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Abstract

This project looks at how children within the nine to thirteen age group perform during 

arithmetic problem solving with particular reference to dyslexies. There are many factors 

which will influence a child’s performance and therefore the following questions have 

been looked at in particular:

Space com

i . - ; A -

In order to answer these questions the 207 children within the sample group were asked 

to complete four pieces o f work:

m m #

From the results gained from the children it was possible to say that the range of working 

memory space capacities of the dyslexic group appeared to be no different from the 

range within non-dyslexic group. It was also established that the overall performance of 

the dyslexic group was of a lower standard than that of the non-dyslexic group. The 

results from the network questionnaires indicated that there was a stronger connection 

between symbols and meanings if  a visual stimulus was given, but that there appeared to 

be no difference in the networks constructed by the dyslexies compared to the non- 

dyslexic group. It was, however, not possible to gain an insight into how the dyslexic 

group was tackling the individual questions within the arithmetic booklet. This was due 

to the fact that no differences could be seen between the written work of both groups 

and time restrictions dictated that individual discussions with each child were not 

possible.
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Introduction

Introduction

Children spend a large percentage of their time in school working within the English and 

Mathematics areas of the curriculum. However, language work is required within all 

areas of the curriculum and any difficulty the child experiences vrithin language is 

therefore a source of anxiety for the child which is encountered in many other areas of 

life. Some of the skills required for mathematics are also encountered in other areas of the 

curriculum and so a difficulty with mathematics will also have an effect on other 

subjects. Hence, a small difficulty in mathematics or language can appear, to the child, to 

be much larger than it is as a result of the problem being encountered frequently.

A topic which combines mathematics and language work is problem solving. Defining a 

problem is difficult, in that what one person perceives as a problem may not be the same 

as another person. It is possible to say that a problem involves a set of data, a desired 

outcome and a process by which an outcome can be achieved.

The problem may be within any area of the curriculum but the basic skills involved in 

solving it will be the same. In order to perform well during problem solving it is 

necessary to be able to read or observe the problem and extract relevant information. 

This information has to then be processed in some way and a solution to the problem 

achieved. Hence, this type of work involves the skills of, reading, comprehension, 

comparison, applying knowledge and checking that outcomes meet targets. Thus, by 

doing problem solving children are encouraged to develop skills and learn new ways of 

approaching situations.

One particular type of problem which children within primary schools encounter are the 

arithmetic based problems within the mathematics curriculum. These particular problems 

require the child to read the question, understanding the language, decide what is being 

asked in terms of mathematics, select the correct method for finding a solution and then 

use this method to produce an answer. One eight year old boy described this type of 

arithmetic as ‘hidden sums’, an indication as to how he could not see beyond the 

language and find the mathematics.

The type of learning encouraged by problem solving can obviously be applied to all areas 

of living and so it can be classed as an important part of any child’s education. The skills 

required to do this work are demanding for any child but for a child who has to cope with
Page 1



Introduction

dyslexia they are even harder to achieve.

Dyslexia is very difficult to define precisely. A general definition can be given as:

■

There has been a great deal o f work done with dyslexies and the implications of their 

difficulties within language work but relatively little work has been done within the 

mathematics side of the curriculum. Thus we have a much better insight into the 

difficulties experienced within language then those experienced within mathematics. We 

are really only just beginning to appreciate the problems which mathematics can present 

to dyslexies. The difficulties experienced within language will have obvious implications 

for the dyslexic pupil’s mathematics work. The reading and comprehension o f questions 

will be taxing as well as the actual process of writing symbols and giving symbols a 

meaning.

As a teacher of science and mathematics this is obviously an area which is of interest 

and, having taught several dyslexies, each with unique difficulties, an appreciation of the 

challenge teaching dyslexic pupils brings has been developed. This teaching can also be 

very rewarding as an increased insight into mathematics itself can be achieved as it is 

viewed from various new angles in order to find a way of making the subject accessible to 

all.

With this in mind this project has set out to try and find out a little more about how 

dyslexies approach mathematics and arithmetic problem solving in particular. This is a 

topic which many children find tricky and, due to it being language based, dyslexies have 

an extra hurdle to cross.

When a child is doing problem solving, the problem has to be read, understood and key 

words recognised and stored for later reference. For many dyslexies, however, the actual 

reading process is veiy slow and so the significance of specific words can be lost or 

forgotten by the time the reader has reached the end of the question. When the aim of the 

question has been established the child then has to decide how to tackle achieving an 

answer. In order to do this previous knowledge has to be accessed and used or a pattern 

within the given information identified. Both of these tasks can be very taxing for

Page 2
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dyslexies as they find the retention of facts and the retrieval of information hard. If  the 

child reaches this point, life is not yet easy as now all this information has to be 

manipulated and an answer produced. At this point some sort o f written working is 

usually expected by the teacher. This may help in some cases but hinder in others as 

the actual process of writing work down can be a tiring and unappealing task. In short, 

problem solving can be a long and difficult process for some people.

The work within this project was carried out with children within the upper primary 

school age group. At this stage, children meet this type of problem as part of the 

mathematics curriculum. The researcher teaches within this age group and therefore has 

an understanding of what is expected of children within this group and access to children 

within this group was also more easily achieved.

Thus, it is possible to state the overall aim to the project:

Having established this aim it can be seen that a large number of factors will influence 

how children perform within this type of question. This initial study will focus on the 

following:

Page 3



Introduction

These four factors in turn produced the following research questions which will be 

addressed by this study:

m m 'o r k t
J 7 I J  - '7':'r 7 '.' ■ : '

The work done has been split into five parts:

" ■-■ - - ■■; 'Hesuhs.

Learning models were looked at in order to establish how teaching theories have 

developed and how investigation and problem solving fit into these theories. The 

information processing theoiy also introduces the working memory space factor into the 

equation. Dyslexies are thought to have poor short term memory (Chasty,1989) and so 

it was of interest to look at their working memory space capacity and compare it to that 

of non-dyslexics.

The dyslexia side of this work was carried out in order to try and establish what 

characteristics dyslexies display and how dyslexia can effect their academic and general 

life. Having done this it was possible to see how arithmetic work in particular might be 

affected by dyslexia.

Problem solving was surveyed so that the arithmetic type problems could be put into 

context within the much larger field of problem solving. The approach to problem solving 

in general was also considered so that any specific difficulties dyslexies may encounter
Page 4
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could be highlighted.

A discussion of the data collected and how it was gathered is then given. The last part of 

the work looks at the implications of the results arising from the data.

Page 5



Chapter One

Chapter One 

Learning Models

How people learn, develop methods of learning and collate information from the world 

around them has been an area of interest for educators and psychologists for some time. 

The area has therefore been approached by several people from various angles and 

starting points. Four main contributors are Piaget, Bruner, Gagne and Ausubel and thus it 

is useful to look at and compare the contributions of each one.

The Information Processing Model (Baddeley,1986; Johnstone,!988) takes another 

perspective and will be looked at in greater detail as it has a more direct influence on the 

work done within this project.

In this chapter, only the characteristics from learning models which seem directly 

relevant to the project are discussed.

Learning starts as soon as we are bom and occurs in all areas of life. Classroom learning is 

only a small part of the learning process. What learning actually is can be debated from 

many standpoints but Gagne describes it thus;

'%earning is a change m human disposition or capability, which can W, 
retained, andwhioh is not simply c^crthable to tlie process ofgrowtlk**

Thus, learning is due to conscious effort and thought rather than chronological 

development. How people go about this conscious thought and how the information is 

stored are the questions which the various perspectives of learning try to answer.

1.1 Piaget

Piaget approached the study o f children’s thinking from a biologist’s viewpoint. He 

wanted to know how children’s thinking developed and adapted due to their environment 

and experiences, (see, for example, pg 83-91 in Atkinson,R.L. et ah. Introduction to 

Psychology)

He suggested that two processes were involved in cognitive development;
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Chapter One

accommodation and assimilation:

Accommodation is the process o f  adapting cognitive schemes for viCwmg 
the world (general concepts) to fltfdplftyC '  ̂  ̂ ’

AsSnnilaiîon is the compliihentaryprocess o f  mterpretmg experience 
(individual mslances o f  general concepts) in terms o f cUrrênp cognitive
schémdsi ' ' I  ' ' )  \ \  \  r  ̂ \  'r '' ' '  ■' ' T

. '  ̂  ̂ OdA\vami (1998)

The goal of each thinker is equilibrium between accommodation and assimilation. 

However, as our understanding of the world is only ever partial, each time equilibrium is 

thought to have been achieved, new information is received and so a new equilibrium has 

to be found and hence cognitive development occurs.

Piaget suggests that there are three distinct cognitive stages in logical development. These 

equate to successive forms of knowledge or systems of thought. The stages are also 

related to the age of the child and are therefore experienced by each child as growing and 

maturing occurs. (This later relationship has been questioned by others on many 

occasions, (Flavell, 1963)).

L T heèensory,"mqtorj)eriqd: 0 - 2 years, , '

2. The period of concrete operations: 7 1 years, ̂

3, The period of fbrtnaf opepationg;  ̂ U -12 yeats on. ,

The gap between the years o f two and seven is the period of the pre-operation or 

preparation for concrete thought. During this time there is a transition from sensory - 

motor cognition, which is action based and dependent on physical interaction with the 

world, to internalisation of action and the organisation of symbolic knowledge which is 

associated with concrete operations.

During the years of concrete operations the results of internal actions (compositions) 

become reversible thus marking the beginning of mental thought.

The final stage, the formal operational cognitive stage, is when concrete operations 

become linked together indicating the beginning of scientific thought.

Page 7
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The attainment of each stage was thought to have required basic cognitive restructuring 

on the part of the child. Piaget acknowledged that this development would not 

necessarily occur at the same time within each domain of thought. Neither would each 

child experience the same type of development at the same time and hence the age groups 

for the different cognitive stages were only approximations (Piaget, 1963).

The stages of development have direct implications for the teaching and learning of 

science. Johnstone describes the last two stages of Piaget’s cognitive development in the 

following way:

Concrete Operational Stage

h Thinking about or doing physical objects, ,
n, Ordènng, classifwdiion and urrmging ' ' 
ul Manipuiatmgjtiiing^ in the mind > 
m Limited exploration of posstbihpes, ,

,  ̂ Jotipsione (1987)

In other words, the learner can solve problems he has never encountered before but the 

type of solution will be limited by the concrete experiences he has had.

Formal Operational Stage

h  ̂ Logical reasonings drawing conclusions from premises, 
i f  testing hypotheses.  ̂  ̂ ^

PhnHing'experimenfS. , ' '
iv,'̂  ForMplattng generalfrules, '
V, ' Mmipulbtingpropositions in the mmd., \ 
vC "Pxplotingmanypossibilities,  ̂ ^

, , Johnstono (2^87)

Obviously all of these characteristics are helpful to both senior pupils and their teachers 

but they are not always present. The main reasons for them being lacking vary: perhaps 

the learner has not yet reached that type of thinking within a particular domain of 

thought; maybe the level has not been reached in any area of thought. This, in turn, could 

be due to not having been required to do so before.

Piaget envisaged that each of the stages of development was not gradual (Piaget, 1963).

Page 8
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His claim required a completely different approach to learning and problem solving: the 

development happened in discrete jumps. Taken to an extreme this would imply that a 

concrete thinker could become a formal thinker in one step rather adapting their approach 

over a period of time. Much work has been to done to show that this assumption is not 

true in the majority of cases. (Novak, 1978). However, Piaget’s great contribution was to 

emphasis stages of cognitive development and the need to be aware of them in teaching. 

This may have implications for the work carried out within this project since the children 

involved are within the 9yr-13yr age group.

1.2 Bruner

Bruner approached the concept of cognitive development from a different standpoint to 

Piaget. He started with the thought that learning is an on-going process which is 

influenced by previous experiences / knowledge and the social environment of the learner. 

Any cognitive structure is therefore required to receive information from various sources 

and process it. This wiU then allow the learner to come to an acceptable conclusion. The 

cognitive structure should enable the learner to extend previous knowledge and predict 

the results of situations which they have not previously experienced.

Bruner’s model (1966) is a framework for instruction based on such cognitive structures. 

Any such model, he concluded, should tackle the nature of:

The kttQwUdge iobeU arpid  
ih The kdmingpfacùss,^. /  
ni The tndivi(imi kurm n\

The knowledge itself can be sub - divided into three overlapping forms:

L Jits mbde ojfreprfsmtditoh \ ’
il  Its econohiy * the amount of dgta we need in order ib understand.
. lir Its poWer  ̂  ̂the aêflitp to stimulate new conneçtionsc '

The mode of representation can then, in turn, be divided into three:

L EnaCiive:  ̂physical adiion. ' ' ^
li Iconici  ̂ internai visttdi imagery depicts efents. ' i  ̂"
Ui SymhoUc:  ̂ using a symbol system sucfy as m mathematics and tanguago.
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This splitting reflects the approach Piaget took.

Bncrctive — ^ < 1̂» - Sensory - Motor period
Iconic ---------------  ̂Pre opermionaiperiod
Symbolic  ̂— —,— ^'Concrete operoiionalperiod

Bruner, however, did not relate these stages to the age of the learner but to the learner’s 

experience. Therefore the range of experiences encountered would stimulate and develop 

cognitive development. Thus, he recommended discovery learning as a teaching method. 

In this type of learning the student involved encounters a problem and has to gather 

information regarding it, recall any previous experience which may be useful and combine 

these to produce a new strategy which can solve the new situation. The role o f the 

teacher within this approach is to set up situations through questions and problem 

setting where the learner has the opportunity to seek out a solution. This approach to 

learning has obvious implications for the teaching of mathematics and science where 

practical work has a large part to play within the curriculum.

Bruner also recommended a spiral approach to teaching. In this type of teaching a topic 

is revisited many times and further learning / understanding is built on top o f the 

knowledge previously gained. He emphasised how important the interaction is between 

the learner and the new learning situation. This has implications within this project since 

during problem solving the children are being asked to transfer knowledge gained in one 

situation to another in order to help them gain an answer.

1.3 Gagne

Gagne (1964) took a behaviourist’s approach to learning and, like Bruner, he placed 

importance on the learner’s environment and the effect that this can have on the learning 

being done. Since the environment will have affected the previous knowledge of the 

learner it will subsequently have an affect on how they approach a new learning 

situation. Gagne’s model is based on the following :

t  Learning results in a change in the ̂ earner, '
d  gkiUs should be acquired singly)' , ' .
ni. Babh new shill should bmld on a previous, ope fas with Bruner *s spiral), '
/v, Learning and knowledge are both progressional in nature,' ‘ '
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He then splits learning itself into five categories.

u Verbal Information,, ' 
il Inteikctual Skills, 
ill Cognitive Strategies, 
m Motor Skills vAttituâès,

For each learning type different internal and external conditions are required and so this 

will need to be kept in mind when presenting a curriculum to the learner. Gagne’s main 

contribution was the emphasis he gave to the logical sequencing of ideas in the learning 

process. This has implications for the approaches taken to teaching, however, other 

work done (Howe, 1975) showed that learners frequently choose not to follow the 

sequence of learning enforced by the teacher but achieve their learning via another route.

1.4 Ausubel

Ausubel (1968) started with the premise that:

the most important single facton influehOpg learning is what the learner 
alrèady knàws, '̂Akcèrtùîn this and teqch htrn accordingly. ’ <

Thus, in this way, he was similar to Bruner and Gagne. He also felt that the ‘spiral’ 

approach of Bruner allowed new material to become attached to existing knowledge and 

hence good connections between the two could be achieved. This, in turn, would result in 

a good understanding of topics and their interdependency.

However, Bruner and Ausubel take different paths to achieve learning. Ausubel did not 

follow Bruner’s discovery route but advocated that knowledge should be gained by 

means of reception. Thus, ideas, concepts and principles which are already known to the 

world as a whole can be presented to the learner in a manner which will be 

understandable to them and hence their own knowledge is extended. The emphasis is that 

each person is not rediscovering each concept but achieving an understanding of it from 

the teacher.

Ausubel splits learning into two types: rote and meaningful. He also split the methods of 

learning into two groups: reception and discovery. By considering both the type of 

learning and the type of teaching he produced the Dimensions o f Learning, see Fig. 1.1.
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Figure 1.1 Types of learning. '

Reception.

m
conventions, names 

,Rote    ‘-m " —

tndst school learning 

—  ........— Meaningful

trial and error algorithms. ' much of out of schodllearning,  ̂ ,

■ V , . ,  . % :■

, 1 .. .. ■' ; DjtscOvw Vi % . , ' ' ' /

Meaningful learning was described by Johnstone (1997) as:

good well - integrated prànched, retrievable and usable learning '̂

while rote learning is:

... at Best, isolated and boxed learning that relates to nothing else in the 
niind o f the learner,

Therefore, it can be seen that the presentation of any curriculum to a learner needs to be 

the result of considering the previous experience of the learner, what is to be learned and 

also how it is best learned.

1.5 The Information Processing Model

Piaget’s contribution was to describe what was observed while learning actually took 

place. Others (e.g. Baddely, 1986 and Case, 1985) moved on to seek for an explanation 

or rationalisation of what was being observed. From this work the information 

processing model emerged.

The information processing model is a model for learning which looks at how the learner 

takes information in, manipulates it and then stores it. Those three components are 

called: the sensory register or perceptive filter, working memory space and long term 

memory. They connect together as shown in figure 1.2.
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Figure 1.2 The Information Processing Model
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Sometimes as 
separate 

fragments

This model was proposed by Johnstone, (1993) and has been used and accepted by 

many researchers. It is based on the ideas of Ashcraft (1994) and Baddely (1986). The 

model also incorporates many of the contributions of psychologists previously 

discussed: Piaget’s stage model, Ausubel’s importance of prior knowledge and 

meaningful learning and Gagne’s progressional learning. It also includes Pascal - Leone’s 

idea of limited working space being related to age. By using this model, the flow of 

information through the memory system can be traced. The model can also be used to 

predict how information will be handled and thus it gives an insight onto how meaningful 

learning can take place.

The three main sections of the model are related to the three types of memory as 

discussed by Ashcraft (1994).

A sh c r a ft In fo r m a tio n  P r o c e ss in g  M od el

sensory memory, 
short-term memory, 
long-term memory.

perception filter, 
working memory space, 
long-term memory.

Information is received by the learner from the outside world via the senses; primarily 

the eyes and ears. This information is initially received by the Perception Filter. How 

this information is perceived, with openness or preconceived barriers, is determined by 

previous knowledge and experience due to the feedback loop. There is so much 

information being collected by our senses at any one time that it cannot all be processed.
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Therefore, a selection process occurs and some of the incoming information is ignored 

whilst some information goes on to be processed. This selection process is again 

influenced by previous knowledge and experience.

The working memory space (W.M.S.) is the area which then accepts information from 

the perception filter. (Johnstone 1988; Baddeley 1986) There are two main functions of 

the W.M.S. :

L It th^ çQft^çîom part o f th^ mmd that is holding ideas andfaçts whiU U thinks 
about ihem.  ̂It is shdred holding and thinking space '^her^new information ^, 

canting through foe perceptive foier cdnsciàusîÿinterâçts with pselfand 
with information drawn foofn the long term memory store m order io mjfoé sense, " 2

II, IS a tmUed shared space in which-there is a trade,  ̂Off between wHfo ha^tobe ^eld 
In conscious memory and the processing activities required to handlê  ih transform ï7, 
manipulate li and get k  ready fo r storage tnfoe long tkrm memôry. I f  there isdoo 
much to hold there is hoi enough space for 'processings if  a lot of processing is ' ' 
required! li cannot Hold much  ̂  ̂ ^

The use of the term 'short term memory’ is often used instead of 'working memory 

space’ but the two are actually different uses of the same space. If  information is only 

being stored and then passed on, then the space is acting as short term memory. If the 

information is being manipulated in any way (added together, rearranged, etc.) then the 

space is also being used as a working memoiy. Working memoiy can work very quickly 

but it does not retain information for long unless the information is being repeatedly 

rehearsed. The number of pieces of information which can be handled by the W.M.S. at 

any one time can be measured (see chapter 4) and has been found to be related to the age 

of the learner involved. Obviously this working space has boundaries and is not ever 

expanding. It has been established that an adult will have a working memory space of 7 

+ 2. (Miller, 1956) When this space is full, another method of working with the 

information needs to be found. This can be done by regrouping the information and then 

temporarily storing it and working the problem out in segments. Alternatively, the 

working space can be extended externally by using pencil and paper to record and 

manoeuvre information. This leads to an obvious question where dyslexies are concerned: 

will a child who finds the writing and interpretation of symbols and language difficult, 

use the latter method of extending their working space or will other strategies be 

employed?
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It has been found (Johnstone and Selepeng, 2001) that the working memory space 

available for manipulation of data is reduced significantly if the pupil is working in a 

second language: some of the working memory space is being used to translate the second 

language to the first, (see figure 1.3.) This has implications for dyslexies in that they 

could be using working memory space to translate seen symbols into their sounds or 

meanings and hence the available space for manipulation of the data is reduced. For non- 

dyslexics connecting the symbol with its meaning is more likely to become autorriatic and 

therefore this procedure will not require an actual translation process.

Figure 1.3 Use o f WMS when translating.

Available working memory space.

Translation

Processing

WMS use when wkmg in English use When working in French

<>'1

It has also been noted that anxiety can cause a reduction of the working memory space 

available to the pupil. (Ashcraft et al, in press) Thus, if  a pupil has a poor experience 

with a topic or type of question, the anxiety caused by this can result in lowering the 

space available to tackle the question. This is a negative loop which obviously has to be 

broken before any progress can be made.

The long term memory is where information from the working memory space is stored, 

concepts are developed and attitudes formed, (Johnstone e^.a/.,1993). It is where what 

we want to learn and have access to can be stored on a fairly permanent basis. The long 

term memory is connected to the perception filter via the feedback loop and so has an 

influence on the data being taken in. This allows attitudes towards issues to develop and 

gives each person a unique view of the world. Thus, learning involves all areas of the 

information processing model and, as learning occurs, attitudes will be adjusted and so 

the perception filter will vary as part of the ongoing development of the learner.
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This model uses the observation that information in the long term memory is stored in a 

way which allows related information to be accessed easily by the use of key word 

networks (Kempa, 1983), That is, one word has an association with others which, in 

turn, can lead to yet more information. Since dyslexies can have difficulty in identifying 

key words this leads to the question: how do dyslexies access long term memory if  this 

method is difficult?

It has been noted that many dyslexies find the learning of new concepts easier if they 

have a pictorial or practical stimulus; something other then words onto which the new 

information can be attached. Hence, it may be possible that language symbols are being 

replaced by pictorial ones.

Thus, although this model gives us a good insight into how information manipulation is 

carried out within the brain, it produces questions regarding what happens if the learner 

does not learn in what is regarded as the ‘normaT fashion.
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Chapter Two

Dyslexia

2.1 What is dyslexia?

The word dyslexia comes from two Greek words: ‘dys’ meaning defective as in 

dysfunctional and Texia’, meaning the use of words - words in this situation being a 

means of communication through reading, writing and listening (Huston, 1992). Thus a 

basic definition of a dyslexic would be someone who has difficulty with words. The 

difficully experienced with words is not due to a physical problem with the eyes reading 

the words or the ears hearing the words but is due to how the brain is processing and 

interpreting the words it receives through the eyes and ears.

The first recorded case of dyslexia was recorded by W.P.Morgan in 1896. He wrote an 

article entitled ‘A case of congenital word blindness’ in which he described a boy who 

was of normal intelligence but who, after many years of being taught, could still not read 

arid, therefore, appeared to be ‘blind’ to words. Since then much work has been done 

with pupils displaying this problem. Through this work, it has become clear that, 

although dyslexia is language based, it has implications for all aspects of learning and 

recently the specific difficulties experienced within mathematics and numeracy have been 

included within the definition for dyslexia (Chinn,1998). The type of work being done 

has changed direction from purely studying the displayed behaviour due to dyslexia to 

attempting to establish what is causing the behaviour (Uta,1997), It is estimated that 4% 

- 5% of the UK population suffer from some form of dyslexia (Dyslexic Institute, 2000).

Due to the continued development of our understanding of dyslexia, it is very difficult to 

give a specific definition for the condition and it is well known that no two dyslexies will 

experience exactly the same difficulties. For these reasons. Miles (1992) describes 

dyslexia as a syndrome:

Thus, any definition of dyslexia appears to be a list of possible difficulties which could
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be experienced but which may not be. There are three main types of dyslexies:

Visual dyslexia or visuospatial dyslexia causes difficulties in processing information in 

the written form. Auditory dyslexia causes problems with the processing of heard 

sounds and the matching of what is being heard to what is written. The third category is 

a combination of the first two. It therefore results in varying degrees of each of the 

previous group of characteristics being seen. It is at this point that it becomes important 

to remember that each dyslexic is an individual and vrill have a unique way of viewing the 

world just as no two non-dyslexics have the same view of the world. It also means that 

the term dyslexia can be used to describe a range of levels of difficulties. Severe dyslexies 

will experience a wide range of problems in all areas of the curriculum whilst pupils with 

mild dyslexia may only experience a few problems in one or two areas. This view has 

led to the definition used by Moray House Centre for the Study of Dyslexia:

aumcul

2,2 What causes Dyslexia?

Dyslexia is not dependent on the socioeconomic background of the person although, for 

some time, it was labelled as a middle class syndrome. It is also not related to the 

intelligence of the person either. Dyslexia occurs throughout the range of intelligence 

levels.

Dyslexia does occur more often in boys than girls and the ratio o f 4 boys to 1 girl is 

generally accepted (Miles,T. and E., 1983) and there is frequently a family history of 

dyslexia or similar disorders (Critchley and Critchley, 1978). Due to this, there has been 

work done at looking at the genetic make up of dyslexies in order to establish which gene 

may be responsible for dyslexia. It has been accepted that dyslexia is due to a genetic
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factor and, in 1950, Hallgren tried to find out how this factor operated. He concluded 

that the dyslexic gene was dominant and autosomal: it was not part of the gene 

determining the sex of the person (neither the X nor Y gene) and, due to the high number 

of dyslexies who have at least one dyslexic parent, the gene must be dominant rather than 

recessive. Stewart (1989) took this conclusion further when he stated that the gene was 

dominant and autosomal but also that there was less penetrance in females. Penetrance 

refers to the portion of the phenotypically affected individuals; phenotype being the 

visible or measurable characteristics of the individual which, in turn, are due to their 

genotype. Hence, although the dyslexic gene may be present in a female, it may not 

result in the characteristics being observable. The work isolating a gene which could be 

responsible for dyslexia has been done by Smith er a/ (1983,1991) and it is now felt that 

chromosomes 15 and 6 may be involved. It is more than likely that there will not be one 

gene for dyslexia. It is more probable that a gene or group of genes working together will 

produce the effects on the biochemistry of the body to create the anomalies in the 

developing brain which result in dyslexia. This work is still very much in its infancy and 

so only time and work vrill tell if this thinking is correct and going in the correct 

direction.

2.3 What characteristics do Dyslexies have?

In general the observable traits of dyslexia are poor reading skills and / o r a  reluctance to 

read. Often the physical process of reading does not necessarily result in comprehension 

of what is being read. Reading requires the reader to correctly match the grapheme being 

seen with the phoneme it represents. In other words, the written English (grapheme) has 

to be matched with the spoken English (phoneme). This is not easy for any new reader 

but if phonics are not easily identified and the relevant graphemes are not remembered, 

life is even harder. Saying these words out loud reveals the problems:

There are also homophones; words which sound alike but have different spelling and 

meanings:

Homographs also cause problems in that they are words which are spelled alike but have

Page 19



different meanings an
Chapter Two

Homonyms have different meanings but sound alike and are spelled the same. Down is 

such a word. The meanings could be: down the road, feeling down, soft feathers. The 

following quote from a poem cleverly shows the inconsistencies in the English language 

(Huston 1992).

0

The physical process of reading may be difficult because of the way words appear to 

the reader. To most readers the use of black print on white paper is a natural choice and 

the print is easily brought into focus and read. This is not true for all readers. Helen 

Irlen, in America, found that some readers are ‘scotopic sensitive’ (Pollock and Waller, 

1994). This means that their eyes are sensitive to the combination of black print on 

white paper and this causes the print to appear to move around on the page and so 

reading becomes difficult if  not impossible. This problem can also be increased if  the 

reading is being done under fluorescent lighting. Irlen found that if  the print is viewed 

through tinted lenses then the glare from the lights can be removed and the print starts to 

stay ‘still’ for these readers. Different colours work for different people and therefore 

some experimenting needs to be carried out before the correct colour is found for each 

person. The use of the colours can result in readers being able to work for longer and 

with more accuracy.

Spelling may be poor and words learnt but not retained for long. Rogue letters may 

appear in a word which have no relation to the word or even its phonetical spelling. 

Common spelling mistakes are given below (Pollock and Walker, 1994):
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1. The outline or shape of the word may be similar to the correct word, but some of the 

letters are muddled, for example:

T’ s may be crossed and ‘t ’s left uncrossed producing words such as

2. Some letters may be reversed or mirrored:

b

p

# # 0 1

This obviously causes confusion due to the reversal producing another letter. Other 

letters which are often reversed are:

Punctuation can also be reversed:
m m #Ir

All of this can result in spelling mistakes such as:

m m m m
.......

must

vomel vowel

3. The letters of the word may all be present, just in the wrong order resulting in the 

following type of errors:

heard
7

W ed
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4. The letters used may be those whose sounds are nearer to the correct ones:

and this can result the following type of errors being made:

actual w or
cut 
hop 
sid 
web

5. The dyslexic person may not be aware of certain sounds, especially in blends (nt, mp, 

pi, cr). This can result in some sounds being added to words or left out of words:

CBJ I ,

When some blends have been leamt they may well be inserted when they are not needed:

6, Dyslexies often do not realise that letter names and sounds are different and so this 

kind of error can happen:

M M

tmper temper

mmmi

7, Words or phrases may also be foreshortened or telescoped:

rem ber lor rem em ber, sdiy tor suddenly, horsn tor honzo^
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8, There may also be confusion over whether there should be one word or two.

9. The hand may not always do what the brain intends. That is, a ‘g’ may have been 

intended but ‘d’ is written. So we could end up with kind instead of king.

The problems mentioned in parts, 4, 5 and 6 also have obvious knock on effects on the 

reading skills of the dyslexic. Difficulties with spelling and reading are what cause 

dyslexies the most embarrassment and heartache due to the fact that society demands a 

certain degree of competence in reading and spelling (Collins 1996).

Writing can sometimes be untidy due to poor fine motor control, poor spatial awareness 

or it may be an attempt to disguise poor spelling: if the reader caimot quite make it out 

they may assume it is spelt correctly.

Learning of common lists of items may be very difficult and need constant reinforcement. 

Therefore things like the days of the week, months of the year and times tables may take 

a long time to become well known, and in some cases, times tables never reach the stage 

of instant recall. School timetables can fall into this category and hence a child may need 

constant reminding of what is happening next and in general a disorganised approach 

seems to be taken to school life. Books are forgotten or what happened during the last 

class is forgotten and a more detailed review of that lesson is required before further 

progress can be made. This difficulty would imply a problem with the storage and 

retrieval of information from the long term memory.

Spatial orientation may be poor and it will therefore take longer to become familiar with 

the layout of rooms and the school as a whole. Coupled with this, many dyslexies find 

remembering their left from their right very hard and need help with this. Hand eye 

coordination can also be affected and hence the pupil may appear to be clumsy and 

everyday tasks can be a chore: tying shoe laces, fastening small buttons and tying neck 

ties. Concentration spans are often short, particularly during tasks which involve a lot of 

language and so teaching has to be adapted to account for this. In short, many tasks 

which become second nature to many people as they grow and leam continue to take 

constant effort from a dyslexic and so, everyday life at school can be quite exhausting.
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Very often dyslexies will perform well in the morning but by afternoon they have no 

more energy or concentration to give and performance deteriorates. This decline in 

performance can also be seen during exams in some cases. Questions done at the 

begiiming of a paper are often o f a better standard of spelling and layout then those done 

towards the end of the paper. Time limitations will obviously influence this as well.

Often a child with dyslexia finds the processing and interpretation of oral instructions 

difficult. This can result in classroom instructions being only partially followed if  too 

much information is given at one time. It may also result in the dyslexic asking for 

instructions to be repeated several times until they are sure that they have a grasp of the 

complete thing. This is particularly true for auditory dyslexies .

It is necessary to understand the difficulties experienced by dyslexies when they read as 

these difficulties will affect them when they work in all areas of the school curriculum, 

not just during language work.

2.4 Dyslexies and Mathematics

Thomson (1990) gives this definition of dyslexia from which it is possible to see where 

any problems experienced with mathematics in particular may spring from:

mm#: V'”.

The last sentence of this definition is of particular interest when discussing mathematics 

as it implies that the child will encounter problems with the following: new mathematical 

language, symbols used in mathematics, recognition of patterns and sequences, retention 

o f number facts, direction of calculations, place value and the actual process of writing 

the numbers down. These problems fall into two categories: those relating to purely 

number work work and those related to language.
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The language problems experienced are the actual reading and interpretation of the 

questions. This requires the reading to be done accurately as the missing out of words 

such as ‘not’, will change the whole meaning of the question. Once the question has been 

read, mathematical definitions have to be given to the keywords within it, in order to 

allow the mathematical meaning to be obtained. These words may already be established 

within the vocabulary but with a quite different meaning to that now required 

(Henderson, 1989). For example ‘take away’ has many meanings within everyday life 

other than implying a subtraction sum. Thus, time has to be taken to ensure that once the 

word has been read it has the relevant meaning attached to it. Symbols also have to be 

given meanings and interpreted and it can take time to establish connections between the 

symbols and the words of mathematics language and the English equivalent. Thinking of 

mathematics as a language in its own right (Sharma 1989) gives a new viewpoint from 

which to look at the subject as a whole and the teaching of it. This approach is discussed 

more fully in chapter three.

Number work problems include writing down the sum which can be worked through and 

this can result in the answer to the question. This is not always straightforward for the 

dyslexic due to the possibility of number reversals and / or confusion over place value.

For example;

Although this kind of error can be seen in many young pupils’ work it is more common 

among dyslexies. The numbers may not only be transposed but written in reverse also:

There may also be problems with distinguishing between the mathematical symbols, +, 

and X especially if written carelessly (Chinn 1995). Numbers can get misinterpreted 

when read, for example, 6 and 9 may be interchanged or 3 substituted for 5 .
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Many dyslexies, as already mentioned, have problems remembering left from right and 

have to be reminded where to start reading a page and some physical reminder of which 

hand is which is often required. Such a reminder may be “ I wear my watch on my left 

hand” or “ I hold my pencil in my right/ left hand”. This is particularly important when 

having to deal with arithmetic algorithms and mathematical expressions. In order to 

evaluate an algorithm, it needs to be worked through in a specific direction (mathematical 

syntax).

Problems with sequencing may result in difficulties in counting when using on-to-one 

correspondence or when counting backwards. Seeing number patterns may also be

difficult:

Spatial awareness is required when working with place value and distinguishing between 

two and three dimensional geometry. This also has implications for topics such as angle 

chasing and three figure bearings.

A child’s ability to form concepts depends on the number and diversity of the 

experiences they have encountered (Chinn and Ashcroft, 1995). Due to the dyslexic child 

working at a slower pace, they may not experience the same range of work and hence the 

forming of generalisations and concepts can be harder for them.

Overlying all of this is the child’s self-image and their degree of “mathematics anxiety” 

(Buxton, 1981). Mathematics anxiety is the child’s degree of worry about tackling 

mathematics questions and failure to achieve success in the subject. This is obviously 

cyclic in that anxiety can lead to failure which, in turn, leads to more anxiety and so on. 

This type of anxiety can also have an effect on the available working memory space (as 

discussed in chapter one).

The implications that dyslexia can have on mathematics learning are now more greatly 

appreciated and so the teaching approach taken with these children can be adapted to 

suit the child. This will, in turn, hopefully help to break the anxiety-failure cycle. As 

mathematics is a sequential subject it is particularly important that early difficulties are 

addressed and addressed effectively in order to prevent further difficulties later on in
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school life (Chinn and Ashcroft 1995).

2.5 Diagnosing Dyslexies

Due to dyslexia not being caused by one factor or resulting in the display of a fixed 

number of characteristics, diagnosing a dyslexic can be very difficult. The diagnosis 

cannot be given by a class teacher but their role in establishing what problems the child is 

experiencing is vital. The teacher can spot any discrepancies within the child’s work: 

their reading ability may not reflect their ability to communicate orally, or their written 

work may not reflect their ability and understanding shown during practical work. If 

these indicators are noticed, there are some general tests which the teacher can then 

supervise to try and gain a more detailed picture of the child’s specific problems.

The following list comprises a selection of some of the more commonly used 

Standardised Tests which can be used in the assessment of specific learning difficulties 

(McGhee, 1996).

Tests to establish ability level.
Crichton Vocabulary Scale 
Raven’s Matrices

Measures Oral Linguistic Ability. 
Non - verbal test o f ability.

Reading Tests.
Neale Analysis (Revised)

MacMillan Reading Analysis 
Word Reading Tests.

Burt

Spelling tests.
Vernon
Schonell

Arithmetic Tests.
Ballard Oral Arithmetic

Reading in context.
A Reading and Comprehension Age 
within an age range is provided.
As above.

Provides a Reading Age but also an 
indication o f the de-coding strategies 
which the pupil uses.

Provide a Spelling Age but also 
highlight specific phonic rules which 
have not yet been mastered.

An arithmetic test is part o f the battery 
of tests which make up Intelligence 
Tests. Included here to form an overall 
picture of ability, simple sequencing 
ability and as a measure of mental
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agility.

Tests Designed to Diagnose Specific Learning Difficulties.
Bangor Dyslexia test. Tests areas which researchers have

found over the years to indicate a 
Specific Learning Difficulty.
Provides little information which can be 
of use in planning a remedial 
programme but seven of the more 
positive indicators along with other 
evidence can help in the diagnosis of a 
Specific Learning Difficulty.
(see below for further details)

Aston Index Attempts to provide a profile 
comparing ability with Reading Age 
and a profile of the areas of difficulty, 
i.e. auditory and visual, but is poorly 
constructed and standardised. Recent 
research (Sutherland and Smith, 1991) 
has suggested that it is unwise to 
attempt to make distinction between 
auditoiy and visual causes but that a 
lack of phonological awareness is 
more likely to be the root cause of a 
Specific Learning Difficulty. In practice, it 
is unlikely that the whole battery of 
tests would be administered but 
selected tests would be helpful in 
profiling strengths and weaknesses.
(see below for further details).

The Bangor Dyslexia test (T.R. Miles 1997).

This test is based on the observations of Miles while he was assessing both children and 

adults who had been referred to him. During these assessments he noticed that many of 

those he was working with were uncertain over left and right, that some had difficulty in 

repeating ‘tongue-twisting’ words such as ‘preliminary’ and ‘statistical’, that many had 

difficully in reciting mathematical tables, that many confused ‘b ’ and ‘d’ even at ages of 

9 and 10 and over, and that, in many cases, more than one member of the family was 

affected. No one of these signs is decisive on its own, but it is the overall pattern which 

constitutes evidence for dyslexia.
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The Aston Index (Newton and Thomson, 1976).

This test contains both a measure of intelligence, the Goodenough draw-a-man test, and 

measures of reading and spelling. Other tests include free writing, recall of auditory 

presented digits (Digit Span test - this will be looked at again in chapter 4), memory for 

visually presented material, both symbolic and non-symbolic, and tests of sound 

blending and sound discrimination (Miles and Miles 1999).

These tests give a wide range of results and information. In general, any result which 

reveals a significant discrepancy between the child’s chronological age and their reading, 

spelling or arithmetical age should be investigated further. Similarly a discrepancy 

between their listening comprehension abilities and their reading comprehension abilities 

should be investigated.

The child may also show signs of mixed laterality. This may result in directional 

confusion and difficulty in copying written work. Although this does not indicate a 

specific learning difficulty in itself, it may give an indication of other problems and steps 

can be taken to alleviate the problems caused by mixed laterality.

Throughout these tests, it is very often how the child goes about them that gives as 

much, if not more, information than the actual results. With very young children any 

discrepancy revealed may be due to a maturational lag and, therefore, it is often better to 

wait a while and see how the child develops.

If  the child is older, the child can then be referred to an Educational Psychologist who is 

in the position to do further testing and give a diagnosis and recommend a teaching 

strategy which could help.
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Tests which can be done by an Educational Psychologist.

Chdd.cu'srestofNon;ordRepeti.ion(l
■ /n

Miles and Miles (1999) do not see the above tests as being in competition with each 

other. It is more that they have varying emphases. Thus the Aston Index and the Bangor 

Dyslexia test are basically fact finders without major commitment to one theory. The 

PhAB, COPS 1 and the non-word reading test are based on the theory that certain 

children have difficulties at the phonological level, while the CNRep places special 

emphasis on weakness in short term memory. Finally, the DEST, DST and DAST take 

account of the theory o f a phonological deficit but go beyond it in testing for an exact 

deficit within the cerebellum.
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2.6 Other languages and Dyslexies

Dyslexia is not limited to English speaking people. Examples of dyslexia have been found 

in Austria, Belgium, Czechoslovakia, Chile, Denmark, France, Germany, Hungry, 

Holland, the Philippines, Japan, China and Portugal (Huston, 1992). The numbers of 

recorded dyslexies in Japan, however, are very few. The reasons for this may be that 

they do not have a written language based on an alphabet but use a more graphic script 

or it could be that the dyslexies are going unnoticed. There was a case of a bilingual 

(English / Japanese) boy who showed no dyslexic tendencies when working in Japanese 

but who did when working in English (Wydell, 1999). However, at the moment, the 

variance of dyslexia from language to language cannot really be explained.

It is however, interesting to consider the fact that mathematics can be considered as a 

language and that written mathematics is made up of both symbols and letters which all 

have their associated meanings.
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Chapter Three 

Problem Solving

3.1 What is Problem Solving ?

Problem solving is a wide ranging term and aspects of problem solving can be found in all 

areas of life - paying bills, time management, arranging furniture within a room. Each of 

these situations, however, could be considered a problem by one person but may not be 

considered to be so by another depending on each person’s past experiences.

This is due to the fact that any situation which involves the receiving of information and 

the use of that input to produce a result can be classed as problem solving. Polya 

defined a problem as something which requires us:

mmmm

Within any problem there are three main parts: the data, the method and the aim. These 

three requirements can be found within any everyday situation. We are constantly asked 

to take in information, process it and use it to influence our actions and reactions to the 

world around us. Due to the fact that our environment is constantly developing and 

changing we have to adapt to it and reassess input from our surroundings all the time. On 

a day to day level, this can be done almost unconsciously. However, when larger 

decisions have to be made, a more conscious approach to the problem is used and true 

problem solving skills can be an advantage. Therefore, pupils need to be equipped with 

the skills required to deal with known problems and the yet unknown.

When this is being done, we take in all the information important to the situation and try 

to find a similar, previous experience which can give us a clue as to how to deal with this 

one. We may then adapt this previous experience to the new situation and hence a result 

is achieved or we may need to find a whole new approach altogether and thus develop a 

new method of working. The actual number of problems encountered by any one person 

increases daily as they get older and as the world becomes more complex. It is therefore 

impossible to count them all but, it is possible to categorise the type of problems which 

the pupils are likely to address. Johnstone (Wood and Sleet, 1993) has done this as
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shown in table 3,1.

Table 3.1 Problem Types

Given

Given

Incomplete

Incomplete

Given

Given

Incomplete

Incomplete

Methods

Familiar

Unfamiliar

Familiar

Unfamiliar

Familiar

Unfamiliar

Familiar

Unfamiliar

Goals

Given

Given

Given

Given

Open

Open

Open

Open

Skill Bonus

Recall of algorithms

Look for parallels to known methods

Analysis of problem to decide what further data are 
required. Data seeking.

Weighing up possible methods and then deciding on data 
required

Decision making about appropriate goals. Exploration of 
knowledge networks

Decisions about goals and choices of appropriate methods. 
Exploration of knowledge and technique networks

Once goals have been specified by the student these data 
are seen to be incomplete

Suggestions of goals and methods to get there; consequent 
need for additional data. All of the above skills.

This categorises problems in a simple but accurate way. It allows problems to be

identified accurately and so teaching can be adapted to help pupils develop the a

appropriate method for solving the problem they are faced with.
Problem solving can be thought of as:

-  : ' If

All three types of thinking are closely linked due to both creative and critical thinking 

being involved in investigative thinking. This investigation may be a task in its own right 

or may be part of problem solving (Figure 3.1).

F ig u re  3.1 K in d s  o f  T h in k in g  : inves tiga tive  an d  p rob lem  solving 

F ish e r (1998)

Creative thinking (divergent)

i

Critical thinking (analytical)

Problem Solving (applied)
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The ability of the child to solve problems and apply their thinking will help the child to 

develop strategies which can help in life as a whole and not just in classroom situations. 

By exposing a child to problem solving situations it is possible to have a wide ranging 

effect on their thinking and their approach to situations.

' Problem solving activUies will stimulate and develop skilis of 
. thinking and reasoning. They utilise and make relevant the child's 

knowledge o f facts and relationsMps. Betting results helps develop 
. confidence and eapability.

It will help children to adopt an attitude where they feel confident to work out a problem 

for themselves or be able to discuss the problem with others and, therefore, come to a 

group conclusion. Thus, problem solving can be used as a starting point for many skills 

as the following diagram shows.

F igu re  3.2 C harles an d  L este r 1984,

relates to ch ild ’s needs

fosters sk ills  fo r 
evalua tion

involves group work 
and in terac tion  sk ills

involves learn ing  to  
th ink  for o n ese lf

d toon rages planning 
and forw ard th inking

is concerned w ith   ̂
app ly ing  know ledge 
and sk ills

Problem
Solving

develops 
confidence and 
com petence

 ̂ footers language . 
BspenencB

provides firs t hand 
experience deveiopi^î^stigatii^iiiis^iiiii 

skills V
encourages observation  
and hypo thesis creation

relates to  all areas o f  
learn ing

stim ulates creadve and 
c ritica l th in k in g

raises questions and issues
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Each type of problem requires different techniques to be employed in order to solve 

them. Polya suggests that there are four main stages in solving any problem:

a) tmderstanding the problem
b) h p/â»  ̂ r ; ; '
c) carrying out the plan :
d) looking bàbkÿ-

This is, however, an ideal situation and it was observed by Yang (2000) that there was a 

complete absence of planning when pupils faced open ended problems (of type 3 - 6 in 

Table 1). Planning may be an adult way of tackling problems. The planning being based 

on previous experience which is being used and adapted in this new situation. Young 

pupils do not have this wealth of knowledge to choose from therefore they find planning 

difficult if not impossible.

Charles and Lester (1984) suggested that solving problems of the algorithmic type (type 
1 in table 3.1) involves the following stages.

i. an effort to understand the problem at both syntactic and semantic levels
iii organising information to plan an attack on the problem
Hi. skills associated with implementing a plan "
/V , and the mental processes related to evaluating what has been done and

• what has been ieamecL , /  ÿ
(Charles and Lester, 1984)

Although all problems can be tackled using this basic structure, each group of problems 

requires different techniques within the planning and implementing stages mentioned 

above. Mathematical problem solving is one such type and so it has its own techniques 

associated with it.

3.2 Mathematical Problem Solving

It has been established that problem solving in general is an important skill for life. It is 

now necessary to look at problem solving within mathematics in particular. It is obvious 

that mathematics and problem solving are inter-related and this has been stated by policy 

documents.
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essential aim o f mathematical education Is to help pupils to learn how to 
describe, tackle and ultimately solve problems which require the use o f  ' .  p ;  
mathematical knowledge and techniques." rf

Standard Grade Arrangements in Maihematics,SEB 1984.

“ The ability to solve problems is at the heart o f mathematics. "

Wockcrpfi Report 1982.

Thus, problem solving is part of the mathematics curriculum within both Primary and 

Secondary schools.

Polya (1962) defines two main types of mathematical problem solving: the problems 

where an unknown is to be identified and the problems in which it is necessary to prove 

something.

In the former type of problem, the unknown to be found must satisfy the conditions laid 

down by the problem and be in keeping with any given data. So, for this type of problem 

solving, we need an aim, some data and a method by which we can find the 

unknown.This relates very well to the classical arithmetic based work found in Primary 

schools. The child is given a situation where the data can be used with a known algorithm 

or procedure to obtain the answer.

The latter type of problem requires a statement to be proved right or wrong. This type 

of problem consists of two rather than three main parts. These are the hypothesis and 

the conclusion. In order to solve this type of problem we need to find a way of 

connecting the hypothesis and the conclusion together or show that the hypothesis does 

not imply the conclusion. This is a much harder concept for young children to grasp and 

is, therefore, not used often within the 10-13 years age group.

The type of problem which is used within this age group can also be classified within 

Johnstone’s categories, 1 and 2, as discussed previously. More specifically there are six 

groups of problems encountered within the curriculum (Charles and Lester 1984).
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Table 3.2 Charles and Lester, 1984

1) Drill Exercises.

2) Simple Translation Problems.

3) Complex Translation Problems.

4) Process Problems.

5) Applied Problems.

6) Puzzle problems.

These give practice in using algorithms and help 
to maintain a working knowledge o f  the basic 
computational facts.

These provide practice in translating real world 
situations into mathematical expressions.

These provide experience similar to those in 
type two but now two or more translations are 
required.

These help to develop general strategies for 
understanding planning and solving problems as 
well as evaluating attempts at solutions.

Provide an opportunity for students to use a 
variety o f mathematical skills, processes, 
concepts and facts to solve realistic problems. 
These have the intention o f  increasing 
awareness o f the value and usefulness o f

These allow an opportunity to engage in 
potentially enriching recreational mathematics. It 
is also an opportunity to point out the fact that 
problems can be taclded from more that one 
angle and that flexibility is important.angle and that flexibility is important.

Each type of problem helps pupils to expand their experience of problem solving and 

gives them the opportunity to experiment with approaches and consolidate techniques.

How mathematical problem solving is tackled by an individual will be influenced by 

several factors: their previous experience, mathematical learning personality (Sharma, 

1989, discussed later), working memory space available and level of motivation will all 

have an effect on how the problem is approached and dealt with. These factors will 

influence how the individual views the situation and thus whether a problem is seen at 

all; one person’s problem is not necessarily a problem for another. These factors are 

summarised by Charles and Lester (1984) in the figure 3,3.
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Interactive factors involved in problem solving.

Figure 3.3 (Charles and Lester,1984)
— ...................... -  - .........  - .....  ' -__________ :___________i___ ;_______________1

Affective Factors Experience Factors

Age
PressurePerseverance Previous mathematical 

background

Tolerance for Motivation 
ambiguity Familiarity with 

solution strategies

Anxiety to perform
Interest

Familiarity with problem j
context and contentStress

Resistance to 
premature closure

MemoryReading ability 

Spaciability

Analytical ability

Computational skill

Cognitive Factors

' " ‘ .7 ■' ■ \ '! ~ I ' - . ' - T \ . 1  ̂ " I, \ _ - - - y  ̂ - y . Ï - <, ,,, L

The cognitive approach of any individual can also be defined as their * mathematics 

learning personality’ (Sharma, 1989).
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There are two extreme categories of cognitive style which have been given various labels 

by different writers .

For example.

Polya P962J 

de Bono (1970) 

Harvey (1982) 

Bath e/af (1986) 

Sharma (1989)

groping/ bright 

lateral 

geometers 

grasshoppers  ̂

qualitative

ideas algebra/ generalisation

vertical

algebraists

inchworms

quantitative

A pupil’s cognitive style will affect their route through a problem but, obviously, no 

matter which approach is taken, the same answer should be achieved. In each of the 

above labels the former is a step by step approach while the latter is more intuitive and 

lateral. Bath et al. (1986) used the terms 'Inchworms' and 'Grasshoppers' which are the 

most instantly descriptive of the techniques involved.

The three areas of problem solving (analysis, method and verification) will be tackled in 

different ways by the two groups. Table 3.3 below (Bath et al.) compares the two 

approaches.

T ab le  3.3 B ath  et al (1936)

Inchw orm G ra ssh o p p e r

1. A nalysing  and  
Iden tify ing  the  p rob lem .

I. Focuses on parts, attends to detail 
and separates.

1. H olistic, form s concepts and puts 
together.

2. O bjective o f  looking at facts to 
determ ine useful formula.

2. O bjective o f  looking at facts to 
determ ine an estim ate o f  answer or 
range o f  restrictions.

2. M ethods of so lv ing  
the  problem .

3. Form ula, recipe orientated. 3. C ontro lled  exploration.

4. C onstrained  focusing using single 
m ethod o r seria lly  ordered steps along 
one route(R ifle approach), generally in 
one direction .

4. F lexible focusing using 
m ulti-m ethods o r paths, frequently  
occurring  sim ultaneously (S ho t gun 
approach), generally reversing or 
w orking back from the answ er and 
try ing new routes.

5. Uses num bers exactly as given. 5. A djusts breaks dow n / builds up 
num bers to m ake easier calculations.

6. Tending to add and m ultip ly ; resists 
sub trac tion  and div ision .

6. Tending to  subtract.

7. Tending to use paper and pencil to 
com pute.

7. Tending to  perform  all com putation 
m entally.

3. V erification . 8. V erification  unlikely  ; i f  done uses 
same procedure or mediod.

8. L ikely to verify; w ill probably use 
alternative procedure o r method.
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As can be seen, the inchworm will work logically, step-by-step, throughout the problem 

while the grasshopper has a more intuitive, trial and error approach to the problem in 

hand. The grasshopper and the inchworm are the two extreme categories and the 

majority of people will show characteristics of both and / or use a different combination 

of the characteristics as and when required. From a teaching point of view, it is important 

to be aware of the child’s learning personality so that teaching methods can be adapted to 

appeal to the pupil’s preferred style first and then, if appropriate, reinforcement can be 

done using another approach, expanding the pupil’s experience.

Evidence indicates that the cognitive approach used is determined by the hemispheric 

dominance within the brain (Kane and Kane 1979). The right hemisphere encourages 

thinking which is deductive, intuitive, holistic, divergent, related to concepts, and 

geometry. This corresponds with those known as the grasshoppers. When the left 

hemisphere is dominant, the thinking is more in keeping with that of the inchworm: 

inductive, convergent, segmented, logical and algebraic. It is generally accepted that 

someone who is good at problem solving can use a combination of both modes of 

thinking. However, the fact that one approach does not rely on the use of pencil and 

paper leads to the question: do more dyslexies use the grasshopper approach rather than 

the inchworm approach? This question has been addressed by Chinn et al (2001). In a 

study involving children from Ireland, England and The Netherlands, he looked at the 

cognitive styles of both dyslexies and non-dyslexics. It was found that the dyslexic 

group were predominately at the inchworm end of the personality spectrum while the 

non-dyslexics were nearer the middle of the range. His hypothesis drawn from these 

findings is that the dyslexies would:

”V. rather attempt a method fWVAgy thé correct answer,
and th ere jd m ^ i^ d jb r  the S t^  "^p§[jeedural option ŵ  ̂ a problem. " f.

There were discrepancies between the three countries; the Netherlands had a greater 

number of inchworm personalities than either England or Ireland. This reflects the 

differences in the approach to mathematics and the curriculum used in each country.

If we are looking at how a child approaches problem solving we have to establish their 

view of the problem. We have to be able to look at the situation as they experience it. 

This will be determined by their cognitive style, their ability to interpret the language
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involved, their working memory space, their ability to relate the problem to previous 

experiences and their ability to adapt their knowledge in order to apply it in a new 

situation. Any dyslexic tendencies will, of course, have an underlying influence on some 

of these factors.

It can be seen that the most important factor influencing how a problem is solved is not 

the problem itself but the problem solver. Each person will have a unique viewpoint of 

the problem and its level of difficulty. It is possible to look at what areas within problem 

solving can in general cause difficulty. The following seven points can all contribute to a 

problem’s difficulty.

L ^om0exit^i0M^oblemstQmmeni.

3. iB'îîoôfew wi^iaeci^toS/ie iSoifaî GW
4. Misleading incorrect solution or solution procedures,
5. Difficulty in locating reachable subgoals (where to start, unwillingness

to 'have a go'.)
6. Constrain^ arriving from misconceptions or misunderstanding o f  

. information given within a 'problem. ''
7. reaction to th ^  

probtem ^ tq id  n ee^  la be motivated arid have a yieed' to saBe the

r )  ■'
r . - ■> ^ -V-: v<. - Charles and Lester, 1984

Points one and two have obvious implications for dyslexies in that if  the problem is 

stated within a lot of surplus information, the reading process may not filter out the 

important data fi*om the extra information given.

Points five and seven can also be influenced by the pupil’s confidence within 

mathematics. If the pupil has a fear of mathematics and failing within the subject then 

obviously they will be less willing to have a go and then retry the problem if their first 

attempt does not succeed.
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All of these points can be categorised as follows;

Category DiBiculty faclors.
Problem 1,2,4

Problem Solver 2,3,4,5,6,7 L

 ̂  ̂ Processes 3,4

Environment  ̂ 2,7

This bears out the fact that most of the problems associated with problem solving are 

related to the solver and how they perceive the question. The first hurdle to overcome is 

the reading and understanding of the question. This involves the physical reading process 

and the internal comprehension of what is being read. The identification of keywords 

here can then help to retrieve from long term memory a method or algorithm which can 

lead to a solution. At some point the language of the question has to be translated into 

the language of mathematics in order to achieve an answer. Thinking of mathematics as a 

language in its own right (Sharma 1989) gives a new viewpoint from which to look at the 

subject as a whole and the teaching of it.

Mathematics can be thought of as a language having its own alphabet, symbols, 

vocabulary, syntax, grammar and literature (Sharma). Hence, in order to improve a 

pupil’s understanding of mathematics, it is necessary to develop their mathematics 

vocabulary, their understanding of the syntax of mathematics and the ease with which 

they can translate expressions from their native language to that of mathematics and vice 

versa. The syntax of mathematics is very rigid and precise and it therefore has to be well 

understood.

Some calculations can be read and worked out by working from left to right.

eg. 12 + 9 # 2 1 - a
- . . -

whilst some are read left to right but worked out right to left.

eg. 675-Î-5
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Translation is the hardest part of this approach as children have to think about and 

understand the mathematics behind the expression they are looking at.

eg. 1< y < 4

Pupils need to ask ‘ What is this actually saying?’ and put it into words.

‘y is bigger than one but smaller than 4 *

Therefore y equals two or three (assuming whole numbers).

It is also important to be able to translate the child’s native language into that of 

mathematics.

eg. ‘ y is bigger than two but less than ten.* 
becomes 2 < y <10.

This type of translation has obvious implications for problem solving when the problem 

is presented in word form rather than set out as a calculation.

This movement from one language to an other is summarised in the diagram below.

F ig u re  3.4 S h arm a (1989)

O)
representation.pictorial 
and linguisticproblem identification from the real world.

statement o f the (xoblem. 
(word problem)

Native languaz«>  ̂Native tankage. Native lartguagW ^^

checking:
■■■

- .  '

so lv ing
m athem atical

expressipns.

Mathematical formulation, 
(equations and expressions)

i î l
description and symbolic 
representation.

Mathematical
language.

tran sla tion  

Mathematical language.

(1) U nderstanding the environm ent (concrete experiences and the use o f  natural language).
(2) T ranslation (natural language to  p ic to ria l).(3) R epresentation(in natural language).
(4) D escription and verbalisation  (in natural language) o f  the representation.
(5) D iscussion (in natural language).(6) M athem atical form ation o f  the problem  (in m athem atical language). 
(7) M anipulation o f  m athem atical language.
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It can be seen from this that a good understanding of the pupil’s native language will 

make the process of problem solving much easier. Thorndike said that:

"Our measure e^abili^in  ariihmetic aEtually/is a measurement o f  
two dif^^rent thin^} sHeer matJietnatical In sis t and knowledge, 
on the om  hanïk oad acquaintance with langage on the other. "

Although this statement was made in 1912 it is still true today. This gives us an 

indication of the insight into the situation which Thorndike had.

For dyslexies, however, this prerequisite is not always met due to the problems they 

have with language as already discussed.

Being able to work between the two languages is a big advantage when it comes to 

problem solving as it allows a mathematical expression or arithmetic algorithm to be 

produced as a result of reading or observing the problem. This having been done, a result 

can be achieved.
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Chapter Four 

Data Collection

4.1 Aim

The overall aim of the project was to look at how children and, in particular, dyslexic 

children, tackle arithmetic based problems as encountered in Primary Schools.

This aim produced the follow questions :

L Do dyslexies have a  different WorkingMemqry Space compared to, 
non - dyslexies? ^

' . - ' . -  : - ' "  -

2. Do dyslexies achieve the same success rate as non-dyslexics 
in arithmetic problem solving?

3. Is the approach taken by ^slexlcs to arithmetic problems different from  • 
that taken by non-dyslexics?

4. Do children within this age group have à developed network o f  
mathemcdicalwxff^^symbotk add their meUnir^f^k ^

To try and answer these questions the following groups of data were collected:

i. Working memory space capacity,
a. Word /  sym bol/ meaning networks.
Hi. Answers to ten Arithmetic based questions.
IV. Age o f  each child.
V. Whether the child was dyslexic or not

In order to collect this data the children completed four tasks:

L A Woid l4iemo/%3^estionnaire 
a. A Ipm ork  Questionnaire
Hi. A M a i^ g  Mànory Space Quiz
tv. A SoeB e: iff Arithmetic questions.

.. - - _
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4.2 Working Memory Space Capacity

It has been noted that the working memory space is the area of memory where data can 

be temporarily stored and manipulated if necessary. The limitations on working memory 

space determines the amount of data which can be stored and manipulated. This can be 

measured in various ways, two of which are:

/. The digit spart test " Æ

ii. ■; The Pascual-Leone Figurai Irtierseciiorts test

The Digit Span test involves the pupil repeating a group of numbers which they hear. 

They repeat the numbers initially in the same order as heard and then in the reverse order 

during the second half of the test. This test is one of those which make up the Aston 

Index as discussed in Chapter 2. Obviously this test has to be done on a one to one basis 

and it is therefore very time consuming. Due to the fact that schools could only provide 

limited access to the children and that the researcher’s time was also limited the digit 

span test was not suitable to use within this study.

Pascual-Leone’s test is based on his Theory of Constructive Operators, which states 

that the working memory space increases in power with age and is largely responsible for 

a child’s developmental progression through the Piagetian stages. The figurai 

intersections test (FIT) is a pencil and paper test which can be used to measure working 

memory space capacity. Being pencil and paper based, it can be carried out by groups of 

children at the same time and is therefore less time consuming than the digit span test. 

This test does not require any written language work and so will not leave dyslexies at a 

disadvantage. It does, however, rely on the children being spatially aware and this is not 

always the case for either dyslexies or non - dyslexies. However, the advantages which 

this test provides outweigh this disadvantage. It is acknowledged, however, that there 

will be a few children who will not perform well in this test and so a working memory 

space capacity cannot be accurately established. Within the test the children are asked to 

look at two groups of geometric shapes.
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e.g.

The shapes on the right are the presentation set and the shapes do not overlap but the 

number of shapes varies between questions. The shapes on the left are the test set. The 

test set is made up of the same shapes as those in the presentation set but are arranged 

such that there is a common area of overlap. The object of the test is to identify and 

mark this area of overlap. The shapes in the test set may differ in size and orientation 

from those in the presentation test, but they match in shape and proportions. In some 

questions there is an extra shape in the test set which is not present in the presentation 

set. This is there to mislead and should be treated as background noise and ignored by the 

child. The questions get harder the greater the number of shapes present in the sets. The 

test which was used was based on Pascual-Leone’s test and is shown in full in appendix 

A. The test was made up of twelve questions; the number of shapes in each question is 

shown below.

Question. Number o f Shapes.

1 3 shapes

2 4 shapes

3 5 shapes

4 3 shapes + 1 irrelevant.

5 3 shapes.

6 5 shapes.

7 4 shapes + 1 irrelevant.

8 6 shapes.

9 3 shapes

10 5 shapes.

11 6 shapes.

12 3 shapes.

The difficulty of the questions did not increase throughout the test. Instead the harder 

questions were interspersed with easier ones in order to allow the children a breathing 

space. Each question within the test was done within a specific time. This task was
Page 47



Chapter Four

presented to the children as a ‘Shape Quiz’. The intention of this approach was to 

present the task in a way which would allow the children to tackle it in a relaxed and 

attentive manner. Hence, it would hopefully be something fun rather than something 

daunting.

In order to establish the child’s working memory space capacity, the number of correct 

answers for each number of shapes within the presentation set was noted. Thus, if  the 

highest number of shapes the child could handle was five (that is the questions involving 

six shapes were answered wrongly) then a capacity of five was assigned.

4.3 Word / Symbol / Meaning Networks

It has been established that it is important to be able to identify keywords within a 

problem in order to establish what is being asked. These keywords relate to 

mathematical symbols, concepts and / or algorithms and are interrelated or connected 

through their meaning. Thus, one word or symbol will be related to another and so on 

forming a network.

Previous work (Bahar, 1999) had used various techniques to explore pupil 

understandings o f concepts in biology. One of his methods was based on word 

association ideas and this is known to give helpful insights into the way concepts are 

linked. This approach was adapted and two tests were developed. The intention was to 

see what evidence could be gained about pupil conceptual understandings (including use 

of symbols and algorithms) of the key processes in arithmetic story problems.

The first test gave them the name of an arithmetic procedure and asked them to write 

down as many other words or phrases as they could which they thought meant the same 

thing as the original word.
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They were given five words in total (addition, subtraction, multiplication, division and 

equals), each on a separate page with lots of space provided for answers, 

e.g.

Addition.

The full questionnaire is shown in appendix B.

The second questionnaire asked the children to match the correct meaning to the 

arithmetic symbol shown on the page by drawing a line firom the correct word to the 

symbol. Again five symbols were considered in total: + , - , x , - ^ ,  = .

e.g. addition

product

sum of

total

minus

add up

share

increase

more than

and

decrease

plus

On each sheet an example was given so that the children were clear about what they 

were being asked to do. The full questionnaire is shown in appendix C.
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To interpret the results from questionnaire one, the frequency of each word given as an 

alternative to the given word was noted. Thus an indication of the strength of the 

association between the word and its alternatives could be built up.

The interpretation of the results from questionnaire two was done in the same way as 

those from questionnaire one, in that the frequency of each word matched was 

established and so the strength of the association could be seen.

4.4 Arithmetic problems

In order to test the pupils’ ability in arithmetic story problems it was decided to develop 

a set of test items. These would be based on the kind of problems that pupils would be 

likely to meet at this stage or their formal classroom work. The items were designed to 

offer a variety of situations and formats, some including some pictorial information.

The ten questions within the booklets did not increase in difficulty throughout the 

booklets but easier questions were placed in between the harder ones. This allowed the 

children to have a greater chance of finding success throughout the booklet and so reduce 

the possibility of them giving up when faced with increasingly difficult questions. Within 

the booklets, considerable space was provided for working to be written down and the 

children were encouraged to show their working when the test was introduced to them. 

There were two versions of the booklet, one which had very few diagrams provided, 

while the other gave more in the way of diagrammatical help, although the same 

questions were used in each. This was done in order to see if the success rate was 

affected by the type of presentation used for the questions. The booklet with the greater 

diagrammatic help had a white cover while the other had a pink cover. This was done to 

allow them to be easily distinguished. Both booklets are shown in appendix D in their 

entirety but the questions are listed below in a condensed format, so that they can be 

referred to and discussed.

Arithmetic Questions

(1) Jimmy had 320 stamps.

He was given 49 for his Birthday.

How many does he now have?
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(2) Susan has 90p pocket money. She went to the sweet shop and bought the following

A bar o f  chocolate for 5Op.

A sherbet dip for 15p.

And 2 toffees at 2p each.

How much did she spend altogether ?

(3) A video stand has 6 shelves.

Each shelf has 4 sections and each section can hold 3 videos. 

How many videos can the stand hold altogether?

(4) A  fruit seller had two baskets o f  oranges.

One basket had 476 oranges and the other had 298. 

During the day 577 oranges were sold.

How many oranges are left?

(5) The diagram on the below shows a swimming pool. 

Around the pool there is a path.

The path is one meter wide.

Find the area o f  the path.

12 m'

Î
7m

I
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(6) 80 people came to a party.

42 o f  them only enjoyed Pepsi.

26 o f  them only enjoyed Coca - cola.

How many did not enjoy either?

(7) Tom had 196 jelly Babies.

He ate 29 while watching T.V.

How many does he have left?

(8) What would the next two numbers be in the following sequence,

1,3,6,10,

This number sequence can be used to build a display o f  boxes in a shop window.

1 3

What would the display look like if 10 boxes were used?

(9) The lunch menu at the local cafe reads as follows.

Starters

Soup

Melon

Main courses

Burger

Desserts

Ice Cream

Fish Jelly

I f  you had to eat a two course meal how many different meals could you possibly have?
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(10) Jane bought 375 cm o f  ribbon. 

She cut it into 5 equal pieces.

How long is each piece?

The more graphic version of question two is shown below.

(2) Susan has 90p pocket money. She went to the sweet shop and bought the following

A bar o f  chocolate for 50p.

A sherbet dip for 15p.

And 2 toffees at 2p each.

How much did she spend altogether ?

Chocolate bar. 

_______ 5 Op

The questions were written bearing in mind the possible limitations of the children due 

to working memory space. Thus no questions involved the manipulation of more than 4 

pieces of information at one time. The limitations were also reduced by the fact that 

working was being encouraged and so information could be stored on paper rather than 

within the working memory space. Doing the working on paper was also encouraged 

because it would allow the method of calculation to be seen and so a comparison 

between the dyslexies and non - dyslexies could be made.

Questions 1,2,3,4,6,7 and 10 are all solvable by the use of arithmetic algorithms. It is 

necessary to establish which algorithm is needed and then to insert the correct numbers 

from the data given in the question.

Question 5 requires knowledge of how areas are calculated. It also requires the pupil to 

be able to identify the correct area and then calculate that in an appropriate way: either 

by subtracting the area of the pool away from the overall area, or, by finding the 

individual areas of the path and then adding these together.
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Question 8 requires the pupil to be able to establish how the pattern is being built up, 

then to extend the pattern and produce a diagram which also represents the pattern.

Question 9 requires a systematic approach, either systematic listing, or a diagram which 

can help establish the total number of possible combinations.

When looking at the answers given by the children the following things were noted:

t Wài pie correpi tnpih&d ^

Due to question eight having two parts the total number of correct answers became 

eleven.

The children worked through the tasks during two sessions.

Session 1
Word Network (I minute per page) ■
Symbol Network (30 seconds per page)
Working Memory Space Test (30_ seconds per page)

Session 2
Workbook (untime($

It should be noted that all the children did the tasks in the same order. This ensured that 

the word network was done before the symbol one and so the results for the former 

were not influenced by the visual stimulus in the latter.

All of the tasks were pretested by a group of thirty children, three of whom were 

dyslexies. How they worked through the tasks and their final success was noted. Due to 

this initial work some adjustments were made to the symbol network questionnaire and 

the word plus was added to page 1, having been previously omitted. Question 8 within 

the problem booklet was reduced from three parts to two. The third part required the 

pattern being extended much further and it was decided that if the pattern could be 

established in part two then extending it further achieved no further insight into how the 

children were thinking. The children were asked how difficult they found each task and 

how they felt after completing each session. They all said that they found session one 

more tiring than session two but it was not too much to do at one time. The shape quiz 

was enjoyed but some found it tricky (this was to be expected). The children felt that
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the arithmetic problems did not contain materials which they were unfamiliar with and 

so they did not feel intimidated by them.

4.5 Sample of Children who took Part

Following the pretest and the subsequent modifications, a further sample of 207 children 

completed the tasks. They were from both the Independent and State Sectors and were 

aged between nine and thirteen (see table 4.1).

Table 4.1 Distribution of sample.

S am p le  Independ en t S tate D yslex ies

 ̂ T est sam ple 48% 52% 11%

N ation a l 5% 95% 5%

There is a greater percentage of children in Independent Education within the sample 

than the National average due to the fact that the researcher works within this sector and 

therefore knows people within the sector who were willing to give access to classes.

The percentage of dyslexies is higher since all of the schools were asked if all of the 

dyslexies within the age group could take part: not only those within the class or classes 

which were taking part.

The distribution of dyslexies is shown in table 4.2.

Table 4.2 Number of Dyslexies / Non-Dysleiics.

Non - Dyslexic ' Dyslexic

Male 93 13
Female 93 8

' '' •î'i VI

Thus there are more male dyslexies than female. This is what is expected based on the 

known trends in society.
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The age distribution is shown in table 4.3.

Table 4.3 Age Distribution

A ge 9 1 0  11 12 13

N um ber 9 74 89 30 5

Seven schools from a wide range of environments and catchment areas took part. The 

work carried out by the children is such that it should not be influenced by social factors.

Four of the schools chose to have the class teacher or learning support teacher do the 

work with the children. This gave the schools greater flexibility as to when the work was 

done. The work to be done was discussed with the teachers involved and a set of 

instructions (appendix I) was left with them to ensure that the same approach was taken 

with all the children. It was emphasised to all the children that this was not an 

examination situation and that it was how they did their work that was important, not 

just correct answers. The work in the other three schools was collected from the children 

by the researcher.
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Chapter Five. 

Results

5.1 Working Memory Space Capacity

Of the 207 children who completed the test, it was possible to establish a working 

memory space capacity for 86% of them, full results are given in appendix E. There are 

several possible reasons why it was not possible to achieve a result: it may have been 

that either the task was not understood and so the performance was poor, or the spatial 

abilities of the child were such that this type of task was beyond them. A full breakdown 

of the results is shown below.

53

Table 5.1 W.M.S. Results.

Dyslexies
Non

dyslexies

W.M.S. U nkn ow n

25

As can be seen, the majority of both the dyslexies and non-dyslexics have a working 

memory space of 4 or 5. For the age of the children involved, this result is what might be 

expected. The average working memory space capacity for ten year olds is accepted as 4 

and that of twelve year olds as 5 (Miller, 1956).

It should be noted, however, that most definitions for dyslexia comment on the fact that 

working memory may be poor within dyslexies and so a reduced working memory space 

capacity would not have been surprising. The indications here are that the working 

memory space capacity of both groups is the same. Thus, it would appear to be that it is 

how the dyslexies use the working memory space which can result in what appears to be 

a reduced working memory space capacity.

While answering mathematics questions there are two types of translating occurring: the 

written or heard English language has to be given a meaning and any mathematical 

expressions also have to be interpreted and given meanings. Hence, two units of working 

memory space may be being used before any manipulation of the data has occurred. This 

obviously means that less manipulation can be done due to shortage of space.

Page 57



Chapter Five

Both of these translation processes can become automatic for non-dyslexics with little or 

no conscious thought given to them and hence no working memory space is used. Thus, 

it would seem to be that, although the working memory space capacity of dyslexies 

starts off being equal to that of the non-dyslexics, it is reduced due to the interpreting 

process and hence less space is available for manipulation of the data. It is how the space 

is used which differs not the actual size of the working memory space.

This finding is consistent with the observations by Selepeng (Johnstone and Selepeng, 

2001) where some working memory space is used for language translation. It is also

supported by the findings of Danili (2001) and Christou (2001) who suggested that field

dependent (those who have difficulty in distinguishing the ‘message’ from the noise in 

any communication) pupils have less available working memory space to solve problems 

in Chemistry and Mathematics respectively.

If  the recall of number facts is difficult then multiplication answers and basic number 

facts will have to be worked out each time. This will obviously result in some working 

memory space being used for these calculations. If recall is good and a calculation is not 

required more working memory space will be available for another use.

5.2 Arithmetic Booklets

The booklets were completed by all 207 children and a set of results was obtained from 
each child. For each child the following things were noted:

U Whether each individual answer was correct,
ii. Whether a correct method was used,
a t  Whether a diagram had been used  
iv. Which booklet had been done.

The aspects of this data which will be discussed are:

I. "A comparison dyslexic % non-dystexic groups * Qverall performance,
il M mmparison o f  overall peiformance with age.
Hi A comparison efperfprmance within the white and pink booklets,
iv. A comparison bfpeifbrmance in individual questions within the %slexie

and non-dyslexte groups.
V. A general observation Of how the questions were done.

(The full results obtained from this are shown in appendix E.)
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5.2.1 Overall Performance

When the total number of correct answers were collected together the results in Table 5.2 

were obtained:

Table 5.2 1 otal number of correct answerlI

Total 0 1 2 3 4 5 6 7 8 9 10 11

Dyslexic 1 0 0 1 4 3 0 8 3 1 1 0

Non
Dyslexies

2 0 1 1 3 15 24 34 37 38 26 4

The average dyslexic result was 6.05 
The average non - dyslexic result was 7.65

When a statistical comparison of the two means was done the following result was 

obtained:

t-test result (using SPSS, appendix J). I «  - i J I  0.01%)

Thus it can be said that there is a significant difference between the performance achieved 

by the dyslexies and non-dyslexics.

It would seem, therefore, that although there is no difference in working memory space 

between the dyslexic and non-dyslexic groups, the overall performance of the dyslexic 

pupils is not as high as the non-dyslexic group. This could be due to the working 

memory space becoming ‘clogged up’ due to translation processes or the inefficiencies of 

the connections between the working memory space and the long term memory resulting 

in poor recall of algorithms and / or number facts.

5.2.2 Performance and Age

There were differences in the average marks gained by the different age groups:

Table 5.3

Age 9 10 11 12

Average Total 6.6 6.9 7.8 8.3
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A correlation of age against average total (Pearson correlation using SPSS, appendix J) 
gave a coefficient of 0.2424, significant at less than 0.1%.

This increase in success with maturity could be related to the pupils having achieved a 
wider range of mathematical experience and therefore they can apply known methods 
confidently and / or adapt methods if appropriate. In short, they have a greater number 
of tools to help them find an answer than the younger less experienced and less confident 
pupils.

5.2.3 Comparison of  Pink and White booklets

109 pupils completed the pink booklet which had only a few diagrams while 98 pupils 
did the white booklet which contained more diagrammatic help (Equal numbers of each 
booklet were given to each school and they were given out randomly).

When the two books are looked at separately, graphs 5.1 and 5.2 are obtained.

G r a p h  5.1 |

C om parison  o f  P ink a n d  White b o o k le t re su lts  f o r  N o n -D y slex ic s (l8 6 )

25

20

a

•8

I% 10

D

a  pink booklet 
□ white booklet

2 3 4 5 6 7 8 9 10 11 12
Total Number o f  Correct Answers.
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G r a p h  5 .2

C om parison  o f  resu lts be tw een  P in k  a n d  White f o r  D yslex ies (22)

4.5
4 —

3.5 —
a 3

"s 2 .5 ----

2

1 15 -

. r i
0

■ pink booklet 
□ white booklet

1 2 3 4 5 6 7 8 9 10 11 12

Total Number o f  Correct Answers

It should be noted that the scales o f graphs 5.1 and 5.2 are different and so a direct 

comparison of the graphs is difficult. The scale difficulties occur due to the large 

discrepancy between the sizes of the dyslexic and non-dyslexic groups.

Because the White booklet gave more diagrammatic help than the Pink booklet, there 

may have been a discrepancy between how pupils performed in each booklet. The 

graphs above, however, show there were very few differences in the overall success 

achieved in both booklets remembering that slightly more children completed the pink 

booklet then the white.

Why there is little difference between the two may be due to the type of diagrams which 

were used. The diagrams may have helped some pupils while hindering others. This may 

have been due to the layout of the question: it may have intimidated some pupils while 

reassuring others. The background information within the question may have caused 

some pupils to miss key information. Some pupils may prefer symbolic representation, 

while others prefer more graphical representation. There is therefore the possibility of 

helping the later while hindering the former.

5.2.4 Individual Questions

When we look at the success in each individual question, the graphs 5.3 and 5.4 are
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obtained:

G r a p h  5 .3

Com parison o f  Individual cpiestions in the white and pink booklets 
fo r  Non-Dyslexics (185)

100 -

■ Pink Booklet 
□ White Booklet

1 2 3 4 5 6 7  8a 8b 9 10
Question Number

G r a p h  5 .4 .

Com parison o f  individual questions in the p ink an d white booklets 
fo r  Dyslexics(22)

a
!•

12  -  

10  -

I
'S 4 -r

2 -I
0

■ Pink Booklet 
□ White Booklet

1 2 3 4 5  6 7  8a 8b 9 10
Question Number

It is again necessary to note that the scales within graphs 5.3 and 5.4 are different and so 

any comparison between the graphs needs to be done carefully.

As can be seen the questions which gave pupils the most difficulties were numbers 5 and 

9. Both of these questions did not require a straightforward application of an algorithm.

Questions 5 required the knowledge of how areas are calculated and also the establishing
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of which area was to be found. Some children (3%), did not attempt the question. The 

technique may not have been known or how to apply the formula may not have been 

appreciated. 29% of the children found the perimeter of the rectangle which may imply 

that the definitions of area and perimeter were confused or that the method for finding 

area was unknown but that for finding perimeter was and so they did what they could. 

34% of the children found the area of the path plus the pool showing that they did not 

appreciate that the centre of this rectangle had to be removed in order to find the path 

alone.

Question 9 required the total number of combinations to be found. 5% of the children 

included duplicate meals within their lists. This error may have been an oversight or a 

lack of understanding of the fact that reversing the order of the meal did not change the 

meal. Some children (4%), did not attempt this question.

The first part o f question eight was attempted by 95% of the pupils and the success rate 

was high. The second part was also done well.

Very few of the children did not attempt questions 1,2,3,4,6,7 and 10. Even if the wrong 

algorithm was used or an arithmetical error was made the question was attempted. This 

would seem to imply that, firstly, the basic algorithms were well known and, secondly, 

they were much more confident when dealing with this type of question.

The confidence may come from being familiar with this type of question and / o r a  secure 

feeling arising from having identified which algorithm is required and the knowledge that, 

barring arithmetical errors, an answer is obtainable. Question 9, however, veers away 

from a well known procedure and asks the pupil to adapt a procedure which may have 

been previously used in another setting. In other words, question 9 gives more scope to 

do your own thinking and this can be a more intimidating option compared to the much 

more automated or rote procedure required in the other questions.

The success within the individual questions in the white booklet appears to be higher for 

some questions than the success rate for the pink booklet. When comparing performance 

between the booklets, it is necessary to compare questions 2,3,4 and 10 specifically as it 

was their presentation which differed (see table 5.4) This table shows the number of 

pupils within both the dyslexic and non-dyslexic groups who successfully completed the 

questions in the white (more pictorial) and pink booklets.
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Table 5.4. Comparison o f questions 2,3,4 and 10.

Question 2 3 4 10

D yslexies W hite 9 3 5 7

Pink 8 4 6 4

Non-
dyslex ics

W hite 72 70 77 80

Pink 75 60 70 72

The average mark for the four questions was

2.9 foE the pin! hooMlet

3 .0  foE the while hoofidet

When a statistical analysis of the two means was done the result showed clearly that 

there was no significant difference between the two.

t-test result (using SPSS, Appendix J) 1 = - B.SS (not significant)

Hence, it can be said that, in this case, the type of presentation used for the questions 

has not affected the overall success rate in the whole test or within questions 2,3,4 and 

10 specifically.

There was no correlation between the overall result (appendix J) and the working 

memory space of the children nor was there a correlation between success in individual 

questions and working memory space. This is not surprising since the questions were 

written with working memory space in mind and therefore the number of pieces of data 

which needed to be manipulated at any one time was not high. The children were also 

given the opportunity to write down working and so information did not all have to be 

stored and manipulated within the working memory space.

5.2.5 General Observations

Unfortunately no differences between how the dyslexies and non-dyslexics solved the 

questions could be determined by looking at their written answers. To establish any 

hidden differences the individual children would have to be interviewed in order to 

explore how they did each question.

There were similarities within schools as to how written working was done and set out.
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For example:

In some schools all the pupils wrote with a pencil while in others a 
mixture of ink and pencil was used

In some schools working was set out neatly and a ruler wets used by 
the majority of pupils while in others this did nut happen and the 
written work was uniitfy and sometimes difficult to fottow.

In some schools mai^ pttptls did not show working whereas in 
other schools all the pupils provided written working.

These points would seem to imply that the drilling of the children, the repeated 

practising of this type of answer in a specific way, will have a strong influence on how 

the children perform the tasks, even in exercises which are not done for the class teacher. 

These influences may overshadow any personal preferences the children may have and 

thus, their natural approach to problems is not being given the opportunity to show 

through.

Although all the children were encouraged to show working, some did not. This could be 

due to several reasons:

i. The child thought the questions too easy to require written work and 
therefore did woritlng mentally,

II. The child was not used to showing working and therefore worked in 
a way which was^miltar .

gff. Wte child was unsure of Ike method and ther^ore iMd not write it down in 
case it was wrong (Children tend to do this due to fear of failure within 
the question^

5.3 Networks

Results from the network booklets were initially collated in two different ways:

Ï. Age groups: dyslexic and non-dyslexic.

U, WorkingMemory Spacei dyslexic and non-dyslexic.
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The tables of results from these groupings can be found in appendices F and G. Various 

aspects of these results will now be discussed.

5.3.1 General Overview

When asked informally, the children commented that they found the symbol booklet 

much easier to complete than the word booklet. This is probably due to the fact that the 

symbol booklet gave the visual stimulus of the written words, while the word booklet 

required the pupil to obtain the meanings, unaided, from their own vocabulary.

If we compare the words associated with the word ‘multiplication’ with those associated 

with the symbol ‘x ’, table 5.5 is obtained. It can be seen that the symbol stimulated 

much stronger connections than the word did.

T able. 5.5 C om paring; W o rd  an d  Sym bol R esults fo r all pupils

W ord . %  F rom  W ords
1

%  F rom  Sym bols

Tim es 86 99

Square 2 18

Sp lit 0 3

Sum I 20

< Power 0.5 16

M eans 0 2

Product 12 56

O f 3 12

Increase 0 50
‘ '-v '

<

M ultip ly 67 97

5.3.2 Age Comparisons

When comparing the results gained from the different age groups within the word 

booklets, it was found that there was a consistently strong connection between the 

stimulant word (ie. addition, subtraction, multiplication and division) and two or three 

others. The range of words used increased as the age of the children increased.

It is worth noting that the range of words associated with the word ‘equals’ was very
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high, but, the number of children choosing each word was low. This suggests that there 

was not a strong connection to any particular word or group of words. This could be due 

to the children not having a true understanding of the word in the mathematical sense or 

it could be that they have an understanding but not the vocabulary to verbalise it 

accurately.

The increase in the range of the words used may be due to the network expanding as the 

children mature or the result may be due to the fact that the number of children within 

the 10 and 11 age group is much greater than the 9 and 12 age groups and so there is less 

diversity within the smaller group.

If the results for the word ‘multiplication’ are compared, table 5.6 is obtained. This table 

shows the percentage of children within each age group who made the connection 

between the word ‘multiplication’ and the words listed in column one of the table.

T a b le  5 .6  C o m p a r in g  w o rd s  u se d  w ith in  a g e  g ro u p s .

Word 9 y e a r s  % 1 0 y e a r s  % 1 1 y e a r s  % 12 y e a r s  %
Times 90 86 93 76

M ultip ly 80 82 61 43

Double 10 0 2 0

O f 10 1 1 0

Product 16 21 10

G roups o f 19 1

Into 1 0

Square N um ber 1 7

Q uotient 1 0

By 1

Cubed 4

Power 2

T rip ling 1

A dding 1

More Than 2

Sum o f 4

Another way of looking to see how the range of words increases due to age is shown in 

Figure 5.1. This figure shows the connections made within each age group. Each age 

group is shown in a different colour so that new connections can be seen as well as those 

which were already established by other groups. The thicker lines indicate a stronger 

connection than those represented by the fine lines.
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A  comparison of the results from different ages within the symbol questionnaire shows 

that there are strong connections to all the correct words given within the test. For 

example, if  we look at the results gained for the symbol table 5.7 is obtained:

................... .........
Table 5.7 Comparison of Results for Symbol.

W ord 9 years % 10 years % 11 years % 12 years %
Decrease 90 88 81 86

Total 1
Subtract 100 97 95 100 '

Square 65 2 5
Take away 100 97 96 100
Difference 90 65 61 38
Less than 80 83 52 57

How many 6 1
Minus 90 89 90 100
Equals 1

. . .  . . , ... ' .......  ^

As can be seen, there is a high percentage of the children making a connection between 

the symbol and the correct meanings which are given within the list of options. The 

visual stimulus may be helping to trigger these connections.

5.3.3 Working Memory Space Comparison

When the results are grouped according to working memory space (see appendix H), 

there is not a great deal of difference between the outcomes gained here and those 

achieved when the data is grouped according to age. The associations made within the 

word networks are shown in table 5.8 and those for the symbol networks are shown in 

table 5.9.

........ ...................... - ' r,
I- r- '' '

mà Table 5.8 Comparison o f Results for the word Addition.

W ord W M S 3 % W M S 4% WMS 5% W M S 6%
Product 20 15 10 17
Sum O f 46 58 45 67

Total 40 35 32 50 ;

Add UP 100 74 93 100 .

Increase 75 75 61 67
More Than 27 31 21 50

And 40 53 54 50
Plus 100 100 94 100

" I . , "r
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Table 5.9 Comparison o f Results for the Symbol ’_» : ■
' '.r I'., . , s

Word W M S 3% W M S 4% W M S 5% W M S 6%
Decrease 87 85 85 83
Subtract 93 98 100 100

Take Away 100 98 100 83
Difference 53 71 58 67
Less Than 75 73 63 67
How Many 7 4 2 67

Minus 100 93 93 100
............__________

The fact that working memory space does not appear to have an effect on the network of 

meanings available is not surprising. The recall of meanings and words does not require 

any manipulation of information, only the brief storing of the word until the answer is 

written. Thus working memory space does not play a part in this particular process.

5.3.4 Results from the Dyslexic group

The results from the dyslexic group were then taken on their own and this produced the 

results in appendix H.

Results from the dyslexic group were similar to those obtained from the non-dyslexic 

group in that there was a stronger connection seen when a visual stimulus was given. An 

example of this can be seen in table 5.10 where a comparison of the results for the word 

‘division’ with the symbol has been done.

Table 5.10 Comparing Word and Symbol results Dyslexies.
......

Word Word % Number %
Divide 65 100
Split 12 71

Means 6

Gtoud 6 29

N ' r Share 6 71
Sum Of 6 i t

How Many 24
 ̂ , h ’ s.

Despite the low sample it is clear that the connections are stronger when a visual 

stimulus is given, similar to the result for the non-dyslexic group.
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When the range of words used within each age group is considered, there is a slight 

increase as the age increases (see figure 5.2 overleaf). It should be remembered, however, 

that the numbers within each age group are very small and so to compare results by using 

percentages can be misleading. Hence, the same type of comparisons cannot be done here 

as were done for the non-dyslexics. This is also true when the results were grouped in 

terms of working memory space. By looking at the overall picture obtained from the 

results in appendix 7 a general conclusion can be made.

Hence, it can be said that the dyslexic group, looked at here, appeared to have the same 

understanding of the words and symbols within the booklets. This implies that they 

would therefore have the same ability to identify them within an arithmetic problem and 

know their meaning. This is not what would be expected given the present understanding 

of dyslexies.

It should be remembered, however, that the process of identifying the word may not be 

straightforward for the dyslexic child, particularly if  the keywords are within background 

material which is not vital to answering the question. The keyword may be lost, or, read 

but its significance not recognised.
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Chapter Six 

Conclusions and Further Study

6.1 Conclusions

The overall aim of this project produced four questions. The answers to these questions 

will therefore form the basis for any conclusions which can be drawn.

1. 0 o  ^ te x te s  hem  a m
• , ' ' . - . ' • •. ' * V ■ • • I"*? • ' * #'• ' .• • , , ; . ’ , -

non-dyshxics?*: ^

From the work done here, the answer to this would appear to be no. This result is 

initially surprising given the established observation that dyslexies work with a lower 

working memory space. This would then imply that the working memory space is being 

used differently as the manipulation of data by dyslexies is known to be poorer than that 

of non-dyslexics (Chasty,1989). The working memory space could be being blocked by 

translation processes or anxiety may reduce the space available for manipulation. Poor 

long term memory to working memory connections could result in poor recall of 

multiplication tables, number bonding and algorithms which may, in turn, result in a 

greater number of manipulations being required and hence an overload of the working 

memory space could occur.

2  Do dyslexies achieve the same Success rate as hon^slexics?

The success rate of the dyslexies was significantly lower than that of the non-dyslexics. 

This could be due to poor recall of algorithms and number facts or the fact that the 

working memory space becomes blocked and data manipulation is therefore more 

difficult. In general, the overall confidence of the children might have had an affect on 

their performance.
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3. Is the approach taken by dyslexies ta ariihmeîic problems different 
ffom that taken by non-(fyslextes? ^

From this study it is not possible to answer this question. The written answers from the 

dyslexic group did not vary from those given by the non-dyslexic group. Therefore, to 

answer this question fully, the children would have to be interviewed individually and a 

note of their strategies taken as they talked about them. Because of time restrictions, it 

was not possible to complete this type of study. However, future study could focus on 

this particular aspect more closely.

It was seen, however, that the way in which the children are drilled within the classroom 

has a great effect on how they tackle this type of question.

4. Bo children within this age herm ddtmlape^network

All the children, both dyslexies and non-dyslexics, would appear to have a good network 

established for the four basic arithmetic procedures; addition, subtraction, multiplication 

and division. These networks function particularly well if the pupil has a visual stimulus. 

The network for ‘equals’ was less well established and this could be due to a lack of 

understanding of the concept or an inability to verbalise the meaning accurately. The 

process of handling data within the working memory space may be hampered due to 

poor communication between the long term memory and the working memory space. 

This would result in poor recall of information. Many of the characteristics of dyslexia 

are consistent with this explanation.
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6.2 Further Study

In looking back over the project it is now apparent how difficult it is to ‘see’ into pupils 

minds to find out the areas of difficulty which they are experiencing. In this project 

emphasis was placed on drawing conclusions from written work in order to gain an 

overall picture. If time had permitted a more case study approach would have been 

helpful. Such an approach might have given useful insights with dyslexic pupils where 

there are likely to be a diversity of factors involved.

In the light of this the following pieces of work could be carried out to extend the work 

completed within this project:

7. Îndividîtal case studies with dyslexies, to estaJblisK M detail  ̂their

it A 
are

ill À study o f mathematics anxiety: EsiablishiHgwMieh œ ias 
mathematics cause the most anxiety and how this affects ' 
performance, particularly for dyslékîc pupils.

TV. A comparison o f the networks stiiM ated by auTat cfm visual ^
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Name; 

Age: ..

Appendix A

Shape Quiz
To do this quiz you need to

1 ) Look at the shapes on the right hand side of the page.

2) Look at the shape on the left hand side of the page. It 
is made up of the shapes on the right.

3) Find and shade the area where all the shapes overlap.

Here is an example.

The shapes may be different In size but not in shape.

Sometimes an extra shape will be added to the left hand shape. This is just there to confuse 

you! You should ignore it.
Here is an example.

Now try each of these.
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Name:

Age.:_________

Addition
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Subtraction
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Multiplication
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Division
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Equals
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Name:_________________

Agei

addition

product

sum of

total

minus

add up

share

increase

more than

and

decrease

plus
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Appendix C

subtraction

decrease

total

subtract

square

take away

difference

less than

how many

minus

equals
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multiplication

times

square

split

sum

power

means

product

of

increase

multiply
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division

product

split

means

group

share

sum of

how many

power

and

divide
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equals 

take away 

increase 

same as 

means 

will be 

divide 

is

represents

total

answer is
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Appendix E 

Results from the Arithmetic Booklets

Appendix E

Key for the ‘‘General Data’ section

Colu m n Number M eaning
School 1/2/3/4/5/6/7 Number allocated 

to school of pupil

Dyslexia 0 Non-dyslexic

1 Dyslexic
WMS 374/5/6/ Working memory ; 

space of each child
-

S ? Working memory , 
space unknown

Test 0 Pink Booklet

1 White Booklet

Key for the ‘Test Questions’ section.

Number Meaning
0 Wrong Answer
1 Correct Answer
2 8 a correct 8b wrong -

3 8a wrong, 8b correct
s ë /

Key for the ‘ Method Section’
»,

Number Meaning

0
Incorrect method 

used

1
Correct method 

used.

2
N o method 

shown
. -------------------3 ‘ C

Key for the ‘Diagram’ section.

g

Number Meaning
0 No diagram used i
1 Diagram used
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Appendix F

Results for Word and Symbol Questionnaires
grouped by Age

Number o f pupils within each age group.

Age Number
9 9

.--H. 10 74
11 89
12 30
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Appendix G

Results for the Word and Symbol Questionnaires
grouped by 

Working Memory Space

Number o f  pupils within each working memory space group.

Number
17
53
83
7

1 . . . . . . : .  _ ■
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Appendix H

Results from the Word and Symbol Questionnaires
for

the Dyslexic group

Number o f Pupils within each age group

#
Age Number ;
10 4

■ 11 7
12 8

Number o f Pupils within each working memory space group

f WMS Number
1 3 2
1 4 5
I 5 8
1 6 2 ’

HI
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Appendix I

Set o f instructions which was left with staff after initial
discussions.
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Many thanks for your help.

Questionnaire 1 (green) Each page should be completed in 1 minute.Words and

phrases which mean the same as the title word should be written. 

Spelling is not important, as long as I can figure it out.

Questionnaire 2 (yellow) Each page should be completed in 30 seconds. A line

between each word which means the same as the symbol is 

required. No ruler needed.

Shape quiz (white) Each page should be completed in 30 seconds. The area of

overlap is the only area which should be shaded.

Booklets (white,pink):-Half of the children should do a white booklet while the others

do the pink.This division should be random and not based on age 

or ability. They should do the booklet at their own pace and 

show as much working as possible.

Please emphasise to the children that it is how they do maths problems that 
we are looking at - not whether the answer is correct or not. Therefore this 
work is not a test and that as we are looking at how they work it should be 
all their own work.
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Appendix J

Full Results from the Statistical Analysis
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The programme used for all of the statistical analysis was the SPSS Inc. This programme 

was many functions but only two of them were used during this project: the t-test and 

the correlation function.

t - Tests

This test was used to compare two sets of unrelated data to see if the average of the 

groups is significantly different. That is, the difference between them is due to an outside 

factor and not just a natural fluctuation between the two averages.

Two t-tests were done, the first compared the average mark gained by the dyslexic group 

with that gained by the non-dyslexic group. A full result from the test is given below in 

table J .l.

Table J. 1 results from the t-test for average marks ^

Variable
Marks for dyslexies

Marks for non-dyslexics

Number of cases
21
185

Mean
6.0
7.7

Standard Deviation
2 .3 2 4

1.891

t-value= -3.71 
two tail significance = 0. 0001 (p< 0.01%)

The second t-test compared the average results for the white booklet with those of the 

pink booklet. A full result is given in table J.2.

Table J.2 results from the t-test for pink and white booklets (que. 2,3,4 and 10)

Variable Number o f Cases Mean
V'.-

Standard Deviation
Marks for Pink 109 3.DO 1.1

Marks for W hite 98 3 .0 4 1

t-value = -0.55 

two tail significance -  0.566 (not significant)
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Correlation Tests

Correlation looks for a relationship between an outcome and a known factor. In this case 

a relationship between overall success and age was investigated, as well as, the 

relationship between working memory space and overall success. That of working 

memory space and success in individual questions was also carried out. Thus three sets 

of correlation tests were completed. Of course, correlation does not imply causality.

The first correlation done was that of overall success (total mark within the test) and age 

and this gave the following result, table J.3.

Table J.3 Correlation results

Age Total
Number in sample 185

Correlation Coefficient 0.24
P 0.001

This has significance at less than 0.1%.

The second correlation was done with the results for the pink and white booklets and 

working memory space and produced the following results, table J,4.

t "A- ** - 14 hR.

I
I
»

WMS Total (pink)
Number in Sample 98

Correlation Coefficient 0.02
P 0.857

WMS Total (white)
Number in Sample 73

Correlation Coefficient -0.02
P 0.882

Neither of these results is significant.
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The third set of correlations looked at each question individually and working memory 

space and gave the results shown in table J.5.

T ab le  J.S  C o rre la tio n  R esu lts ( 158 in sam ple)

I
I

Q u e s tio n  N u m b e r C o rre la tio n  C oefficient P

1 -0.08 0 .301

2 -0.09 0 .2 2 8

3 0.42 0 .5 9 6
4 0.08 0 .3 2 2

5 -0.06 0 .4 2

6 Q..10 0 .1 9

7 -0.56 0 .4 8 2

8 a 0.04 0 .6 4 2

8 b -0.05 0 .5 5 9

9 0.11 0 .1 6 9

10 -0.06 0 .4 4 6

I
I

None of these results are of significance.
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