyment scale. Not as high as might have 

been expected but, nevertheless, s t i l l p o s i t i v e . 
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I n the research group the two boys who tecreased t h e i r 

scores on Part B the l e a s t , both w i t h a reduction o f s i x , 

were i n the tettom group o f three c h i l d r e n who scored l e a s t . 

The two boys had a standardised t e s t score o f 93. 

One o f the teys had achieved a low score o f 40°/. on the 

enjoyment scale, i n d i c a t i n g a negative a t t i t u d e towards the 

su b j e c t . The other had r a t e d i t h i g h l y , w i t h a score o f 

69.4'/. 

The c h i l d who scored the l e a s t on both Test A and Test B 

also shewed a high drop o f 18 on the Standardised Score on 

Test B. This c h i l d had i n d i c a t e d a high degree o f l i k i n g 

f o r the s u b j e c t on the enjoyment scale, where she had scored 

88.4% 

The c h i l d who showed the l e a s t l i k i n g f o r the subject a t 

36.8°/. showed a drop o f 11 i n the Standardised Score on Paper 

B from 99 t o 88. 

The remaining t h r e e teys presented the f o l l o w i n g p i c t u r e : -

Peter 

David 

Richard 

Standardised Score 

A 114 B 100 Loss 14 Enjoyment 61°/. 

A 108 B 99 Loss 9 Enjoyment 57.8°/. 

A 107 B 98 Loss 9 Enjoyment 48.8°/. 
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There appeared t o te no evidence t o prove t h a t a low 

enjoyment score c o r r e l a t e d w i t h a large drop i n Standardised 

Score on Paper B or vice-versa 

C e r t a i n f a c t o r s which may have influenced the research 

group's f a l l i n scores must now te consitered i n greater 

tetail. A p o s s i b l e important cause may have been due t o 

th e change o f c l a s s teacher, t h i s was mentioned e a r l i e r i n 

the study. The new teacher d i d have background knowledge 

o f the content, use and implementation o f the S c o t t i s h 

Primary Mathematics Group scheme. She also had d e t a i l e d 

records o f the c h i l d r e n ' s work and was able t o discuss the 

c h i l d r e n ' s progress, or lack o f i t , w i t h the researcher who 

was now A c t i n g Head. What she d i d not have was the c o n t r o l , 

t r u s t and confidence o f the c h i l d r e n . One c h i l d i n the 

c l a s s , not involved i n the study, proved p a r t i c u l a r l y 

problematic. He caused severe d i s r u p t i o n and ruined the 

working atmosphere i n the classroom. He was subsequently 

t r a n s f e r r e d t o a tearding school f o r maladjusted c h i l d r e n . 

Other c h i l d r e n i n the class also took o p p o r t u n i t i e s created 

by the d i s r u p t i o n t o mistehave themselves. 

W h i l s t the teacher was e s t a b l i s h i n g h e r s e l f and the c h i l d r e n 

were coming t o terms w i t h another a d u l t classroom 

p e r s o n a l i t y , a l l areaas o f curriculum a c t i v i t y s u f f e r e d t o 

some degree. The exception was the DART work. This 

continued normally, monitored by the researcher i n the 

mathematics workshop. 
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The l e v e l t o which the c h i l d r e n ' s normal or expected 

mathematics education and progress was possibly hindered can 

not be determined. S u r f i c e t o say c o n t i n u i t y and progression 

was, t o some ex t e n t , hindered by the change i n teacher. 

On f u r t h e r examination o f the r e s u l t s a disconcerting t r e n d 

emerged i n a research group's scores i n the area o f 

reasoning, an area c l o s e l y i d e n t i f i e d w i t h problem s o l v i n g . 

A l l o f the c h i l d r e n , w i t h o u t exception, showed a decrease i n 

t h e i r score i n t h i s area. The highest drop belonged t o a 

boy w i t h a decrease o f 6. The lowest was a drop o f 1. The 

area o f reasoning showed the highest o v e r a l l decrease 

i n score. 

This p a t t e r n could not be detected i n the c o n t r o l group's 

scores i n the area o f reasoning. 

I t would seem t h a t , f a r from improving the c h i l d r e n ' s 

problem s o l v i n g s k i l l s , the programme o f work based on DART 

had i n f a c t p o s s i b l y c o n t r i b u t e d t o a decrease, according 

t o the B r i s t o l Test. 

Across the whole area o f mathematical problem s o l v i n g s k i l l s 

covered by the t e s t , t h a t i s , number, space, measure, 

a r i t h m e t i c laws and processes, the r e s u l t s showed an o v e r a l l 

general decrease i n Standardised Score both f o r the c o n t r o l 

group and the research group. 
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I n o r t e r t o show a balance i n comparison tetween the two 

groups a T-test was used again t o f u r t h e r evaluate the 

B r i s t o l Achievement Test B. The s t a t i s t i c s f o r the B Test 

are summarised below. 

Mean Area 

Numter B 

Reason B 

Space B 

Measure B 

Laws B 

Group 

Control 
Research 

Control 
Research 

Control 
Research 

Control 
Research 

Control 
Research 

T Value 2-Tailed 
P r o b a b i l i t y 

Standardised Control 
Score B 

Percentage B 

3.2 
4.2 

4,1 
2.9 

4.4 
4.2 

3.3 
3.3 

3.1 
2.0 

95.8 
Research 95.9 

Control 
Research 

41.9 
41.0 

-0.96 

1.16 

0.17 

0.00 

1.38 

0.02 

0.09 

0.349 

0.261 

0.864 

1.000 

0.183 

0.983 

0.927 

As w i t h the Pre-test there i s no s i g n i f i c a n c e o v e r a l l 

between t h e two groups. Hence the n u l l hypothesis t h a t the 

means are equal i s not r e j e c t e d . What i s o f i n t e r e s t and 

suggests the need f o r f u r t h e r research i s t h a t the 

standardised score has tecreased. A T-test on the standard 

scores f o r each group gives a p r o b a b i l i t y o f less than 0.005 

f o r toth grcRaps. 

W h i l s t some reasons f o r t h i s have been in d i c a t e d f o r the 

research group there i s no obvious reason f o r the d i f f e r e n c e 

w i t h t h e c o n t r o l group. The r e s u l t however i s supported by 

previous research by K. Cann 1988, "The E f f e c t s o f the Use 
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o f the Computer Language L0H3 on Primary Children's 

Mathematics" f o r the c o n t r o l group but not the research. I t 

was suggested t h a t perhaps the expected improvement w i t h age 

on the scores o f the B r i s t o l Achievement Mathematics Test 3 

are i n areas not covered i n the S c o t t i s h Primary Mathematics 

Group work i n l e v e l 4. 

These r e s u l t s f o r the research group are a t variance w i t h 

the research o f K. Cann. Here the non-rejection o f the nu.ll 

hypothesis supports t h e case t h a t t h e re i s no improvement i n 

mathematics g e n e r a l l y when the LOGO type program DART i s 

used. Indeed t h i s i s supported by e a r l i e r research 

conducted by Pea, Kurland and Hawkins i n 1982. Their work 

supports the view t h a t the a c q u i s i t i o n o f t h i n k i n g and 

planning s k i l l s i s not guaranteed by the use o f LOGO as a 

programming language. tAJhilst Hawkins and her colleagues 

were unable t o support the view t h a t an increase i n 

t r a n s f e r r a b l e problem s o l v i n g s k i l l s could be noted or 

q u a n t i f i e d they d i d r e p o r t t h a t : 

" t h ere was more t a s k - r e l a t e d i n t e r a c t i o n during 
computer a c t i v i t y than during other nan-teacher d i r e c t e d 
classroom a c t i v i t y . Most d r a m a t i c a l l y , there was more 
t a s k - r e l a t e d t a l k around the computer than during other 
a c t i v i t i e s i n sh o r t , c h i l d r e n seemed t o be t a l k i n g 
more about t h e i r work and doing so i n a c o l l a b o r a t i v e way 
when they were using the computer than when they were doing 
other classroom a c t i v i t i e s . Such d i f f e r e n c e s were 
s u r p r i s i n g i n classrooms i n which c h i l d r e n are o f t e n 
encouraged t o work together." (29) 

Much the same conclusion could be drawn from t h i s p a r t i c u l a r 

study. 
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As a no n - p a r t i c i p a n t observer i t was obvious t h a t w i t h i n the 

Mathematics Workshop the c h i l d r e n , working i n small groups, 

were indeed a c q u i r i n g s k i l l s o f indepentent learning. The 

c h i l d r e n could te seen encountering and dealing w i t h 

s i t u a t i o n s not u s u a l l y associated w i t h normal classroom 

a c t i v i t i e s . They proved, by the volume and q u a n t i t y o f work 

produced t h a t they could work with o u t teing supervised by an 

ad u l t . This was i n st a r k c o n t r a s t t o what was a c t u a l l y 

happening w i t h i n the confines o f the classroom during the 

p e r i o d o f adjustment t o the new teacher. The c h i l d r e n a t 

a l l times i n the workshop had t o r e l y on t h e i r own 

i n i t i a t i v e t o choose a s u i t a b l e plan o f a c t i o n i n order t o 

achieve success i n t h e i r s e l f d i r e c t e d set tasks. The use 

o f language and a p p l i c a t i o n o f communication s k i l l s was a t 

the heart o f a l l the c h i l d r e n d i d . The improvement i n the 

c h i l d r e n ' s language competencies was r e f l e c t e d i n t h e i r 

w r i t t e n language. The w r i t t e n opinions about t h e i r DART 

work r e f l e c t t h i s improvement and are evitence o f t h e i r 

a b i l t i y t o w r i t e i n sequence and express c l e a r l y t h e i r own 

thoughts. Samples o f t h e i r work can te fcxjind i n Appendixes 

30 - 39. 

Claims t h a t LOGO leads t o an improvement i n problem s o l v i n g 

and general mathematical a b i l i t y have been d i f f i c u l t t o 

prove. A reason f o r t h i s may te t h a t a t t h i s p o i n t i n time 

there i s no good measure o f problem s o l v i n g a b i l i t y . 

I n i t i a l research by the Brookline LOGO p r o j e c t (1978) would 

appear t o v a l i d a t e t h i s claim. This p r o j e c t was funted by 
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t h e United States National Science Foundation. I t s 

i n t e n t i o n was t o take a d e t a i l e d look a t c h i l d r e n ' s use o f 

LCOD. Non-standardised problem s o l v i n g and mathematics 

t e s t s formulated by s t a f f teaching on the p r o j e c t produced 

inconclusive r e s u l t s . 

I n t h i s p r o j e c t the B r i s t o l Test was used as an o b j e c t i v e 

t e s t , one which gives measurable r e s u l t s . The c h i l d r e n d i d 

not show improved progress. The t e s t , however, i s not 

intended t o measure other f a c t o r s which may be o f a 

s u b j e c t i v e nature and d i f f i c u l t t o q u a n t i f y . Improvements 

i n the c h i l d r e n ' s powers o f concentration, use o f 

mathematical language, planning, confidence and t h i n k i n g 

s k i l l s are a l l valuable competencies which must be nurtured 

and developed. A l l these p o i n t s were observed during the 

study p e r i o d but could not be q u a n t i f i e d by t e s t s used by 

the researcher. DART gave the c h i l d r e n the chance t o 

acquire these s k i l l s . Their work showed t h a t they could 

t h i n k and express t h e i r thoughts i n a l o g i c a l and s t r u c t u r e d 

way. I t a l s o gave the c h i l d r e n openings t o cormiunicate 

c l e a r l y amongst themselves as w e l l as w i t h the computer. 

C l a r i t y o f thought showed i t s e l f i n the c h i l d r e n ' s w r i t t e n 

work and i n t h e i r w e l l balanced responses t o the 

quest i onna i r e . 

The computer work also allowed the c h i l d r e n o p p o r t u n i t i e s t o 

be i n v e n t i v e and c r e a t i v e . Opportunities which would have 

been d i f f i c u l t t o provide i n the classroom. 
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O v e r a l l the c h i l d r e n enjoyed the DART work. The r e s u l t s o f 

the A.P.U. questionnaire r e f l e c t e d the c h i l d r e n ' s p o s i t i v e 

a t t i t u t e towards mathematics. However the contention t h a t i n 

e x p l i c i t l y programming the computer t o produce or perform a 

se t task i l l u m i n a t e s and tevelops the c h i l d ' s t h i n k i n g and 

r e l a t e d problem s o l v i n g s k i l l s i s not proven or tern out by 

the r e s u l t s o f the B r i s t o l Achievement Tests. Greater 

f a c i l i t y i n the a r t o f h e u r i s t i c s d i d not appear t o te 

teveloped by the e x p l i c i t nature o f programming. No proof 

emerged a f t e r a lengthy p e r i o d using DART t h a t the c h i l d r e n 

could somehow spontaneously show an increase i n 

unterstanding o f mathematics and i n other r e l a t e d areas o f 

le a r n i n g . 

S e l f discovery approaches t o lear n i n g appears t o ignore, or 

untervalue, standardised assessment procedures. Without a 

baseline measure there i s no c r i t e r i a f o r evaluating when 

the l e a r n i n g process has occurred or has been f u l l y 

unterstood and as s i m i l a t e d . 

The use, by the c h i l d r e n , o f DART as a programming language 

d i d not seem t o produce more ordered t r a n s f e r a b l e t h i n k i n g 

s k i l l s necessary f o r the development o f higher l e v e l 

i n t e l l e c t u a l a b i l i t y , nor d i d i t show i t s e l f t o accelerate 

the c h i l d r e n ' s c o g n i t i v e development. 
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Reconmendat ions 

This particular study i l l u s t r a t e s the need for more elaborate 

measuring instruments i n the areas of attitudes, language 

acquisition, confidence and problem solving. Only when 

mathematical development and achievement incorporating these 

s k i l l s can be accurately measured w i l l problem solving gain 

i t s place as an important component i n the average B r i t i s h 

primary classroom. 

A l l round systematic mathematical growth needs well planned, 

direc t instruction over a long period of time. This should 

be coupled with intensive and extensive practical a c t i v i t y 

where children have the opporunity to use previously taught, 

learned and assimilated experiences i n a variety of problem 

solving a c t i v i t i e s . 

The development of problem solving s k i l l s should not be 

undervalued or l e f t to haphazard and unreliable measures. 

The ways i n which the children's cognitive structures are 

transferred from task to task must f i r s t be i d e n t i f i e d i f the 

value of programming as a tool to foster higher order 

concepts i s to gain credence and acceptance. 

This also has implications f o r future teacher t r a i n i n g 

programmes, students and practicing teachers alik e should be 

made aware of the problem solving process and given 

encouragement and support to develop problem solving 

opportunities f o r children using the computer in school. 
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Guidance on when and how to intervene during such a c t i v i t i e s 

should be given. Planning, managing. monitoring and 

evaluating o-F problem solving a c t i v i t i e s must also be 

considered i-f opportunities which are available through 

programming are t o be -fully u t i l i s e d . 

U n t i l t h i s i s so, doubt w i l l remain that the transfer of 

problem solving s k i l l s w i l l occur i n the absence of direct 

instruction or long periods of intensive learning. 
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APPENUIX 2 - O E t K l l n i r L F m i h t m i l U A L LA^JGUAGE 

September measure few/ rei-<er/fewest 
Uctober potir f i 1 1 / f u l 1 / f u l l e r / f u l l e s t 
Novediber arrow emptv/emptier/emptiest 
IJc^csmber s i qn u p r i g h t / l e v e l 
S p r i n a count up/down 
GufiKTier sequence under/over 
Autuntn 1ncrease l e F t / r i g h t 
Winter decrease odd/even 
zero/rx3thi nq/ shape be f o r e / a f t e r 

rxiuqht s o l i d below/above 
Of IF? cube enua1/unequa1 

cone ver t i ca1/hor i zonta1 
hhiee cuboid i ns i de/outs i de 
f'o.ir c y l i n d e r behind/in f r o n t of 
r i ve sphere underneath/on top of 
s i x prism tesse1ate/tesse1 1 a t i on 
seven tetrahedron svmntetry/symmetr i ca 1 
e i a h t plane r e f l e c t / r e f l e c t i o n 
ni ne square r o t a t e / r o t a t i o n 
ten t r i a n q l e t r a n s l a t e / t r a n s l a t i o n 
e l e v e n r e c t a n g l e s l o p e / s l o p i n g 
twelve oblonq parallelogram 
thiirteen c i r c l e trapezium 
f'oLirteen diamond diaqonai 
f i f t e e n oval c i rcumference 
s i x t e e n e l l i p s e perimeter 
seventeen po1yqan l i n e 
e i a h t e e n pentagon edge 
nineteen hexagon corner 
twentv octagon ver t e x / v e r t i c e s 
t h i r t y q u a d r i l a t e r a l f a c e 
f o r t y rhombus s u r f a c e 
r i g h t angle round add/addition 
e q u i l a t e r a l s p i k y s u b t r a c t / s u b t r a c t i o n 
blunt touqh m u l t i p l y / m u l t i p l i c a t i o n 
hoi low a c r o s s d i v i d e / d i v i s i o n 
almost crooked p a r t i t i o n / p a r t i t i o n i n g 
n e a r l y pointed map/mapping 
between - - - - match d i f f e r e n c e 
next to e q u i v a l e n t take away 
every s o r t remainder 
the same as equal/unequal share 
manv quarter c a p a c i t y 
makes times mass 
estimate shop/shiopping weight 
t a l l y s e l 1 / s o l d gram 
uni t / l o n g / f l a t / b l o c k buy/bought kilogram 
bead spend metre 
cciunter change centimetre 
b r i c k penny l i t r e 
peg pence m i l l i l i t r e 
p a t t e r n pound balance 
together c o i n day 
double are a season 
h a l f volume pyramid 
t h i r d 
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Soinn i.'y'ujs To Tiy 

you ( l inw a picture of a s(|liai<3 ? 

Whiif (lu yuii luivn 
lu do at tlu) comers ? 

(:ni\ you draw theso shapes ? 

If you wa i i l (he l3Afi r lo move w i l l i ou t 
f i rawi i i f j a line, then you can use PtN UP 

I ry this: 

rnEsii 
PORWARD 20 

PEN UP 

PORWARD 20 

PEN DOWN 

PORWARD 20 

You now know enough lo draw any sha|)es 
you wish. 

Don't make t l iem too com|j | icaled to begin 
w i th . 

A 
A 

A 

- -

I lere are some ideas: - APFEN.DIX k 
129 



0. 
r 

L S O 

j? • ., i • -.'-1 •• •':•>'. 

JL^l/Cyajuo^ jJb coxx^^ 

APPENDIX 5 

130 



• i 

\00 
mm 

la 

0U4> 

APPEND;,:): 

31 



APPENDIX 7 

152 



! i'l 
I I 

5 45 

' })' 50 

50 

.'VLFVO- a/rv-a|k& 6(>5n~ê  cyxuJ^ 
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FCM. "IJART02" I 

5 .^'Creating p i c t u r e s by J 
..''DART J5ntoving a ' d a r t ' around J • 
5 .5thi3 s c r e e n and a t u r t l ^ / 
3 .5robot around the f l o o r . y 

upppppppuppppppppppppppppppppppp/.'p^ 

O p e r a t i n g System 1.2 

Based on OMfordshire County 
C o u n c i l c o p y r i g h t m a t e r i a l , 

P r e s s B P A C E i f you want help. 
T h i s i s your o n l y chance to s e e the 
li e l p pages. 

I f you want to copy t h i s program,. 
pressESCAPEand do i t now. 

PressRETURNwhen yoU want to s t a r t ' 
drawing. 

V e r s i o n 2.3 Copyr i g h t AUCBE 1984; ' 
,» .• .» .» .» .• .• f t .«• tffffffftftfffrtftffttfft 

For the l i s t of commands type COMMANDS 

rl.EPT 90 
!FORWARD 70 
sLEFT RIGHT 90 
! FORWARD 35 
:RIGHT 90 
:FORWARD 70 
:RIGHT 90 
: FORWARD 35, 
:RIGHT 90 
:FORWARD 10 
sLEFT 90 , y 
!FORWARD 20 , 
!RIGHT 90 
:FORWARD 10 i , 
!RIGHT 90 » 
s FORWARD 20 APPENDIX 1Q • ', V 
!LEFT 90 



tLF-FT 90 
tForwAni.) 20 

iFORUAni) 10 
sMIGIir 90 
sronwAni) 20 
:I.EFT 90 
•PoRWAni) 20 
:Ml GUI 90 
I f OR WARD 3 

ft 

Mi i ng 
I I I iiTib??r 
;RlGin 90 

!lF-FT FORUARU 10 
:I.FFT 90 
! FORWARD 5 
: FORWARD 10 
sLFFT 90 
: FORWARD 20 
!LFFT 70 
:FORWARD 30 
:I.FFT 90 
: FORWARD 10 
rl.EFT 90 
: FORWARD 15 
:RIGHT 90 
!FORWARD 5 
Jl F_FT 90 
:FORWARD 5 
iL F F T 90 
J FORWARD 5 
rLEFT 90 
! FORWARD 20 

APPENDIX- 19 8cU 



/ 

h O K W A H U \W 
LEFT 90 
FORWARD 30 
RIGHT 90 
PEN DOWN • 
FORWARD 10 
LEFT 90 
FORWARD 10 / 
LEFT 90 
FORWARD 10 
LEFT 90 
FOF?WARD 10 
PEN UP 
RIGHT 90 
FORWARD 30 
PEN DOWN 
FORWARD 10 
RIGHT 90 
FORWARD 10 
RIGHT 90 
FORWARD 10 
RIGHT 90 
FORWARD 10 
PEN UP 
BACKWARD 20 
RIGHT 90 
FORWARD 9020 
PEN DOWN 
FORWARD 20 
RIGHT 45 
IIRIGHT 90 

BRIGHT i s n ' t u n d e r s t o o d 
:RIGHT 90 

FOF^WARD 75 
BACKWARD 75 
RIGHT 90 
RIGHT 45 
LEFT 90 
FO TOWARD 115 
LEFT 45 
LEFT 90 
FORWARD 75 
RIGHT 45 
FORWARD 20 
RIGHT 90 
FORWARD 20 
LEFT 90 
FOF?WARD 10 
LEFT 90 
FORWARD 25 
FORWARD 5 
RIGHT 90 
LEFT 180 
FORWARD 10 
FORWARD 10-
FORWARD 20 
F T N T RH 
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sR'tGIIT 45 
:PEM UP 
.-BACKWARD 100 
•.RIGHT 90 
sPETN DOWN 
:FORWARD 100 
!BACKWARD 200 
:LEFT 90 
:FORWARD 200 
:RIGHT 90 
:FORWARD 200 
.•RIGHT 90 
5FORWARD 200 
:PEN UP 
5 BACKWARD 25 
:RIGHT 90 
:FORWARD 525 
sLEFT /+5 
:PEN DOWN 
!FORWARD 31 
:RIGHT 45 
:FORWARD 100 
.•RIGHT 45 
:FORWARD 31 
:RIGHT 90 " 
I RIGHT 45 
:FORWARD 142 
: BACKWARD 25 
sLEFT 90 
tFORWARD 5 0 
:LEFT 90 
:FORWARD 75 
sLEFT 90 
!FORWARD 50 
:LEFT 90 
!FORWARD 25 
:LEFT 0090 
!FORWARD 25 
:RIGHT 90 
:FORWARD'20 
cRIGHT 90 
:FORWARD 255 
:PFN UP 
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CH,"DARPRIN",."DARPRIN" 

APPENDIX 21 

150 



| r | , 

APPENDIX 22 

; l 5 i 



F500 i s n ' t 
un dr?r stood 
: FORWARD 500 

iFINSHFINISH 
CH."DARPRIN" 

If 

i - n i i 

\\fHsrJb oujt^"' 

l o t 

/ 

I < 
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REPEAT 144 

/tjPEPEAI 144 
,77 FORWARD 70 
m L E F r 89 
m END 
:FEN UP 
: FORWARD 300 
: r• 11\| IBH 
> CI lAIN DARPR" DARPRIN" 

p 
\i2rejr 
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Pror.:(?( l u r e s : 
GROOVy 

f'fnoiK T t i r 14 
r i i o v i ? 
: (1 u o <:i V Y F 0 w A ru.) 5 3 4 

. C H A I N " D A R P R I N " 

Ha, 

/ 
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P r o c e d u r e s : n.r,h<Krc\ ^'^'^ I C L f e P 
COBRA / O ^ 
AERO \\-^,<, , 3 c c l / L K i b ^ 1 ^ ; 
<;if̂ ::>ovY 
I UMNE L 

on t l i e C Z / ^ / A 

TAR L^-»£t^ w / y ' ^ ^ : > n e 
B I G B T A R 
<;!HAF'F 
BI IAF'EI 
S I IAPE2 
SHAPE. J 
SIIAPEA 
BIIAPE!::) 
SUN 
SOI..AR 

Rooin f o r 1 
m o r e 
:Ct lANGE BOLAR 

CHANGE 

P r e B B 7 t o r e m o v e a l i n e m t o i n s e r t 
a t o m o v e u p /7 t o m o v e downCOPY t o c h a n g e s t o r e s ESCAPE t i j 

SOLAR 
PEN UPBACKWARl) 9 0 P E N DOWNREPEAT 7 2 FORWARD 3 4 5 LEFT 543END REPEAT 7 2 FORWAi 

L E F T 5 4 3 E N D REPEAT 7 2 FORWARD 3 4 5 L E F T 543END REPEAT 7 2 FORWARD 2^5/7!/7?m/7J/7?m, 

PEN DOWNREPEAT 7 2 FORWARD 3 4 5 L E F T 543END REPEAT 7 2 FORWARD 3 4 5 LEFT 543EN1 
A r 7 2 FORWARD 3 4 5 L E F T 5 4 3 E N D REPEAT 7 2 FORWARD 3 4 5 LEFT 543END mmmmmmmmmmK 

:LOAD G J J B 
L o a d i n g G J J S 

P r o c e d u r e s : 
COBRA 
AERO 
GROOVY 
TUNNEL 
STAR 
B I G B T A R 
SHAPE 
SHAPE J. 
SHAPE2 
SHAPE3 
SHAPE4 
SHAPE!:) 
SUN 

J^if ' APPENDIX 27 
b.JJt j 

No m o r e r o o m 
:CHANGE G J J S 
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APPENDIX 2 8 

STATEMENT Sti oiigly 
Aijr ce Agree Disagree Strongly 

Disagree Unsure 

1 enjoy most th ings 1 do in maths. * 
10 

1 o f ten get into d i f f i c u l t i e s wi th 
my maths. 11 

Maths i s a very use fu l s u b j e c t . 12 

I'm always glad of a brealc from maths. 13 

I'm s u r p r i s e d i f 1 get a lo t of 
maths r i g h t . 14 

1 never fee l lll<e doing maths. 15 

Maths I s only important in a few j o b s . 16 

Maths never gets b o r i n g . 17 

1 th ink that g i r l s and boys are 
equa l l y good at maths. i 

18 

Maths i s not one of my f a v o u r i t e 
s u b j e c t s . 

i 

1 
19 

1 use maths to help me In l o t s of ways 
in s c h o o l . 

J 
20 

1 u s u a l l y understand a new idea in 
maths q u i c k l y . 21 

Maths books are I n t e r e s t i n g . 22 

1 think i t ' s d i f f i c u l t to get on in 
l i f e i f you haven' t done much maths. 23 

Maths i s one of my be t te r s u b j e c t s . - • 24 

At the end of a maths l esson 1 fee l 
more c l e v e r . 

25 

1 can u s u a l l y understand my maths 
textbook. 

26 

• 
1 wish 1 d i d n ' t have to do maths. 27 
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STATEMENT 

I can use maths to s o l v e some everyday 
problems. 

Even when I can do maths I don' t l i k e i t . 

I get l o s t i f I miss any work in maths. 

I l i k e i t when there I s something new 
to learn in mathis. -̂

Strong ly Strongly Disagree Unsure Disagree 

I enjoy everyth ing I do In maths 

I think that without maths our l i v e s 
would be much harder 

I don' t I ike maths l e s s o n s . 

Maths of ten gets too compl icated for me. 

Maths w i l l help me to get a job one day. 

I'm disappointed when I miss a 
maths l e s s o n . 

There are far too many th ings to 
remember In maths 

I s igh with r e l i e f when maths Is over 
for the day. 

I don' t need maths much out of s c h o o l . 

I 'd rather do other s u b j e c t s than maths 

A lot of the maths we do i s a waste 
of t ime. 

Maths books are hard to fo l low 

I think that g i r l s are normally bet ter 
than boys at maths 

I'm always keen to s t a r t my maths 
lessons 
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STATEMENT Stronply 
Agree Agree Dl sagree Strongly 

Disagree Unsure 

Ordinary people don't use maths 
very much. 46 

1 look forward to my maths l e s s o n s . 
1 

47 

1 u s u a l l y get most of my maths 
r i g h t . 48 

1 don't think maths is very 
i n t e r e s t i n g . 49 

1 s h a l l be able to get on without 
knowing much maths. 50 

I ind maths an easy s u b j e c t . 51 

Maths won't be very important to me 
when 1 leave school . 52 

1 don't think maths is d i f f i c u l t . 53 

Boys are normally better than g i r l s 
at maths. 54 
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, 3 A p r 9 0 BPSS--X RELEASE 3 , 0 FOR IBM NTS 

1 0 : 0 4 : 3 8 U n i v e r s i t y o f D u r h a m 
P a g e 

F o r U n i v e r s i t y o f D u r h a m 
T h i s s o f t w a r e i s f u n c t i o n a l t h r o u g h May 3 1 , 1 9 9 0 . 

T r y t h e new S P S S - X R e l e a s e 3 . 0 f e a t u r e s : ' 
* I n t e r a c t i v e Sf- 'SS-X c o m m a n d e x e c u t i o n 
* O n l i n e H e l p 
* N o n l i n e a r R e g r e s s i o n 
* T i m e S e r i e s a n d F o r e c a s t i n g (TRENDS) 
* M a c r o F a c i l i t y 

L i c e n s e N u m b e r 6 1 4 6 4 0 

* I m p r o v e m e n t s i n : 
* REPORT 
* TABLES 
* S i m p l i f i e d S y n t a ; 
* M a t r i : ; I / O 

S e e S P S S - X U s e r ' s G u i d e , T h i r d E d i t i o n f o r m o r e i n f o r m a t i o n o n t h e s e f e a t u r e s . 

1 O DATA L I S T F I L E = D A T 1 0 0 / I D 1 - 3 GP 5 N l 7 N2 9 R i 1 1 R2 13 S I 15 S 2 . 1 7 N 

M2 2 1 L I 2 3 L 2 2 5 S S I 2 7 - 2 9 SS2 3 1 - 3 3 P I 3 5 - 3 6 
1 9 

2 O 
2 3 8 - 3 9 
THE COMMAND ABOVE READS 1 RECORDS FROM D A T 1 0 0 

V A R I A B L E REC START END FORMAT WIDTH DEC 

I D 1 1 3 F 0 
Gf-' 1 5 5 • F 1 0 
N.1, 1 7 7 F 1 0 
N2 1 9 9 F 1 0 
R l 1 1 1 1 1 F 1 0 
R2 1 1 3 1 3 F 1 0 
S i 1 1 5 i 5 F 1 0 
S 2 1 1 7 1 7 F 1 0 
M i 1 1 9 1 9 F 1 0 
M2 1 2 1 2 1 ,' F 1 0 
L I 1 2"''. 2 3 ' F 1 0 
L 2 1 2 5 2 5 F 1 0 
S S I 1 2 7 2 9 f- 0 
SS2 1 3 1 3 3 F "T 0 
PI 1 3 5 3 6 F 0 
P2 1 3 8 3 9 F 0 

END OF D A T A L I S T TABLE 

4 
5 

5ET L E N G T H = 7 2 
0 BET WIDTH^BO 
L I S T CAGES TO 2 0 

IT h e r e a r e 6 3 7 7 6 b y t e s o f m e m o r y a v a i l a b l e . 
I T h e l a r g e s t c o n t i g u o u s a r e a h a s 6 3 7 7 6 b y t e s . 

6 7 2 BYTES OF MEMORY REQUIRED FOR L I S T PROCEDURE, 
1 4 4 BYTES HAVE ALREADY BEEN ACQUTRI.ID. 
5 2 8 BYTES REMAIN TO BE ACQUIRED 
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I I.I Iii I I 1 . 11,' I I 

I I •! 
I •! H 

I I :i 
I I I 

/i I •! :•' 
I I I 

( t i l l 
7 I. 'I 

.1, (..» J. .i 7 
i .t. . 2 / 7 
I : • : / r t 
1 2 A "\ ft 
I 'I ., ' /• A 7 

* .1' i It 6 
I/, V - 7 h 
I ; ' i .1. 
I n :.: i. :.' 
.17 I. 'I 

•. 1 ' • : 1 L 1 •TTr 1 1 1 '2 

(1 / h. 4 1.11 9r:> 76 
•? / It /. ! \ 1 .• 1 •• 1 M i l '7'2 /'> 

7 ? (':> /) •^ .1 .in 9 9 U B 4 0 
/. fl - / / 7 1 1 10^. B' l 66 
1 / ' ' '> (.1 .l.OR' 9 6 7 0 3 7 
1 h ;i h 1 (> .171.3 ' 96 hS • ':.•'-) 

1 (.) .1 .1 4 <:) '76 0 3 3 9 13 
' •} '.» ' * 4 ;.T, .1.1".' 94 fjO 3 4 

'.1 / 7 r 1) f.;l "'. .1 04 9 2 61 3'''> 

I r 1) (\ (.) (_) 74 7 3 3 4 4 

6 7 B • r 
1 h 4 1.31 1.1 1 9 0 76 

'1 ri 7 '\ 0 1.20 1 0 1 9 1 ::>2 
C;) ' 4 7 / | .( i (':. 9 9 06 40 

'.'•> / 1 (.1 1 14 100 0 2 5<) 
'^ ft 4 0 !!< .1 OR 9 9 7 0 4 0 
'] 3 •7 r> 7 ..'^ 1 0 7 9B 6 8 4r> 
0 ri (.) 0 4 (1 7 9 RtT 4 0 2 1 

6 f? .j> 9 9 9 3 40 3 2 
;i 0 .1 ri -T, 7 9 9 3 40 

o 4 0 (} (J 9f.i 7 7 3 7 6 
2 0 HUMF.iFrR O F C A B F 

L I : A B E : 3 . <> F(J|-< I Bl l III B 

C . . o r > b » ~ o \ 

2 0 
F'age 

J0:'t.'|;/|2 l . l n l v r ' r ? 5 i l y o f D u r h a m 

F i<i:.(.:i:;.i)iii(:; I A B L f<F^i;iuiRf:-D 0 . 0 6 B E C U H D S C P U I J I I E ; 0 . ^ 1 3 B E C O N D S E L A F - ' B F D 

6 I I l - B l H R U I . . i P B = e P ( l , 2 ) / VARIADLES^^N i T O P 2 C o r ^ p c ^ r - i s o o V > c U o c < -
l l i r - r r - 6 ' l 21^36 by tors o f m e m o r y a v a i l a b l e . CO'->.\:rro\ v r e O J - c S ^\rocA ip 
I l i e l r i i ' i i ' - l r o n l...i.(:iuous a r e a h a s 6 3 6 0 0 b y t e s . ^ro^ C d . c _ U Cizj-s^ o ( - LV^< 
nil-; I I L B I I ROl iLLH R E U U I R E B 7 0 4 B Y T E S OF W O R K S P A C E 

3 AI M- '• ':) BI BB X F JELEABE 3 . 0 FUR I Oi l M f S _ P a g e 
1 0 : 0 ' l : ' i 2 U n i v e r s i t y o f D u r i i a m ., ; 

i:^l?UIIP 1 - (:!|> E O i : 
BF^MUI' 2 - UP E O 2 
VAiaAHLI:: NUMBER BTANDARD STANDARD 

Of' C A S E S M E A N D E V I A T I O N E R R O I A ' 

M l 
UI'MIUP 1 1 0 4 . 1 0 0 0 V 1 . 7 9 2 0 . 5 6 7 

i ' 
01 Mil 11' 2 l O 4 . 9 0 0 0 ^ 2 . 6 4 4 0 . 8 3 6 

* POOLED VAfUANCE E S I I MA I E * SEf-'ARATE VARIANCE E S T I M A T E 
* * 

F 2 I A l l . * T DEURIiEB OF 2 - 1 A I L * T DEGREES OF 2 - T A I L 
VAlUi ; : IPUF^ . * VALUE FREEDOM PROD. * VALUE FREEDOM PI-vOB. 

2 . 1 0 0 . 2 6 2 « - 0 . 7 9 1 0 ( o ^ ^ S ^ - « - 0 . 7 9 1 5 . 8 3 0 . 4 4 0 

^ A I U A D I F NUMBER BTANDARD 5T^ 
IJF CASES MEAN D E V I A T I O N ERROR 

BRUUP 1 10 3 . 2 0 0 0 , , 2 . 4 8 6 0 . 7 0 6 

BRUUP 2 10 4 . 2 0 0 0 ,l6l , 2 . 1 5 0 0 . 6 8 0 



I ,.« I i\ I L :» I UECJI} |£ i :?. rW"t f ' fHiL * 1 Ul•.••;{:•! i ' : i i i - lYM l.. 
V n l l l l I UUI^.. * VALUE r i i L E D U M l-'I 'UIB. * VALUE FREEDOM PROD. 

I . '.-( f. - 0 . 9 6 1 0 0. '5 .19 * - 0 . 9 6 1 7 . 6 3 0 . 3 4 9 

: M|>i <;r!:;P X RM.LASE 3 . n r U R 1 B l l lU ' l^ P a u e 
l " : " l ; ' L ' Uii j >.nr F i i l.y o f Dur l i a r i i 

( i L l t l l f .1 (il • . f {\ .1. ' ' 
( i L U U f y • Ol ' LU 2 
VnlMAI t l . r - t lUHIiLI? SIANDARD BIAMDARD 

(.11 • CABliO MEAN D i ; : V [ A I J U N EIMRUR 

U|;-( lur- I. . to 4.6<.»00 .. 2 . 7 1 6 0 . 8 5 9 

( ; i . n i l l ' ..' in 5.B<..H.Mt . 2 . 4 4 0 0 . 7 7 2 

+ I UULED VAfJlAlvlCE E S I .U I A r E * SEPAI<AT E VARIANCE E S I U lATE 
f * 

r .' I r U I . i I DEUREES UF 2 - I A I L * T DEGREES Ul" 2 - r A l L 
V A l U r l l? ( in . . t VALUE l-REEDUM P l i U B . * VALUE FREEDOli PI^OB. 

1 ' . K 7 5 ' i * ••l.'.»4 18 0 , 3 1 2 * - - 1 . 0 4 1 7 . 8 0 0 . 3 1 3 . 

VriL IA.i !! I . HUl lBECv' S I ANUARD SIANDARU 
0 1 ' CABl iS ITEAI'J D E V i A T l U N ERROR 

(•\ <{ U.!l • I IC.) 4 , ) 0 0 0 2 . 5 5 0 0 - 8 0 9 

(.iRiil.li' t o . 2 . 9 U 0 0 ; 2 . 0 2 5 0 . 6 4 0 

1( POOLEU VARIANCE ESTU ' l iV lE * SEPARATE VARIANCE ESTIMATE 
* * 

I- 2- - I A I L « T DEGREES OF 2 - i ; A l L « T DEGREES OF 2 - - T A I L 
VALUE r--|;;UB. * VALUE FREEDOM PROD. » VALUE FREEDOM PROD. 

1 . f ,V O. Ml % 1 . 1 6 1 8 0 , 2 6 0 * 1 . 1 6 1 7 . J 0 0 . 2 6 1 

Ari l 9 0 BI S 8 - X RELEASE 3 . 0 FOR IBM M I S P a g e 
I " s ( I'l : '\.:' I.li) i. v e r s i t y o f Dur ham 

T - f E S .T c T - - -

UROUP t U l ' EO 1 
uî uup 2 ur̂  EO 2 
VrM H ALU L l-iUMBER B f ANDARU ST ANDARD 

UF CASES MEAN D E V I A T I O N EliROR 

B.t 

Ur^UUP I. 10 6 . 0 0 0 0 : 3 - 0 1 8 0 . 9 5 5 

UI'M.iUI' 2 1 0 5 . 8 0 O 0 - 1 . 9 3 2 0 . 6 1 1 

X l OULED VARIANCE E S T i l I fKt^ * SEPARATE VARIANCE EG r i l l A l E 



APPENDIX 29 
•niV .nL I I IIIIITWI; R' iiVIDORD S I AIinARD 

Ul CABl iS IIEAIJ D E V . r h l l U N ERI^lUR 

(I I111II I 1. <.' ' '1.4 ' . . IO 2 - 5 9 1 (.1. (.:) 1.'? 

I ;| III II .: i<.> '1.2<.»U0 • ' 2 . 5 7 3 <.).814 

« |-UULI:.D VA IUAI ICE E S r i l ^ t A l E « B E r A I < A I E VARIANCE E S I IITAT E 
:f ' . • * 

I y I ( i l l . # I DEUI<EEB Ul- 2 - I A U . . * 1 UEGRELB UF 2 - r A l L 
. VAI. Ui: l -ROI ' . t VALI.IE tT^EEDUM I 'RUB. * VALUE l-REEDUM PRUD. 

I. .'"I " . ' i ' R - l i}.\.7 18 U . 8 6 4 * 0 . 1 7 1 8 . 0 0 0 . 0 6 4 

' Mpi •:;i'B!:; X rUlLEASE 3 . 0 rUI? I B I T M I S P a g e 
I . ' I : (..I'j : ' I . ' I II I i v e r r. .i. t y o f D u r l i a m 

URUUI' .1 (!l EU 1 
URUUi:' V {}]• EU 2 
VAinrw. ' i I.. uu i iHEic B I A N D A R D B I A N D A R U 

U|- C A S E S M E A N D E V i A M O N EI^ROR 

111 

UI'UIII' \ 1 0 4 . 5 0 0 0 , ' 2 . 4 6 1 0 . 7 7 0 

UI<fiUI' -.̂  10 2 . 5 0 0 0 2 . 9 1 5 0 . 9 2 2 

t PUULED VARIANCE E B T I U A I E * SEPARATE VARIANCE ESTIMATE 
t ; * 

I 2 I A I L * T DEGREES UF 2 - T A I L * T DEGREES UF 2 ~ r A l L 
'UJir- I ' l^UB. * VALUE FREEDOM PRUB. « VALOE FREEDOM PROB. 

\ . ^ ^ | } 0 . 6 2 2 * 1 . 6 6 1 8 0 . 1 1 5 * 1 . 6 6 - 1 7 . 5 1 0 . 1 1 5 

V A i n A B l E NUMBER STANDARD STANDARD 
Ul CASES MEAN D E V I A T I O N ERROR 

l iRUUI' t 1 0 3 . 3 0 0 0 3 , 0 9 3 0 . 9 7 0 

UI-'UIH' 2 10 3 , 3 0 0 0 ^ 2 . 2 1 4 0 . 7 0 0 

* PUULED VARIANCE E S I IMA I E * SEPARAIE VARIANCE ESTIMATE 

r 7 I A l l 1! 1 DEGREES UF 2 - I A I L * T DEGREES UF 2 - T A I L 
V A N II P ! ; n i ^ * VALUE FREEDOM FROB. * VALUE FREEDOM PROB. 

1 . 9 5 0 . 3 3 3 * 0 . 0 0 18 1 . 0 0 0 « 0 . 0 0 1 6 . 3 0 1 . 0 0 0 

3 A|) i Vi.> B I ' B B - X REI EABE 3 . 0 FOli; IBM MI 'S , P^^UR 
. • . ' ; M T : T ': Uii.i v f T 5 ; i l:y o f D u r l i a i n ' ^ 
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1 , .1 »..oO 3 . 0 7 1 0 , 7 7 1 APPENDIX 29 

4 .0UOO 2 . / ' i v " 1167 

F 1 ( 1 1 1 1 r i ) VfUiir^iJi.;!;:; E B i i i i A i E t B L - P A R A I E V A R I A M U E E S T I M A T E 

I ..' I , i l l r DEI^ IRLEB 111- 2 - ; i O l L * 1 D E G R E E B U P 2 - - I A . r L 
, , „ . . I | ; : ( | | , . t VrM .UE f R E E D U I I P W m . * VA I . . .UE F R E E D O M P R O D . 

1 

(.,. 7 ' |6 * 0 . 0 0 1 0 0 , 7 ' i o * 0 . 0 0 1 7 . 7 0 0 . 9 4 0 

I 

VniMrUil r IIIIIIBPR yiANDARU B lAMUARD 
(ii- C A S E S M E A N l i ev i / v r ioN E R R O R 

(: |<(i l i | ' .1 1 0 3 . 1 0 0 0 1 . 7 9 2 n . ::\67 

111'III i|- l U 2 . U 0 U O 1 . 7 6 4 0 . 5 5 Q 

* l- UULED VARIANCE E B I l r i A l E * BEI- ARAT E VARIANCE EB I ll^lA rE 

|: .' l o l l . . * T DEBREEB UF 2 1 A . F L * T DEOREEB (IF 2 - r A f L 
• ; r , i i i i I T ; ( I P . t VALUi;:; F I ^ E E D U I I P ? < O B , * V A L U E FREI : :D( . IM P R U O . 

I..'»:'. ( . ' . ' ' 63 i 1 . 3 0 1 0 O . 1 0 3 * 1 . 3 0 1 0 . 0 0 0 . 1 0 3 

3 n | H 7 M BI-BB X lvPI..,EABE 3 . 0 EUR IBM M I S P a g e 
I o ; ! . ! / ! : . | . ] . I.ln.i.voi F , i l:y o f D u r i i a m ; 

(iRniir- t. (.11 • EO 1 
OF-OI IP 2 OF- EO 2 
V r ^ R I A B I I i NUMBEi< B!ANDARD STANDARD 

01- CASES MEAN D E V I A T I O N ERROR 

B B l 

GROUP 1 1 0 1 0 0 . 5 0 0 0 1 0 . 5 4 4 3 . 3 3 4 

CI^MIIIP 2 l O lOO.OOOO J . 1 . 4 4 0 3 . 6 2 0 

* POOLED VARIANCE E S f L I A T E * S E P A I i A I E VARIANCE E S T I N A I E 
t "' ' * 

I 2 T A I L * r DECREES OF 2 : -1 ;A(L * 1 DEGREES OF 2 - T A I L 
' /ALI i r ; ( •RUB. * VALUE FREEDOM PliUB. * VALOE FREEDOM PROB. 

n . n i , , * - 0 , 0 6 I B 0 9 5 2 * - 0 . 0 6 1 7 . 0 8 0 . 9 5 2 

v/A|. IAV: IF NUMBER - MWDARD STANDARD 
OF CASES MEAN 0 1 ? / . I A T I O N ERROR 

(:;R(I|I|:' 1 10 9 5 . 0 0 0 0 1 1 . 5 2 6 3 . 6 4 5 

( ! | : i | l l | ' 2 10 9 5 . 9 0 0 0 [ ' : 9 . 0 1 2 2 . 8 5 0 ^ 

Y p o o l FD VARIANCE EBf' k-JE * SEPARAIE VARIANCE ESTIMATE 

'1. T A ri 



^ A | n 
I ' > ; M/| : / | 

A P P E N D L X 2 9 

'M BS >: Kl l . l -ABE 3.'.. ' F O R IBIT I ITS 
I In t. ' .. 'r s i t y (.1 f D IM ham 

T 

'. C'i 

• I E S T 

P a u o y 

i ; i ' i i i i l ' .1 
C I d i l l ' .' 
" ( Î ' l rU 'l I 

I I 
Ul I nil- I 

• IMil 2 

l:.U 
FU 

|.IUITHI^I^ 
Ul- CASES 

1 0 

1.0 

.1 

BIAUUARU 
MEAN D E V I A l l U N 

6 7 . 6 0 0 M 

6 / ' . 6U0U 

. 2 2 . 0 0 6 

1 2 1 . 3 7 6 

S l AI IDARU 
ERf?(jri! 

6 . 9 5 9 

6 . 7 6 0 

r 
VrM u i : 

I A l l 
PRUH, 

VARIAIH r. 

* PUULED VARIANCE E S I 1 MATE * SEPARATE VARIANCE E S T I I I A I E 

« I DEGREES Ul- 2 - r A l L * t DEGREES UF 2 - r A l L 
* VALUE. FREEDUIT Pi>UD. » VALUE FREEDUM • PROB. 

0 . 0 0 

tlUITBER 
(..ir- CASES 

18 l .Oi. iO * 0 . 0 0 1 7 . 9 8 1 . 0 0 0 

STANDARD 
I IEAII D E V I A T I UN 

ST ANDAICD 
ERRUR 

BKI li .il - I 

URIMH' 2 

t ' . l 

.1.0 

4 1 . 9 0 U 0 

'I t . o<.»o<.» 

2 3 . 7 1 0 

. 1 9 . 2 3 0 

7 . 5 0 0 

6 . 0 3 1 

I- I n I L 
VAl.DE ( H U B . 

1. 

* r-UULED VARIANCE E S I I I I A I E « SEPARATE VARIANCE EBT I I - IAIE 

t r DEGREES UF 2 - 1 A I L * T DEGREES UF 2 - l A I L 
* VALUE r-REEDUM pr<6B. * VALUE Fl iEEDUM PRUB. 

U -5 '12 * 0 . 0 9 18 0 . 9 2 7 * 0 . 0 9 1 7 . 2 6 0 . 9 2 7 

3 AIM 9 0 BPBB-X RELEASE 3 . 0 l-UR IBM M I S . 
t O : O T ; ' l 3 U i i i v e r ! ! 5 i t y u f D u r h a m 

I RECEDI I IU I ABC REQUIRED 0 . 1 2 SEt;ONDS C P U .TIME 1 
• I ' ' 

7 l l . l l i r i R A R Y 
8 Bl I EC I I F l (Gl-- EU 1 ) 
9 I - l E B I PA lh* i ) -W4=M» 

I h e r '? ai r- ( ' ,4128 b y t e s o f m e m o r y a v a i l a b l e . 
riif=! l a i ' i r ? ' - . I. c o n t i q u o u R a r e a h a s 6 3 8 8 0 b y t e s . 
I I I E I T L B ! PRUtfLEM REt lUl f<EG 6 4 BYTES. OF W0RKS5PAC 

3 A p r < ; rBB-X RELEASE 3 . 0 FUR IBM IT I S 
1 0 : 0 - 1 : 0 3 U n i v e r s i t y oT D u r h a m , 

r-'age 1 

0 . 7 2 BECUNDS ELAPSED 

T r E S T-

v r i i n AMLi- NUMBER 
Ul- CASES tIEAIJ 

STANDAI-vD STANDARD' 
D E V I A T I O N Ei^RUR 

P a g e 1 

M.!. 
1 0 4 . 1 0 0 0 1. , 7 9 2 

1 6 5 

0 . 5 6 7 



1 > „ • , I li.i'I .1 •'>(>•/ < >. o .:• T '.'.t.i.!. ' •<.>..',.•, .7. .1. . . 

. •• APPENDIX 29 
•> Opr 7 o BP!.B X RELEASE 3 . 0 FOR IBM M I S ; , , P a g e 1 
. I : O 4 : '1 5 M i » i \ ' r'» H .i t y o f D i i r 11 a iii 

i tCFDlMlv ; I ASK REOI I IRED . 0 . 0 5 SECONDi rCPO T I M E ; 0 . 1 9 SECONDS ELAPSED 

10 . I EMI ( IPAiry 
J .1 BI l . F i ; 1 I I - (Bf"' El-) 1 ) - • 
12 1- I E ! ! I I 'AIRB==R1 R2 " 

he r e ar t:; 6.4 P.-0 l.)yi.f?5 o f memor y a v a i l a b l e , 
h e T a r g o B L r o n L i g u o u H a r e a h a s 6 3 1 0 4 b y t e s . 
HE 1 -TEB I PROBLEM REOUIRES 6 4 DY1E5 OF WORKSPACE 

3 A p r 7 u BI BB- X I^ELEABE 3 . 0 FOR IBM M I S i l- 'age 1 
i:»: 0 4 : 4 . : > LI i > 1 v t? r r, .11 y o f D i.(r 11 a m 

' •• - - - - - •- - - r -- T E s T — - - - - - — -- - -• 

Al L IABLE l-IUIIBER SlANDAim > STANDARD 
OP CASES MEAN D E V I A T I O N ERROR 

10 4 . 6 0 0 0 2 . 7 1 6 . 0 . 0 5 9 

10 4 . 1 0 0 O 2 . 5 5 8 0 . 8 0 9 

D H FPRPMClii:) BIANOAI^D S IANDARD * 2 - r A I L * T DEGREES UF 2 - r A l l 
LIEAl l DEV I A I ION ERROR * CORP. PROB. * VAI...OE FREEDOM PROB, 

0 . 5 0 0 0 1 . 6 5 0 0 . 5 2 2 * 0 . 0 0 6 0 . 0 0 5 * 0 . 9 6 9 0 . 3 6 3 

A | i r 9 0 BPBB X l<EI..EABE 3 . 0 FUR IBM M I S P a g e 1 
i > : 0 4 : 4 4 U n l v e r s i i.y o f D u r t i a m 

RECEDlMi;; TASK l i lEOOIRED 0 . 0 5 SECONDS CPU T I M E ; • 0 . 2 6 SECONDS ELAPSED 

13 TEMPORAItiY • >̂  . 
14 B E L F C I I F (BP EO 1 ) 
15 1 - T E S I P A I R B ^ S l S2 

Iter e a r e (':»4120 b y i . e s o f n i e m o r y a v a i l a b l e . , 
l ie l a r g e s t , c o n t i g u o u s a r e a h a s 6 3 0 0 0 b y L e s . 
IE T l E B T PIcOBLEM REOUIRES 6 4 BYTES OF WORKSPACE 

3 Ar>r 9 0 !;;i-'BS X RELEASE 3 . 0 EOR IBM M I S • P a g e 1 
i :0 '1 :4 'T U n i v e r s i t y o f D u r h a m 

h l M A B L E NLIMBER S l ANDARD STANDARD 
111- CASES MEAN D E V I A T I O N ^ EliROR 

.1 O 6 . 0 0 0 O 3 . 0 J 0 0 . 9 5 5 

10 4 . 4 0 0 0 2 . 5 9 1 \ 0 . 0 1 9 

) l l f l-I'M.LICE) BIANDAI<D STANDAIU) * ."2-LA II,.. * L DEOIcEES OF 2 - LA H... 
MEAN D E V I A T I O N ERROR * CORP. PROB. * VALOE FliEEDOM PROD. 

1 . 6 0 0 0 1 . 7 1 3 0 . 5 4 2 * 0 . 8 2 | | g 0 . 0 0 3 * 2 . 9 5 9 0 . 0 1 6 
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1 6 T in-ll 'UI , 'Ai ; . APPENDIX 29 
1 7 B r . l f i ( . : i U- (GP EQ 1 ) A F F J ! . N D 1 A 
18 V- I F B I l ' n l R B = l l l M2 • 

ITir.M e fM n I' l-TI'-l l b y t e s o f (nemnry a v a i l a b l e . 
Il>r? I a i uerr. I. c r m I. i . ( )unu5 a r e a I t a s 6 3 1 0 4 b y t e s . 
1111- r T E B I PRUBI I-M REUUir;;ES 6 4 BYTES UF WURKBPACE 

3 A p r 9U SI 'BB X RELEASE 3 . 0 FUR IBIT M t S l- 'aye 1 
t O : 0 ' l : ' 1 5 Un i'--ei B i t.y o f D u r I tarn . 

^. 'ARIABLE ITUIIBER STANDARD BTANDAICD 
Ul CASES MEAN DEVI A t ION ERRUR 

IJ l 

112 

1 0 4 . 5 0 0 0 2 . 4 6 1 : 0 . 7 7 8 

10 3 . 3 0 0 0 3 . 0 9 3 0 . 9 7 8 

( D M I Er<ENCE) B IANDARD STANDARD * 2 - 1 A I L * T DEGREEB UF 2 - I A U . . . 
MEAN D E V I A T I UN ERRUR * CURR. PRUB. * VALUE FIcEEDUM PROB. 

t . 2 0 0 0 1 . 7 5 1 0 . 5 5 4 * 0 . 8 2 5 0 . 0 0 3 * 2 . 1 7 9 0 . 0 5 8 

3 Apr- 9 0 B I ' B B - X RELEASE 3 . 0 f"UR IBM NTS P a g e 1 
.1 <:>: O4 : '15 t in i \' p.>i-b i t..y o f D u r hain 

PRI iCEDIMU I ASK REQUIRED 0 . 0 6 SECUN1>S CPU T l l l E ; 0 . 5 9 BECUNDB ELAPGED 

19 lEhl l -Ul iARY 
2 0 BELE(:;-| ir- (GP EQ i ) . • . 
2 1. I -TEBI P A I R B ^ I . . ! L 2 , 

I h o r e a r e 6 'LI 2 8 b y t e s o f m e m o r y a v a i l a b l e . , 
t h e l a r g e s t c o n t i g u o u s a r e a l i a s 6 3 8 8 8 b y t e n . 
THE t - I E B I PICUBLEM REQUIRES 6 4 BYTES OF WORKSPACE 

3 A p r 9 0 BPBB X RELEASE 3 . 0 FOR IBM HWr Pa( |e 2 
1 0 : 0 4 : ' 1 6 U n i v e r s i t y o f D u r h a m 

V A R I A B L E NUMBER SrANDAlU) S l ANDARD 
Ul- CASES MEAN D E V I A M U N ERRUR 

...t 
t o 4 . 1 0 0 0 3 . 0 7 1 . 0 . 9 7 1 

10 3 . 1 0 0 0 1 . 7 9 2 0 . 5 6 7 

( D I I F E R E M C E ) STANDARD STANDARD * ' 2 - r A I L * T DEGREES UF 2 - r A l L 
MEAN D E V I A I ION ERRUR * CURR. PROD. * VALUE FREEDUM PRUB. 

1 . 0 0 0 0 2 . 7 8 9 0 . 8 8 2 * 0 . 4 4 2 0 . 2 0 1 * 1 . 1 3 9 0 . 2 8 6 

• A m 9 0 BI-'BB X IJELEASE 3 . 0 fOK IBM M I S P a n e 2 
" r ' > 4 : 0 6 U n i v e r s i t y o f D u r l i a i i i 

•RECEDING lABK REUUUJED 0 . 0 5 SECUNI^B CPU T I M E ; 0 . 4 2 SECUNDS ELAPSED 
.1-67 



I h e l a r g e r i L c o n t i n u o u s a r e a h a s 6 3 1 0 4 t - y l F S . APPENDIX 29 
HIE I I F B I PICOBLEM REOOIRES 64 BYTES OF lior<KSPACE 

3 A|:.r 7<.» Bl SB X RELEASE 3 . 0 FOR IBM Ml B :.v 
J<,»:<.>4 5 4 6 l l n i v e r s i t y o f D u r h a m 

I ' age 

T' 1 E G T 

\'i\\<\ A B I . . F l-UIIIBER 
(II- t :ABES MEAN 

S I ANDAffD 
D E V I A T I O N 

I7»NDAI<D 
EI*ROR 

1 0 1 0 8 . 5 0 0 0 

l o 9 5 . B O O 0 

( D I L F F P E I I C E ) BIAITDARD 
I IFAI I DEVI AT ION 

1 2 . 7O<.»0 4 . 4 9 0 

SIANDARD 
EICROR 

1 . 4 2 2 

1 0 . 5 ' 4 4 

1 1 , 5 2 6 

3 . 3 3 4 

3 . 6 4 5 

* 2 - r A I L * L 
CORIA ' . P R O B . * VALOE 

DEGREES 01 
EREEDOM 

* 0 . 9 2 1 0 . 0 0 0 * 0 . 9 ; ; 

2 • l A H ... 
PROB. 

0 . f iOO 

3 A p r 7 0 BI 'BB X RELEASE 3 . 0 Vim IBM M1S 
1 0 : 0 ' l : ' l / U i r i v e r s i t y o f D u r h a m 

PRECEDTHB I A S K REOOIRED 0 . 0 5 SECONDS CPU T I M E : 

P a g e 

O . 3 3 SECONDS ELAPSED 

2 5 lEMI-IIRARY ' r 
2 6 BELi;.(..: 1 U- {\W EO 1 ). 
2 7 I I FB I PA1I<B=P1 P2 ii, ' 

I tn^r e ar r? 6 ' I 1 2 0 b y t e s o f m e m o r y a v a i l a t i l e . 
r i i e l a r g e s t c o n t i i j u o u s a r e a h a s 6 3 0 0 0 b y t e s . 
THE T T E B I P(<OBLEM REOOIREB 6 4 BYJES OF WORKSPACE 

3 A p r 7 0 !:;PBB -X RELEASE 3 . 0 FOR IBM M 1:8' 
1 0 : 0 4 : 4 0 U n i v e r s i t y o f D u r i i a m .'• 

P a g e 

V A R I A B L E LIUMIiER 
01- CASES 

P I 

l-'2 

1 0 

10 

( D U - r E R F N C E ) B I A N D A l i D 
MEAN D E V I A t ION 

5 . 7<..'00 7 . 4 0 9 

MEAN 

- T - T E S T 

STANDARD SIANDARD 
D E V I A T I O N ERROR 

6 7 . 6 0 0 0 

4 1 . 9 0 0 0 

S I A N D A R D 
EIA'ROIJ 

3 4 : 

:. 0 ( )6 

2 3 . 7 1 8 

6 . 9 5 9 

7 . 5 0 0 

* i;' 2--1 A I L * T DEGREES OF 
* CORR. PROB. * VAL.OE FREEDOII 

# 0 . 9 5 0 0 . 0 0 0 * 1 0 . 9 7 

2- I A I L 
P L < O B . 

0 . 0<.)0 

3 A p r 9 0 B P B B - X R E L E A S E 3 . 0 FOR IBM MTS 
1 0 : 0 4 : 4 0 O i i i v e r s i t y o f D u r i i a m • '• 

PRECEDILIG I ASK REOOIRED 0 , 0 6 SECONDS CPU T I M E ; 

2 0 lEMI'ORARY 
2 9 BE;I..I::(.;L I F 
3 0 L I F B L r-ATI 

I he r e a r e 6 4 1 2 0 b y t e s o f m e m o r y a v a i l a b l e ; , 
l a r r i e s t c o n t i n u o u s a r e a h a s 63.104 h v l e s . 168 

I-'.a g o 

0 . 5 3 SI-:COLIDS ELAPSED 

f «? O I r I T 
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/ n e t ABLE l l l ) l i i>r.R B IANDAED, ; S I ANDARD 
.11 t ;ABEB MEAN D E V l A t l U N ERRUR 

U 
t o 4 . 9 0 0 U 2 . 6 4 V ; 0 . 8 3 6 

.! <..) 4 . 2 0 <.•".!» .2 . 1 5 0 '• 0 .68<..» 

( P I I - F E R E N ( . ; E ) B I A N P A R D S I A N D A R D • • 2 - T A I L * I D E G R E E S U F 2 ~ I A I L 
t IEAN D i ; ; ;V IA I lUN E R R U R * C U R R : . P R U B . * V A L U E F R E E D U M P R O B . 

0 . 7 0 O 0 1 . 6 3 6 0 . 5 1 7 * 0 . 7 8 6 0 . 0 0 7 * 1 . 3 5 9 0 . 2 0 9 

'3 A f i r 9 0 BI BB X IU: i .EASE 3 . 0 I'UR IBM NTS P a g e 2 
1 0 : 0 4 : ' 1 9 U i t i v e t s i t y o f D u r l i a m 

i -RECEDlNI i TAB!:: RLQUIRED 0 . 0 5 SECONDS CPU T I M E ; 0 . 3 2 SECONDS ELAPSED 

3 1 I LlLIPUI iARY • ' 
3 2 BELEC I H- (GP EQ 2 ) 
3 3 T - I E B I P A I R S - R l R2 ,. 

t h e r e a t e 6 4 1 2 8 b y t e s o f m e m o r y a v a i l a b l e ' . 
T h e l a r g e ^ i t r : o n t i g i . i o u s i a r e a hc-js 63(. I88 b y t e s . 
H I E t - T E B I Pr<UBI.EM REQUIRES 6 4 BYTES UF WORKSPACE 

3 Apr- 9 0 BI BB X RELEASE 3 . 0 FUR IBM MTS P a g e 2 
1 0 : 0 4 : 4 9 t i n i v e r s i t y o f D u r h a m 

T E G T 

V A R I A B L E N U M B E R S I A N D A R D s tANDAiaj 
Ui CASES MEAN D E V I A t ION E R R U R 

to 5 . 8 0 0 0 2 . 4 4 0 0 . 7 7 2 • 

to 2 . 9 0 0 0 2 . 0 2 5 , 0 . 6 4 0 

( D i n - E f ^ F N C E ) B I ANDARD S tANDARD * ' " 2 - T A I L * 1 DEGREEB UF 2 -T A I L 
MEAN DEVI AT I UN ERRUR * COI^R!. PROB. * VALUE • FREEDUM PRUB-. 

2 . 9 n O O 1 . 5 2 4 0 . 4 0 2 * 0 . 7 ; 8 2 0 . 0 0 7 * 6 , 0 2 9 U.UOU 

:• A p r 9 0 BPBB- X RELEASE 3 . 0 FOR IBM MTS : . P a g e 2 
t < i : P 4 : 4 9 U n i v e r s i t y o f D u r h a m v 

PRECEDIHB TASK REQUIRED 0 . 0 5 SECUNDS CPU T I M E ; 0 . 1 2 SECUNDS ELALSED 

3 4 ll~TTPURAI<Y ' . ' ' 
3 5 SELECI I F ( B P EQ 2 ) 
3 6 T - I E B I | - 'A1RS-S1 B2 ; 

I h'?r e ar e 6 4 1 2 8 l i y t e s o f m e i i i n r y a v a l l a b I 'e. 
t h e l a r g e ! - . t r n i i t i g u o u s a r e a l i a s 6310 'T b / t e s . 
HIE t - T E S I PRUBLEM REUUIRES 6 4 BY I ES OF WORKSPACE 

f 
' Apr- 9 0 BI-'BB X RELEASE 3 . 0 FUR IBM M I S . .. " Fm\v> 6 

| l " : < ' l ; T 9 U n . i . v e r s i t y o f D u r h a m ^' 
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( I H I I I.I 4 1II :i ) B IAHI .W^RI . ' 
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