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This investigation sought to explore the nature and extent of
school mathematical difficulties among the dyslexic population.
Anecdotal reports have suggested that many dyslexics may have
difficulties in arithmetic, but few systematic studies have
previously been undertaken.

The literature pertaining to dyslexia and school mathematics
respectively is reviewed. Clues are sought in studies of dyscalculia.
These seem inadequate in accounting for dyslexics' reported
mathematical difficulties.

Similarities between aspects of language and mathematics are examined
for underlying commonalities that may partially account for con-
comitant problems in mathematics, in individuals with a written
language dysfunction. The performance of children taught using
different mathematics work-schemes is assessed to ascertain if these
are associated with differential levels of achievement, that may be
reflected in the dyslexic population - few.are found.

Findings from studies designed to assess the relationship between
written language failure and achievement in mathematics are reported.
Study 1 reveals large correlational differences between subtest
scores (Wechsler Intelligence Scale for Children, Wechsler, 1976)
and three mathematics tests, for young dyslexics and children without
literacy difficulties. However, few differences are found between
levels of attainment, at this age (634 - 9 years).

Further studies indicate that, for dyslexics, achievement in school
mathematics, may be independent of measured intelligence, as is the
case with their literacy skills. Studies 3 and 4 reveal that
dyslexics' performances on a range of school mathematical topics
gets relatively worse compared with that of Controls (age range

8 - 17 years), as theyget older.

"Extensive item analyses reveal many errors relating strongly to known
deficits in the dyslexics' learning style - poor short=~term memory,
sequencing skills and verbal labelling strategies. Subgroups of
dyslexics are identified on the basis of mathematical performance.
Tentative explanations, involving alternative.neuropsychological
approaches, are offered for the measured differences in attainment
between these groups.
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1,1 INTRODUCTION

A syndrome of literacy difficulties independent of intellectual
potential is now accepted as one possible learning pattern -
dyslexia, When discussing dyslexia, some researchers have mentioned
mathematical difficulties in their lists of presenting features,

For example, Miles (1974) refers to the inability to learn tables
and laclk of competence in subtraction as possible characteristics

of the dyslexic child's learning profile, In the United States of
America, it is an accepted fact that some children with literacy
difficulties also have problems related to mathematics, However,

at the time that this study was initiated, few systematic and
methodologically sound studies had been undertaken,in either the
United Kingdom or USA,to determine the nature and extent of mathe-
matical difficulties in the dyslexic population and the possible
interrelationship of these problems with literacy failure, An
investigation to explore this area was considered important, both

to increase our theoretical knowledge of dyslexia (does an underlying
cognitive style, which does not favour fluent literacy acquisition,
also affect school mathematics in a similar way?) and to provide
material which might be useful in improving diagnostic and remedial

measures in the interests of the dyslexic child,

Over the past few years there have been an increasing number of
individuals referred by parents, teachers and psychologists to the
Language Development Unit at the University of Aston in Birmingham
for assessment of literacy difficulties, A large proportion of this
number have also reported having problems with mathematics, Ilowever,
until relatively recently, less attention has been paid to the latter

since literacy has been considered of paramount importance, whereas



failure in mathematics has been socially acceptable, Now, in line
with general societal feeling, dyslexics are aware of the need for

some degree of mathematical and/or arithmetical competence,

In our day-to-day living, there is an increasing dependence on number-
linked technological devices, like computers and various micro-
processor-hased machines, which require a degree of numeracy for their
usage and excellence at both numeracy and mathematics for their design,
This development has prompted the commercial and industrial sectors of
the community to reflect on the lack of suitably-qualified personnel
to fill related positions and to bemoan the large number of innumerate
school leavers, They have referred their grievances back to the
schools,

The Department of EIducation and Science (DES) responded to this out-—
cry by the setting up of the Cockecroft Commission in 1977, to in-
vestigate the teaching of mathematics in schools, Further concrete
evidence of the Department's concern has been the creation of
permanent Assessment of Performance Units, to monitor attainments

in Mathematics and English in schools throughout the country,

It secms that to function effectively in society today, people are
expected not only to be literate, but to be numerate as well, Failure
in arithmetic and mathematics are no longer socially acceptable. This
puts at a disadvantage people who have failed to acquire basic literacy,
as well as those who are not numerate, Individuals who are both
illiterate and innumerate ar; doubly handicapped, Into this latter
catesory seem to fall that group of dyslexics who seem to have diffi-
culties in both these areas of acquired knowledge. Of course, there

are dyslexics who do not seem to have problems with school mathematics,
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There also appears to be a little-studied group of people, known

as dyscalculics, whose language acquisition and fluency are unime
paired, but who have a specific problem with number., Among the
aims of this thesis is that of ascertaining the relationships, if
any, amongst dyslexics, dyscalculics and other math-disabled groups,
A distinction is made between dyscalculic and math-disabled (see

Definitions), the former being a subset of the latter,

The questions posed can be represented using diagrams, In order to
illustrate that much maligned aspects of so-called "New Math" (Ballew,
1977; Brody, 1977; IHirschi, 1977) do have practical applications,
Venn diagrams and sets will be used to represent the tentative hypo-

theses under consideration,

IFIGURE 1

SCHOOL POPULATION

Math
Disabled

Using Figure 1

Is it true to say that Dyslexics and Math-disabled individuals (in-
cluding Dyscalculics) constitute two separate groups within the school
population and that, within the Dyslexic Group,there are individuals who
have difficulties with school mathematics, but that these problems are

different from those experienced by dyscalculics?



TIGURE 2

SCHOOL POPULATION

A Math
yslexic ' Disabled

Dyscaleylic

Using Figure 2

Are the set of Dyslexics and the set of Math-disabled children
intersecting sets, that is, are there some Dyslexies who are
Dyscalculic as well? Do some dyslexics share other mathematics-
related difficulties? If this is so, what is the size of the inter-

section and what are the features shared by individuals in this group?

FIGURE 3

SCHOOL POPULATION

Using Figiure 3

Are there features of Dyslexies and Math-disabled individuals per-
formance in school mathematics which are also found in pupils who

are generally retarded in the acquisition of skills?
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The main concern of this thesis is the school mathematical performance
of dyslexic children, However, since there was little literature in
this area, on which to base research, it was hoped that studies of
dyscalculic and other math-disabled children might provide a starting

point,

In view of the fact that this is a relatively new field of research,
it was considered important to establish, as far as possible, whether
reported difficulties in mathematics are part of a dyslexia syndrome,
or whether they constitute an independent problem, Could it be that
in the same way that some dyslexics have a spelling problem, but are
not deficient in reading skills, there is a category in which failure
in school mathematics could be similarly included in a model of dys-
lexia? There is evidence to suggest that dyslexia and poor achieve=-
ment in arithmetic may be related, but much of this material is anec—
dotal and/or clinical (Miles, 1974; Svien & Sherlock, 1979). It must
be noted that arithmetic is only one aspect of the school mathematics
curriculum, The present research sought to broaden the spectrum by
the inclusion of other aspects as well - for example, spatial facets -

in an attempt to develop a more comprehensive picture.

If aspects of school mathematics failure are found to be part of the
dyslexia phenomenon, as is predicted, then this will increase the
present body of knowledge about this learning disability, adding
another piece to the developing theoretical jigsaw model of "dyslexi-
ology" (Myklebust, 1978). If a relationship is noted, the findings
will also have practical implications for assessment procedures and
remedial programme planning; these would have to be extended to
accommodate school mathematics so that assessment could be more

comprehensive,
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1.2 Dyslexia and School Mathematics — The Present Situation

Few studies concerning the relationship between dyslexia and school
mathematics are to be found in the literature. The reports that have
appeared, confine themselves to one aspect of mathematics - arithmetic,
However, despite the dearth of published in-depth analyses, aspects of
numeracy have been mentioned in some lists of possible presenting
features of dyslexia (Vernon, 1970; Critchley & Critchley, 1978).
Miles (1974) listing ten descriptive signs of dyslexia includes:

i {3 Inability to do subiraction, except with concrete aids,

2. Difficulty in memorising arithmetical tables,

.3. Losing one's place when reciting tables.

However, a recent appraisal of current knowledge comcerning dyslexia
makes little mention of arithmetic and none of mathematics (Benton &
Pearl, 1979). Other researchers have cited low scores on the arithmetic
subtest of the Wechsler Intelligence Scale for Children (WISC) (Wechsler,
1949) as heing indicative of poor calculative ability (Levine & Fuller,
19725 Fincham & Meltzer, 1976). DBut, as Thomson & Grant (1979) point
out, the dyslexic child may do poorly on this test, not because of poor
arithmetical ability, but because the tasks require fluent sequencing
skills and adequate memory for tables and "carrying" of numbers -
functions that are pa?ticularly problematical for dyslexics (Miles,

1974).

Critchley & Critchley (1978) are of the view that "most dyslexics,
whatever their age, seem to acquit themselves better at numeracy than
at reading, writing and spelling", This may well prove to be the case;
nevertheless, it does not explain anything about the possible links
between these skills, especially if the numeracy factor, like the

literacy aspects, proves to be an underestimate of potential,
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Clues as to the possible nature of the relationship are provided by
Klees (1976), who maintairs that:
“Their (dyslexics with problems with mathematics) calculating
difficulties could not be compared with those of mentally
deficient children; their reasoning faculties were absolutely
unimpaired and often provided compensatory mechanisms of
surprising complexity,"
Additional support for this view is provided by Svien & Sherlock (1979)
who maintain that:
"eeess in these cases the underlying disability is not in
concept formation but in the language of mathematics and
its symbolic code",
This seems to suggest a similar separation of understanding and written
symbolism that characterises dyslexics' mastery of language (Thomson,
19?7). llowever, the writer's clinical studies of dyslexics have not

always indicated adequate conceptual understanding of mathematical

principles, so there seemed to be a need to look further.

As has been mentioned, few studies that have attempted an explanation
of dyscalculia (difficulty in dealing with numbers and calculation)

as an aspect of dyslexia (Svien & Sherlock, 1979; Fincham & Meltzer,
1976) have been limited to arithmetic. No-one previously has focussed
on the other aspects of the school mathematics curriculum, for example,
geometry and simple problem solving, The studies reported in this

thesis were undertaken to partially redress this imbalance,

There are a number of practical reasons that may contribute to the
dyslexics' possible difficulties with school mathematics; although
numeracy and competence in basic mathematics are becoming increasingly
necessary in society today, literacy is still considered to be of
paramount importance. As such, people like dyslexics, who have
difficulties with reading and spelling are encouraged to improve

these skills, often to the detriment of other school subjects,
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Withdrawal from mathematics lessons, to attend remedial language
classes, is sometimes unavoidable, The effect of this may be two-
fold; firstly mathematics tuition may be missed, and secondly, the

implicit assumption (by being withdrawn during mathematics periods),

that math§matics is less important than English, is fostered,

To avoid undue stress on the dyslexic, who is already failing in one
aspect of education, mathematics is often not emphasised by parents
and teachers. Also if the individual is experiencing feelings of
failure generally, s/he may not try, believing that the effort would

be a waste of time because s/he would be bound to fail again, Aiken
(19?0) suggests that the circular relationship between academic achieve-
ment and attitudes is such that failure of the learning disabled child
probably results in an unfavourable attitude towards arithmetic, which
has a further detrimental effect on performance, If the individual is
anxious or tired, for example, after a remedial English lesson, per=
formance may be poor. Forness & Esveldt (1975) have shown that
learning disabled children spend significantly less time than normal

achievers in attending during arithmeticclasses. Fincham & Meltzer

(1976) suggest this might be a consequence of short attention span

(Tarver & Mallahan, 1974),

Complacency about failure in mathematics is reinforced by parental
statements like "I was never any good at maths either", and "You can
always use a calculator". VWhat many people do not seem to realise is
that the latter only applies if one has some basic knowledge of the
processes involved and an ability to estimate the answer, TFor example,
when multiplying 7 x 6 on a calculator, and the answer yielded is 420,
one must be able to distinguish if the answer is incorrect. Ability
to estimate is an important prerequisite to the use of calculators,

and to calculation in general,



A number of mathematics curricula in schools are workbook based,

| Pupils are often required to work at their own paces, This assumes
the ability to read the instructions; an area of difficulty for the
dyslexic, Since the terminology of mathematics and arithmetic is
somewhat specific, many words used in these scliemes are not likely
to have been encountered in reading programmes or in everyday life,
Sometimes seemingly familiar words are used that may have specific
meaning in the context of a calculation or problem; the word
"difference" for example, implies some aspect of subtraction when
mentioned in a computational context. So even if the dyslexic is
able to read the word, it does not follow that the interpretation
thereof will be accurate. Ilowever, all these possible reasons for
failure do not seem to explain adequately the range of achievements
found amongst dyslexics — they do not all fail., Newton (1974a)
surgests that some of them excel at geometry, an aspect of mathematics,

This latter group seemed worthy of further investigation too.

The present studies were undertalen in order to investigate some of
the apparent anomalies in mathematical performance brought to light
in the course of clinical diagnosis of dyslexia, It was felt that
none of the explanations reported in the relevant literature thus far,
was sufficiently detailed to account for these observed differences,
More substantive explanations were sought, To this end it was
decided to review the literature concerning school mathematics,
failure in school mathematics and dyslexia respectively, in a scarch
for possible common underlying features (and differcnces), which
might po some way in explaining the nature of the interaction between
written language failure in dyslexic children and their performance

in mathematics.
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1,3 Hypothesis
The general hypothesis under investigation in this thesis is that
a proportion of the dyslexic population does have specific diffi-

culties with aspects of school mathematics.

More specific hypotheses about the nature of these difficulties

are presented at the beginning of each study, The main ones are:-

2 I8 That the correlation between measured intelligence and
mathematical ability will be lower in dyslexics than in

the general population, in which it is expected to be high,

2. That dyslexics will have more difficulty with arithmetic,
because of its symbolic code and sequential demands, than

with geometry in which they will score highly,

3. That errors made by dyslexics will reflect aspects of their
cognitive style. TIor example, calculation errors are likely

to point to sequencing difficulties and limited short-term

memory,
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1,4 Definition of Terms

Throughout this thesis, unless otherwise stated, when reference is
made to "mathematics", it will imply "school mathematics" and should
not be confused with mathematics as a scientific discipline, although

it may be a [orerunner thereof,

For the most part, "school mathematics" will refer to those topics
included in the junior school curriculum, although aspects of the

secondary school syllabus will be considered in Study 4,

Much of the literature reviewed in this thesis can be criticised

on the grounds of lack of clear definition on terms. TFor example,

in many siudies, the terms "mathematics", "arithmetic" and "numeracy"
are used interchangeably and since this does not always appear to

be accurate, inferences are difficult to make and conclusions drawn
may be tenuous, In the present thesis "arithmetic" and "numeracy"
will be used interchangeably, to refer to the same area of study;
that involving calculation, Ilowever, it must be stressed ilhat
arithmetic is only one aspect of school mathematics, School
mathematics encompasses a number of other topics as well - geometry,

relationships (bigger/smaller; more/less), measurement, etc,

"Math disability" will be used to describe difficulties related to all
aspects of the school mathematies syllabus, DPeople who have such
problems are usually of at least average intelligence and have no

other scholastic deficiences. They are designated "math-disabled",

"Dyscalculia" will be used to describe a specific difficulty with
number and calculation, which is not related to intelligence or

attainment in any other scholastic area,
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"Dyscaleculics" are individuals who exhibit this difficulty,

Unless otherwise stated, Dyscalculia and Math Disability will refer
to seemingly congenital dysfunctions as opposed to acquired forms,
whiclhi may occur as a result of brain trauma, in older children or

adults,

"Intelligence" will refer specifically to measured intelligence as

assessed using a standardised test,

Written language will refer specifically to English unless otherwise

stated,



CIAPTIR 2
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2% SCHOO0L MATIIEMATICS

In this chapter, literature will be reviewed concerning the nature
of mathematical ability in children and how this might reclate to
the material included in the school curriculum, Selected studies
detailing the development of mathematical concepts will be examined,
Other factors, thought to influence aclhievement, for example,

attitudes and gender, will also be presented,

The literature on failure in mathematics will be discussed, Since
there are so few studies in this area, it was hoped that the
appraisal of research using "normal" subjects might offer some

insights, useful in the understanding of individuals deficient in

this domain,
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THE NATURE OF SCHOOL MATIIEMATICAL ABILITY

2,1 Definition

There are many definitions of mathematical ability, but none of

them seems to adequately encapsulate the wide range of activities
undertalken in the name of "mathematics", A combination of two
proposals seems most appropriate to the present investigation, in
that they are representative of the findings in this section:=-
llemley (1934)suggests that "mathematical ability is probably a
compound of general intelligence, visual imagery, ability to perceive
number and space configurations and to retain such configurations as
mental patterns",

Erlwanger (1975) alludes to the cumulative aspect of its acquisition
when he says that mathematics is "a developing conceptual system of
interrelated ideas, belicfs, emotions and views that direct and con-
trol how the individual learns and what he understands about the

relationship between things",

Instead of seeking an all-encompassing definition it may be more
fruitful to examine, in more depth, the nature of school mathematical
ability and the features which characterise it, Krutetskii (1976) has
highlighted three relevant areas which he regards as warranting fur-
ther investigation., They are:-

1. the specificity of mathematical ability;

2, the structure of this ability, if it exists;

3. possible topological differences,

Each aspect will be reviewed separately,
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2,2 The Specificity of Mathematical Ability

The most important issue under consideration here is whether there
is such a thing as "mathematical ability" or whether it is just "a
qualitative specialisation of general mental processes ,,..."
(Krutetskii, 1976). Framed in a different way, the question is "is
the ability to master mathematics dependent on general intelligence

or is it an independent aspect of cognitive functioning?"

Spearman (192?) contended that a general factor "g" was common to all
aspects of cognitive functioning, Support for this view was provided
by Wrigley (1958) who found that for 13-16 year old boys, intelligence
was the single most important factor for success in mathematics, though
it is not the only factor. Turther support for this view will be
provided in the next section, Jones (1977) maintains that,at school

level, learning mathematics depends on general intelligence rather

than special abilities,

2.3 The Structure of Mathematical Ability

The question posed here is "Is the ability to do mathematics a unitary
ability or is it a cluster of different abilities subsumed under one
title?" (Krutetskii, 1976).

Examination of the tasks undertaken in the school curriculum sugrests

that it is unlikely to be a single aptitude that is involved, but

many different ones,

Support for this notion derives from studies employing factor analysis,
a widely used technique for investigating questions of this nature,
The main function of factor analysis is to reveal interdependencies

and relationships between test scores,that are not immediately evident,



16

Wrigley (1958) found a clearly definable mathematics group factor,
once the influence of "g" had been minimised, Ile claimed that the
different branches of mathematics are linked together more closely
than would be the case if only a general factor were in operation,

Verbal (v), Spatial (k) and Numerical (N) group factors were isolated.

Performance in geometry was associated with spatial ability, as measured
by the spatial factor. Aptitude in arithmetic (especially mechanical)
and, to a lesser extent, algebra, were dependent on numerical ability.
Wrigley (op.cit) reports that the factor pattern did not vary with
different types of schooling (grammar school or technical college),
though Vernon (1950) pointed out that components of mathematical ability
do change with increasing age. By Iligh School, though, this Investigator
found that non-verbal intelligence "g" and the spatial tests (k) tended
to link up with mathematical ability, with the numerical factor (N) be-
coming detached from the Verbal cluster (v). McCallum et al. (1979),
extending the work of Barakat (1951) and Wrigley (1958), agree with
Vernon (1950) and Werdelin (1958) that the most important single com-
ponent for the understanding of mathematical and arithmetical processes
is a g/k factor. This factor is said to remain stable over four years

of secondary schooling and shows little relationship to language,

In summary, it appears that,in combination with a factor of intellectual
potential, the spatial factor has the strongest claim as the essential
component of mathematical aptitude. The importance of the numerical
factor in junior school mathematics must not be forgotten, though.
Caution is advocated when interpreting factorial

studies, because the use of "pure" tests in these analyses may conceal
the important interrelating processes among them, With this in mind,

the relationship between the numerical, spatial and verbal factors and

school topics will be discussed,
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2,4 Arithmetic

Arithmetic is undoubtedly an important aspect of school mathematics
and is related to the factorial "N", discussed above, Rappaport
(1966) contends that "Mathematics is the Queen of Sciences and
Arithmetic the Queen of Mathematics", Arithmetic is primarily
concerned with the relationship between events, which is expressed
though a representational system — numbers. Natorp (1910) presented

a theory of calculation which still seems relevant today, He believed
that counting and calculation have a fundamental starting point - zero,
He said that nousht was important as a point of reference and that
progression from the point contained elements of direction,
Calculation involved elements of construction, for example, 2 + 3,
that required analysis (keeping count) and synthesis (adding on),

Zero was still thought to be fundamental, even if it was not mentioned,

In Reception classes, children are taught to count and to associate
each number with a visual representation (see Fletcher et al,, 1970).
Once numbers have been mastered, algorithms (rules for calculation)

are taught, From then on the manipulation of digits forms the basis

of arithmetic (Findlay, 1979),

Mental Arithmetic plays a part in these processes, Groen & Parkman
(1972) suggest that there are two strategies used in mental arithmetic,
The Reproductive Strategy leads to a response based on a direct
associational process, For example, when adding 2 and 3, the approach
would be to add 1 + 1 + 1, These researchers maintain that this
strategy develops with experience into a Heconstructive Strategy.

In this form, responses are generated on the basis of stored algorithms;
for example, knowledge of tables, Further mention of the role of

memory in mathematical performance will be delayed until Chapter 5
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The achievement of numeracy (at least), by all school leavers is a
primary aim of teachers, Ilowever, the large number of innumerate
adolescents seeking employment is testimony to the fact that this

goal is not being achieved, Numeracy,in this context,is the capacity
for coping numerically with everyday events, like working out the milk
bill, Even so, despite its importance and despite the number of in-
dividuals failing in this area, little research has been carried out
(Hammel & Dartel, 1975? National Council of Teachers in Mathematics,

E * #
1972; Wallace & McLoughlin, 1975; DBartel, 1975). ( Ta C‘"ﬂm H1L)

Otto et al. (1977) suggest that arithmetic has been neglected as a
fruitful area of research because it has not been considered as im-
portant as reading, say, The research that has taken account of

arithmetic is mainly concerned with acquisition of concepts and will

be discussed in Chapter 2,10,

Choat (1977) found that number and peometry are interrelated in
development, IHe concluded that,if geometrical development is retarded,
the child may develop some number concepts if s/he has the ability to
memorise, but that these would be restricted until further elaboration

of peometrical concepts could contribute the necessary understanding.
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2.5 Spatial Ability

As has been seen from the factorial studies,a spatial factor “k"
has emerged as an important aspect of mathematical ability; a
finding which is confirmed by McCallum et al. (1979) and Frostig &
Maslow (1973). Iowever, its exact role is still unclear, as are
its defining characteristics (McDaniel & Guay, 1976), The latter
suggest that "the perception of spatial relationships may be the
perceptual ability of most consequences in mathematical learning"
Moses (1977) found that individuals with high spatial
ability are better at a range of mathematical problems than
individuals with low spatial scores, She maintains that the best

predictor she used was the Figure Rotations Test,

Smith (1964):

"We believe that the person with this (spatial) ability,
will characteristically reason in a different manner from
people who have little of these abilities. Their interests
are likely to differ. They are likely to be more success-
ful in solving certain problems, We believe that these
abilities can be developed, that they are partially dependent
upon innate characteristics, but that they often remain un-
developed because they are not appreciated. Ve believe that
these abilities are much broader in scope than the limited
criteria for which they have thus far been shown to be
valid ..e0."s

Bruner (1966) and }oses (1977) maintain that instruction in schools
has been consistently analytical and that instruction in a spatial

mode has been almost non-existent (Kane & Ilane, 1979).
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2,6 Spatial Visualisation is thought to be the ability to comprehend

two- and three-dimensional visual patterns and to mentally manipulate
them in space (Gonyo, 1976). This includes recognition of spatial
relationships (rotations, symmetry and part/whole analysis) but
emphasises construction, manipulation and dissection of images,

(See Mandler, 1976 for full review), Smith (1964) mentions that this
skill is an important part of spatial ability, and problem solving, a
view reinforced by many researchers (eg. Kolmogorov, 1959).

Ilandler ( 1970) presents contradictory evidence to the latter aspect.
She found that the spatial problem solving techniques of good and poor
visualisers respectively, did not differ significantly, Although the
distinction between spatial visualisation and pictorial representation
is appreciated, they appear to be related in this particular context;
thus Kulm et al,'s finding (1972) that visual presentation of a problem

did not facilitate better problem solving, is of note,

Vrutetskii (1976) found that superior geometric problem solvers

reported a high degree of visuality, which was often not reflected

in the working outon paper.
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2,7 Geometry
Geometry, related to the factor "k" (Vernon, 1950),when freed of

its restricted Euclidean connotation,is the name given to the
processes vhereby people make sense of space, shape and movement
(Glenn, 1979). Ile stresses that, for the child between five and nine
years of age, the fundamental objects of gecometry are ordinary three-
dimensional (3D) objects, not points, lines and triangles., The
school's job is to help the child to mal.e the transition from this
practical 3D world to a more organised 2D one, consisting of ab-

stractions - letters, numbers, diagrans, etc,

In primary school, spatial skill seems to be required for the under~
standing of sliapes, symmetry & concepts such as bigger/hmaller, more/
less. In sccondary schoolyit has been assumed, until recently, that

geometry is dependent on spatial analysis (see Franco & Sperry, 1977).

The ontogenetic development of a child's geometrical thought is said
to pass through three stages - topological, projective and finally
Iuclidian, vhich is said to be mastered at the age of nine or ten
(riaget et al., 1960, 1967; Dodwell, 1968, 1971). Lovell (1962)
says that this sequence of stages is not always confirmed, It does
seen ironic though that for Piaget, FEuclidian geometric topics represent
the final starre of development, when in the classroom they often

represent the child's introduction to geometry,

Choat (1977) found that numerical development is impaired without a
concomitant development of geometrical thinking, This being the case
Corso (1977) suggests the introduction of georetry into kinderparten,
Rozin (1964) found that the interaction between visuo-spatial and verbal

variables were basic to the solution of geometric problems,
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2.8 The Verbal Factor

The factorial results discussed,indicated that verbal facility is
not necessarily needed in mathematical thinking. In fact, Vernon
(1950) suguests that,in the case of numerical and mathematical tests,
mathematical recasoning may be hindered when accompanied by language
and verbalisation., Wrigley (1958) says there is a possibility that

this lack of relationship may be due to the fact that the mathematical

tests included a minimum of words,

Whether or not the negative relationship between these variables is
supported in further studies, the fact remains that, in schools,
mathematics is taught,and the methods nsed, by and large, are verbal.
Thus it seems unlikely that in the school situation at least, the

influence of verbal mediation can be ignored,
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2,9 Typological Differences in Mathematical Ability

The question begged here is whether there are different types of
mathematical ability, IHistory suggests that there are different
types of mathematical thinkers; those who seem to adopt a holistic,
spatial approach and those who are more linear and sequentially

analytical,

Krutetskii (1976) differentiates three types of gifted students:~

1, The analytic type, who attempts to translate the visual image
onto an abstract level. This individual finds analysis of a
concept an easier task than analysis of geometric diagrams,
Any problems involving mental manipulation of figures might
be solved by a capable student of the analytic type in a

logical/analytical way,

2, The georietric type often lets the visual image replace logical
reasoning, Usually when memorising verbal-logical material, a/he
attempts to generalise the visual image and keeps this general-
isation in memory. Moreover, s/he remembers not the optical

image, but the relationship between the parts of the drawing.

3. The harmonic type who possesses equally well-developed verbal-
logical and visual-pictorial components, The former are usually

slightly stronger,

Satterly (1976) found that 7-11 year olds who showed a preference for
an analytic conceptual style scored significantly higher in mechanical

arithmetic, than children who did not approach examples in this way.
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If there are different types of mathematical thinkers, as these
studies suggest, then this may have implications for children who

are failing, as well as the high achievers, There is the possibility
that a math-disabled person may be taught to apply another strategy
if the one q&c is using is not successful. This may relate to
specific tasks within the curriculum, rather than to mathematics

ability in general,

Investigation of whether dyslexics who are successful or unsuccessful
in mathematics respectively, adopt different strategies, will be
attempted in a superficial manner, by questioning them as to their

methods of solution,
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2,10 Acquisition of Mathematical Concepts

The literature detailing the development of mathematical concepts in
children is extensive and has been well-catalogued elsewhere (eg.
Lovell, 1962; IKrutetskii, 1976), Consequently, the studies reported
below are only those that;may relate directly to other topics to be

discussed in this thesis,

Cognitive Developnental Theory

The most influential theory of the acquisition of mathematical concepts
is that espoused by Piaget 4 his coworkers (z-?! M4,19%9,) as part of his
general theory of intellectual growth. Ilis ideas have generated much
research (eg. Lovell, 1962; Ginsberg & Opper, 1969; Ginsberg, 1975).
Piaget (1950) maintained that a combination of motivation and inter-
action with the environment resulted in an almost spontaneous apprec-
iation of concepts, to which teaching contributed little., Skemp (1972)
surmests that a concept is an awareness of something in cowsion between
experiences, All aspects of mathematical development are helieved to
proceed through three well-defined and easily identifiable stages.
Taking number concepts as an example, the development would follow in

thiese stages:=

Stage I — The Stage of Global Comparisons/Pre-operational Stage

Children below the age of six years are believed to have a vague notion
of "number", which is entirely dependent on confi~uration. If the con-
figuration changes, the child thinks that the number is different,

For example, in one of Piaget's classical experiments (19572) a row

of red chips is placed in front of a five-year old child and she is

asked to make a similar one., A child of this age typically concentrates
on the length of the row, rather than on the number of chips it comprises,
So, at this time, the child's concept of number is assumed to be based

on perceptual rather than cognitive cues,
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Stage T1I -~ The Concrete Operational Stage is characterised by the

realisation that judgements of quantity and number cannot be made
simply in terms of perceived attributes., The child begins to grasp
the fact that attributes of quantity and number may remain invariant
under different perceptual transformations, Although this realisation
is emerging, mistakes in judgement are still present, Piaget (1952)
demonstrated this with a six-year old who was able to match his blue
chips to Piaget's red ones, in one-to-one correspondence, Although

he had the correct number and agreed that this was the same as the
investigator's, when one row of chips was extended, the subject
maintained there were more in the lonwer row., So, at this stage,

perceptual clues are still exerting some influence,

Stare III - The Stase of Formal (perations in which judgements about

number are no longer influenced by perceptual cues like shape, colour
or size - the ability to conserve has emerged (Gelman, 1969). Children
from about the age of seven years are able to abstract the quality of
number (for example, "eightness") and can maintain the concept even

though perceptual cues may vary (Pace, 1975).

A concept said to be necessary for the further cognitive development

of mathematical thinking emerges at this time; that of reversibility
(Copeland, 1970)., The qualitative difference between adult and child
thought is this ability to decompose problems into component parts and
then resynthesize them,to arrive at a solution (Piﬂget, 1952).

Lovell (1962)maintains that this awareness of the permanent possibility
of returning in thought and/br action to one's starting point, is a
fundamental skill that underlies all mathematical and logical (intern-

ally consistent) thinking (Wong, 1977).
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In summary, as the child passes through these stages s/he gains an
understanding of number and the principles of conservation, classi-
fication and counting. Johnson & Myklebust (1967), based on the work
of McSwain (1958) suggest that the thought processes evolve first
from direct contact with objects, then to mental perceptions, name,

and finally number symbols, These writers add:-

"A child first assimilates and integrates non-verbal
experiences, then he learns to associate numerical
symbols with experiences and finally expresses ideas
of quantity, space and order using the language of
mathematics,"

Conservation is a liey concept in Piagetian theory. Ginsburg (1975)
reports that counting appears to be irrelevant for conservation,
although Fincham & Meltzer (1976) found that it was correlated in

dyslexic children,

Woodward (1977 ) studying six-year olds found that conservation of
number was the only statistically significant contributor to a child's
ability to complete single digit number sentences. Conservation of
substance did not appear to be a good predictor of arithmetical ability,
Woodward sugrests that conservation of number seems to be more sig-
nifi;antly related to first grade success in arithemtic than revers-

ibility in general.

Kﬁchemann's results (1978) sugzest that the majority of secondary
school age children are still at the concrete operational stage.
Skemp's warning (1970) may be relevant here, Ille says that,since the
hipgher order concepts in mathematics are particularly abstract, there
is the danger that the child will learn the symbols without the under=-
lying meaning. Support for this concern is offered by Bartel (1975)

who found children with virtually no understanding of the principles
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of arithmetic, hiding behind a facade of rote learning ability in

computation,

Lunzer et al. (1976a)have found in their longitudinal study,that the
primary school child views symbols as a convenient means of reporting
a situation or activity, but only as a means of representing a physical

situation, not in terms of the relationship between symbols,

Lxponents of Piagetian principles generally assume that an idea of
cardinal number (awareness of the constant difference between numerals
one, two, three, etc.) develops ahead of ordinal number (classification
by order - first, second, etc.) (llenty, 1973). This view is challenged
by Brainerd (1973) who maintains that the appreciation of ordinal
numbers precedes the development of the cardinal number concept. Ile

maintains that schools are teaching concepts in the wrong order.

Positive support for Piagetian ideas is provided by Dienes (1959) and
Zarmarelli & Bolton (1977) respectively,who have found that the growth

of concepts can be encouraged by teaching and play.

Donaldson (197g) and Fluck & Ilewison (19?9) suggest that the traditional
Piagetian paradigm underestimates children's capacities, They say

that a large majority of five-year olds would appear to have developed
the logical competence necessary for conservation,but that testing
prevents them from showing it. The child is said to be confused by

the experimenter's intentions; the experimenter arranges the row of
dots behaviourally referring to length, then linguistically refers

to number., Scandura & McGee (1972) agree that poor performance on
Piagetian conservation tasks is as much due to the lack of the

necessary interpretive linguistic abilities as lack of reasoning ability,
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L

Geometry
Geometry, because of its gpatial components (Wrigley, 1958) and

primarily iconic format (Ilunter, 1976) has traditionally been

right hemaisphere.
attributed to, RII processing.

Franco & Sperry (1977) examined this largely anecdotally based
assumption in more detail, using subjects with complete commissuro-
tomies or dominant hemispherectomies, They investigated hemispheric
specialisation for the intuitive processing of geometrical relations,
using four different types of geometry - Euclidian, affine, projective,
and tspological (see Figure 1 for exnmples). These vary character-
istically in the number of defining spatial constraints to which each
is subject; the greatest number being present in Luclidian forms,
with progressively fewer in the other three respectively. The
experimental task required intuitive apprchension of geometrical

relations, without requiring any formal background knowledge, on the

part of the sub]ect
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FIG.1: Examples from Franco & Sperry (1977) study.
From left to right, examples of Euclidean,
affine, projective and topological tasks in
2D (top) and 3D (bottom).
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Choat (1977) carried out a longitudinal study of children between
the ages of three and seven years. His findings suggested that
the development of mathematical ability in children appeared to

be partially ordered rather than linear,

It seemed that development of lower order concepts led the individual
to reflect on existing knowledge and reorganise related higher order

concepts accordingly,
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2,11 Attitudes and Sex Differences

Success in mathematics is dependent on a combination of factors and
cannot be determined solely by the presence or absence of measured
ability (Howlett, 1980), Two such factors, thought to play an

important part in school mathematics achievement, are attitudes and

gender,

Attitudes are thoughts and feelings about activities and are considered

to be an important feature of learning (APU, 1980),

Table 1 lists the findings of studies of the relationship between
attitudes and achievement,and self concept and achievement,K respectively,
Most studies support the view that a positive attitude and satisfactory
self-concept are associated with competence at least, and perhaps

excellence. Data that do not support this belief are also presented.

Attitudes to mathematics seem to be subject to influence from a number
of guarters -~ society in general, home environment, teachers and school,
and, as can be seen from Table2 ,often reflect attitudes about what
activities are "appropriate" for males and females respectively. The
findings from these studies and those of Table 7J,suggest that to a
large extent, general attitudes may be contributing to many of the

measured sex differences in performance in mathematics,

There seems to be little agreement as to whether "real" sex differences
do exist, in this field of study and, if they do, what form they take,
If attainment per se is being examined, boys are found to score more
highly in many investigations, But, if attempts are made to ascribe
these differences to innate ability or superior cognitive special-

isation the issues raised are more complex,
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The influence of possible neurological éeterminants of mathematical
ability are difficult to assess, Rudel (1976) reports findings for
differential hemispheric development in boys, that may favour the
development of superior spatial abilities, Buffery & Gray (1972)
proposed that spatial skills were bilaterally represented in boys and
unilaterally localised (in the right hemisphere) in girls, However,
Bagnara et al. (1980) do not support this hypothesis. Since sex
differences in performance, by and large, do not emerge until the
are of twelve, the contribution of neurological differences over and
above gocietal influences would appear to be difficult to detect,
Tobias & Weissbrod (1980) report that Sherman's continuing work on
sex-related cognitive differences has so far revealed no evidence
that supports a biological basis for sex differences in mathematical

performance,

In summary, the literature reviewed in this section reflects a lack
of consistency in findings, based on conflicting evidence, Further
work is needed to isolate the environmental effects before ascriptions
of superiority by gender can be made, One general finding, on which
there is agreement, is that whatever sex difference there might be

for different types of mathematical ability, they do not emerge before
the age of 12 years. This has bearing on the selection of samples of

children in the present research,
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2,12 Summary

It appears that the range of activities, undertaken in the name

of school mathematics is extremely varied., All the topics appear

to depend to some extent, on adequate intellectual potential, but
over and ahove this, numerical, wverbal and spatial factors have

been isolated, with the spatial factor being most influential as
task complexity increases, It was suggested that the acquisition

of relevant concepts developed through stages, similar to those
proposed by Piaget (1950), though some modifications were discussed,
The effect of attitudes was noted, especially as they are thought to
relate to differential gttainments in males and females, which result

in measurable sex differences in performance.

The literature on disability in mathematics will now be presented,



CIIAPTER 3
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3.1 Mathematics Disability

School Mathematics in Britain has been the focus of a number of
projects aimed at devising more efficient and effective teaching
schemes (Nuffield, 1970,1972; Kent, 1977). (See Larcombe, 1977). However,
they fall uniformly short in providing for the possibility (and
reality) of children, who despite conventional teaching, fail in
this particular scholastic area. For the qpst part, teachers of
"non-achievers" in mathematics are advised to provide more concrete
aids in the hope that, with sufficient practice and manipulation
of objects, the child will move from the concrete to the formal
operations stage — a developmental sequence postulated by Piaget
(1950) (see Chapter 2.10), This is the approach favoured for the

teaching of mentally retarded children (Kiraly & Morishima, 1974a+ED

The idea that there may be individuals with a specific difficulty
with school mathematics has been given little airing in the UK,

It seems likely that this lack of attention is a result of the social
acceptability of failure in mathematics (Cohn, 1968) and the fact
that, until recently, inability to calculate (one facet of mathe-
matics) has not been seen as socially disabling as literacy failure,
for example, People will say openly (and often almost proudly) “Oh,
I've never had a head for maths", whereas it is exceptionally rare

to hear boasts of "I can't read or spell",

In the USA,failure in mathematics has been included under the umbrella
of "Learning Disabilities" (Ahn, 1977) and reference is made to the
"math-disabled" individual, Ilowever, despite recognition of the
aforementioned category, reviews of the literature (Austin, 1977;

Weinstein, 1978) revealed few in-depth studies of the nature or
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aetiology of this difficulty, relative to the number of descriptive

articles and remedial recommendations,

In the literature that does exist, there is little agreement about
descriptive terminology; some writers speak of "dyscalculia®™ in
connection with any type of failure in mathematics (eg. Kosc, 1970a),
others limit its use to difficulties in arithmetic and calculation,
In this thesis,the terms "math disability" and "math-disabled" will
be borrowed from the American texts, to refer to difficulties with
all aspects of mathematics., "Dyscalculia" will be used specifically

when discussing difficulties with number and calculation that are not

associated with other learning problems,

In the next section, research will be presented firstly on math dis-
ability in general., It will also include studies of failure in arith-

metic which the respective authors do not classify specifically as

"dyscalculia”,
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el Studies of Math Disability

Johnson & Myklebust (1967) report two types of mathematical diffi-
culties, The first type is thought to be secondary to an auditory
receptive language disorder, Tailure in mathematics in these cases
is ascribed to the individual'ﬁi%%ility to calculate because s/he has
difficulty understanding the teacher's instructions and oral discussions

of principles, The second kind of math disability, proposed by these

rescarchers, is"Dyscalculia"which will be discussed in the next section,

Gore (1979) reports that math-disabled individuals, in his samples,
were deficient in visual-spatial skills and performed more poorly on
intra-modal visual-spatial tasks than a reading disabled group and a
non-academically impaired group. Gonyo (1976) found visual-spatial

discrimination to be positively related to achievement in arithmetic.

Rourke & Findlayson (1978) studied three groups of 9-14 year olds,
equated for age and Full Scale IQ (WISC). Group 1 was performing at
below expected grade level in reading, spelling and arithmetic,

Group 2 subjects had below expected reading and spelling scores and

a relatively higher arithkmetic score, though the latter was still below

grade level, Group 3 were reading and spelling at grade level but were

poor in arithmetic.

The performances of Groups 1 and 2 were superior to those of Group 3
on measures of visual-perceptual and visual-spatial tasks. Group 3
were superior to Groups 1 and 2 on measures of verbal and auditory
perceptual tasks. Rourke & Findlayson (1978) suggest that the findings
are indicative of a possible Right Ilemisphere (HH) dysfunction in sub-

jects in Group 3. Groups 1 and 2 performances are suggestive of Left

Hemisphere (LH) dysfunction,
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An important finding was that groups who had been equated for deficient
arithmetic performance (Groups 2 and 3) exhibited vastly different
performances in verbal and visual-spatial tasks. These differences,
say these researchers, are clearly related to their patterns of reading,
spelling and arithmetic rather than their level of performance in

arithmetic per se,

As a sequel to Rourke & Findlayson's (1978) study, Rourke & Strang
(1978), using the same groups, found no significant differences in
perfor@nnce on simple motor measures, but the individuals in Group 3
(relatively good reading and spelling, poor arithmetic) were markedly
impaired on more complex psychomotor measures and on a composite

tactile~perceptual index,

Rourke & Findlayson (op.cit.) and Rourke & Strang (op.cit,) say that
there is some evidence consistent with the view that Group 3 was
suffering the adverse effects of a relatively dysfunctioning NI, LI
performance was found to be satisfactory. Group 2 (poor reading and
spelling, relatively good arithmetic) reflected the opposite pattern
of hemispheric integrity - an LIl dysfunction, with the RH being un=-

affected,

Nourke & Strang (op.cit.) found no statistical differences between
these groups for simple tasks; differences were reflected when the
requirements were more involved., This is said, by these researchers,
to reinforce the views of Reitan (1966) and Rourke (1975, 1976) that
"performance on heterogeneous (complex) tasks is more likely to reflect

meaningful aspects of brain behaviour among clinical groups”,
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Another important finding from these studies is the difference in
performance between two groups, equated for level of performance in
arithmetical calculation. Ilad Groups 2 and 3 been combined to form
a single group, retarded in arithmetic, these differences may have

been averaged out.

Ginsburg (1978) reflects that in general it could be defects in the
system of schooling itself which have contributed heavily to current
educational problems, like failure in school mathematics. He supguests
that schools have failed to exploit pupils' abilities in favour of

concentrating on their deficits,

Imotional Tactors

Ii'vidence for emotional factors contributing to failure in arithmetic

is provided by Rourke (1981). Rourke reports that this group are poor
on performance tasks, but may excel verbally, Typically, parental
reports mention that the child is clumsy, aloof and has no sense of
humour, Their sensory motor development appears to have been impaired,
Their social learning is poor; they have difficulty interpreting
facial expressions. In adults, lack of intuition is often evident,
Rourke (op.cit.) maintains that although these individuals talk and

read well, they lack conceptual understanding,

Connolly (1971) uses concepts of Pavlovian and instrumental con-
ditioning in explaining failure in arithmetic. Vhen the child says
"I hate arithmetic!" conditioning takes place, with the arithmetic
lesson as the conditioned stimulus and anger as the conditioned
response., New responses, such as inattention and misbehaviour become
associated with arithmetic, leading to further failure. The inter-—

action becomes circular,
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Failure in arithmetic 3 discouragement and anger
(unconditioned stimulus) (unconditioned response)
Arithmetic Class ¥ Inattention and misbehaviour
(conditioned stimulus) ® (conditioned response)

Conditioning of this type often leads to a DBroad Block (a negative
attitudinal set) on doing anything involving numbers or calculation
(Weinstein, 1978), The Broad Block theory predicts that dyscalculics
will exhibit many non-systematic errors which produce low levels of
performance across all tasks in the mathematics curriculum. The

child will not necessarily make the same errors when faced with similar

computational problems (Cox, 1975).

Emotional factors as a primary cause of arithmetical difficulties were
not found in the present studies, However, during clinical interviews,
the Writer has found a number of adults whose dislike of anything
associated with mathematics and number, bordered on the phobic. Re-~
actions of this type were consistent with the Broad Block Theory.
Characteristically, these individuals report that they had not under-
stood particular topics at school, but had been loath to ask for
repeated explanations, New knowledge had been added to rocky found-
ations and feelings of insecurity are said to have grown, At the time
of interview, the mention of the simplest calculation elicited marked
negative statements, increased muscular tension (evidenced in pen—grip)
and anxiety. When presented with a fairly lengthy computation (for
example, 245 x 87) most of those interviewed were able to successfully
complete the calculation if they were prompted as they worked, Prompts
were as non-directive as possible -~ "What do you think you do next?"

"What is the next step?" etec,
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Reactions of this type were not found in younger subjects in these
studies, It seems likely that severe anxiety about arithmetic and
other aspects of mathematics may be cumulative and only manifest

itself after some years of failure, though the possibility of it

developing in earlier years is not disputed.
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e Dyscalculia

Developmental Dyscalculia is "a disorder of the abilities for dealing
with numbers and calculating that is present at an early age and is

not accompanied by a concurrent disorder of general mental functions,"
(Weinstein, 1980) Slade & Russell (1971) make the distinction between
developmental and acquired dyscalculia and acalculia when stating that
for diagnosis of the former there must be no indicating that the
individual's arithmetical ability was formerly at a higher level and
subsequently deteriorated. Acquired dyscalculia has been discussed in
the medical literature in cases of patients who, through head injuries,
have lost the ability to deal with number., Findings concerning acquired

dyscalculia and acalculia will be presented in Sections 3 and 6 of this

Chapter,

Weinstein (1980) contends that:
"It is taken for granted that some children will do
poorly in arithmetic owing to inadequate instruction,
insufficient motivation, or general mental retardation,
However, the notion that there are well-motivated chil-
dren who have normal intelligence and are in good
schools, yet evidence disability in arithmetic has
gone nearly unrecognised until recently among psycho-
logists and educators,"

Kosc (1974) reinforces this view and adds that this is the case,
despite the fact that dyscalculia is a nervous system dysfunction
which occurs at least as frequently as other disorders, like dyslexia

and dysgraphia,

Weinstein's review (1978) of the psychological literature produced

only one systematic, empirical investipgation which provides evidence
for the existence of developmental dyscalculia - that of Kosc (op.cit.).
This study, whilst making an important contribution, is limited by the

questionable purity of the sample studied; no control seemed to have
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been made for possible inclusion of dyslexics. As such his assertion
that 67 of the general population could be dyscalculic, may be an

overestimate, Kosc found that 24 of the 375 ten-year olds he tested
(all of whom were in the average range of intelligence) satisfied his
criteria for being designated "developmentally dyscalculic", that is,

they all exhibited "mathematical" (sic) difficulties presumed to be

of a congenital nature without simultaneously being generally retarded,

Kose reinforces the view that mathematical ability is not simple and
compact, Ile maintains that, in the same way that specific abilities
appear to be unevenly developed in "normal" individuals, not all

arithmetical functions are equally affected in developmental dyscal=-

culics,

Kosc offers a categorisation of the various manifestations of dys-

calculia, stressing that symptoms may occur in isolation or combination,

1é Verbal Dyscalculia — disturbed ability to designate mathematical

terms and relations such as naming amounts and numbers of things,
digits, numerals and operational symbols, etc,

2, Practognostic Dyscalculia - disturbance of mathematical mani-

pulation with real or pictured objects or in comparing estimates

of quantity.

3. Lexical Dyscalculia -~ disability in reading arithmetical symbols

(digits and operational signs in most serious cases; multi-digit
numbers, numbers written in horizontal rather than a vertical
line, fractions and square roots, decimals, etc. in less serious
cases); interchange of similar looking digits; reading of two-

digit numbers as reversed,
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L, Graphical Dyscalculia - disability in manipulating arithmetic

symbols in writing; inability to write numerals as dictated,

to write the words for numerals or to copy them.

5e Ideognostic Dyscalculia - disability in understanding

"mathematical™ ideas and relations and in doing "mental

arithmetic" (ie. calculations without using pencil and paper

or counting props).

Operational Dyscalculia - inability to perform arithmetical

operations, for example, interchange of operations (+/x, -/%)
and calculation by counting on fingers where the task could be

solved without counting fingers, by the average person),

Subtypes 3 and 4 are also referred to as "numerical dyslexia",

The present writer takes issue with Kosc's interchangeable use of the
terms "mathematical" and "arithmetical", as if they represented the

same processes. It must be stressed again that the latter is only an

aspect of the former,

Johnson & Myklebust (1967) mention dyscalculia as the second type of
difficulty allied to arithmetic, It is said to be associated with a
neurblogical dysfunction which interferes with quantitative thinking
and impairs the person's ability to understand mathematical principles,
The symptoms are said to be related to deficient visual-spatial organ-
isation, non-verbal integration and left/right confusion, In accord

with some of Rourke's findings (op.cit.), low social maturity is

thought to characterise dyscalculic individuals,

Johnson & Myklebust (op.cit.) describe such children as having diffi-

culty learning to count, mastering cardinal and ordinal systems of
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number and understanding conservation of quantity. The ability to
associate the appropriate auditory and visual symbols also appears
to be impaired, These researchers and Rourke (1978a) maintain that
pattern of high Verbal IQ - low Performance I( (WISC) are often a
feature of children whose arithmetic proficiency is impaired, relative

to their reading and spelling attainments.

Weinstein (1978) found that at least 6% of a sample of 463 children
screened seemed to evidence dyscalculia, without concomitant dyslexia,
Twenty-nine 9-11 year olds were given a large battery of tests, Having
analysed their errors she maintained that their performances supported
a Development Lag explanation for dyscalculia in children, The
Development Lag hypothesis posits that the difference between a child
who is not having difficulty with arithmetic and a dyscalculic is
simply due to the slower development of the cognitive structures under-
lying the acquisition of the arithmetical processes and concepts (Cohn,
1968). It is supgested that using this explanation, the pattern and
kind of errors evidenced by dyscalculics should be similar to those

of younger students, who do not have a lecarning problem; so that a
13-year old dyscalculic may perform in a manner more consistent with

a nine-year old, Weinstein maintains that the above was true of her

sample,

Weinstein rejects two other possible explanations for failure = the
Broad Block Theory and the Specific Deficit Hypothesis, The former

was eliminated because the subjects did not evidence any motivational
difficulties nor did their errors reflect a random pattern of responses,
The Specific Deficit Hypothesis was thought to be inappropriate because
the level of functioning of the children in dyscalculic group was

uniformly below grade level on all tasks, including geometry.
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Weinstein proposes that Developmental Lag of this nature could be
explained in terms of delay in the shift to hemispheric specialisation
for the tasks under investigation, It is well established that before
the age of five, the hemispheres of the brain are relatively non-
specialised (Newton, 197%a; Rudel, 1976). With increasing maturation
of the mnervous system, there is a shift to an increased localisation
of function, Piaget & Inhelder (1969) recognised that this neuro-
logical development was paralleling his stages of cognitive develop-

ment, but admitted ignorance of the nature of the interaction,

Weinstein suggests that, given the characteristic errors of the dys-=
calculics and their delay in acquiring Piagetian concepts, a feasible
explanation might be a lag in the development of adequate hemispheric
specialisation for these tasks, She proposes that these children are
still relying on visual cues and immature strategies characteristic
of right hemisphere processing, Development of analytic (left hemi-
sphere) skills has not been fully achieved, When forced, these children
do shift to analytic processing. As an example, Weinstein cites that
when a conservation task was presented and the materials covered before
the child was able to respond, subsequent answers were anaiytic, When
visual cues were available, the same child failed to conserve.
Weinstein suggests that the fact that when a child is forced to analyse
problems, s/he is able to do so, is indicative of potential, which is

not yet realised fully, due to a developmental delay in neurological

specialisation,

Fisk & Rourke (1978) compared the performances of groups of normal,
learning disabled and mentally retarded subjects at different age
levels, The Developmental Lag interpretation seemed to fit the

performance patterns of mentally retarded children, Iliowever, the
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Deficit interpretation was found to be more compatible with the

performance patterns of learning disabled children,

3.4 Dyslexia and Dyscalculia

Klees (1976), Fincham & Meltzer (1976) and Fisk & Rourke (1978) all
provide support for a clinically observed phenomenon which is, that

a pupil may be able to conceptualise fully and understand what is being
"taught", but be unable to work with concrete aids, or successfully
carry out "externally" the required task, This particular phenomenon
has, however, been found by the writer to be characteristic of a number

of dyslexics' performances in arithmetic,

The following case study serves to illustrate this point:=

Dennis is an 18-year old dyslexic, who will sit his A-level examination
in Mathematics this year., He is expected to gain a Grade A pass,
llowever, Dennis is unable to perform arithmetical computations
accurately. His scores on Maths Modules 2-5 (NFER, 1978) would
identify him as an "average" ll-year old. There is no doubt that

he understands fully the underlying concepts of number, Ile is also
able to estimate answers - a good measure of numeracy, in the writer's
view, Nevertheless, he makes numerous errors when doing simple sums,
Dennis is fortunate in that his aptitude outshone his test attainments
and he was recognised as an able student with a specific difficulty.
Unfortunately, it seems likely that similarly able (but specifically
disabled) students have not been as lucky and have been classified as
generally disabled in mathematics and have been hindered by endless
calculation exercises, in the hope that practice would improve their

performance,
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The Developmental Lag theory is not applicable in explaining these
findings since performance in general is not delayed., The Specific
Deficit hypothesis would appear to be more appropriate, since the
poor performance of these individuals seems to be related specifically
to one aspect of the task - the manipulation of written numbers and
symbols, Further discussion of these explanations will be undertaken
in the final chapter of this thesis. Since motivation is often high,

the DBroad Block theory cannot be invoked,

Kaliski (1967) offers an alternative view. Reviewing cases of dyslexic
children, he describes these children as having difficulties with
spatial relationships (up/down; left/right) and size relationships,
which the writer maintains will cause problems when the child is
learning number relation and concepts. Geschwind (1981, personal
communication) emphasises that a distinction must be made between an
individual being able to follow directional instructions, and a sense
of direction, The former seems likely to be a labelling task - a
difficulty for dyslexics (see Chapter &4 ). The latter, however,

seems to require intuitive spatial ability, especially if the individual
finds Ieft/right discrimination difficult, The present writer feels
that an inadequate sense of direction is more likely to be associated
with number difficulties, if they are as spatially-dependent as seems

to be the case from the evidence presented in Section 2 of this chapter,

Kaliski (op.cit.) also reflects that impulsivity allied to motor
disinhibition, which he cites as a concomitant of dyslexia, is likely
to interfere with the manipulation of objects and thereby affect

mastery of mathematical concepts,
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The present writer believes that motor disinhibition is not
necessarily a feature of dyslexia. Additionally, Meltzer (1974)
has found that dyslexic children do not appear to differ significantly

from "normal" individuals on acquisition of mathematical conceptual

thought,

It is a well-established fact that dyslexics have a cognitive dys-
function which influences the way they process written language (see
Chapter 4 ), Given this knowledge and dyslexics! variable per-
formances in school mathematics, it was decided to examine the neuro-
psychological literature to ascertain whether the specific areas of

involvement coincide or are directly related,

It was also of interest to determine whether different aspects of
mathematics are processed in different parts of the brain, For example,
many researchers (eg. Wheatley & Wheatley, 197 ) assume that geometry
is processed in the right hemisphere, but evidence to the contrary is
also reported (Franco & Sperry, 1977). A survey of this nature has

practical implications for the way mathematics is taught in schools.

Thirdly, it was hoped that information would be brought to light which
might go some way to explaining why some dyslexics succeed in all
aspects of mathematics, some fail and some perform at a level con-

comitant with age level and measured intellectual potential,

Finally, discussion will involve the idea of a Development Lag in

acquisition of skills appropriate to school mathematics,
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3.5 Neuropsychological Findings

The left and right hemispheres of the brain are specialised, to a
large extent, for different activities (Sperry, 1968; Luria, 1966;
Myslebodsky & Weiner, 1976; Jorgenson et al, 1980). Table 1 lists the

findings concerning modes of operation and activities that seem

to be implicated in mathematics.

Very broadly, the left hemisphere (LII) is predominantly involved in
the mediation of language, symbolic thought, logical analysis and
the pracessing of information serially and sequentially (Bogen &

Gazzaniga, 1965; Ornstein, 1972; Nebes, 1974),

The right hemisphere (RII) appears to be less clearly demarcated and

more diffuse in its cognitive style than the LIl (Semmes et al,, 1963).
Unlike the LI, the NIl processes information holistically and analogically
perceiving relationships amongs apparently unrelated concepts and

stimuli and is responsible for the synthesis thereof - a generalising
ability (Rubenzer, 1979; Nebes, 197%)., (See Kane & Kane, 1979;

Rubenzer, 1979 for full reviews),

Much of the knowledge about hemispheric speculation has come from
pathological studies of individuals who have sustained brain damage,

As such, generalisations to the "normal" population must be made with

caution, As can be seen from Table 1findings are equivocal and vary

according to the measures used.

Roach (1975) points out that there have been two differing positions
with respect to the relationship between hemispheric dominance and
arithmetical calculation, The traditional position has been that

mathematical skills, like verbal skills, are mediated primarily by
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the Left cerebral hemisphere (Head, 1926; Gazzaniga & Sperry, 1967).
Opposing conclusions, based on different data, suggest that the RII

may be the predominant influence (Johnson & Myklebust, 1967; Dimdnd
& Beaumont, 1972),

Similar equivocal findings relate to language functions. Lenneberg,
(1967) points out that the RII is not totally silent during language
mediation and that before the age of above five years, language and
other functions are more equally shared between the LH and Ril, as

seems to be the case for early "mathematical" thinking,

Studies of Hemispheric Mediation in Arithmetic using Normal Subjects

Investigations into hemispheric mediation in arithmetic for subjects
without any signs of brain damage or dysfunction also produce equi-

vocal results. Most of the studies can be criticised on methodological

grounds,

Dimond & Beaumont (1971) used the Divided Visual Field (UVF) technique
to investigate hemispheric preference for digit recognition, Digits
appearing in the Right Visual Field (QRVF) were found to be more
accurately perceived, The limiting factors of this study are that
responses were verbal, a mode which could bias results in favour of

the LII. Also it is questionable how much simple digit recognition

can tell about caleulation.

Dimond & Beaumont (197%) using calculation as the experimental task,
reported some evidence for RH superiority for subtraction, but not
for addition, though there were no differences in latency measures

(shorter latencies may have heen suggestive of dominance),
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Roach (1975) using three modes of data presentation (verbal, numerical
and non-verbal (dots)), found an LI superiority for calculation for
children without learning difficulties, with the dots condition being
the strongest indicator., Using dyscalculic subjects (normal reading-
low arithmetic scores) this RVF superiority was not found, Roach
(op.cit.) states that, for these children, there is no evidence to

suggest a dominant hemisphere for calculation,

Roach (1975) interprets this latter finding as analogous to Witelson's
(1977) findings, in the area of reading retardation, ie, subjects

indicated an absence of a dominant hemisphere for the task under

investigation, This comparison may be too facile given Wilsher & Joffe's

(1980) finding that much evidence for lack of hemisphere specialisation
in dyslexics is open to an alternative interpretation, Wilsher & Jole (op.cit)
suggests that equivalent reading over both hemispheres, for a particular

task does not necessarily mean that neither hemisphere is dominant for

that task, It seems that one hemisphere is dominant but is dysfunction-

ing, thus producing "falsely" equivalent readings.

Simernitskaya et al, (1978) produce some evidence of LIl superiority
for number perception, but their dubious sampling procedure and inter-

pretation of results, must cast doubt on the wvalidity of their

findings.

Katz (1980) has shed new light on this area, He argues that part of
the inconsistency in findings could be due to the complexity of

arithmetic computations which have been examined, He criticises

Dimond & Beaumont's (1974) study because he says their findings could
be due to the subsequent matching task, used in the response mode,

rather than the computational process, Beaumont (1980, personal
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communication) accepts these criticisms as valid and says re-evaluation

is necessary, Katz (1980) suggests that:
"Conceivably different hemispheres might mediate the
elementary processes involved in various arithmetic
tasks, with an overall superiority for one of the

hemispheres reflecting the relative contribution of
some subset of processes,"

Katz, in his study, attempted to eradicate some of the confounding
factors in previous research, le used the DVF technique and a motor
response mode to compare the subtractive difference between digits.
A clear-cut RII superiority was observed for all pairs of digits,
Decreases in reaction time were associated with larger subtractive
differences between digits, a finding supported by Moyer & Landauer,
1976; Sekuler & Mierkiewicz (1977). Katz contends that subtraction
first requires that people identify the larger or smaller digits in
the problem., Ilis findings support those of Dimond & Beaumont (1972)

that the DRIl is responsible for this subprocess, Counting may be

another subprocess involved,

Comparable results were not found in a comparable task using dots,
instead of digits, suggesting that the use of digits per se is an

important factor affecting measured visual field differences,

Katz (1981 - personal communication) has sugpmested that in the light
of Pring's (1980) findings there may still be extensive methodological
difficulties in studies of this type. Pring (op.cit.) reported differ-

ential field effects depending on exposure time and stimulus complexity

(including the print size and type).

Thus, at this stage, it does not seem that DVF studies are sufficiently

well controlled to allow inferences about arithmetic to be made from

measured differences,
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3.6 Findings from Pathological Studies

In this section, when reference is made to dyscalculia or acalculia
(loss of ability to work with numbers), it will imply dysfunction

acquired as a result of brain damage.,

From Table 2 it can be seen that there is little agreement as to the
area associated with dyscalculia. There are also some anomolous
reports, For example, Cohn (1961) points out that Ilenschen (192§)
maintained that the damage to the caudal part of the LH was responsible
for the loss of ability to work with numbers, despite his own obser-

vations of dyscalculic patients with R lesions,

Singer & Low (1933) report that acalculia (inability to perform
simple arithmetical operations) may occur as a concomitant symptom
of an aphasic syndromeor as the only symptom of a localised lesion,
The behavioural features mentioned by these researchers are:-

) S Substitution of one operation for another, eg. 2 + 4 = 8,

2, Substitution of counting for calculation 5 + 7 =
Ssays 7+1=28

e Rlecapitulation of digits.

4, Reversal of digits.

Single digits can be read promptly, Two-digit numbers cause confusion

on first reading, with a tendenc& to grasp digits on left of number,

The subjects do not grasp the notion of the positional nature of
number (eg. 1 in 21 as being different from 1 in 142) but they could

identify numbers in columns,

Arrangement of numbers on a line proved problematical but patients

did not have an orientation problem - they could read maps,
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Common to all acalculics was found to be the inability to proceed
from a given point of reference and remain focussed on it during a
calculation; a feature Natorp (1910) mentioned as a characteristic

of competent calculative ability.

Singer & low (op.cit.) also mention lack of appreciation of symmetry
as a feature of dyscalculics'and acalculics' performances, Subjects
could not compute 9 -= 6 = , but carried out this operation, in error,

when substituting subtraction for addition: 9 + 6 = 3,

Critchley (1953) asserted that dyscalculia was due to a lesion in the

dominant, ie, left, parietal lobe, Ile classified the symptoms as

follows:=

1. Verbal deficiencies

a, Difficulty in handling numbers as words.
b, Difficulty in recognising numbers as symbols.

¢. Perseverating tendencies,

2, Constructional or Spatial difficulties

a. Impairment of the ability to arrange numerals on
paper and do calculations, Units are no longer
placed below units, etc,

b. Lack of appreciation that figures must be arranged

in a particular way, to facilitate calculation, may

be lacking,

3. Ideational deficiencies (anarithmetia)

a. Loss of understanding of the meaning of numbers,
b. Slowing down of number operations,.
c. Lessened memory for numbers, the use of separator and

operator symbols,
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d, Inability to arrange numbers in order of their
magnitude.
e, Lack of fundamental concepts of addition, subtraction,

multiplication and division, part/whole relationships

and place value concepts.

Guttman (1937) found that many dyscalculics could perform mental
arithmetic without difficulty, but were unable to order figures on
the page. Accordingly, he suggested that dyscalculia is the inability
to app?eciate positions in space,

Singer & Low (1933) found that many patients who had difficulty in
handling spatial elements, were also lacking in calculation skills,
Rourke & Findlayson (1974) considered the converse of these findings
and found that although the ability to perceive visual-spatial re-
lations is directly related to the ability to reason arithmetically,
superior visual-spatial skills do not necessarily lead to outstanding
abilities in computation,

Luria (1973) says that the RH need not be involved in arithmetic dis-
ordérs since a local lesion in the parieto-occipital of the LI would
disturb spatial organisation of perception and movement and produce

similar effects.

From Table 2 it can be seen that whilst many of the dyscalculic
patients had suffered injury to the LII, Weinstein (1978) sugrests
that some of the manifestations mentioned in Critchley's (ap.cit.)
classification, for example, Spatial Dyscalculia and some of the
ideational difficulties, should have been attributed to Il damage.
There is the possibility that R involvement was not found in some
of these studies, because it was not looked for, in the light of the

assumption that arithmetic and calculation are LH tasks,



64

Ahn (1977) reports studies by Weisenberg & McBride (1935), McFie
(1960) and Hécaen (1962) which indicate that calculation
deficits may be associated with I parietal lesions, suggesting

that arithmetic may involve a spatial element,

In summary, lesion studies have offered support for the involvement
of both hemispheres respectively, and suggest that insult in different

areas may lead to different types of "dyscalculia",
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Gerstmann's Syndrome

Dyscalculia has been mentioned in the medical literature, In this
context, it is often discussed in relation to Gerstmann's syndrome,

the characteristic features of which are:~ (Critchley, 1966;

Gerstmann, 1957),

1. Finger agnosia (inability ot identify one's unseen fingers
upon verbal or tactile stimulation).

9 Dysgraphia (inability to write letters of the alphabet).

Ve Right/left spatial disorientation (inability to distinguish
between left and right).

4, Acalculia/Dyscalculia,

Roach (1975) sugpests that the implications of the syndrome is that
each characteristic is related to the others and that these may in

fact be the cause and effect of each other,

Subsequent studies quoted by Roach (1975) suggest that subjects with
arithmetical difficulties do not necessarily exhibit any of the other
characteristics. Gerstmann suggested that damage to the left parietal
or parieto-occipital region of brain was the neurological basis for

this cluster of dysfunctions in adult patients,

Despite Gerstmann's conviction that these symptoms formed a well=-
defined neurological syndrome, other researchers have expressed doubt

(Benton et al.,, 19523 Critchley, 1966; Poeck & Orgass, 1966, 1975;

Geschwind & Strub  1975).

Weinstein (1978) points out that fingers and hands seem to have played
an essential role in the evolution of the decimal system of numeration,

Also young children use their fingers when learning to count and
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calculate, This being the case, the association of finger agnosia
with dyscalculia is of note. The possibility of an underlying
organic connection is an interesting area for exploration according
to Weinstein (op.cit.)
"esees between consciousness and fingers ,.... and
calculation there has existed an intimate functional

interdependence and interaction from the earliest
period in Man's development," .
(p. 867)

In answer to Hermann & Norrie's (1958) question as to whether
developmental dyscalculia is a congenital form of Gerstmann's
syndrome, Geschwind (1981 ~ personal communication) suggests that
while Gerstmann's syndrome may exist in an acquired form, the

existence of -a developmental form is doubtful,
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Nesults indicated NH superiority for all four types of presentation,
in both plane and solid forms, Orderly differences were found for

the LH hovever, with respect to the different presentations. The LI
performed almost as well as the III for Euclidian geometry, but de-
creased markedly for the other three types respectively, On topo-
graphical tasks IIl scoring reached chance level, while the RH achieved

almost perfect scores, in this category.

Franco & Sperry (1977) recognise that greater familiarity with
Fuclidian forms might have played a role, but maintain that this
alone would seem to be insufficient in accounting for the striking
differences in hemispheric performances on the topological task,

It seems that the number of defining constraints governing a task

is a crucial feature. Where the restrictive geometric properties
are numerous, as in Luclidian geometry, the LIl is able to perform
relatively well, An individual can follow rules, for example, a
triangle has three sides and three angles, When the defining con-
straints become fewer, as in the projective and topological examples,
LI performance approaches chance level, The geometric structure does

not seem to affect NI performance,

Franco & Sperry(bpmit) maintain that these findings are in line with
other reported observations; children are able to discriminate geo-
metric forms at pre-school age, while still incapable of verbalising
their defining features (Piaget & Inhelder, 1948), As people get
older and in adult processing geometric properties and theorems can

be understood intuitively well before verbal expression is possible,

Franco & Sperry thcit)suggest that a possible explanation for the LI

results may concern the ease with which a task can be verbalised, and
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related to a frame of reference, or ordered in terms of class logic.,

Thus what are referred to as "irregular" figures, can be regarded as

"non-verbal" because they convey very little information (as measured
in Information Theory), that can be related to a known set of rules.

This information is thus not susceptible to decoding, and since this

latter is the mechanism by which the ILH processes material, this may

be the reason for the low LH scores on the topological tests, The ILH
is specialised for seelking highly structured inputs and is thus able

to deal with defined Euclidian structures, seemingly in a similar

manner to linguistic structures,

On the other hand, the IUI is ideally suited for processing loosely
structured shapes, since it is not diverted by the search for detail,
It is able to capture the holistic properties of sets, independently
of structural constraints, though because of this independence is able
to process both structured material equally well, probably by ingoring
classifying features., This would accord with the equal success of the

RII for both Buclidian and topological tasks,

The implications of these findings will be discussed in Chapter 12,
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3.7 Summary

It seems that there are different types of disabilities related

to different areas in school mathematics. One such type, dyscalculia,
has been found by some researchers to be independent of adeguate in-
tellectual potential, Weinstein (1978, 1980) subscribes to the view
that dyscalculia, in the light of no measurable brain damage, is
attributable to a delay in maturation of hemispheric specialisation,
Geschwind (1981 - personal communication) and Iapin (1981 - personal
comunication) express doubt about the feasibility of a developmental
lag.explanation for failure in one scholastic area only, DBoth these
neurologists sugpest that unless a general retardation is present, a

specific deficit hypothesis seems more feasible,

Research on hemispheric specialisation for different aspects of mathe-
matics has yielded equivocal results. Additionally, generalisations from
these findings are subject to a number of limitations viz, much of the
worlk has heen based on findings from split-brain or brain-lesioned
subjects and is perhaps not directly applicable to "normal" subjects.
Also, in the writer's view, it seems too simplistic to assume that one
area of the brain is solely responsible for a particular function. The
interactive effects with other parts of the brain, for example, the

frontal lobes, should not be ignored.

Although the findings from pathological studies are useful in providing
information about Central Nervous System involvement, they do not offer
accounts of the psycholo«ical processes involved in dealing with con-
cepts of number, calculation and the understanding of other mathematical
relationships. What has become evident, though, is that the traditional
view that calculation is an LII task and geometry a III task, is too

simplistic. DBoth hemispheres appear to have capacities for both these
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complex skills, The relative contribution of each, and the
implications for the way mathematics is taught in schools, needs

to be examined,



CHAPTER &4



1

4,  DYSLEXIA

4,1 Definition

"The term 'dyslexia' describes a specific type of cognitive
functioning which is characterised by difficulty in acquiring
written language skills, It is independent of intelligence,
socio-cultural background and emotional states, and occurs
despite conventional instruction,"

(Newton, Thomson & Richards, 1979)

Vellutino (1978) contends that:
"The literature dealing with the problem is uniform in
its suggestion that dyslexia is an intrinsic develop-
mental anomaly, the etiology of which is qualitatively

different from reading difficulties arising because of
extrinsic or environmental factors.,"

There is much discussion in the relevant literature about the

definition of Dyslexia, There is also some lack of agreement as

to the critical features which describe -this disability. Some
writers criticise "definitions by exclusion" in which factors are
eliminated and what is left forms the basis of the definition (see

Rutter, 1978). It is beyond the scope of this thesis to dwell on

this issue; suffice it to say that the controversy has been noted.

Much of the literature about dyslexia concentrates on reading and
spelling, however Zangwill (1978) suggests that
"Dyslexia ..... is better described as a 'syndrome',

that is a constellation of associated difficulties,
rather than as a difficulty in reading and spelling

in the narrow sense," (In Miles, 1978)
The distinctive feature of dyslexia as opposed to other literacy
difficulties is the fact it is found in individuals of adequate
intellectual potential, who have had sufficient educational oppor=
tunity, are not socially disadvantaged and who do not suffer any

gross neurological defects.
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"Adequate intellectual potential™ in this context refers to at least
average intelligence, as measured on a standardised intelligence test,
and is one of the defining characteristics about which there is fairly

general agreement among researchers (Vellutino, 1978).

Whilst it is recognised that slow learners may not be realising their
full potential (Benton, 1978) and may present with characteristic
dyslexic features, the interactive factors of their slower potential,
and often other perceptual and/or motor difficulties,make it difficult
to diagnose them as dyslexic (Johnson & Myklebust, 1967), Certainly,
this is a worthwhile area of research, However, it goes beyond the
scope of the present investigation., Consequently, to preclude any
confounding variables, all subjects described as 'dyslexic! in this
thesis, scored 90 or above on the Full-, Verbal- and Performance
Scales of the Wechsler Intelligence Scale for Children - Revised

Edition (WISC-R) (Wechsler, 1976).

One of the objectives of this thesis is to ascertain whether aspects
of Arithmetic and School Mathematics warrant inclusion in a definition
of dyslexia. They are only mentioned in a few lists of presenting
features (e.g. Miles, 1974). Hughegzgé%enckla (1978) include
Dyscalculia in their definition of 'dyslexia-plus', along with hyper-

activity and lack of motor co-ordination.
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4,2 Characteristics of Dyslexia

The specific features, most often mentioned in descriptions of
dyslexia are presented in Table 1 along with swmmarised findings
concerning these variables, This list is not exhaustive, The
reader is referred to Thomson (1977), Benton & Pearl (1978),

*
Wheeler & Watkins (1979) and Vellutino (1979) for further detail,

In considering this section, it might be useful to keep in mind

that:

"it is perhaps helpful to regard dyslexia as a family
of difficulties., Not every dyslexic sign is present
in every case and similar mistakes may occasionally be
made by those who are not dyslexic, but a person can be
repgarded as 'dyslexic' if a sufficient number of these
signs occur together,"

(Miles, 1978)

Also it must be remembered that the dyslexic child can learn to com-

pensate for some of these difficulties,

#*
Many researchersrefer to "reading retardation" and poor readers.
The studies quoted in this chapter are ones that appear to satisfy

the criteria for diagnosis of dyslexia (see Study 1), unless other-
wise specified,



74

TABLE 1 CIIARACTERISTICS OF DYSLEXTIA

Discrepancy between Intellectual Potential and Scholastic Language
Attainments

Newton (197%a)
Newton & Thomson (1976)
Miles (19745 1978)

Vellutino (1978) Dyslexia precludes measured
intelligence scores below 90 on
either Verbal or Performance Scales

of a test such as the WISC-R,

Familial Incidence

Hewenn (197%) Other members of the family have

Owen (1978) been found to have similar literacy
difficulties,

Thomson (1977)

Genetic Factors

Childs et al, (1978) No clearly established genetic link,

Birth Trauma

Newton (197%a) "At risk" birth may contribute to the
Critchley (1970) syndrome of dyslexia,

de Hirsch et al. (1966)
Thomson (1977)

Kawi & Pasamanick (1958) 45% of children with subsequent reading
disability had a history of prematurity
and birth complications compared with
25% of the Controls,
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Delayed Developmental Milestones

Kawi & Pasamanick (1958)

Newton (1974a)

Miles (1974) History of clumsiness, late walking,

late talking - often found in dyslexics,

Symbolic Nature of our Language System

Newton (1974a) Acquisition of sound/symbol corres-

Thomson (1977) pondence is particularly difficult
for dyslexics,

Left/Right Differentiation

Rutter et al. (1971) Confusion between L/R is associated
with reading difficulties,

Thomson (197%) Confusion in dyslexics

Miles (197%)

Harris (1979) Confusion eight times more common
amongst dyslexics than in the "normal"
population,

Belmont & Birch (1965) Confusion in L/R identification of
body parts,

Representational Learning

Vellutino (1977) Dyslexics have difficulty with all

aspects of representational learning =
naming months, seasons, telling time
and L/N differentiation,

Blank et al, (1968) Dyslexics have a "verbal deficiency
in abstract thinking",
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Sequencing

Bakker (1967, 1972) Dyslexics have difficulties in the
perception of temporal or spatial
order seguences,

Doehring (1968)

Hayes (1975)

Bannatyne (1971) Difficulties with coding fluency.

Thomson (1977)

Thomson et al, (1979)

Miles (1974) Difficulty in repeating digits in

: reverse order,

Hayes (1975) Sequencing skills vary according to

Hicks (1980b) how easily they can be labelled.
Difficulties in dyslexics are more
marked when test stimuli approximate
closely to words and letters.
Sequencing strategies can be taught,
to some degree, in the test situation,

Naidoo (1972) Poor sequencing ability.

Newton (19743) Inability to sequence common events:

Thomson (1977) days of week, months of year,

Torgeson & Goldman (1977)

Irregular Eye Movements

Zangwill & Blakemore (1972)
(In Pavlidis, 1978)

Dyslexics do not use subvacal mnemonic
aids in rehearsal of a sequence to be

repeated after a delay.

"if he (the dyslexic) is unaware of the
direction of his eye movements and simply
analyses syllables and words in the order
that he inspects them, this may account
for some of his odd inversions of words

and phrases,"
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Irregular Eye Movements (Cont'd.)

Pavlidis

1jjberman et al,

(1978, 1980) Dyslexics exhibit erratic eye move-

(1971)

(a &D

Incidence in the Population

Wilsher & Joffe
Klasen

Bannatyne

Thomson & Newton

Child
(In Newton, 1975)

Nutter

Eisenberg

(1980)
(1972)
(1971)

(1976)

(1971)

(1978)

(1966)

ments, indicative of oculomotor sequenc-
ing disability, which manifests itself
when viewing visual, verbal and non-
verbal stimuli,

May be attributable to central sequencing
disability, and exacerbated by the
presence of directional confusion,
Sugmest lights test as "objective"

predictor of dyslexia,

Sequencing difficulty is verbal NOT visual,

Estimates in the population vary,
Between 2-25% of Western population

Using "strict criteria", at least 2%

of the school population,

30% of children have reading and/or
spelling difficultiesj;of these about

10% are dyslexic,

The relatively low incidence of dyslexics
in England relative to the USA, reflects
recognition of less severe cases in States,

of needing special instruction,

Dyslexia affects 3,5-6% of children of

school going age.

Male/female ratio exceeds 4:1,
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Tmportance of Early Screening

Denhoff et al. (1971) The importance of early diagnosis is

Newton & Thomson (1976) stressed so that appropriate help may
be given,

Newton (1974a)

Satz et al, (1978)

Poor Short-Term Memory

Naidoo (1972)
Thomson (1977)
Miles - (1974)
Ellis & Miles (1978)
Micks (1980a)

Blank & Bridger (1966)
Blank et al, (1968)
Rourke (1978)

Thomson & Wilsher (1978)

Rudel (1980) Dyslexics have the inner lexicon, but
it is poorly organised and they take a
long time to retrieve it, too long

apparently to be useful in reading,

Spelling Difficulties

All clinical studies report spelling difficulties, e.g.

Thomson (1977) Poor or random sound/symbol correspondence

"bizarre" spelling,

Reversals

Newton (1973) Persistent reversal and disordering of

letters, syllables, words and word

Neversals also noted b}':- order when reading.

Pavlidis (1978) Hicks (1980b)  Miles (1974)
Vellutino (1977) Newton (1975)
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Difficulty in Naming/Verbal Labelling

Denckla & Rudel (1976a)

Denckla & Rudel (1976b)

Vellutino et al. (1975)

Vellutino (1978)
Fllis & Miles (1978)
Ilicks (1980a)

Word Finding Difficulties

Denckla & Rudel (1976a)
Mattis, French & Rapin (1975)

Vellutino (1978)

Johnson & Myklebust (1962)

Paired Associate Learning

Vellutino et al. (1975)

Pictured objects = named fewer, slower,
(Dyslexics and poor readers, relative
to Controls).
Auditory definition - poorer performance,
(Dyslexics and poor readers relative
to Controls).
Sentence completion - Dyslexics less
accurate than poor readers and Controls,
Tactual naming - Dyslexics and poor

readers, poor performance than Controls,

Dyslexics slower than controls and other
LD groups on rapid repetitive naming of

pictured objects, letters and numbers,

Dyslexics are deficient in verbal

labelling,

Difficulty identifying words as wholes

and segmenting them into sounds,

There may be subgroups of the above, as
a result of qualitatively different

neurological dysfunctions,

Dyslexics = poorer performance for words.
- equivalent performance to

Controls for pictures,
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Abstracting/Generalisigg

Vellutino (1978, 1979) Difficulty abstracting and generalising
common constituents of given words,

Newton (1974a) Failure to recognise word families.

Shepherd (1981) Poor ability at abstracting meaning

from stories — poor precis ability.

Perceptual Difficulties

Mattis, French & Rapin (19?5) Visuo-spatial perceptual disorders reflect

one type of dyslexia syndrome,

Satz et al, (1971) Poor visuo-motor and auditory-visual
integration,
Denckla et al. (1976¢) Route finding and other visuo-spatial

tasks are poorer in dyslexies than

"normals" before age 10,

Sobolka et al, (1977) By age 10, dyslexics are equal to
controls or superior, in route finding
ability.

Bakker et al, (1970)

Robinson & Schwartz (1973) Defects in visual perception and/or
visuomotor co~ordination at the age of
5 or 6 years, it NOT seen to relate to
subsequent reading difficulties,

Benton (1975) Reviewing studies suggesting perceptual

deficit theories of dyslexia concludes
that "the importance of visuoperceptive
and visuomotor difficulties as deter-
minants of reading failure has been

overrated by some authors.,"

Liberman & Shanlweiler (1971) Some difficulties that appear to be
"yisuo-spatial" in nature may reflect
reliance on language, which is deficient

in dyslexics,



81

Spatial Ability

Newton (197 &b)
Bannatyne (1971)
Arithmetic

Miles (1974)
Joffe (19801b)

Secondary Emotional Factors

Thomson (1978)

Hicks & Joffe (1980)

Subtypes of Dyslexia

Johnson & Myklebust (1967)

Vernon (1979)

Mattis, French & Rapin (1975)

Occasional superiority in spatial skills,

Superior performance on Spatial Cluster
on WISC,

Inability to do subtractions without

concrete aids.

Difficulty in memorising mathematical
tables, 'Losing the place' when
reciting tables,

There are different sub-types of
dyslexia. At the present time no
conclusive evidence has been provided
as to possible aetiologies for these
groups, in fact, if they do exist.
The first-named writers suggest that
a qualitatively different neurological
dysfunction may be involved, in each

type.
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4.3 Theories of Dyslexia

In this section, three main theories of dyslexia will be presented,
These three have been singled out for discussion as they may have
relevance for subsequent discussions concerning the interrelation-

ships between dyslexia and school mathematics,

Maturational Lag

One of the most influential theories concerning dyslexia was put
forward by Orton (1937) who believed that 'strephosymbolia' (twisted
symbols), as he referred to dyslexia, was due to a developmental delay
in the establishment of consistent cerebral dominance, He believed
that both hemispheres of the brain received information simultaneously
and that normal perception resulted if images in the non-dominant
hemisphere were suppressed. These images were said to have been stored
as symmetrical mirror imaged engrams of letters and words, In dys-
lexics he felt that weak or "mixed" dominance led to competition
between the two corresponding visual areas, Failure to suppress one
of these images resulted in confusion, resulting in reversals, for

example, b/d; was/saw,

Harris (1979) reports Orton's comment:

"esoss if dominance were incomplete, control could

alternate between the two hemispheres, and the result

would be shifting and inconsistent perception with

many reversal errors,"
Orton mentioned that a deficiency in visual memory contributed to this
difficulty. He also maintained that problems of this nature were

specific to symbolic material and not associated with concrete objects

and events,
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However, as Iliscock & Kinsbourne (1980) state:

"After 50 years of research, empirical support for
Orton's hypothesis is unconvincing, "

Satz & Sparrov (1970) and Satz et al. (1978) have also postulated
that a disability affecting reading such as dyslexia, reflects a delay
in the maturation of the brain which differentially affects the acqui-
sition of the hierarchy of skills necessary for fluent reading, Skills
such as visual-perception and cross modal sensory integration are
likely to be delayed in children who are maturationally immature,
Conversely, say Satz et al. (1978) acquisition of language and formal
operational thinking which develop slowly during childhood, are lilely
to be subject to even slower development in older children who are
maturationally immature. The writers say that this theory is com-
patible with developmental theories such as that postulated by Piaget
& Inhelder (1969),

"It is predicted that these children will eventually "catch

up" on these earlier skills which have slower and later

autogenetic development .,,.. If the lag in the later-

developing linguistic skills persists beyond puberty, at

which time motivation of the Central Nervous System is

complete, then a more permanent delay or defect is

expected, This formulation thus predicts that the

nature of the disorder will vary in part as a function
of the chronological age of the child,"

The Development Lag theory has been subject to much criticism as has
been mentioned in Chapter 3, The proposal that children will "catch
up" is criticised by Rourke (19782). Neurologically, both Geschwind
(1981) and Liapin (1981) (personal communications) doubt the feasi-
bility of a lag specific to one area of intellectual functioning,
These researchers maintain that a Specific Deficit is more likely to
provide an adequate explanation, Iliscock & Kinsbourne (1980) reject
delay in maturation of the nervous system as an explanation for dys-

lexia. However, they maintain that it is still wvalid in explaining
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other forms of learning difficulty.

Temporal Order Theory

Bakker (1970) attributes failure in reading to a deficiency in the
perception of temporal order, Central to this theory is the fact
that sequential memory is seen as a specialised ability distinct
from gross memory, Dakker suggests that difficulties in temporal
order occur only in the processing of verbal stimuli. The temporal
processing of such stimuli is said to take place in the left hemi=-
spherel(LH) whereas processing of non-verbal stimuli is apparently

supported by the right hemisphere (M),

Vellutino (1979) points out that Bakker specifically rejects the
possibility that dysfunction in ordering meaningful verbal stimuli

is due to generalised language deficiencies or disorders in such
linguistic functions as labelling and naming, In support of this
denial, Bakker points out that poor readers may be able to name
letters or numbers but may still find it difficult to remember ordered

series of these items,

Groendall & Bakker (1971) found that memory for sequences of meaning-
less figures did not differ for above-~ and below-average readers
respectively. Other writers have suggested an association between
reading disability and temporal sequencing (Senf, 1969; Bannatyne,
1971), however none of them has articulated a theory of reading
failure on this basis alone (Vellutino, 1978).

Bakker (1972) maintains that performance on a "mixed" auditory-visual
task was a good predictor of reading achievement,

Rourke & Young (1975) found that performance on an auditory sequencing

task was faster than on one requiring visual sequencing regardless of
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task complexity, Rourke (1978a)rejects Bakker's theory as being
too simplistic:

"It appears that retarded readers as a group exhibit
deficiencies in temporal sequencing and serial

positioning. Ilowever, the fact that there are marked
individual differences among normal, as well as retarded,
readers on those variables (probably mcdiational in nature)
which appear to affect temporal sequencing ability directly
renders the interpretation (and, a fortiori, the appli-
cations) of these results rather tenuous,"

Verbal Labelling and Acoustic Encoding Theories

This section draws heavily on the work of Vellutino (1978) to whom

the reader is referred for further discussion,

The most persuasive theory, at the present time, appears to favour
the notion that dyslexia involves a deficit in acoustic encoding

of information., As will be seen in Section 2 of this chapter, there
is much evidence to suggest that there is a neurological dysfunction
underlying dyslexia, but since it is neither desirable, nor economic-
ally feasible to subject all children with language difficulties to a
neurological examination, most clinicians and educators rely on the
behavioural manifestations and psychological correlations of this

dysfunction, on which to base their theories.,

Vellutino (1978) accepts the notion of an underlying neurological
dysfunction, Ile has suggested that:

"observed differences between poor and normal readers on

a variety of measures involving visual and auditory

memory could be attributed to reader-group disparities

in verbal eneoding ability."
e pgoes on to say that difficulties in short-term memory in these
individuals, is the result of a lack of implicit verbal coding

devices which will facilitate efficient storage and retrieval of

stimulus input,
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It is sugpgested that verbal information provides a variety of
implicit mnemonics as well as a variety of contexts that will
allow one to readily symbolise or code stimulus input for efficient
processing, The child who lacks the ability to utilise these
measures will be at a disadvantage when faced with short-term
memory tasks that require rapid coding of information (Vellutino

et al., 1975).

Ellis & Miles (1981) also support a "lexical encoding deficiency"

explanation for the psychological features of dyslexia.
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4,4 TNesearch supporting a Verbal Labelling/Acoustic Encoding Theory

Compatible with Vellutino's (1978, 1979) and others' ideas that the
dyslexic failure in written languapge fluency is in part attributable
to failure to translate visual information into an appropriate visual
store, are the findings of Iicks (1980a). In depth reference will be
made to Ilicks! study as it illustrates well, the main features of a
verbal labelling/acoustic encoding deficit as a partial explanation

for dyslexia, These experiments also appear to the writer, to have

been well designed,

Hicks (op.cit.) carried out four experiments using the Visual
Sequential Memory Subtest (VSM) of the Illinois Test of Psycholinguistic

Abilities (ITPA) (Kirk et al., 1968),

In Experiment One, Ilicks found that 13 of the 20 children (aged 9-10
years), with no learning difficulties reported using a verbal labelling
strategy to assist recall, These subjects said that they had associated
the symbols presented, with familiar objects and subsequent rchearsal

of this association was used to facilitate memory of the symbols,
Subjects who used a visual recall strategy said they tried to picture
the shape in their minds. The subjects who used a labelling strategy

recalled simnificantly more symbols than thosc who used a visual

strategy.

In Experiment Two, subjects were asked to assign word labels to the
visual symbols and attempt to recall the verbal, rather than visual
sequence., No significant differences were found when the children who

had previously used a visual stratery used a verbal one; their

performance improved,
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Experiment Three explored these findings further using Dyslexic and
Control Groups. Subjects were divided up into a Name Code Group and
a Visual Code Group on the basis of the recall strategy they used on
the ITPA VSM test. Only one subject in the competent reader group
reported using a visual recall strategy compared with nine out of
the twelve dyslexics, Children were asked to say the word "the"
during the experimental procedure, to test whether a competing verbal

response would suppress the tendency to name the visual symbols.

There were no significant differences between the performances of
either group under the Verbal-Suppression Condition and no significant
differences in the scores achieved by the Visual Code Group. However,
the subjects in the Name Code group showed a marlked decrease in the

number of symbols recalled correctly,

In a further experiment, dyslexics were asked to use a labelling
strategy and supplied with labels if none were generated by the
individuals themselves. Their performance improved significantly

(p < 0,001), though they still did worse than good readers,

Hicks (op.cit.) reports that, on the basis of these findings, the
ITPA VSM task, does not necessarily measure VSM, but rather verbal
coding ability. The finding that a visual strategy is less effective
than one using verbal labelling, is in accord with Coltheart (1972)
and Neisser (1967) findings that visual memory is limited and subject

to quick decay.

The norms of the VSM subtest appear to relate more accurately to
verbal labelling scores, rather than visual memory attainments,

varying across subjects, This, sayé}licks, is further evidence that
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the test may not be valid for what it is designed to measure.

Implications of this study are that eaching of labelling strategies
may improve performance., Ilowever, while recall is improved in
dyslexics, the amount of information retained is not equivalent to
that retained by competent readers. A possible explanation for
this is provided by Thomson & Wilsher (1978) in terms of limited

short-term memory,

Further support for the wverbal labelling/acoustic encoding theory
is provided in an alternative examination of reversal errors,

Again detailed reference will be made to the work of Hicks (198 ),

Reversal errors are often mentioned as one of the signs of dyslexia
(Newton, 1975; Thomson, 1977). Hicks (198 )points out though,
that they are not specific to dyslexics (Money, 1966; Fischer et al.,

1978).

Various proposals have been put forward concerning reversal errors,
the most common being that they are visual in origin and attributable
to general perceptual immaturity, especially that related to spatial
perception and poor directionality (Hicks,198{ ). As has been
mentioned, Orton (1937) suggested that reversals, such as b/d and
was/saw resulted from the inability of the non-dominant hemisphere

to suppress the mirror-imaged engrams of symbolic material.
Vellutino et al, (1975) refuted this idea and demonstrated that
children mislabel letters and words (particularly b/d; was/saw)

despite the fact that their perception of these figures was unimpaired,
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Hicks (op.cit) provides an alternative explanation for reversal errors
in dyslexics, using a search task and auditory and visual inter- and
intra-modal stimuli and targets, Four groups of subjects were tested -
beginning readers; dyslexics; retarded readers;and normal readers,

The beginning, retarded and dyslexic groups showed reversals of

letter orientation in both reading and spelling, The normal readers
showed no reversals. The results indicated that the underlying cause

of reversals varied according to the subject population,

Dyslexics made significantly more errors on the visual to auditory
task, than on the auditory to visual, indicating, says the Investigator
that:

"the main area of difficulty for these children lies

in transferring visual information into an appropriate

acoustic store,"
This finding corroborates the findings of Hicks (1980a) and Lllis &

Miles (1978) who reported that dyslexics have difficulty in verbally

encoding visual information.

Liberman et al, (1971) also noted that dyslexic children's reversals

are linguistic rather than visual.

Distinction such as this (modality integration) between dyslexia and
other forms of literacy failure give additional support to the views
of Rutter, Tizard & Whitmore (1971), Vernon (1979) and many others
that dyslexia is unique and qualitatively different from other

reading difficulties.

Poor short-term (S-T) memory may also fit into the deficient Acoustic-
Encoding model of Dyslexia. Poor short-term memory has often been

mentioned as a feature of dyslexics' performances on various linguistic
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tasks (Naidoo, 1972; Thomson, 1977; Thomson & Wilsher, 1978).

At the same time Baddeley & Hitch (1974) suggest that some mechanism
for articulatory encoding (an internal speech code) is necessary in
situations where the external response is spoken, If this is the
case and dyslexics, as has been mentioned, are deficient in auditory
encoding, it could be that this is, at least partly, the cause of
their short-term memory deficit. A finding of this nature would be

consistent with the findings of Vellutino (1979); IHicks (1980a, b);

and others,
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4,5 Psychometric Assessment

The theories concerning dyslexia are incomplete and can only be used
to help interpret information, Still of greatest import is the child

and his/her behaviour,

e rely on psychometric techniques and skilled interviewing to get
as accurate a picture as possible about each dyslexic individual,
One of the instruments most frequently used to measure intellectual

potential is the Wechsler Intelligence Scale for Children (WVISC-R)

(Wechsler, 1976).

Thomson (1980) has sugpgested that caution and skill in interpretation
are necessary when assessing the intelligence of the dyslexic child,
because some of the subtests used are known to be areas of weakness
in the dyslexic's learning profile. Thomson, Ilicks, Joffe & Wilsher
(1979) discuss these problems in relation to the British Ability
Scales (EFlliot et al.,1978 ), Ilowever, since the WISC is the most

cormonly used test, further discussion will relate to it specifically,
The important feature of the WISC is that it allows both for a general
estimate of intellectual potential and an analysis of component skills,

Analysis of these will now ensue,

VVISC~ Subtest Profile

Bannatyne (1968) sugrested the recategorisation of WISC scaled scores
to identify dyslexic children, On the basis of additional findings
by Rugel (1974), Bannatyne (op.cit.) extended his classification,
Bannatyne (197&) sugrested the followine clusters of sub-test scores

as useful diagnostic material, Additional annotation is included from

Vance & Singer (1979).
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Spatial Score was derived from the scaled scores on Object Assembly,

Block Design and Picture Completion, These subtests do not seem to
involve sequencing, but require the ability to manipulate objects in

multidimensional space either symbolically or directly.

The Conceptual Score was obtained from scores on the Vocabulary,

Comprehension and Similarities subtests, which together are thought

to represent verbal fluency,

The Sequential Category consisted of the Digit Span, Coding and

Arithmetic scores, These tests require short-term memory storage

and retrieval of sequences of auditory and verbal stimuli.

The Acquired Knowledge Cluster included scores from the Information,

Arithmetic and Vocabulary subtests (see Thomson & Grant (1979) for

descriptions of individual subtests),

Using this classification, Thomson & Grant (1979) found that 9-11 year
old dyslexic boys scored significantly highly compared to same-age
Controls on the spatial score and significantly lower on Sequencing
Ability and Acquired Knowledge. Thomson & Grant (1979) found that
Dyslexics' performance was characterised by higher scores than the
Control Group's on Picture Completion, (Object Assembly and relatively
low scores on Information, Arithmetic, Digit Span and Coding, The
Block Design subtest scores were not significantly different, a
finding not expected by these researchers who hypothesised that the
Dyslexics would do significantly better on this task., The Dyslexics
also showed a slight superiority on Picture Arrangement, Thomson &
Grant (op.cit.) sugrest that this subtest is a complex task and pre-
dictions of Dyslexics' poor performance assumes that sequencing
ability is a dominant factor. The Picture Arrangement subtest was

dropped from Bannatyne's original sequential category, presumably for
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for similar reasons, Thomson & Grant (1979) found whilst there were
differences between groups based on Bannatyne's clusters, the subtest
profile for Dyslexics and Controls was almost identical, the differences
being in quantitative rather than qualitative terms, except for the

Picture Completion subtest,

Vance & Singer (1979) produced similar results to those reported above,
Additionally, they included a Distractibility category composed of the
Arithmetic, Digit Span, Coding and Mazes subtest scores (said to
require concentration and attention for a specific period). Dyslexics
did significantly worse, No significant difference emerged for the
Conceptual score, confirming the view that Dyslexics are not retarded
in “thinking ability", Vance & Singer (1979) concur:

"eeeeo this study adds little evidence ..... that

indicates the learning disabled child is character=-

ised by a unique pattern of WISC and WISC-Il subtest

scores,"
This does not imply that the WISC profile is not useful in itself,
howvever, as Vance & Singer (1979) point out:

"We need to approach each individual profile as a

specific interpretative challenge, to be understood

in the context of the child's particular cultural
background and test behaviour."

Thomson & Grant (1979) point out that the Full Scale IQ Score is

rather meaningless, when there is a wide scatter of subtest scores,
Also, it must be remembered that intelligence tests in general only
reflect a small sample of a child's adaptive behaviour and may be a

minimum estimate at that,

Attention has focussed in this section on the assessment of intelli-
gence, since it is central to a diagnosis of dyslexia and extensive

discussion did not seem appropriate elsewhere. IHowever, further

aspects of assessment will be discussed in Study 1,
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4,6 Neuropsychological Findings

From the time that dyslexia was first identified, discussion in the
relevant literature has focused on its aetiology. Clues as to the
cause of this specific learning difficulty were first sought in
reports of subjects who had suffered brain damage and subsequently
lost, partially or totally, the ability to cope with the lexicon
(acquired alexia/dyslexia), Ilowever, neurological examination of
diagnosed dyslexics revealed no measurable brain damage (Naidoo, 1972;
Critchley, 1964, 1978), thus evidence from structurally brain damaged

subjects was seen as untenable, in providing an explanation for

dyslexia.

In the 1930's an alternative explanation was put forward by Orton,

who suggested that dyslexia was due to a failure to establish con-
sistent lateral dominance (se; Section 3 of this chapter). Orton
(1937) and others assumed that lateral hand-, eye and ear-preference
were indicators of cerebral dominance. Iland preference was thouprht

to be of particular importance; if a person was right handed, it

was assumed that his/her left hemisphere (Iﬂ) was dominant for
language, and vice-versa for left handers, If a person was ambi-
dextrous, neither hemisphere was assumed as dominant., Discrepancies
between lateral eye and hand preferences were thourht to be particularly
important in explaining reading failure, especially where these were
associated with left handedness or ambidexterity. Subsequent research
has cast doubt on this belief (Belmont & Birch, 1965; Critchley, 1970;
Beaumont, 1974). Spache (1976) reviewed 34 major studies and found

no evidence to support a relationship between preferential hand-eye

usage and reading ability.
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Other researchers have found that for all but a very small proportion

of the population, whether left or right handed, the LIl is dominant

for language (Penfield & Roberts, 1959; Efron, 1963; Zangwill, 1967;
Warrington & Pratt, 1973; Rassmussen & Milner, 1975). Thus, previously
held ideas that mediation of language in dyslexics takes place in the
i, or that there is no resolution of dominance for this hierarchy

of abilities, proved groundless. Language lateralisation is independ-

ent of handedness,

Traditional researchers, in the field of learning disabilities, might
claim that there is still the "problem" of mixed laterality to be
resolved. As Zangwill (1962) points out:

"the dilemma is that although there seems to be a

relationship between mixed handedness and poor reading,

at least in clinical populations, there are disabled

readers who are strongly right-handed and many

individuals with mixed handedness who read normally,"
In incorporating this apparent anomaly in their view of dyslexia,
Wilsher & Joffe (1980) support Harris's view (1979), that whilst
handedness is not related to cerebral language localisation, it is
a correlate of specific reading difficulty, in that the incidence

of mixed laterality is five times more common in dyslexics, than

in the normal population (see Thomson, 1977).

It must be stressed that mixed laterality should not be confused with
difficulty with left/right differentiation., The latter refers to
Inowledge of left and right, in relation to oneself and others.
Harris (1979) reports that this directional confusion is eight times

more common in dyslexics, than in the normal population,
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Having established that language is localised in the left hemisphere,
researchers sought alternative explanations for the failure of
dyslexics to acquire literacy skills fluently, In fact, using

more sophisticated techniques researchers have come full circle

and returned to the earliest findings, like those of Ilinshelwood
(1917) and Fisher (1910) who implicated the left angular gyrus, as
the area of involvement in reading failure (Geschwind, 1978; Rudel,
1978). owever, whilst these early investigators spole of brain
damage, more recent research suggests that the nature of the involve-

ment of this area is a dysfunction, rather than any gross brain insult,

Support for specifically located areas of mediation for written
language (which are dysfunctioning in dyslexics) is provided by
studies using a variety of techniques; evoked potentials in electro-
encepholograms (EEGs), divided visual field, dichotic listening and

pharmacological intervention,

Using Visually Evoked Potentials (VIRs) significantly smaller ampli~
tudes were measured for dyslexics compared to controls, from the
electrodes in the left parietal region and the left angular gyrus
(Cunnors, 19713 Preston et al., 1974; Preston et al.,, 1977; Cohen,
1977).  Cohen found that Auditory Evoked lesponses (ALlls) were similar
and normal, for both dyslexic and control groups, Since tones are
mediated in the RH (Molfese et al., 1975), it seems that this hemi-

sphere is functioning normally in dyslexics.

Divided Visual Field (DVF) and Dichotic Listening (DL) are "indirect"
(non-invasive) methods of assessing hemispheric differences which
have been widely used in the study of dyslexics, Superiority of

performance of the contralateral visual hemifield and ear respectively
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have been assumed to indicate the dominant hemisphere for the material
presented, Tecause DVF and DL are indirect assessment technigques,
they are subject to extraneous influences, In fact, Kinsbourne

(1970) contends that many so-called laterality differences, found

with indirect methods, are really attentional effects,

Young & Ellis (1980) pinpoint pitfalls of some of the DVF studies
reported in the literature. These include: inadequate control of
eye fixation; difficulty with keeping the stimulus constant; and
finding equivalent cognitive tasks. Pring (1981) reinforces these
views, Ixperimental groups are often not clearly specified - for

example, does a group of poor readers include dyslexics or not?

Criticisms are also levelled against DL studies. Kinsbourne & Iliscock
(1978) question their reliability since results for adults do not
agree with those from studies using direct methods. 1In general,

mental set and training influence the results of such perceptual

tests,

Keeping these points in mind, results from DVF and DL studies should
be interpreted with caution, DL experiments have yielded varying
results, In dyslexics, a right ear (ie. LH) advantage, for words

and digits, has been found by Abigail & Johnson (1976); Leong (1976);
McKeever & Van Deventer (1975); DBryden (1970); Witelson (1976, 1977);
Yeni-Komshian et al. (1975); Satz et al. (1971); Satz (1976);
Bakker et al, (1973); Sparrow & Satz (1970) and Springer & Lisenson
(1977). 1lowever, Dalby (1979); Thomson (1976); Zurif & Carson (1970)
and Taylor (in Kimura, 1967) failed to find a right ear effect,

Chasty (1979) reported left ear superiority. Beaumont & Rugg (1978),
in reviewing a number of studies, conclude that "dyslexie children do

not show abnormal lateralisation for auditory language processing,"
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In looking at visual field performance of good and poor readers,
McKeever et al, (1970, 1975), controlled for the factors mentioned
by Young & Ellis (1980). Words directed to the LIl were recognised
signficantly more often in both groups, though the performance of
the poor readers was depressed, relative to the other group., Similar
findings are reported by Marcel & Rajan (1973) though their study

was subject to the stated criticisms of Young & Fllis (1980).

McKeever & Van Deventer (1978) compared adolescent dyslexics and
controls on both DVF and DL tasks. They also compared the results

of a group of poor readers from a McKeever & Iluling study (1970).
Findings revealed that the LH was specialised for language, in all
groups and that the dyslexics were underfunctioning compared to the
controls. Keefe & Swinney (1979) report similar results, though they
report a bi-modal distribution of results, the implications of which

warrant further clarification,

Pharmacological intervention studies (Wilsher, Atkins & Manfield,
1979, 1980) indicated that a putative LH drug, Piracetam, facilitated
verbal learning in dyslexics, significantly more than for controls,
The authors suggest that this improvement is cvidence of a previously
underfunctioning LiI, A similar improvement was found in dyslexic

children's reading ability.

To emphasise the specificity of localisation of the dysfunction in
dyslexics, it must be remembered that their expressive language is
usually unimpaired (Naidoo, 1972; Miles, 197%; Newton, Thomson &

Richards, 1979).
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Although expressive and written language are linked, damage or
dysfunction can affect one, leaving the other unimpaired. Denckla

& Bowen (1979) report that surgically lesioned alexics have a similar
profile to developmental dyslexics; their expressive language is un-
affected, but written language is problematical, Mattis, TI'rench &
Rapin (1975) found that adequate expressive language was a feature

of both acquired and developmental dyslexics. Conversely, llécaen
(1979) lists studies of aphasics who can read and write, but have

difficulty expressing themselves orally.

In summary, the abovépentioned review of neuropsychological literature
seems to support the view that a dysfunction in the left hemisphere,
in the region of the angular gyrus, is important in the search for
the aetiology of dyslexia, It does seem, however, that other areas
are implicated in this cerebral deficiency. The nature and extent of

this may account for the range of presenting symptoms and the variations

in severity, found amongst dyslexics,

Recent studies by Duffy et al., (1980a, b) have indicated that physio-
logical aberrations in the brains of dyslexics are more widespread

that previously suspected. These experimenters maintain that reports
of TG and evoked potential abnormalities in dyslexic children are

too non-specific to be useful diagnostically and few have looked beyond

the visual (occipital) and classic speech (tempero-parietal) areas.

Duffj et al (1980a) used an analysis of topographic maps of ELG and
EP activity formed by DBrain Electrical Activity Mapping (BEAM) method~-
ology. They found prominent differences between groups, over the

left angular gyrus, however, they also found large between group

differences in the frontal regions, bilaterally and accompanied by
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higher mean alpha for the dyslexic groups,

Geschwind (1981, personal communication) who maintains that the
left angular gyrus is the primary area of dysfunction, says that
any localised lesion of this type is bound to have secondary effects
and that Duffy et al,'s findings are complementary rather than con-

flicting,

Duffy et al, (1980b) found similar results, using an increased sample,
Discriminant analysis and clustering techniques were used, The sig-
nificance level of the difference between groups reached p £ 0,00001
establishing these measurements as powerful descriptors of aberrant
physiology in dyslexics. Illowever, the researchers do stress that
their results do not, as yet, justify the routine clinical appli-
cation, as they have yet to demonstrate that these neurophysiological

measurements are sensitive to differences between different types of

ID,

Itapin (1981, personal communication) asserts that whilst localisation
of dysfunctions is interesting and necessary for the further develop-
ment on theory, there is a danger that overemphasis on neurological
aspects could hinder the development of appropriate remediations for
the individual child,

In summary, Thomson (1977) suggests brain functions influence the
individual's cognitive and perceptual skills which make up "learning
style". This then interacts with the written language system. Using
information from all the studies received in this section, it is the
psychologist and educator's task to discover ways of facilitating this

interaction., TIor dyslexics specifically, recent research is providing
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some promising clues though much more research is needed,

llaving briefly reviewed some of the psychological and neurological
findings concerning dyslexia, a comparison will now be made between
language and mathematics, prior to the presentation of the experimental

section of this thesis,



CHAPTER 5
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5. WRITTEN LANGUAGE AND SCII00L MATHEMATICS

5.1 Comparison

Even without having to delve too deeply into cognitive functioning
and underlying processes, there hppear to be a number of super-
ficial features, shared by language and school mathematics which
suggest some common ground (see Table 1), This being the case,

it may not be surprising, if it is found that dyslexics, who have
difficulties with written language, also have allied problems with
those aspects of school mathematics that seem to be reliant on
similaf premises. Of course, there are differences, and these

will be mentioned where appropriate,

Let us examine in some detail, the features that are common to both

written language and school mathematics,

To begin with they are both languages (Beilin, 1975; Offner, 1978),
The mere fact that mathematics is taught verbally, relates it to
language, Some tuition is oral, with the teacher explaining a
principle, the rest of the work is textbook based or written on the
blackboard. Also, words and numbers form parts of conventional
universally accepted representational systems which serve to record
knowledge and events and facilitate communication between people
(Hickerson, 1952) as both are believed to contain inner receptive
and expressive aspects (Johnson & Myklebust, 1967), This represent-
ation is symbolically mediated,through ciphers which are arbitrary
and do not bear any similarity to that which is being represented,
As Newton (1974a)states:-

"The symbolic function can be defined essentially as the

capacity to represent reality through the intermediary of
signifiers that are distinet from what they signify."
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The word "elephant" for example, bears no relation to the living
object, any more than the number 6, gives any idea of what sixed-
ness is, However, there is universal agreement that the former
refers to a large grey animal with a trunk and the latter an event

in which there is one more than five and one less than seven (see

Table 2),

Both written language and mathematics helf to systematise recurring
events in the environment and also make the mass of information
available to the individual manageable, by helping to impose
regularity and predictability on the world, through the limiting
structures of language and the various systems of mathematics,.
Bruner (1964) suggests that literacy is one of the "new technologies
to represent the underlying regularities in the environment",
Numeracy may be another, Common features of all systems under
examination (ie, language, arithmetic, algebra, geometry, etc.)
include rules, order; sequence, direction, logic, etc. Each of these

will be discussed below,

Language and school mathematics are hierarchical, increasing in
complexity as each stage is mastered (Lacey & Weil, 1977). This
progression is facilitated by the learning of rules., Smith (1971)
suggests that the child has rules for learning further rules and
increased verbal sophistication involves discovering the particular
rule that applies. Smith (1971) further contends that the develop-
ment of rules serves to decrease the individudl's memory load; being
able to make sense of words, through rules, leads to a feeling of
relief for the individual. But understanding and ability to interpret

are essential too, As Newton (1974a)points out:
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"agsimilation of rules externally taught is only part
of this learning - a necessary part, but only a part",

An emphasis on meaning allows for some interpretation, For general
purposes, for example, reading n;ed not be totally accurate as long

as one can "get the gist", In reading, too contextual cues give clues,
Spelling and arithmetic seem to be more analytical and more extact -
there is no room for interpretation, A greater degree of accuracy is

required,

Newtunl(IQTQa)maintains that for a lanpguage system to work, stable
memory engrams of symbols, sequence and direction are required. To
ensure this stability, all the symbolic features and rules must be
perceived consistently (auditorily and visually), stored, retrieved

and reproduced (phonetically and graphically) consistently,

The 26 letters in the alphabet generate a large, but finite system of
words, The number system is based on 10 symbols which can be combined
in an infinite number of possibilities. The essential mechanisms on

which both systems rely are order and sequence,

In English each oral sound (phoneme) can be represented in written

form by one or more symbols (graphemea). Individual letters may take
different sounds depending on their position, in relation to other
letters, For example: the letter 'a' in 'mane', 'alone', 'rain’,

A similar arrangement, though more restricted, is central to the system
of place value, in numbers, Every event can be represented by a number,
Each digit takes on a different value, depending on its relative
position in a number, so that '4' although visually constant, reflects

different quantities in the numbers 4, 48 and 463,
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Because there are no exceptions, as there are in spelling, numbers are
arpguably more consistent that letters,

In the same way that the sequence of letters has to be constant, in
order to ensure communication, so numbers have to be arranged con-
sistently, when representing the same event, In written language, if
the order of letters is not maintained, two things may result: firstly,
the meaning of the word may be changed, for example, was/saw; on/no,
or secondly, the disordering of letters may make the work incomprehens-
ible - a "nonsense" word, eg, swa/aws for saw, The letters also need
to be directionally consistent for the same reason, The confusion of
digits in a number will always result in another number, thus under-
standing of the meaning of the representational changes is needed if

the error is to be noticed.

Once words and numbers have been mastered initially, they are combined
to form sentences, which are temporal and sequential, In English,
rules of grammar and syntax indicate the correct placement of different
categories of words in a sentence, Similarly, there are rules which
govern all aspects of school mathematics, Some rules are axiomatic

in both systems, Mathematics is arguably more logical than language,
(Lunzer et al, 1976) since the latter only conforms to some sort of

logical system when the rules have been learnt,

English language structure also corresponds with modern mathematical
concepts in terms of phrases, sentences, compound sentences and con-
junctions (Lacey & Weil, 1977). Let us examine the similarities in

sentence structure:-
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Simple Sentences: Language School Mathematics
Active Anne ate the cake 2+4=06
a+b=c¢
Passive The cake was eaten by c=a+b
Anne . 6 =4 4+ 2

or b=c¢c-a

2=6-4
Compound Sentences:
Anne ate the cake, then drank some tea 2+44+5=
a+b+cec=
a2b>c

The operational signs "+" and " " in this case, are allied to the
linguistic verb, So this collection of nouns and verbs, arranged
syntactically, in grammatical order, is a basic unit of both systems,
Lacey & Weil (op.cit,) mention that most mathematics courses include
exercises in changing verbal sentences into mathematical ones, and
vice versa,

The algebraic sentence is concise and may be the answer underlying a
word problem, in the same way as one sentence may precis the essential

elements of a paragraph,

Sentences have different levels of analysis, The surface structure is
largely concerned with the phonetic components — actually being able
to read the words physically, This is the stage at which the rules,
mentioned previously, are important, IHowever, rules are of little
help when interpreting what is meant by the words, Ability to cope
with the semantic interpretation, the deep structure, forms the basis
of linguistic competence, Comparable forms of surface and deep
structures can be found in word problems in arithmetic and geometry,

For example, Jane has 4 marbles, Fred gives her two more, How many
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does she have altogether? Perhaps we could say that the actual words
comprise the surface structure, whilst recognising the underlying

calculation, ie, & + 2, requires the understanding of the deep

structure, -

Nesher & Katriel (1977) suggest that riddles and arithmetical word
problems are alike, In both the conventional word problem contains
a question leading to a unique logical answer, and the texts are con-
structed accordingly round a known answer, In both, questions and
answer 'clauses have some referents; in mathematics the listener is
required to supply information concerning the identification of the
referent, while in arithmetical word problems the individual is asked
to use a "mathematical sentence to compute a missing pre-defined

quantity attributed in some way to a common referent,

The semantic feature "have" is often important, Analysis of the wverbs
"having" in arithmetic problems reveals that they can often be disguised:
to imply "addition" for example, Nesher & Katriel mention that the

child may have to recognise "buy, bring, win,"etec, For "subtraction"

it may be necessary to identify the verbs "lose, give, sell, send", etc,

Memory is an important aspect of both language and school mathematics,

"It is probable that almost any cognitive process requires

the storage or retrieval of information in some form or

other,"

(Baddeley & Ilitch, 1978)

In the longer term syntactical rules and underlying patterns have to
be remembered, In the shorter term, the holding of information,
currently in use, is essential, This latter aspect is referred to

as short-term (S-T) memory or working memory. It is said to serve

dual functions; that of temporary store, for holding information and
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as an executive (for carrying out control processes such as rehearsal)
(see Baddeley & Mitch, op.cit.). For example, when a child is trying
to decode a word phonetically, it is important that B/he concentrates
on the phoneme in question (S-T store) and also remembers the previous-
ly decoded phonemes (executive), In a similar way, working memory is
an essential part of arithmetic, In the example 6 + 4 = , the child

has to remember the original number, while adding new digits.

Mental arithmetic is largely dependent on short-term memory, To a
lesser extent, word problems also require that relevant information
be extracted and retained, intermediately, while the rest of the

requirements of the question are carried out,

Lunzer et al, (1976 found that:
"Short=term memory for the presentation of visual
sequences proved to be a highly significant and

independent predictor for success in word recognition
and, to a lesser degree, in mathematical understanding,"

The learning of spelling rules and arithmetical tables involve rote
learnine and arguably, engage a long-term store., However S-T memory

is required to keep track of what place is reached, especially in the
case of tables, Understanding must be an integral part of rote
learning. The value of having knowledge which can only be applied
mechanically, without understanding, is dubious. Newton(1974a) suggests

that between the ages of 6% and 9 years is the optimum period for rote

learning.

Develongent

There seems to be a critical level of intellectual potential, below
which the acquisition of the requisite concepts is unlikely. Terman &

Merrill (1937) discuss this in relation to language, whilst Wrigley
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(1958) and others provide evidence for a similar relationship for
arithmetic and other facets of school mathematics,

Readiness for formal schooling is basic to all subjects, The child
has.had to reach an appropriate maturational level before s/he will

be able to benefit from teaching, in a formal environment,

Concept formation has been proposed as the most likely wvehicle for

the acquisition of knowledge, in both school subjects, Piaget (1952b)
maintained that thoughts have roots in action, As the child inter-
acts with the environment s/he passes through increasingly complex
stages-of cognitive growth, starting with concrete objects and, through
logical reasoning, acquiring increasing sophistication until s/he be-
comes equipped to deal with abstract linguistic and numerical codes
and underlying concepts, Piaget (1952) noted that the understanding
of arithmetical operations are achieved at the same time as logical

operations . (see Table 3 for further comments),

Although there is some controversy as to the specific stages of its
development (Choat, 1977; Bryant, 1974; Beilin, 1975), there is
agreement between experts that higher order cognitive processes are
called into play, in all the educational areas under consideration,
since complex information processing is required for the encoding,
decoding and interpretation of information which is an integral part

of languapge fluency and school mathematics,

Learning Style is an aspect which cuts across all educational fields,

Some children learn more easily through a visual modality, some an
auditory, some prefer a multisensory approach (Johnson & Myklebust,
(1967). Krutetskii (1976) has identified different types of "mathe=-

matical thinkers (eg, visualiser, analytical thinkers), a finding

which may relate to modality preference,
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Teaching

The acquisition of written language fluency and basic mathematical
principles and techniques are dependent on schooling; they are both
areas of acquired knowledge and since they are not self-generated
have to be introduced by an external agent, usually a teacher,
Newton (197&a)atresses the critical nature of the responsibility of
teachers to recognise excellence and failure and provide appropriate
tuition in all cases., Gilmary (1967) maintains that excellent
teaching of one subject will transfer to the other, Gessner's
(1977)‘review suggests though that many elementary schoolteachers

feel competent to teach language, but not school mathematics,

Reading and mathematics are subject to changes in fashion (Glenn,

1978) and innovations in education reflected in the ever increasing
number of schemes on the market, It is very rare though that reading
and mathematics schemes are ever chosen to complement one another,
Glenn (1979) suggests that they be selected on this basis and that
reading schemes include vocabulary that children might need for their
mathematics.studies, This writer maintains that in this way the
child's education could be an integrated whole, rather than separate
units defined by "subjects", Scheffler (1977) reinforces the latter point
and stresses that, in treating each subject as a separate entity, we

lose sight of the common bases of many subjects,

Glenn (op.cit.) also recommends that the language of mathematics
schemes be examined; children are often capable of doing calculations

and experiments but are unable to understand the instructions in the

workbooks,
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In summary, the seemingly most important similarities between
language and school mathematics are listed below., Both written
language and school mathematics are:-

universal languages

arbitrary representational systems

symbolically mediated

hierarchically ordered

sequential

logical

governed by rules

systems of acquired knowledge.

They both serve to:

convey information
facilitate communication

impose regularity

They both require:

a minimum level of intellectual potential for their acquisition
recognition of symmetry

analyses and synthesis of information

accurate encoding and decoding of information

memory

development of appropriate concepts

Some of the differences that relate to this list are mentioned in

Table 4,
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So, in summary it seems that there are many common features between
written language and school mathematics, However, as little research
has been undertaken in this area, many of the comparisons are spec-
ulative, The biggest assumption made in the present discussion is
that the symbolic codes inherent in these systems are similar in
nature and are mediated in the brain in a comparable fashion, This

assumption has yet to be tested.
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5.2 Difficulties in Written Language and School Mathematics

Given the functional commonalities within written language and school
mathematics, mentioned in the previous section, it seems feasible to
propose that there may be shared bases for difficulties in both; nor
would it seem surprising if a difficulty in one led to a deficiency
in the other, This matter will be viewed in the light of the possible
relationship between some of the features of dyslexia as they may

" relate to mathematical difficulties, As Rutter (1978) has pointed
out, there are few precedents for evaluations of this type., "Sur-
prisingly little attention has been paid to the similarities and

differences between underachievement in different subjects,”

Dyslexics are known to have difficulty associating a written symbol
with the appropriate sound (sound/symbol correspondence). Could it

be that they have a similar problem with number/event correspondence?

Rabinovitch (1968) inferred that deficiencies in language and symbolic
learning, characteristic of dyslexics, led to disturbances in acquiring

abstract concepts related to number, orientation, time and size,

Sequencing difficulties in dyslexics may affect the ordering of numbers,
and thereby affect calculation. Vellutino (1978, 1979) and Hicks (1980w
have suggested that sequencing difficulties are associated with deficits
in verbal labelling and acoustic encoding strategies. Ilolmes & McKeever
(1979) found that, while series in itself may be a problem, a com-
bination of serial order and name coding may be problematical, as seems
likely (in counting, tables, progressions, etc.) then it would not be

surprising if the dyslexic performed poorly on these tasks,
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Vellutino (1979) mentions that Gerstmann's syndrome is a cluster of
dyslexic type problems and number difficulties, These include
difficulty with left/right (L/R) differentiation, acalculia and
reading and writing difficulties., Ilowever, as Geschwind (1981,
personal communication) points out, the existence of a developmental
form of this syndrome is dubious and, since dyslexics have no gross
brain lesions, the acquired form would not be applicable. Further,

Benton et al, (1952) maintain that there is no relationship between

arithmetical ability and left/right differentiation.

Despite these negative findings, Gerstmann's Syndrome may provide some
clues as to neurological implications in this comparison, Gerstmann's
Syndrome is associated with acquired lesions in the left parietal lobe,
and Head (1926) suggested that damage to the left angular gyrus was
the seat of arithmetical difficulties, The left angular gyrus is
thought to be a primary area of dysfunction in dyslexics (Geschwind,
(1979). 1If this is the case, it could be that dysfunction in this
area is contributing to both language and school mathematical diffi-
culties, Rourke (1981) has suggested that different types of arith-
metical difficulties stem from different cerebral dysfunctions, This
may account for dyscalculics who are not dyslexic., Ilowever, it does
not account for dyslexics who have no mathematical or arithmetical
difficulties,

Newton (1974b)mentions that dyslexics often have specific abilities

in spatial mathematics (eg, geometry and ‘'set!' mathematics).

Poor short-term memory is a feature of dyslexia and, as has been

mentioned in the foregoing discussion on similarities between language

and mathematics, is an important mediator in both, 1In calculations,

the dyslexic child deficient in S-T memory, may forget to earry; in
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a word problem, s/he may struggle to read the question and may be
concentrating so hard on the words that the basic numerical infor-
mation and requirements may be forgotten, Abstraction of the

essential elements of the question may prove difficult (Shepherd

1981),

To recapitulate, there seems to be a multiplicity of factors involved,
Given the deficits characteristic of the dyslexic's performance in
written language tasks, and, given the supposed similarity in demands
for proficient performance in school mathematics, it would not be
surprising to find individuals who have parallel problems in both
scholastic fields. However, as has been mentioned, there are dyslexics
who do not have apparent difficulties in mathematics, so a theory based
on functional commonalities would not be sufficient in itself to explain
the nature and extent of a proposed relationship between written

language failure and differential attainments in school mathematics,

In order to explore the above phenomenon in more detail, field
investigations and experimental studies were designed. These will

be presented in the chapters that follow,
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PILOT STUDY

To make a general assessment of mathematics as it is taught
in different schools; +to examine the teaching schemes and

techniques that are being used and to observe the children's

approaches and responses to them,

To examine the methods of assessment favoured by different

schools,

To select schools for more intensive study and to meet the
children from amongst whom the experimental samples would be

chosen, and the staff whose co-operation would play an

important part.

To discuss with teachers the teaching and learning of school

mathematics,

To find out if there were any children who had specific

difficulty with the mastery of aspects of the mathematics

syllabus,

To examine the nature of the system in which the reported

failure of some dyslexics was occurring,
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6.1 Observation

The pilot study was carried out in fourteen Infant and Junior schools,
The schools included in this survey were chosen on the advice of
Mr. Brown of the Science and Mathematics Centre, as being a represent-
ative cross-section of the schools within the jurisdiction of the

Birmingham Education Authority,

The main aim of this initial investigation was to get a general
picture of which mathematics topics are covered in different schools,
how they are taught, which work schemes and materials are employed

and which assessment procedures are used,

The study spanned a period of six weeks, during which time a number

of visits were made to each school and every class within each school
so that children in the age range 5-12 years were observed,

The investigation took the form of varied periods of participant and
non-participant observation, following the guidelines of Bogdan &
Taylor (1975). During periods of non-participation the writer merely
sat at the back of the classroom observing the types of activities
undertaken, the teaching style; classroom organisation, etc, and taking
no active part in the ongoing lesson,

Participant observation included walking round the classroom asking
children to verbalise (where possible) about what they were doing or
how they arrived at a particular answer, If the class teacher offered
the opportunity, small groups of children were taught by the Observer,
During these periods particular interest was taken in the children's
approaches to new subject matter and their modes of problem solving.
Most observations took place when number, arithmetic and mathematical
concepts were being taught, though some language and creative activity
periods were attended, It was considered important to meet and establish

some rapport with the children, from amongst whom sample populations



123

would be selected for further study, and with their teachers whose
co—-operation would constitute an essential element in the smooth
running of the proposed research programme, To further this end,
the Observer attended Assembly, lunched with the children and joined
in staffroom conversation,

Besides the above, a number of variables were noted for each school,
These included:~ socio—economic environment and the attitudes of
children, teachers and parents. These variables were noted because

they could have a large bearing on the naturg of the school and the

attitudes and achievements it spawns,
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6.2 Geographical Location, Socio-Fconomic Environment and Parental
Attitudes

These variables will be discussed together as they appear to be

related,

Cleveland (1961) and Passy (1964) found significant relationships
between all aspects of arithmetical achievement and socio-economic
status, in 11-12 year olds and 8-9 year olds respectively. Similarly,
Gordon (1977) reports that the socio-economic standing and vocational
status of a student's parents is positively related to his/her achieve-
ment in mathematics, Barakat (1951), however, maintains that differ-
ences in achievement of different socio-economic groups only pertain
to very extreme groups (very rich or very poor) and that in the middle

ranges environmental factors are less influential than had previously

been proposed,

In the present survey, great differences in attainment and expectation
were found depending on the geographical location and pupil catchment
area of the school, In some of the Inmer Ring (designated Social
Priority Areas) schools, non-English speakers accounted for over 80%
of the student population. Consequently the teaching of English was
the primary concern, School mathematics attainments in these schools
were low,

At the other extreme, in schools on the Outer Ring (ostensibly Middle
Class), where parental expectations were high (teachers' reports) and
classroom organisation more formal, 6~7 year olds were working with
number boards from 1-100, Children of similar age in the rest of the

schools visited were concentrating on numbers up to twenty,
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From the studies reviewed and the pilot survey, it did seem that

there may be a relationship between socio-economic environment and

scholastic achievement., While this relationship was not investigated

in any detail, it was decided that it could be a confounding factor
in any further study, therefore it was decided to contrel for it,

To this end, the schools selected for subsequent studies were situated

in seemingly similar environments,
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the 5% and 1% levels of significance respectively. Questions in-
volving money (Module 9) prove to be most difficult for Dyslexic

Group 1, relative to their Controls (p <£.001),

Dyslexics in the 11 years — 13 years 11 months age range (Group 2)
score poorly relative to their matched Controls, on all aspects
tested, Similar findings pertain to Dyslexics and Controls in the

oldest age group (14 years - 16 years 11 months),

The performance of the subjects in Dyslexic Group 2 does not differ
significantly from the youngest Control Group for Medules 2, 2, 3, %,
5 and 9. Quantitative differences between the latter groups (Dyslexic
2 and Control 1) are found only for Properties of the 4 Operations,
shapes, ratio and proportion and problems (Modules 6, 7, 8 and 10
respectively), Significant differences are found between the scores
of Dyslexic Groups 2 and 3 for all Modules (p < .001). Similar
results are found for Control Groups 1 and 2 and Control Groups 2 and
3 respectively, Control Group 2 does significantly better on sub-
traction (Module 3, p<.04), multiplication (Module 4, p<.007) and
division (Module 5 ;)<304) than the ,oldest Dyslexic Group, There are
no significant differences between these two groups' scores for any

of the other Modules.,

Analysis of Variance

The Analysis of Variance (AOV) (completely randomised) programme
available in the Department of Liducational Enquiry, University of
Aston in Birmingham, was utilised to sece if there were significant
age and Dyslexic/Control group main effects and whether there was an
interaction between these factors, Tables 1M(b) - 10M(b) inelusive

list the AOV Summary Tables for Modules 1-10,
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Education Authority

Throughout this study, and all the other investigations included in

this thesis, the Local Education Authority have been interested and

helpful,
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6.4 Teaching

The setting up of the Cockcroft Commission of Inquiry into the
teaching of mathematics in schools was evidence of the Department
of Education and Science's (DES) concern about declining standards
.in this subject. Niss (1977) and Ollerenshaw and Clarke (1978)

report that mathematics teaching is in a critical state,

In the present study, it was found that while most teachers did not
mind teaching mathematics, few of them had gone beyond the particular
approach adopted by the school, in looking for innovative ways of
presenting material or interesting the students. Encouragement of
creative thought was not a feature of most mathematics lessons

(follander, 1977). As Noyce (1979) found, verbal and analytical

solutions were most rewarded.

Selection of Materials

Armitage (1977) advocates the selection of materials from many differ-
ent schemes, This was not a common finding in the schools surveyed.
Most schools chose one particular scheme and followed it as recommended
by the Authors. Little thought appeared to have been given to the
suitability of a particular prograrme for the school population,

This seemed particularly pertinent to schools with a high immigrant
population (Segel, 1972 in Dutton,1977 ), Price,Kelley & Kelley (1977)
sugrest that inappropriate texts may be the primary source of mathe-
matical difficulties, Larcombe (1977) using the Kent Mathematics
Scheme (op.cit.) found that material that was appropriate for brighter
pupils was not suitable for children in the lower ability ranges,
Little accommodation was in evidence for less able pupils in the

schools included in this Pilot Study.
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"New Math"
Several teachers expressed doubt as to the efficacy of so-called

"New Math" schemes, such as Mathematics for Schools (Fletcher et al,,

1970) (often referred to as'Fletcher Maths). but as can be seen from
Table 1, there is substantial evidence to suggest that this approach
has been misinterpreted. Most of the teachers who felt insecure about
this method, felt that they had not been provided with sufficient
training in its implementation (Azzi, 1977). Generally, the Illead

of the Mathematics Department was the only teacher sent on courses,
and feedback to the rest of the staff was often thought to be in-
adequate, Some teachers felt that situations such as these had
contributed to their feelings of unease, when teaching from programmes

which included unfamiliar notation,

Linkin

One of the criticisms levelled against "Fletcher Math", with which this
writer agrees, is that the transition between one stage and another is
often too rapid and is not detailed sufficiently.

For example, there is an emphasis on sorting and classifying in the
earlier stages (Level 1), which is related to abstract number in later
levels, but the transition is not sufficiently graded, The result of
this is that many children learn to sort and classify; they also
learn to manipulate numbers and calculate; but many of them do not
realise that sorting was the concrete event which they are now
representing in abstract symbols, Flener (1978) and Williams (1978)
both stress the need to relate physical activities to higher order
concepts, especially among 5-8 year olds, The emphasis should be on

both the process and the product, rather than the product alone,
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In general, the Observer noted that links between stages were assumed
rather than spelt out. Teachers seemed to feel that if children could
sort objects into twos, they would be able to count in twos, and if
pupils could add two-digit numbers, they would have no difficulty with
three-digit numbers, This does not appear to be the case, See Joffe

(1978) for full review of the teaching of mathematics in schools,

Some general points seem worth mentioning:-

1, VWhile most of the more recent teaching schemes iry to
integrate topics, Glenn (1978) suggests that for children
with number difficulties, it may be a good idea to present
spatial information separately, to provide an opportunity
for a new start. He suggests that the synthesis into

mathematics can come later,

2, Teachers reported that they knew of no children with
specific school mathematical difficulties, in the age

group 63-8% years.
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6,5 Assessment of School Mathematical Ability

All of the Head Teachers and Mathematics staff expressed concern about
the lack of assessment techniques, Most of the schools had devised

their own methods.

At the time that this study was undertaken (early 1977) there were

basically two types of tests available:-

1, Those which were designed to provide a single score, a
mathematics quotient, similar to an intelligence quotient,
for example, Essential Mathematics (NFER,1976 ).

2, Those which were restricted to examination of performance
in one aspect of the mathematics curriculum, for example

+ Schonell
those devised by Schonell (1962) and Vernon & Miller (iQ?G).

Tests in the categories mentioned above, usually sample one or
two items from each topic in the syllabus, thus they cannot be used
diagnostically, TIuarther opinions on the assessment of school

mnthematical ability in young children can be found in Table 2,
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6,6 The Development of LJ-1 Linear and LJ2-Spatial

Observation during "maths periods" had revealed that the range of
tasks undertalken is enormous and extremely varied, On further
examination it seemed unlikely that a unitary ability was involved
in the mastery of mathematics, rather, a cluster of different skills
seemed to be necessary, This confirmed similar findings by

Krutetskii (1976).

At this time, it was decided to focus attention on the Top Infant

and First Year Junior classes, This age range was chosen in an
attempt to locate possible initial areas of failure, Few difficulties
had been observed or reported amongst the younger children in the
schools., In the 65-8% year old group however, where more complex
ideas were being introduced, different levels of performance were

becoming apparent.

Despite the wide variation in presentation of material and subsequent
questioning styles used in different schools, there appeared to be

two core areas to all the syllabi; the first was concerned with number
and arithmetic and seemed to require a linear, sequential, ordered
orientation., The second involved knowledge and recognition of shapes
and the manipulation of objects and seemed to require a spatial mode

of thought., It was decided to concentrate on these aspects.

On a superficial level, it seemed fe;sible to propose that different
types of cognitive processing might be required for the successful
mastery of these linear and spatial aspects of the scliool mathematics
curriculum, This proposition was central to the next stage of the
investigation in which a comparison was to be made of dyslexics!

performances on similar tasks. Research findings had suggested that
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dyslexics might be poor on sequential tasks (eg. Thomson, 1977) and
competent or excellent on spatial items (Newton, 1974b). It was also
hoped to relate the performances of the school and dyslexic groups
respectively on the linear and spatial tasks, to their written

language attainments,

At this time an extremely simplistic notion of hemispheric functioning
was invoked and it was of interest to see whether discrepant scores on
the two aspects of school mathematics under consideration could be in-
dicative of hemispheric invelvement; if a child scored highly on

the "spatial" measure, it was proposed that this would suggest com-
petent right hemisphere involvement and conversely, poor scores in
arithmetic would point to an underfunctioning left hemisphere,

(See Barakat, 1951 and Table | Chapter 3 ).

Since none of the standardised tests on the market at the time (of
which the Writer was aware) seemed to provide sufficient detail of these
central aspects, it was decided to devise instruments for this purpose,
using the data gathered from observation in schools, It was hoped

that these tests would be useful for diagnostic assessment,

LJ1-Linear was designed to assess knowledge of arithmetical operations,
particularly addition and subtraction, and other aspects of number
(relevant to a 63-8% year old age group) which are symbolic and seem
to require regular directional steps and an ordered, sequential
approach, for their utilisation, (The complete test is included in
Appendix 1).

LJ2-Spatial included items related to the identification and labelling

of shapes, knowledge of symmetry and recognition of patterns (see

Appendix 2),
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The tests were a combination of items all of which had appeared in
similar form in the most frequently utilised mathematics schemes,
An attempt was made to include as many different presentations of
similar questions, to see whether the children's lmowledge was
adaptable and would generalise to unfamiliar formats,

For example in LJ1-Linear, addition is presented in the following ways:-

2 +4 = 19

What number is 5 more than 5%

EXXZYL —— O

000 —

P4

o

N
4

4

I counted on each time
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m +4
2 9
6 10
5 6
2 7
A
0
0
0
7
3 add 2 —

Partition/share these sets

(%2 5 8 By (Aph 425

LJ2-Spatial included the following items:-—

Continue these patterns:= / \ INENX X

121212

Q=3 O

Are these shapes symmetrical?
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The matching of labels to the appropriate shapes was also included

as was the identification of shapes, disguised in a picture,

The test items were purposely not graded by difficulty, with all
the easier ones at the beginning of the test, in an attempt to

prevent a negative "set" if a particular question proved too difficult,

0f course, it was realised that these tests of supposedly super-
ordinate features of the school mathematics curriculum are not
totally independent, They share aspects of memory and language which
are mediating features of both., Ilowever, it was hoped that they would
provide more insight into pupils' performances than had previously
been available and also that some idea of the interrelationship with

written languapge might become apparent,
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6.7 Selection of Schools for Further Study

After the six-week period, the data that had been gathered was
assessed, lWhat emerged was the enormous variation in the types
of schools, the practices used and the attitudes of children, staff
and parents., It was decided to attempt to select what might be
termed "average" schools (in the light of the available information)

from which to draw experimental samples of children, ffor further

study.

To this end, schools were eliminated if it was thought that any of

the geographical, socio-economic or other variables were too intrusive.
Consequently, schools whose children were achieving exceptionally high
or exceptionally low standards, relative to the other schools and to
what might be considered satisfactory for those grades, by the Science

and Mathematics Centre staff, were eliminated,

Another school was eliminated because the Interviewer was not convinced
that the children's poor knowledge of mathematical concepts was a
reflection on their abilities, It seemed, rather, to be a result of
lack of interest and motivation of the staff in that school., One

teacher stated: "I was never much good at number, so I don't do much

of it in the classroom,"

Lack of sufficient children competent in Inglish usage was another

factor in the elimination process,

Having considered all these factors, six schools remained, It was

decided to seek the assistance of three of them for further invest-

igation,
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The three schools used three basically different methods of teaching
number, arithmetic and other mathematical concepts, although there
was some overlap on certain topics, It was hoped that in this way,
aﬁy possibility of a teaching method, as a main effect, would be
eliminated. These schools also seemed comparable in terms of pupil

population and socio-economic climate, The schools who agreed to

co-operate were:;=

5 School A, which used Towards Mathematics (Glenn & Sturgess, 1975).
The pupils pace themselves using self-instruction booklets,
Tﬁe present Writer felt that this scheme was admirably suited
to able students, but seemed a little complicated for slower

learners, Children seemed to enjoy using this scheme,

2, School B adopted no one approach. Pupils are taught by the
individual teacher!s favoured method, though guidelines are
given and progress monitored by the Ilead of the Mathematics

Department, Strict progress record forms are kept for each

child,

3. School C favoured Mathematics for Schools (Fletcher et al,,

1970) (see Section 4 ), Teachers also teach tables and use

some traditional "chalk and talk" techniques.
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6.8 Summary and Conclusions

The Writer felt that the Pilot Study had been extremely valuable

in emphasising the enormous variations in educational practice, which
are often not mentioned when samples of children are selected for
investigation of various tasks, The Writer endorses Krutetskii's
(1976) view that Field Studies have an important contribution to malke
to psycho-educational research as they serve to complement more

artificially controlled laboratory experiments,

To summarise, fourteen schools were visited over a six-week period,
during which observations were made about geographical location,

pupil population and attitudes to schooling of children, parents

and teachers., Mathematics teaching methods and assessment techniques
were reviewed, In the absence of an appropriate standardised format
two tests, LJ1-Linear and LJ2-Spatial were devised to assess performance
4in two major aspects of the primary mathematics syllabus, Three
schools, designated as "average" were selected for further study,

which will be reported in Chapter 7.



CIIAPTER 7
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Ta STUDY 1

AIMS

1, To select a Control sample for the Dyslexic Group,

2, To assess whether different teaching methods differentially
affect attainments in school mathematics, in children between
the ages of 6% and 8% years,

3., To investigate different areas of strengths and weaknesses
within the Dyslexic and Control groups respectively, with
respect to performance in school mathematics,

i, To investigate the relationship between measured intelligence
and school mathematical performance,

B To ascertain whether Dyslexics do relatively well at spatial

tasks and relatively poorly at sequential aspects of the

carriculum,

HYPOTHESTS

1., The attainments of Dyslexic subjects on LJl-Linear, LJ2-Spatial
and Mathematics Attainment A, will be independent of their
intellectual potential,

2, Dyslexics will perform better on the spatial mathematics
test relative to the Control Group, and relatively worse
on those tests involving arithmetic and a large measure of

sequencing,
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7.1 Introduction

A primary aim of Study 1 was to investigate the relationship between
measured intelligence and school mathematical performance, in dyslexic
children and those without litergcy difficulties. As mentioned in
Chapter 2 \Wrigley (1958) proposed that general intelligence was the
most important component of mathematical ability., Thomson (19‘?7)cites the
work of Yule (1973) when stating that there is good evidence to ex~
pect that attainment in literacy should match intellectual potential,
particularly in the middle ranges of intelligence, Ilowever, in the
case of dyslexics Thomson (op.cit.) goes on to say:

"it must be stressed that written language skills
can be independent of intelligence."

Given that dyslexics have difficulties with written language, given
the similarities between language and school mathematics as discussed
in Chapter 5 and given the anecdotal reports of dyslexics! diffi-
culties in aspects of the mathematics curriculum it seemed feasible
to suppose that school mathematical attainments might also be in-
dependent of intellectual potential in these subjects, This leads

to the formulation of the first hypothesis:=-

Hypothesis 1: The attainments of dyslexic subjects on LJl-Linear,
LJ2-Spatial, and Mathematics Attainment A, will be independent of

their intellectual potential.

It was also proposed that, given the apparent similarities between
written language and arithmetic and the findings that dyslexics may
excel at spatial mathematics (Newton, 1974b), dyslexics would perform
better on the spatial test LJ-1 Spatial, than the Control group, and
worse on LJl-Linear and Mathematics Attainment A, a standardised

mathematics test, So the second hypothesis was formulated,
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Hypothesis 2: Dyslexics will perform better on the Spatial mathe-
matics test relative to a Control Group and relatively worse on those

tests involving arithmetic and a large measure of sequencing,

Before these hypotheses could be tested though, it was necessary to
select a Control Group from the School sample., Consequently, the
first part of the study is concerned with the examination of the
performance of the three school groups, Of interest, is whether

different teaching methods differentially affect attainments in this

age range,

Method

Subjects:
School Sample

Using random number tables, 20 children were selected from each of the
three schools chosen during the Pilot Study. All children met the
following criteria; they were between the ages of 6% and 8% years of
age; English was their home language and, in their teachers' opinions,
they had no literacy or mathematical difficulties,

Children were selected from a number of different classes in each

school, It was hoped that this would eliminate any teacher main-effect,

Dyslexics

A number of children awaiting assessment at the Langunage Development
Unit of the University of Aston in Birmingham were invited to assist
in this study. 0f these, 20 children were selected as meeting the
criteria for diagnosis as dyslexic, as proposed by Thomson (1977),
viz.: all subjects were of average intelligence as measured on a
standardised intelligence test; all performed at a level discrepant

with their potential on tests of writien language; characteristic
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errors (omissions, substitutions, reversals, etc,) were a feature of
their reading and spelling; and no known neurological defects or
primary emotional disorders were present, Some of the children also
had difficulty with left/right differentiation and common sequences
(days of the week; months of the year),

The children in the dyslexic sample tended to be slightly older than
the school group (range 7 years 0 month - 9 years 3 months) since
individuals tend to present for diagnosis when they have been failing

at school for two years or more.

Sex Differences

The literature review undertaken in Chapter 2 revealed that there is
little evidence to suggest sex differences in school mathematical
performance in children of this age, Consequently, no control was
used for this factor, although it was realised that the ratio of males
to females in the dyslexic population is about 3 or 4 to 1 (Rutter,

197%).

Tests used and the rationale for their selection

The psychometric assessment procedure followed for all subjects used
to diagnose dyslexia (Thomson, 1977). The tests used supply basal
measures of general ability and scholastic attainments in children,
Also included were tests of mathematical performance. Rach test

will be deseribed below,

The Wechsler Intelligence Scale for Children - Revised Version (WISC-R)

(Wechsler, 1974) was used because it yields a minimum measure of over-
all intellectual potential, which is reflected in the Iull Scale
Score, It also yields a subtest profile, the scatter of which gives

some indication of the individual's weaknesses and strengths on the



146

tasks measured, These are thought to relate to some aspects of school
performance, All subtests were administered except the mazes, Any
children who scored below 90 on the Full-, Verbal-, or Performance

Scales were eliminated from the sample,

The Schonell Graded Word Reading Test (Schonell, 1940) was used as a

gross measure of reading ability, Whilst the limitations of word
recognition tests as measures of reading ability are noted, this test
was considered adequate for the purposes of this study, since reading
was not the central issue, Lunzer, Wilkinson & Dolan (1976) report
correlations of ,954 on this test with the Accuracy Score of the Neale
Analysis of Reading Ability (Neale, 1966), Thus the former was

adopted because it is quicker to administer,

The Schonell Graded Spelling Test (Schonell, 1942) was used to assess

spelling performance,

LJ1-Linear (described in the Pilot Study - see Appendix 1) was used to
assess performance in arithmetic and other number-related tasks,
Subjects were given a "hundred square" and a number line to assist

them (see Appendix 14),

LJ2-Spatial (see Appendix 2) was administered to assess performance in
those aspects of the curriculum involving knowledge of shape, pattern

and spatial relationships,

Mathematics Attainment A (NFER, 1970), a standardised test was used as

a measure of school mathematical attainment, It was also used as a
yardstick against which to compare LJl-Linear and LJ2-Spatial., The

shortcomings of this type of test have been mentioned in the Pilot

Study.
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Left/Right Differentiation

Subjects were asked to differentiate between left and right in

relation to themselves and to the tester, on a number of tasks,

Common Sequences

Subjects were asked to name the days of the week and the months of

the year, in order,

-

Testing

In schools, the tester was allocated a room in which all testing took
place. Children were withdrawn from their classrooms to participate

in the project. Dyslexics were tested at the Language Development Unit,
The subjects were told that the Experimenter was writing a book about
the way children think and very much needed their help., This was also
explained to their classmates, so as to avoid any unkind comments as

to the reason for their frequent withdrawal from the classroom,

The total testing time spent with each child was estimated at 5 hourqr
However, this comprised a number of short sessions, normally 15-20
minutes, except for the WISC-R, which took 45 minutes to an hour to

administer,

The children's attitudes towards the testing situation remained
favourable throughout, Only one child out of the school group seemed
a bit unhappy at times, though she neither refused to participate

nor chose to leave, when offered the opportunity.

The WISC~R, Schonell Reading and Spelling Test were administered in-

dividually, Parts of the mathematics tests were administered in groups
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of up to five children. CQuestions that required reading were
administered individually if a child was thought to be having
difficulty. All papers were checlied individually with each child
to ensure that any questions that had been left out had not been
omitted through carelessness or misunderstanding. These sessions
were also used to encourage subjects to verbalise how they had

arrived at a particular solution,

Scoring of Tests

Tests were scored according to the appropriate manual guidelines,
IJl-Linear and 1J2 Spatial were marked using a schedule devised by

the Ixperimenter,

Tour subjects from the Dyslexiec Group and seven from the Control
Group had to be eliminated at this stage. Some had scored well below
90 on the WISC-Il and others had not completed all tests because of

absence from school,

7.2 TNesults and Discussions

The results and discussions for each part of the study will be

presented separately,

See Appendix 3A-D.
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Results A — Analysis of Variance (A0V)

Mean values were computed for all variables for schools A, B and C,
(See Table 1).

Analysis of Variance (AGV) using a completely randomised design was
carried out using the PET Commodore terminal and AQV programme
available in the Department of Educational Enquiry at the University
of Aston in Birmingham, The differences between the following
variables were investigated; Full Scale WISC-R Scores, Schonell
Reading score and results of LJl-Linear, LJ2-Spatial and Maths

Attainment A, The AOV summary tables are listed in Table 2,

A Tukey Multiple Comparison of Means was carried out on LJ1-Linear:

Comparison (3,57)

C with A 5.90 p<.05
C with B 5.2 p&05
A with B 0.57 NS

School C yielded significantly higher scores on this test than either

Schools A or B, whose means did not differ from one another,
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TABLE 1: MEAN SCORES FOR SCHOOLS A, B AND C

VARTABLES A B 5
Full Scale 97,2 94,2 102,2
Verbal 95,85 96,5 104, 65
Performance 99,6 92,7 99,45
Information 7,9 7,8 9,7
Similarities _ 8,55 9,35 10,05
Arithmetic 9,0 9,6 11,2
Vocabulary 11,25 10,7 11,25
Comprehension 9,9 10,05 11,9
Digit Span 8,45 8,85 91
Picture Completion 9,45 9,0 9,1
Picture Arrangement 9,2 8,7 9,7
Block Design 111 9,2 10,05
Object Assembly 10,85 8,85 9,8
Coding 9,25 9,2 10,5
Schonell Reading 7,416 7,96 8,07
Schonell Spelling 7,036 7,988 7,971
Linear 71,525 75,425 91,975
Spatial , 33,075 33,9 35,642

Mathematics Attainment A 94,45 54,55 99,2
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Source Proportion of af F p £.05
Variation

Explanation by measured IQ 0,07 2 2,23 NS

Residual 0.93 57

Explanation by Schonell 0,06 2 1.98 NS
Reading

Residual 0.94 57

Explanation by LJ1-Linear 0,28 2 10,91 p<,.001

Residual 0,72 57

Explanation by LJ2-Spatial 0,05 2 1,43 NS

Residual 0,95 57
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Discussion A

The finding that most of the test scores were not significantly
different, seems to suggest that, for the most part, the teaching
method and workschemes used do not influence attainments on the tests

used,

Re-examination of LJ-Linear revealed that it did, in fact, include
a large proportion of "Fletcher"-type notation. This would bias it
toward School C, who were using the "Fletcher Math" scheme and con-

sequenfly account for their superior performance on this test,

Turther discussion about LJl-Linear and children's test performances

will follow in this chapter,

Comparison of Dyslexic and Control Groups

The aim of this investigation was to ascertain if there were differences
in performance of Dyslexic children and Controls, that might give

initial information related to their school mathematics attainments,

Ilaving ascertained that there was only one significant difference among
the maths scores of the three school groups, 16 subjects from the joint
sample (N = 53) were selected to act as Controls for the Dyslexic
Group. Controls were matched for Full Scale Intelligence Quotient,

It was decided to include pupils from School C in the Control Group,
where appropriate, despite their superior performance on LJ1-Linear
because some of the Dyslexic Group were also using the "Fletcher Maths"

scheme,
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Results B
T-tests were computed using the Statistical Package for the Social
Sciences (SPSS) (Nie et al., 1970) in a 1904S (George 3) computer,

Few significant differences were found (see Table ¥

Discussion B

From these findings it can be seen that the Dyslexic Group's com-—
prehension score is significantly better at the 5% level of significance,
The Dyslexics did worse, though, on both the Schonell Reading Test
(p£.02) and the SchonefT:ﬁzzi (p<.001). This contributes additional
support to the general finding that dyslexics' written language attain-

ments are poor relative to similar aged Controls, despite adequate

conceptual abilities,

The Dyslexic Group's relatively poor performance on the Arithmetic
subtest is also a fairly well-documented feature of their WISC profiles
(Fincham & Meltzer, 1976; Thomson & Grant, 1979), No significant
differences were found between the mean scores of the two groups for
any of the school mathematics measures. Consequently, the second
hypothesis must be rejected, for these samples at least, that is,

that no support was provided, in this study, to support the notion that
Dyslexics perform better on mathematics tests involving spatial ele-
ments than similarly aged Controls. No support was found either, for

relatively deficient performance in the Dyslexic on ordered, sequential,

arithmetical items.

Through observation of subjects while working and analysis of errors,
it was found, lowever, that Dyslexics tended to approach some items
in a different way, compared with most of the Control subjects. (This

will be discussed further in this chapter).
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TABLE 3: t-TEST RESULT FOR DYSLEXICS AND CONTROLS

Group 1 - Controls: N = 16
Group 2 -~ Dyslexics: N = 16

Variable Mean s.d, t value 2 tailed probability
Age 1 7.9 5 ~1.82 NS (at less
2 8.2 .6 than 5%
level)
Full Scale 1 100.6 13,3 -=0.,21 NS
(wIsc) 2 101.6 13.3
Verbal Scale 1 100.9 11,7 =0,41 NS
2 102.9 15.5
Performance 1 100.3 15.:2 0,10 NS
Scale 2 99,8 12,0
Information 1 8.4 2,8 0,48 NS
2 8.0 2.4
Similarities 1 9.8 2,0 -1.26 NS
2 11.3 4,1
Arithmetic 1 10,1 2,6 2,12 p< 0,04
2 8,4 2,1
Vocabulary 1 11.% 2.6 -0.17 NS
2 11.6 349
Comprehension 1 11,0 2.5 =2,03 p<0.05
2 13'1 3.5
2 6.8 Bl
Picture 1 10.0 1,9 =0,42 NS
Completion 2 10,3 2.3
Picture 1 9.6 2.9 0,60 NS
Arrangement 2 9,0 2.9
Block Design 1 11,0 3.0 =0.11 NS
2 11,1 343
Object 1 11l Jel 0,45 NS
Assembly 2 10,6 3.0
Coding 1 8.7 Bl 0.43 NS
2 8.2 2.9
Schonell 1 7.9 1.0 2,39 p<0.02
Reading 2 /| 0.8
Schonell 1 7.8 1.5 4,03 p <0,001
Spelling 2 6.1 0.8
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Variable Mean s,d, t value 2 tailed probability
LJl-Linear 1 79.7 17.6 0.5% NS
2 76.5 15.5
LJ2-Spatial 1 34,8 4,3 -0.,99 NS
2 36.2 3.4
T
Mathematics 1 95.7 12,2 1,08 NS
Attainment A 2 91.3 1E,1
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As a result of this noted seemingly different approach, it was
decided to investigate the correlations between various aspects of

the children's performances,

Spearman Rank Correlations

In order to investigate whether any qualitative differences could be
found, which would explain the observed differential approaches of
Dyslexics and Controls to school mathematical items, it was decided

to examine the correlations between the data collected initially,

Results C (See Table %)

Using the SPSS programme (Nie et al., op.cit.) Spearman rank cor-
relation coefficients were computed for all variables, for three
subject groups; the full school sample (N = 53), the dyslexics

(N = 16) and the matched control group (N = 16). Arguably, the full
school sample would be more representative of the general school
population than the matched group of 16 Controls, but both were in-

cluded to see if correlational differences emerged.,

For a correlation of this typeto reach significance at the ,05 and
.01 levels, in a sample of 16 subjects, the critical values of the
coefficients (*s) must equal or exceed ,425 and .6 respectively
(Siegel, 1956)., If correlations of this magnitude are not found,
then there is little or no relationship between those variables being
compared, Ilowever, in small samples especially, there is the possi-
bility that individual variations could minimise the strength of a
relationship that might be significant in a larger population, It
seems important that this be kept in mind when interpreting the

results in this section,
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TABLE 4: SPEARMAN RANK CORRELATION COEFFICIENTS FOR THREE SUBJECT GROUPS
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TABLE 4: SPEARMAN RANK CORRELATION COEFFICIENTS FOR THREE SUBJECT GROUPS
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Comparison of the matrices seems to indicate that there are highly
significant correlations between the Full Scale WISC scores and the
Verbal and Performance scores for all groups respectively (p<.001
for all correlations except for the Controls' Full/Verbal correlation
which is significant at p<,004), There are also many measures which
yielded no correlational relationship that seem worthy of further con-
sideration. Correlations that will be mentioned will be those where

a similar and sufficiently large amount of the variance Seems to have
been accounted for and which are statistically significant; and
correlations that are different for dyslexics and controls, The 5%
level of significance will be the highest acceptable in this discussion
and the ,001 level will be the lowest probability considered. Most
attention will be paid to the correlations involving school mathe-

matics, howvever, some other general findings will be discussed briefly,

Discussion C

Dyslexics - General Findings

One of the primary features of dyslexia is that literacy attainments
are independent of intellectual potential (Thomson, 1977). This
finding is borne out again in the present study where no significant
correlations were found for Full Scale, Verbal or Performance with
Schonell Neading or Spelling respectively, Since subjects were
selected using average IQ or above as a criterion, this marks the
difference between specific retardation and general reading (nd
literacy)retardation (see Yule, 1973). In the latter case it would
be expected that a lower level of measured intelligence would be

associated with poor reading attainments and that these would be

significantly correlated,
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Thomson & Grant (1979) and others mention that dyslexics score
relatively poorly on Information and Arithmetic, The correlation
with their Full Scale IQ score for the former was significant at the
2% level for the dyslexics whilst the School Sample yielded a high
correlation (p<f.001). The correlation coefficient for arithmetic
was extremely small for dyslexics, The School sample's relationship

was highly related to general intelligence (p<.001),

Coding, also an area of weakness in the dyslexic's WISC profile,
correlated negatively with all the other measures, High negative
correlations were recorded against Full Scale 1Q (p<.002), Performance
Scale (p<.001), Picture Arrangement and Object Assembly (p<.003 for
both) and Digit Span (p <.004). Lower significant negative relation-
ships were found for Verbal If) (ptf.Ol), Information and Comprehension
(p<.02), Vocabulary (p<.03). No significant negative correlations

were found in the Control Groups.
These findings are generally supportive of studies reported in the
literature (see Newton et al., 1979). TFurther implications of these

findings are included in the sections that follow,

Correlations Involving School Mathematics

Tables 5, 6 and 7 list the correlation coefficients and significance

levels for LJl-Linear, LJ2-Spatial and Mathematics Attainment A

respectively,
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School Control Dyslexic
s P s P s P

Full Scale ok .002 ] NS o2 NS
Verbal Scale R .001 .09 NS .03 NS
Performance Scale o3 .02 .6 .05 i NS
Information 5 .001 .6 .03 ol NS
Similarities .06 NS -.08 NS ! -k NS
Arithmetic .6 .001 2 NS 5 NS
Vocabulary .06 NS ok NS .006 NS
Comprehension ok .002 L0k NS ol NS
Digit Span .01 NS oD .05 .8 .04
Picture Completion -2 .05 - NS o2 NS
Picture Arrangement o3 .03 .6 .03 .05 NS
Block Design WU .007 .8 .002 .6 NS*
Object Assembly 2 NS* ok NS o2 NS
Coding o3 .04 -3 NS -2 NS
Schonell Reading 3 .05 o3 NS D NS*
Schonell Spelling .2 NS 3 NS 7 .01

*
Approaching significance at the 5% level,



TABLE 6 : LJ2-SPATIAL
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School

Control Dyslexic
fs P s P (s e
Full Scale > .001 o2 NS o7 .004
Verbal Scale 5 001 2 NS 5 NS
Performance Scale A .002 s NS .8 .001
Information i oD .001 «J NS o3 NS
Similarities o3 .01 oA NS -3 NS
Arithmetic ok .002 Wb NS .05 NS
Vocabulary ol .002 = NS .6 .02
Comprehension o3 .02 .6 .02 ok NS
Digit Span 2 NS o7 .009 o NS
Picture Completion ol NS -.2 NS o3 NS
Picture Arrangement o .01 3 NS .8 .002
Block Design R 002 o NS o3 NS*
Object Assembly o1 NS o7 .01 .8 .005
Coding .1 NS .6 03 [-.6 .03
Schonell RNeading ] .001 .6 .03 ol NS
Schonell Spelling .3 .008 5 NS .06 NS
Linear ol .004 .6 .03 o NS

*
Approaching significance at the 5% level.
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TABLE 7 : MATIIEMATICS ATTAINMENT A

School Control Dyslexic
Fs P O g rs £

Full Scale .7 p&001 .7 pd01) .3 NS
Verbal Scale 9 .,001 .6 p £.05] .2 NS
Performance Scale o0 .001 .6 p<.04| b NS
Information o5 .001 o7 .05 o3 NS
Similarities o3 .03 ok NS -2 NS
Arithmetic 6 .001 A NS .6 .03
Vocabulary oD .001 .6 .05 ] NS
Comprehension oJ .02 oD NS .07 NS
Digit Span o2 NS ol .01 o7 .05
Picture Completion .1 NS ol NS -,009 NS
Pioture Arrangement ol .001 <5 NS o3 NS
Block Design ] .001 .6 .04 3 NS
Object Assembly 3 .001 .6 .03 .6 .03
Coding .002 NS .2 NS -5 NS
Schonell Reading o3 .02 3 NS oL NS
Schonell Spelling 2 NS .5 NS A NS
Linear o5 001 .6 o0k ol .008
Spatial ok 004 of .01 .8 .007

*
Approaching significance at the 5% level,
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Full-, Verbal- and Performance Scales -= WISC-R

Generally, high correlations are found, for the School Sample for
all the mathematics tests against Full-, Verbal- and Performance-
Scale scores of the WISC-R, with only one correlation (LJl—Linear
with Performance) being less significant than pa<.002. This suggests
that there is an extremely strong relationship between mathematics
attainment and measured intellectual potential in a school population

with no known learning difficulties.

The Dyslexic Sample yielded a totally different pattern of scores;

no relationship was found among Mathematics Attainment A or LJ1l-Linear
and Full-Scale, Verbal and Performance I()s respectively, suggesting
that Dyslexic's performances in mathematics do not relate to their
measured intelligence. Since both these tests include large com-
putational components this notion would support the findings of

Fincham and Meltzer (1976) and Klees (1976) who reported the relatively
poor scoring of dyslexics in tests of arithmetic, However, again it
mst be stressed in a sample of this size, individual differences

could play a large part — the result perhaps of unwittingly biased

sample selection,

LJ2-Spatial yielded higher rg values, for the Dyslexics; with the
Tull- and Performance Scale scores the relationships were significant
at the ,00%4 and ,001 levels respectively. Thus, if LJ2-Spatial is
measuring a Spatial factor, as was intended in its design, this
spatial component seems to be strongly related to that utilised for
Performance Scale items, as suggested by Bannatyne (1971), for example,
The matched Control sample yielded lower significant relationships
than the School sample for Mathematics Attainment A and Performance
with LJ1-Linear. Other scores did not reach significance at the 5%

level,
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The Arithmetic subtest of the WISC was highly correlated with scores

on all the mathematics tests, for the School sample, the lowest
significance level being p £.002. In the Dyslexic group, Arithmetic
was found to be related to Mathematics Attainment A only (p<.03).
This suggests, perhaps, that there is a specific skill that might be
needed in both, The Writer contends that, in this case, the specific
skill could be short~term memory (ST memory), The reason for this
proposal is that, unlike LJ—Linear a;d LJ2-Spatial, in which questions
and answers are on the same sheet of paper, in the case of Mathematics
Attainment A, the child is only given an answer sheet; all questions
are presented orally, and although instructions can be repeated, the
child does not have written information to which to refer. This would
seem to place a load on S=T memory; an area of wealkness for Dyslexics
(Thomson & Wilsher, 1978). Thomson & Grant (1979) suggest that
Dyslexics score poorly on the Arithmetic subtest because of poor S-T
recall, Thus it seems reasonable to propose this link, since neither

of the other mathematics tests seemed to require as much S-T facility.

Digit Span

The dyslexics' Digit Span scores are significantly related to LJ1-
Linear (p (.04) and Mathematics Attainment A (p<.05). It could be
that sequential memory for digits is important in these tests since
they both include a large number of calculations and arithmetical
sequences, Similar correlational findings for this subtest pertain
to the Control group., The School sample coefficients are extremely
small, This suggests that Digit Span scores are not related to per-
formance on either LJl-Linear or Mathematics Attainment A. In the
case of LJl-Linear, the ry value of ,01, may be indicative of the fact
that the children wrote down all their working out and did not rely

on memory, This explanation would not appear to be sufficient in
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explaining the lack of relationship with Mathematics Attainment A

though, The significance of this finding is unknown,

Coding
for the Dyslexic Group
The Coding subtest yielded negative coefficients/for all the mathe-

matics tests, though only one reached statistically significant level,
Equal but opposite relationships were found between Coding and LJ2-
Spatial, for the Dyslexic and Control Groups., TFor the former T ™ -.6,
and for the latter r = .6. This finding suggests that in the Control
group,‘the processes associated with Coding (such as "the ability to
recognise and memorise symbols and arbitrary associations at speed,
visual and motor co-ordination, and the capacity to sustain a con-
centrated attentional effort on a routine task" - Thomson & Grant
(1979), are being utilised whereas in the case of Dyslexics, they m;y
be hindering performance on LJ2-Spatial. The implication here seems
to be that Dyslexics and Controls are using totally different solution

strategies,

One possible explanation may relate to neuropsychological findings:-

If one considers Bruner's (1966) report that most teaching in schools is
biased toward an analytical mode (a reportedly left hemisphere (LH)
skill) together with Franco & Sperry's (1977) finding that spatial
tasks (especially those involving familiar Euclidean geometric shapes)
can be efficiently mediated by the LH, then it is possible that,

given the nature of the Coding task, the Control children are using

a predominantly analytical mode to solve spatial problems. This might
account for the reasonably high positive relatiopship between Coding

and LJ2-Spatial,
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In the case of Dyslexics, whose Coding skills are known to be poor
(eg. Thomson, 1977), solution of items included in LJ2-Spatial may
have relied on a more spatial approach, a possible area of strength
in dyslexics (eg. Bannatyne, 1971). This explanation may be re-
inforced by the high correlation between the mathematics test and
Object Assembly (p<.005), though the Block Design score only

approaches significance,

Similarities

The Dyslexic group yielded negative (though nun—significant)
relationships with the Similarities subtest for all three mathe-
matics tests, The implications of this finding are not clear, It
could be that these children are using an analytical approach when
generalising about verbal concepts, but an alternative, perhaps
spatial, approach to the solution of school mathematical problems

(see Coding for further speculations about this approach),

Bannatyne (1971) Clusters

In an attempt to locate a possible pattern in correlation scores, it
was decided to group the r, values according to the groupings proposed

by Bannatyne (1971, 1974).

Results D

See Table 8
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Discussion D

Some interesting patterns emerge from this method of organising the
data, There appears to be relationship between the Dyslexic Group's
.performance on LJ1l-Linear and either the Spatial or Acquired Knowledge
clusters, It appears that whatever strategies the Dyslexics are
adopting they do not involve the same elements that are related to
their performance in subtests in these groupings, The correlation
patterns for the Full Sample and Control Groups' performance on LJl~-
Linear are not as clear, although there are significant differences

in the Sequential and Acquired Knowledge clusters for two out of

three subtests in each cluster respectively,

Conceptual Scores and Acquired Knowledge Scores are not related to
LJ2-Spatial, in this analysis, for the Dyslexics, However, strong
relationships are registered for the Controls for these two clusters.
This could be indicative of a verbal component in the non-Dyslexic
Group's approach, which is not a feature of the Dyslexics correlations,
This may relate to an earlier discussion, in which it was suggested
that school children, without learning difficulties, may employ an
analytic and in this case, verbal mode of analysis in ansvering

questions about spatial relationships.

Mathematics Attainment A is strongly related to the School samples!
acquired knowledge cluster as are both of the other mathematics tests,
This supports the similar suggestion made in Chapter 5., Ilowever, this

does not appear to be the case for Dyslexics,

The Bannatyne clusters appear to be useful in relating some aspects

of school mathematical performance to aspects of measured intelligence.
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Acquired Knowledge is often a weak aspect of a dyslexic child's
literacy profile, perhaps because much of each subtest can be related
to reading, Tor example, if a child reads more, s/he is likely to
learn more new facts. This may lead to better scoring on Information
type tests, The Arithmetic subtest is also problematical for the
Dyslexic, as” has been discussed, Given these facts it seems that
Dyslexics are not acquiring and/or implementing their mathematical

Imowledge in the same way as the Control children,

7.3 General TFindings

The results from the comparison of correlations seem to suggest

that the Dyslexic's way of coping with school mathematical data is
different from that of Control individuals., Given the differences
in Tull Scale Intelligence and subtest correlations it seems that
this may relate to a difference in processing of information, though

the details are not clear,

Again, caution is recommended when interpreting these results,
because of the small Dyslexic sample size, Differences in strengths
of correlation were found for the Full School sample and Controls
matched for the Dyslexic Group., Similar differences may be found

between Dyslexic Group and a larger one,
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7.4 LJl-Linear and LJ2-Spatial

Item analyses of each subject's scripts were undertaken, Chi-squared
tests (Siegel, 1956) and Tukey Multiple Comparison of Means were com-
puted for all examples. A full table of results will not be given
here, since all the errors made are included in the analyses in

Study 5. A brief summary of results is given below,

LJ1l-Linear

Dyslexics made more errors in horizontally presented addition sums
(ege 27 + 14 = ) CX? value 7.29, p<£.01), word problems tx? = L k],
;:(.05) and items involving completion of number sentences Ck? = 4,3,

p<.05).

LJ2-Spatial

Dyslexic children made significantly more errors than Controls when
asked to match shapes to their appropriate written labels (32 = 3.8,
p<£.05). This may felate to the previously mentioned verbal labelling
deficiency in Dyslexics, or the lack of recognition of the written
labels (although they were read to them)., The Dyslexics also had

more difficulty identifying symmetry (?(2 = 3.8, p<.05.).

LJ1-Linear and LJ2-Spatial had proved useful in this study. Ilowever,
there were a number of limitations, TFirstly, as was seen from the
AOV results, ILJ1-Linear favoured children who used the "Fletcher
Maths" scheme, Also, it appeared on re-—examination that some of the

questions in LJl~Linear would be more suitable for LJ2-Spatial.,

In general, the Writer felt that a lot more time needed to be devoted

to refining these tests, if they were to be diagnostically useful.
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At this stage, a decision had to be made as to the central concerns

of this thesis, It was decided that revision of these tests would

be the subject for a separate dissertation and, if attempted here,
would lead away from the central issue - the relationship between
dyslexia and school mathematiecs, At about the same time, The
Mathematics Module Programme (Sumner & Bradley, 1978) was being
published and the Maths Modules marketed (see Study 4). Since these
assessment tests seemed adequate for the needs of this research, it was
decided to abandon LJ1-Linear and LJ2-Spatial, at least as they

related to work reported in this thesis,

The Dyslexics in Study 1 had employed some interesting strategies in
answering the school mathematical questions, It was decided to in-

vestigage these further by interviewing children, Study 2 presents

the findings,
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8, STUDY 2 ~ CLINICAL INTERVIEWS

AIMS

To investigate further Dyslexics' approaches to the solution of

examples from the school mathematics curriculum,
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8,1 Introduction

The results from Study 1 had suggested that Dyslexics may approach
mathematical questions in a different way to that adopted by children
without learning difficulties, It had also been found that certain
items appear to be problematical for Dyslexics, It was decided to
investigate these findings further. An observational interview
approach was adopted to probe areas of difficulty and provide back-
ground information on what topics children find easy. It was hoped
that some understanding would be obtained as to how Dyslexic subjects

regard school mathematics,

Method

Subjects
Thirty children who had been diagnosed as dyslexic at the Language

Development Unit at the University of Aston in Birmingham were selected
from the available data files,

b
Diagnosis of dyslexia had followed the procedure suggested by Thomson
(1977). All subjects were of average intelligence (WISCAR) and were
retarded in reading and spelling by at least 18 months, Little was
known about their school mathematical performance,
Dyslexics included in this study were aged between 8 years 6 months

and 10 years 2 months,

Interview

The interview situation was structured such that each subject was
interviewed in the same relaxed surroundings in the Language Develop-
ment Unit., General conversation about school and the child's interests

was interspersed with questions relevant to arithmetic and other
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aspects of school mathematics,

Although the sessions were informal, by the end of the meeting every
subject had been asked all the questions comprising LJ3 (see Appendix
, ). The children were not presented with set question and answer

sheets,

By and large, the questions asked concerned items that did not appear

in sufficient detail, if at all, in the tests administered in Study 1,

8.2 Results
Attitudes

Children were asked which subjects they liked best at school, Twelve
of the thirty subjects mentioned "maths" in their choices; five said

they disliked "maths" and the other thirteen did not mention it,

Test Ttems

Table 1 lists tbe percentages of correct and incorrect answers to

particular questions,

Discussion

Generally, the subjects did not appear to feel threatened when
questioned about the solution processes they had adopted., What did
happen frequently was that while a child was explaining how a
particular answer had been reached, s/he would discover that s/he

had made a mistake; often a computational error,

Several common features emerged from an examination of errors compiled

from the children's responses,
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Counting
Counting forward did not appear to present any difficulty for the

subjects interviewed, Ilowever, several children were inaccurate when
counting backwards., 85% of the subjects could count back from ten
in ones, Only 50% were successful in counting back in twos. When
asked to count back eight places from 12, only 40% of the sample
could supply the correct answer, Miles (1974) and others have

found that Dyslexics have particular difficulty remembering digits
in reverse order, This may have been an influential factor in the
poor scoring on these test items, Poor short-term memory appears to
be a limiting factor in this type of exercise. It was found that
prompting in the form of "Which number do you start with?", "What

is the next step?" increased the number of correct responses.
Comments of this type may have helped children to establish points

of reference and aided recall of the appropriate steps to apply.

Sequencing

Questions invnl%ing sequencing were marked by poor performances, Only
63% of the sample were able to continue the sequence 1 2 312 3 -
correctly, Two children adopted unusual labelling techniques; they
grouped the sequence numbers in -arrays not expected by the interviewer,
One child said "Twelve, three, twelve, three ,...." It could be

that this child had not recognised a relationship between the nuﬁhers
one, two and three, Another child repeated "Twelve, thirty-one .....",
He did not appear to perceive the pattern and was just grouping the

numbers in twos,

The sequence 9 8 7 appeared to be less difficult for the Dyslexics,
despite the reverse order of digits; 70% of the children continued

it correctly, As had been found in LJ2-Spatial, some children tended
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to continue a second sequence in the way the first one had been
coripleted even if the characteristic pattern was different., In
this study, the first sequence was 1 2 312 3 ete, The
second sequence 9 8 7 was then completed by these children

in similar fashion, 9 8 7 9 8 7, instead of 98 76 5 ete.

More complex sequences, involving calculation were mastered by fewer
subjects, Only 12 individuals could complete the following:-
y -2
8~2
12 - 2
-2
20 - 2

This may have been because relatively few of the subjects were

familiar with the four times table,

Lack of recognition of the nature of a particular sequence was also
evidenced in the example 23 - 18 = 13 - . A common finding was
that subjects merely examined the last fipure. In this case,
children frequently completed the sequence with the number 14, %\hen
asked why they had selected "14" most subjects said: "Because it

comes after 13", Other subjects also did not realise the importance

of the intervals Letween the given numbers. They replied 23‘35
18 EE 13 iﬁ. Difficulties in sequencing have been mentioned as a

feature of the Dyslexics' performance by most researchers wvhe have
described the phenomenon (see Newton, 1974, 1975; Thomson, 1977 for

review),
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Reversals

Reversal of letters is a frequently mentioned characteristic of
Dyslexics' written language (eg. Newton, 1974), 1In this study only

two children were found to reverse numbers and they did so consistently,

for example : 741/761; @3/53; 0200t/ /4266.

Arithmetical Computation

10% of the subjects were able to calculate using the four arithmetical
operations, to a level at least commensurate with chronological age
using the guidelines adopted in Schools A, B, and C, For the 10 year
olds, for example, multiplication with two digit numbers, including
carrying, would be expected,

42% of the children were unable to add two two-digit numbers
vertically placed, where no carrying was involved,

30% could not provide the answer to 20 - 13 =

Only 20% could complete ? = 23 = 45, Many incorrect attempts were the
result of the use of the incorrect operation. The place holder was
often filled by 22, because 22 + 23 = 45,

—

Methods of Solution

A feature of this group's performance in arithmetic was that they
often used long and laborious processes that were potentially more
subject to careless errors, It must be pointed out though that in
some cases, although long and drawn-out, these methods often resulted

in faultless performances, For example: 505
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In working out examples, at least half of the children used their

fingers,

Tallying

Tallying or dots on the page were frequently used when tables were
not known, Taking the example: If you save 8p a day, how much do

you save in a weck?, many children made 8 marks on their papers,

7 times

LLSTLL LA LALENEL L LS AL T AL
FITELALILEAALTTL AL TTT

‘Many errors were made using this method.

Another approach used Venn Diagrams - 7 sets were drawn, 8 marks were

made in each and then the marks were counted individually.

¢
{

Successive addition was employed by five subjects.

8+8+8+8+8+8+8

One child used successive addition on an arithmetical progression:

8 +8 =16

16 + 16 = 32
32 + 32 = 64
6 - 8 =56

Answer: You save 56p in a week,
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Tables

All these methods were adopted by children who did not know their
tables, The fact that Dyslexic children have difficulty mastering
tables has been noted by Miles (197&, 1978). Only 50% of the subjects

knew more than 2 arithmetical tables.

In calculation, the most errors appeared to result from a lack of
knowledge of place value and the specific positional nature of the
number system, These difficulties were also evidenced when children
were a;ked to write down the appropriate numerals representing a
~number presented in words. For example, when asked to write

"two hundred and three" as a number, 23% of the Dyslexics wrote 2003,

(Further detailed investigation of all the abovementioned difficulties

will be presented in Study %).

8.3 Summary

In sumary, it was found that all but four of the children in this
sample were performiné at a level below that expected for their age
group by the Birmingham Education Authority., Two children appeared
to be excelling in the aspects investigated and two appeared to be
"average" for théir age, ~Many of the difficulties in the rest of
the sample appear to be associated with well-documented features of
their learning profile - poor short-term memory, lack of sequencing
ability and proficiency at ordering symbols, This study served to
highlight the value of the interview technique and item analysis as
viable methpds of obtaining diagnostically useful information about
children's performances in school mathematics, though a more system—
atic in-depth investigation of this type appeared to be needed.
Consequently, it was decided to undertake a larger scale study, the

results of which are presented in Study 5.
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9. STUDY 3 = BRITISH ABILITY SCALES (BAS) = ARITIMETIC SUBTEST

AIMS

1, To obtain a quantitative assessment of the number of dyslexics,
who have arithmetical as well as literacy difficulties,

2, To ascertain the proportion of the normal school population
who have specific difficulties in arithmetic,

3. To assess how Dyslexics' arithmetical ability relates to
their performance on other tasks,

HYPOTHﬁSES

1. DBased on the anecdotal evidence presented by Miles (1974),

the data collected in Studies 1 and 2 of the present thesis
and the a priori assumptions made about the similarities
between language and arithmetic, the following hypothesis
was formulated: there will be a greater number of Dyslexics
found to exhibit computational difficulties, than will be

the case in the Control population,
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Ul _Tntcoduction
Studies 1 and 2 (Chaptera 7 and 8) of this thesis and other anecdotal

evidence (Miles, 1974) have indicated that there are dyslexics who

have difficulties with school mathematics, However, nothing was

known about the numbers of children who might fall into this category.
Kosc (1974) and Weinstein (1978) both reported that 6% of their samples
of schoolchildren evidenced a specific difficulty in arithmetic, which
was independent of intellectual potential and literacy attainments,
They refer to these pupils as dyscalculic, It was of interest to
ascertain if similar proportions of dyslexics would evidence arith-

metical problems, therefore the following investigation was undertaken,

As part of a larger research programme, the British Abilities Scales
(BAS) were administered (see Thomson, Hicks, Joffe & Wilsher, 1980 for

results).

0f particular interest, in the present study, is the Basic Arithmetic
Scale of the BAS, which takes the form of an untimed, written arith-
metic test, designed to evaluate performance in calculation., Examples
of the four operations (addition, subtraction, multiplication and
division) are presented, graded by difficulty; the easiest, single-
digit sums are given first, followed by more complex, multi-digit

calculations,

Using Raw Scores and the Ability Ratings, provided in the BAS Manual,
Arithmetic Ages can be computed, Although the ceiling age for this
subtest is 14 years 5 months, it was administered to all subjects to
allow for older subjects, who may not have been achieving at their
expected level, This was particularly relevant for the Dyslexics,

some of whom were expected to have difficulty with this test,
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Subjects

Dyslexic Groups

Fifty-one children between the ages of 8 and 17 years were invited to
take part in a research project. The subjects had been previously
diagnosed as dyslexic at the Language Development Unit (for criteria
see Chapter 4 Section 5 ), University of Aston and were randomly

selected from the available data files,

Subjects were all of average intelligence or above, as measured on
the Wechsler Intelligence Scale for Children (WISC~R), or the Ravens

Matrices (1958) and the Stanford-Binet Vocabulary Scale (1937).

Subjects were divided into age groups as specified in the BAS Manual,
Group 1 -  Ages ranging from 8 years to 10 years 11 months,
Group 2 - 11 years to 13 years 1l months,

Group 3 = 14 years to 16 years 11 months,

Control Groups

The Control Groups, matched for age and intelligence level (average
or above), were randomly selected from schools within the Birmingham
area, None of these children had any reading and/br spelling

difficulties (based on teachers' reports),



186

9,2 Results
A difference of 18 months between chronological age (GA) and arithmetic
age (Arith Age) was adopted as the measure of severe retardation or
excellence respectively (Thomson, 1977). Table 1 lists the proportions
of subjects within each of these categories,
Additional data for each group can be found in Appendix 5A-H,
It caﬁ be seen that Dyslexic subjects yield Arith Ages which are dis-
crepant from CA's by 19 months or more, more frequently than same-
aged Control children., The proportion of Dyslexics failing at this
level increases with increasing age., In Group 1, the sample percentage
difference is 19%, in Group 2, 42% and in Group 3, 4l1%, In the Control
group, the number of subjects yielding negatively discrepant Arith
Ages, relative to the CAs, tends to decrease in the older groups.
Conversely, the Arith Ages, in excess of CA by 19 months or more,
increase for the Control groups as they get older, 1In Group 1 only
6% more Controls are excelling in Arithmetic, In Group 2 the margin
increases to 64%, In Group 3, all those with an Arithmetic score more

than 19 months above CA exceeded the norms of the test,

Table 2 provides a detailed breakdown of the discrepancy between CA
and Arith Age and the number of subjects who fell within 6 month
categories below or above CA.

A score was designated "average" if an individual's arithmetical and
chronological ages coincided ( Yule, 1973), though it was realised

that this could be an underestimate.

Overall 60% of the total Dyslexic sample yielded arithmetic ages
lower than their chronological ages, compared with 19% of the Control
population, 40% of the Dyslexics and 81% of the Controls scored at

the average level or above.
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Analysis by age group revealed the following:=-

Dyslexic Group 1 (N = 16)

62,5% of this group scored below their chronological ages for arithmetic,
26% were between 18 months and 2 years retarded,

195 were more than 2 years retarded.

31.,25% yielded an arithmetic age within 12 months of their chrono-
logical ages,

37.5% of the subjects yielded scores above their chronological age.

6.25% were advanced by 14 months,

12,5% scored over 4 years in excess of chronological ages,

Control Group 1 (N = 16)

A control sample matched against Dyslexic Group 1 yielded the following
results:=—

37.5% scored below their chronological ages on the arithmetic subtest,
0f these 12,5% were within 12 months of their chronological ages.
18,75% were retarded by 13~18 months and 6.25% by more than 30 months.,
Overall 50% of the Control subjects scored at, or within a year of
chronological age.

25% excelled in arithmetic by 18 months or more,

In supmary, 62,5% of the Dyslexics in this age group scored below that
which would be expected given their chronological age, compared with
37.5% of the Controls. The proportions are reversed for average and

above average scores; 37,5% of the Dyslexics fell into this category

and 62,5% of the Controls,
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Dyslexic Group 2 (N = 18)

78% scored below the level expected, using chronological age as

a guide,

50% were more than 18 months retarded,

28% had an arithmetic age within a year of their chronological ages,

11% were 18 months or more advanced of their chronological ages,

Control Group 2 (N = 16)

18,75% of subjects obtained an arithmetic age score between 19 and 24
months -below their chronological ages,

6.25% scored at a level commensurate with chronological age.

75% of this group exceeded the norms of the test, ie. they all scored
above an arithmetic age of 14 yrs, 5 months, ie. 81% were average or

above,

In summary, in Age Group 2, 78% of the Dyslexics and 19% of the
Controls yielded below average arithmetic scores, given their CA,
22% of the Dyslexics and 81% of the Controls scored at average level

or above,



191

Dyslexic Group 3 (N = 17)

All but two subjects were older than the age limit specified for
this Ability Scale., Nevertheless, it was administered in order to
ascertain if there were subjects in this group who were retarded in
arithmetic,
59% scored above the norms for the test,
k1% yielded low scores: 6% were retarded by 14 months,

6% by between 25 and 30 months

29% by more than 30 months,

Control Group 3 (N = 16)

All subjects in this group exceeded the arithmetic ceiling age of

14 years 5 months,

So it can be seen that 100% of the Controls and 59% of the Dyslexics
scored above the norms of this test. No Controls were retarded:

however, 41% of the Dyslexics scored below the average level,
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Analysis of Variance (AOV) - Ability Scores

Using Rasch scaling, the BAS scores may be interpreted in, what is
thought to be by the Test Constructors, a sample-free, norm~free_way

of using ability scores,

Ability scores are measures of an individual's ahilities, independent
of any sample characteristics, like age or sex, The Authors say that
this alternative method of interpreting scores should be used

cautiously,

The mean ability scores of the Dyslexic and Control Groups are listed

in Table 3 and plotted on Figure 1,

Table 4 presents a summary of the AOV findings between these scores,
which were computed using the PET Commodore System and the AOV pro-
gramme available in the Department of Educational Enquiry at the
University of Aston in Birmingham, These indicate that all groups
show increased ability with increasing age (p¢(.001). There is also
a trend towards an interaction effect, at the 5% level, indicating
that as Dyslexics get older, their performances tend to become in-—

creasingly poor, relative to same-aged Controls,

IExpected Arithmetic Ages based on Other Ability Scores

The BAS Manual also provides for the calculation of an expected ability
score and age equivalent in one subscale, based on the observed score
in another, Table 5 lists some of these findings for the Dyslexics

in oge groups 1 and 2 using group mean scores, Group 3 was omitted
because ages were above the norms for the test, Full BAS profiles

were not available for the Control Groups,
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TABLE 5: Observed and Expected Arithmetic Ages

Dyslexics 1 Dyslexics 2

Observed Ages Yot 7. m.
C.A, 9.98 12,4
R.A. 7.9 8.4
C.A. 8,10 iO.?
Ixpected Arith Ape based on:

Formal'Operational Thinking 10.5 11,11
Block Design Power 9,11 13,4
Recall of Digits 9.8 11,5
Word Reading 8.6 10.1

Using the ability scores on Formal Operational Thinking (thought to

involve conceptualising ability), the Dyslexics in Groups 1 and 2
respectively would have been expected to yield mean Arith Ages of
10,5 years and 11,11 years. This represents a difference of 19
months and 16 months respectively between observed and expected

arithmetic ages.

Block Design Power is assumed to be a measure of spatial ability.

Using this subscale the differences between the expected and observed
Arith Ages are 13 months and 33 months respectively.
Given the Formal Operational Thinking and the Block Design Power

scores the Dyslexics appear to be underachieving in Arithmetic,
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Recall of Digits

The discrepancy between expected and observed scores, using the Recall
of Digits ability score is 10 months for both Groups,
Recall of digits is an area of weakness for Dyslexics, yet they

appear to do even less well in Arithmetic,

Word Reading

Using Word Reading scores as a guide, Dyslexics in Groups 1 and 2
yield slightly better observed Arith Ages than might be expected
from their reading performance, Their observed ages are superior

by 4 months and 6 months for Groups 1 and 2 respectively,
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3,3 Discussion
The sample chosen was talen to be representative of dyslexic children,
as it was randomly selected from amongst 800 diagnosed dyslexics and,
as such, the finding that 61% of them are retarded in arithmetic, to

some extent, compared with 19% of the Control samples, is noteworthy,

If one takes 18 months as an arbitrary cut-off point suggested by
Thomson (1977) and assumes that this amount of retardation (or more)
represents a serious deficit, one finds a larger proportion of
Dyslexics than Controls in this category, Thus the hypothesis

stated at the beginning of this section, must be accepted,

Comparison of Dyslexic Group 1 and the matched Controls reveals that
a larger proportion of the Dyslexics are retarded by 18 months or
more than the Controls (44% as opposed to 25%) and the number of
severely retarded individuals is higher in the former group, as can

be seen from Table 2,

The difference in numbers, between those who did well (18 months or
more above their chronological age), in the two groups, is less
marked ~ 19% of the Dyslexics and nearly 25% of the Controls. One
Dyslexic subject was extremely slow though, She took nearly three
times as long as any of the other children to achieve a good score,
thus doubt must be cast on her inclusion in this group, Although
the test was untimed, it seems reasonable to take excessive time taken
into account, The Writer feels that evaluation of ability in tests
of this type should include both accuracy factors and a maximum time
allowance, If this subject were eliminated from the high attainment
group, the margin between Dyslexics and Controls, in this category,

would increase,
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Approximately 15% of the two younger Dyslexic groups excelled in the
Basic Arithmetic Test. They seemed to enjoy "playing" with numbers,

and when asked, said that mathematics was their favourite subject,

The skill exhibited by these children and the strategies they employed
to work out answers, seemed to indicate a flexibility of approach, not
seen in the rest of the Dyslexic sample, (A fuller exploration of

these aspects will be undertaken in Chapter 11),

The proportion of those who obtain an arithmetic age 18 months or

more below chronological age in the two older age groups, is much
greater in the Dyslexic groups relative to their matched controls;

in Group 2, 50% of the Dyslexics, as opposed to 19% of the Controls
and 35% of the Dyslexics compared with none of the Controls,'for
Group 3. The AQV results indicate that as dyslexics get older they
tend to achieve increasingly lower scores relative to similarly aged
controls. All but 25% of the subjects in Control Group 2, scored
above the age norms of the test, ie. 14 years 5 months although all

of them were younger than this. Only one person in this group yielded

an arithmetic age commensurate with his chronological age.

Since it seems unlikely that all of these subjects were excelling at
arithmetic, it may be that the age referenced norms, for children
without particular difficulties with mechanical computation, could

be a little low, Ilowever, they do seem useful in identifying children
who may be dyscalculic, or have general diffioulties with this aspect

of mathematics,

The findings that the total Control Group 3 sample scored above the

age norms for the test is not surprising, given that the ceiling
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score is supposed to be commensurate with an arithmetic age of 14 years
5 months, (Also, most of the subjects in this group are destined for CSE
0 or A level mathematics groups). However, the BAS Dasic Arithmetic
Test did prove useful in identifying 42% of subjects, older than

14 years 5 months who are severely retarded in arithmetic,

Thorndike et al.(19B)and Wrigley's (1958) view, that a generéul intelli-
gence factor "g" is an important aspect of the ability to succeed in

school mathematics, is still current today, It seems that a certain

basal level of intellectual potential is necessary for the mastery of
the variety of prerequisite skills. This finding was borne out for a
normal junior school sample (p<£.001), Iowever, the correlation for

a matched dyslexic group was only significant at the 5% level (see

Study 1).

The present findings that a large proportion of the dyslexics tested
have numeracy difficulties, coupled with the fact that the "g" loading,
on school mathematics, is smaller in the dyslexic population (see
Study 1) suggests that, in the same way as the relationship between
intelligence and reading is not upheld for dyslexics (Newton, 197ka;
Thomson, 1977; Yule & Rutter, 1973) the same may apply to arithmetic,
Arithmetical ability appears to be independent of neasured intellectual

potential in these children,

If this is the case, the implication is that there are some dyslexics,
who, despite adequate (average or above) intellectual potential, seem
to have a specific difficulty with the manipulation and computation
of numbers, The influence of the "g" (general intelligence) factor,
in these dyslexics, does not appear to be as persuasive as it is in

the normal school population, Similar findings pertain to literacy
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failure in the specifically learning disabled population,

What does emerge from the study is that there are a group of
Dyslexics (43% of the samples studied) who seem to fit the criteria

for identification of dyscalculia as well.

Additionally, in the Control samples, drawn from the "normal" school
population, just over 8% appear to fit Kosc's (1974) and Weinstein's
(1978) descriptions of dyscalculics., These individuals seem to have
a specific difficulty with number and calculation, which is not
accompanied by any literacy difficulties not accounted for by low
measured intelligence or motivational factors. This was a surprise
finding, since the class teachers had reported that they were not

awvare of any dyscalculics in their forms,

Whether dyslexia and dyscalculia are independent or part of a common

syndrome of difficulty, will be discussed in Chapter 12,

The expected Arith Age based on Formal Operational thinking suggests
that the Dyslexics in Groups 1 and 2 are underfunctioning, given
their conceptualising ability, These functions appear to be separate,
and seem to be relying on different cognitive processes. Similar

findings pertain to spatial ability, as measured by Block Design Power,

The expected Arith Age based on the Recall of Digits, sugrests that
while both these abilities may be weak, the Dyslexics' performance in
Basic Arithmetic is still poorer than might be expected given their

memory for digits.
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Given their observed Reading Ages, these children were doing better
than expected in Arithmetic. It seems possible that there is some
underlying factor,common to both these skills, which is dysfunctioning
in dysfexics and leading to poor performance in both reading and
computation, Speculations about this common basis have been made

in Chapter 5.

Possible explanations for the failure of many dyslexics and the
high scoring of others on a test of arithmetical computation, will

be offered in Chapter 12,

An item analysis of errors was carried out on all scripts. Ilowever,
since the types of mistakes made in this test, closely approximate
those found in Modules 2-5 of the next study, they will not be dis-

cussed in detail in this section,

Some general comments about the test format will be made though,

since they seemed relevant to some of the errors,

The Basic Arithmetic test question and answer sheet is extremely
cramped; items are placed very close together, with little space
allowed for working next to the example., Some space is allocated for
working out, but it is not near the calculations for which it is
most needed. TIrequent errors resulted from children miscopying,
when transferring answers from the "working out" area to the approp-
riate section of the answer sheet,

Children in all groups were confused by the setting out notation in
division; in the test the format adopted is 6/96, whereas the con-

ventional presentation in Birmingham schools is 6/96 ,
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Since arithmetic is only one aspect of school mathematics, it was
decided to investigate whether similar findings to those in this
study, pertained to other areas of the curriculum as well, To this
end, Study 4 was undertaken, in which other mathematics topics were

examined,



CHAPTER 10
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10, STUDY 4 - MATIEMATICS MODULES

AIMS

1, To compare the performances of three Dyslexiec and three
matched Control Groups, on ten aspects of the school

mathematics curriculum,

2, To gather data for an extensive error analysis in Study 5.

HYPOTIIESES

1, The Dyslexic Groups' performances will be poorer than those
of the Control Groups' on the Modules involving numerical

calculations,

2, The Dyslexics' scores will be equivalent, if not superior,
to those of the Controls, in those aspects tested, which

appear to have a largely spatial component,
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10,1 Introduction

The results of Studies 2 and 3 indicated that nearly 50% of the
Dyslexics tested have particular difficulty with numerical cal-
culation, However, little was known about their performances in
other areas of the school mathematics curriculum. The present
study was undertaken to investigate some other aspects of the
syllabus, Information was also sought for a further study (Study
5), in which it was hoped to analyse children's errors system-
atically, to gain insight into their approaches to mathematical

and arithmetical material,

The Mathematics Module of the Transitional Assessment Programme
(Sumner & Bradley, 1978; NITR, 1978) were selected as being most

suitable for this purpose.

The Modules cover ten areas of the school mathematics curriculum,
which although not exhaustive, appear to include score elements of

most school mathematics syllabi.

Modules 2-~5 involve numerical calculation, On the basis of the
findings from Study 3, the first hypothesis was formulated; that
the Dyslexics would perform at a poorer level than similarly aged

Controls,

In accordance with the anecdotal evidence of Newton (1974b)and the
clusters of abilities put forward by Bannatynme (1971) which suggest
differential performance in specific areas, the second hypothesis
was formulated; that the Dyslexics would do as well, or better,
than Controls on those items which have a largely spatial component.

Although this notion had been examined in Study 1, the results had
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been inconclusive, so further investigation was considered desirable,

Method

Subjects
The same subjects who took part in Study 3 - the BAS Arithmetic Study,

agreed to participate in this inyestigation,

Tests Used and Test Procedure

As has previously been mentioned, the Maths Modules (Sumner & Bradley,
op.cit.) were selected as being most appropriate for this Study,
"Maths Modules" refers to the actual test scripts, "Mathematics
Module" is the name given to the overall study undertaken by the

Test Designers, as opposed to the "English Module",

The Maths Modules are written tests, Iach module consists of twelve
items, graded by difficulty from easiest (question 1) to hardest
(queﬂﬁon,12).This allows for the collection of systematic, qualitative
as well as quantitative data, about each child's performance, Using
this Modular system, the child is not given a global assessment in
mathematics, rather a number of assessments relating to specified

areas, within the subject.

The topics covered are as follows:-

Module 1 Numbers - deals with the translation of numbers given
in words to numerals; sequences, equivalence, positional
nature of number; odd-, square- and prime numbers and

common number-related terms, for example, "greater than",
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Modules 2~ The Four Operations - involve calculations using
addition, subtraction, multiplication and division,
respectively., Where possible, the setting out format
is varied, Though language is kept to a minimum,
words commonly associated with particular operations
are used in the latter part of the Modules, For

example, "difference" in Module 3 (suhtraction).

Module 6 Properties of the 4 Operations - tests knowledge of
reversibility in addition; equivalence of multipli-
cation and successive additions and translation of
word problems into number sentences, Little or no

working out is required,

Module 7 Knowledge of shapes, equivalence of measurement,
shape, simple construction, spatial visualisation

and angles,

Module 8 Ratio, proportion and percentages - graphical and

word problem questions,

Module 9 Money ~ simple addition and subtraction with coins,

equivalence, word problems,

Module 10 Problems — devised after Modules 1-9:application of

knowledge to simple problems,

Questions were read to children if they were unable to read the

examples themselves,
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In accordance with Enpgelhardt's (1977) sugrestion, behaviours such
as finger counting, and verbalisations while working through problems
were noted, No time limit was imposed and subjects were encouraged
to complete only as many items as they felt able, The latter two
procedures

"were employed to elicit computational performance which

was uncontaminated as much as possible by guessing or the

pressure of time,"
(Engelhardt, 1977)

The Modules were devised to assist in assessment of performance when
children are due to change from junior to secondary school, Thus it
was expected that the youngest children might find some of the items
too difficult and some of the older ones might find examples too easy,
On examining the range of items included, it was decided that there
were sufficient which Group 1 children (8 years — 10 years 11 months)
could manage. Since many of the older Dyslexics had had difficulty
with the BAS Basic Arithmetic test it was decided that many of the

seemingly easy items would be suitable.

10,2 Results
Additional data for each group can be found in Appendix SA-H.

Mean Scores

The mean scores for each module and group were calculated. These are
lis‘ted in Tables 1M(a) - 10M(a) inclusive, Figures 1 and 2 illustrate
the mean scores for the Dyslexic and Control Groups respectively for
all ten modules., Both these sets of data are presented together in
Tigure 3,

It can be seen that overall, the Dyslexic Groups' scores are poorer

than those of the Controls, although these differences are not marked
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in Group 1, except on Modules 4 and 5 (multiplication and division),
With increasing age the relative differences increase, Control

Group 3 reaches a ceiling level,

Test for Trend

Because of the marked similarity in the polygram shapes, especially
those of the Dyslexics, a Test for Trend (Kirk, 1968) was applied,
Ilowever, despite the visual appearance, no significant trend emerged,
It could be that the joining up of discrete scores, to form the

polygram, had led to a false impression of relationship,

Mann-Whitney U Tests

Using the mean scores, Mann Whitney U-Tests (Siegel, 1956) were com-
puted, Table 1 lists the differences in significance levels yielded
by this analysis (one-tailed). The lowest probability above which
differences are considered significant is the 5% level. The highest
level of significance adopted is p £ .001, Whilst it is recognised
that the choice of significance levels is arbitrary, in itself, the
fact that the Groups being compared are matched for age and intelli-
gence level, makes comparison permissible, Where sufficient variance
is talken into account, roughly equivalent differences in significance
levels seem to be indicative of same quantitative, if not qualitative,

difference between Groups.

I'rom Table 1 it can be seen that overall the Dyslexic subjects!

performances are poorer than those of the Controls,

Ixamining each age group individually, it appears that the youngest
group of Dyslexics differ from their matched Controls for 3 of the 10

modules; multiplication (Module 4) and division (Module 5) differ at
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the 5% and 1% levels of significance respectively. Questions in-
volving money (Module 9) prove to be most difficult for Dyslexic

Group 1, relative to their Controls (p <£,001),

Dyslexics in the 11 years = 13 years 11 months age range (Group 2)
score poorly relative to their matched Controls, on all aspects
tested, Similar findings pertain to Dyslexics and Controls in the

oldest age group (14 years - 16 years 11 months),

The éerformance of the subjects in Dyslexic Group 2 does not differ
significantly from the youngest Control Group for Modules 1, 2, 3, 4,
5 and 9, Quantitative differences between the latter groups (Dyslexic
2 and Control 1) are found only for Properties of the 4 Operations,
shapes, ratio and proportion and problems (Modules 6, 7, 8 and 10
respectively), Significant differences are found between the scores
of Dyslexic Groups 2 and 3 for all Modules (p < .001). Similar
results are found for Control Groups 1 and 2 and Control Groups 2 and
3 respectively, Control Group 2 does significantly better on sub-
traction (Module 3, p<,04), multiplication (Module %4, p<.007) and
division (Module 5, p<.04) than the oldest Dyslexic Group. There are
no significant differences between these two groups' scores for any

of the other Modules.

Analysis of Variance

The Analysis of Variance (AOV) (completely randomised) programme
available in the Department of liducational Enquiry, University of
Aston in Rirmingham, was utilised to see if there were significant
age and Dyslexic/Control group main effects and whether there was an
interaction between these factors. Tables IM(b) - 10M(b) inelusive

list the AOV Summary Tables for Modules 1-10,
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Significant main effects are found for age and reading ability (ie.
Dyslexics - poor reading, Controls - at least average reading) for
all modules, This indicates that for all age groups, as children

get older, their performance improves, No significant interaction

is found between age and reading ability for Modules 1, 2, 5, 6 and
9. 1In these cases, Dyslexics and Controls appear to improve at a
similar rate but at a differential level of performance, The
youngest Dyslexics yield lower mean scores than the youngest Controls
and though there is an improvement in performance, the differential

is maintained,

Significant interactions are observed for Medules 3, 4, 7, 8 and 10
(p<£.05, .05, .01, .01, .01 respectively)., This relationship appears
to indicate that in examples inveolving subtraction, multiplication,
knowledge of shape and spatial relations, ratio and proportion and
simple problem solving, the Dyslexics do significantly worse relative
to their apge-matched Controls as they get older; the differences in

attainment increase with age.

Individual Profiles

Individual profiles of Maths Modules scores were plotted for all
subjects, These can be seen in Appendix €a-. From these it can be
seen that the variation in test performance is greater in the Dyslexic
Groups than in the Controls, though this may not reach statistical

significance in all cases,
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10,3 Discussion

Overall the results tend to indicate that Dyslexics are poorer at
all the aspects of school mathematics tested, than children without
learning difficulties, As the Dyslexics get older, the rclative
differences in their school mathematics performance becomes more
marked; the gap between their attainments and those of matched
peers widens and the relative deficit grows. This is reflected,
particularly by the significant AOV findings for modules 3, 4, 7,

8 and 10,

Figure 3 shows this increasing discrepancy clearly. For all three
Dyslexic Groups, the greatest areas of difficulty appear to be those
involving calculations, with multiplication and division being
functional indicators of difficulty from at least 10 ycars of age
onvards, Attainments in addition and subtraction tend to differentiate
Dyslexics from Controls from the age of 11 years upwards., Thus the
first hypothesis is accepted; that Dyslexics do do worse on the

calculative aspects of arithmetic,

In the youngest age group (8 years — 10 years 11 months) these differ-
ences are only simmificant for multiplication (Module 4) and division
(Module 5) and examples involving money (Module 9). The findings of
the differences in Modules 4 and 5 may be accounted for by the fact
that tlhiese operations involve more complex numerical manipulative
ability and perhaps short-term memory and these factors may be weak

in Dyslexics, The significant difference in Module 9 (Money) for all
the Dyslexic Groups is relative to Controls somewhat surprisingly,
since it was assumed that calculations involving money would be

familiar and relevant and thus account for less errors.
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Low scores on this Module seem to have been caused by notation and
prlace value errors, Scripts were scored according to the Mathematics
Modules Manual, Marking criteria are striect, For example, if the
child writes £1,06p instead of £1,06, the answer is designated in
correct, Also, many children knew the answer, but put the decimal
point in the wrong place or left out a zero (£1.6/£1,06; £106,/£1.06

etc.). More details about these errors will be given inIStudy 5

In Groups 2 and 3, the Controls' performances are significantly
better.for all Modules, though in Group 2, the difference is sig-
nificant at a lower level for Modules 6, 7 and 10; tests involving
understanding of operations, spatial relations and simple problem
solving, This finding reflects a general intra group trend for the

Dyslexics:

Intra Group Trend -~ Dyslexics

Scores on addition (Module 2) are relatively high., Maximum exposure
and overlearning may have led to mastery of this skill, Although
there is a slicht decrease in attainments similar findings may apply
to subtraction, Multiplication and Division (Modules L and 5
respectively) yield the Dyslexics' poorest scores, As mentioned
previously this may be a result of the more complex manipulative
skills invoived, and increased short-term memory load. Understanding
of how to utilise the four operations (+, -, x, §) is superior to the
accuracy of application, It could be that the Dyslexics understand
the concepts behind the operations and know when to use the appropriate
one, but are unable to carry it out (the mechanical aspects of
calculation) successfully. Nevertheless the discrepancy between

their understanding and that of the Controls does increase, suggesting

that the former group are still operating at a lower level.
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Relatively high scores were yielded for all the Dyslexic Groups on
Module 7, that of Spatial Knowledge. Thus within the Dyslexiec Group
it seeﬁs that this area of the curriculum is least problematical,
Ilowever,since differences between mean scores are significant for
this Module, in Groups 2 and 3, the second hypothesis has to be
rejected, that is, little evidence was found to support Newton's
(197%) and Bannatyne's (1971) suggestions of equivalent or superior
spatial ability in Dyslexics. It must be noted though this could

be the function of the test, so that this finding (and all findings

in fact), should not be talen out of context,

Within the Dyslexic Groups' performances, the higher scores on the
Spatial Module should also be viewed cautiously, Although Figures

1 and 3 give the impression of superior performance within the Group
profile, it could be that it is just the very low scores on many of
the other Modules that is creating an artificial appearance of

superiority in Module 7.

The shape of the polygram, though not indicative of a statistical

. trend, seems to be reflecting a pattern of relative areas of strengths
and wealmesses, within the topics under investigation, which is
established in the early years of schooling and maintained in older
Dyslexies, (f course, studies of this nature, which are not longi-
tudinal, cannot male claims to the identification of developmental
trends, Ilowvever, tentative suggestions can be made on the basis of
results collected from successively older samples of children selected

on similar criteria.
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Intra—Group Performance ~ Controls

The pattern of scores in the Control Groups is also fairly uniform,
though again the Trend Analysis suggested that while scores on
particular modules may reflect trends, the overall Module profile
does not, In the Control Groups the relative difference between
scores is less marked than in the Dyslexic Groups, especially those
between Modules 2 and 3 and % and 5 respectively. Performance in
multiplication and division is more closely associated with scoring
in addition and subtraction, than is the case in the Dyslexic Group.
The Controls do not indicate the relatively high scores on Module 7,
as do the Dyslexics. Their calculations with money, though, appear

to be successful,

The flattening out effect seen in the polygram of Control Group 3,
reflects a ceiling effect, These tests were designed for assessment
at the time of trans}tion from primary to secondary school - the tests
proved too easy for most of the subjects in Control Group 3. A mean
score of 10 or more for any Module is considered as mastered well,

according to the Manual, and many subjects in this Group exceeded this

score,

Relatively low scores on Module 8 (Ratio and Proportion) for all
groups is in keeping with the findings of the Test Designers, who

suggest that this Module requires modification.
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Individual Score Profile

The mean scores for the Modules reflect Group differences. Ilowever
the plotting of profiles of Module Scores for all subjects, reveals
large individual differences, within Groups. This is especially
marked within the Dyslexic samples, Although cluster analysis on
results including this data (see Scction 5)

of this Chapter) revealed no significant results, it could be that
using larger samples, different subgroups of Dyslexics will emerge,
based on differential performance in school mathematics, Speculations
as to £hese Groups will be included in the Final Discussion of this

thesis,

10,4 Case Studies

Figures 4 and 5 illustrate a few case studies of Dyslexics and
Controls Mathematics Module profiles.

and § respectively
Figures4 — illustrate the profiles of os¢ Dyslexic and one Control
subjects in Group 1. Similar profiles are also found in Groups 2 and
3.

A. Glenda (Control 1)

WISC: Full Scale 99 Chronological Age: 9 years 1 month
Verbal 102 Reading Age: 10 years 6 months
Performance 95 Spelling Age: 10 years 1 month

Glenda's performance is marked by superior scores on the Modules
involving calculation and money relatively low scores on spatial
concepts. This contrasts strongly with the general Dyslexic profile
in which this pattern is reversed. Vithin her profile, Glenda's
problen solving scores (Module 10) and application of operations
(Module 6) are average.

Glenda is rerarded by her teachers as a higher achiever in

"mathematics", although her profile suggests to the present writer
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that she may be good at mechanical arithmetic and relatively poor
at understanding more complex mathematical concepts. This latter

view was borne out in an interview with Glenda.

B. Ilelen (Control |)

WISC: TIull Scale 121 Chronological Age: 9 years 4 months
Verbal 115 Ileading Age: 12 years 0 months
Performance 123 Spelling Age: 11 years 6 months

Ilelen's performance is indicative of all round proficiency in school
mathematics, There are relatively small discrepancies between scores,
Ilelen's high attainments may be related to her superior intelligence
level, as measured on the WISC-I,

Ilelen's profile contrasts strongly with that of Glenda whose

performance is more variable,

c. Chris (Dyslexics 1)

WISC: TIull Scale 113 Chronological Age: 9 years
Verbal 106 Reading Age: 7 years 1 month
Performance 110 Spelling Age: 7 years

Chris is almost a non-starter in calculation and knowledge of number,
Ile was able to answer questions orally, but could write very little.
Unexpectedly his mental arithmetic was better than might be expected
of a Dyslexic., Ile could identify some shapes, but was unable to

compute examples involving spatial relationships.

D. John (Dyslexics 1)

WISC: TFull Scale 107 Chronological Age: 10 years 1 month
Verbal 103 Reading Age: 7 years 9 months
Performance 111 Spelling Age: 7 years 10 months

John shows good understanding of the characteristics and properties of
number and where it is appropriate to apply arithmetical operations

(Modules 1 and 6)., His calculative ability is poor though, with
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multiplication proving very difficult. Ile seems to characterise
the Dyslexic whose conceptual knowledge is sound, but whose diffi-
culties lie in writing things down, Similar cases have been noted

by Klees (197¢6) and Fincham & Meltzer (1976).

To recapitulate, the findings in this study suvgest that, in general,
Dyslexics do significantly worse than Controls in all the aspects of
school mathematics investigated in this study, and get relatively
poorer as they get older., Calculation appears to be a major area

of wealiness for Dyslexics,

Individual differences are found between performance of children in
both groups., These are particularly widespread in the Dyslexic Groups,
The possibility of subtypes of Dyslexics has been put forward and will

be discussed in Chapter 12,

Given the range of topics covered and the relatively low scores for
Dyslexics, especially in the older age ranges, it seems that the
Mathematics Modules might usefully be maintained as a functional
means of diagnosing school mathematical difficulties, especially

amongst Dyslexics,

10,5 School Follow Up

(i) Comparisons of Performance of Schools A, B and C

Most of the children from the Control samples in Study 1 also
participated in Studies 3 and 4, In Study 1, it had been found that
School C performed better on the LJ1-Linear than the other schools,

In Study 4, performances for the ihree schools were compared again

(see Figure 6), Mann-Whitney U Tests revealed no significant differ-
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ences in attainment, From this, it seems that although there may
be a slight initial advantage in using "Fletcher Maths", by the
time the top junior classes are reached, teaching scheme advantages
appear to have averaged out, Kempa & McGough (1977) found that
there were no sixth form subjects who had followed "traditional" or

"modern" mathematics schemes,

Where applicable, the data from Studies 1, 3 and %4 were subjected
to a Cluster Analysis (Wishart's Mode Analysis - Wishart, 1969) to
ascertain whether particular test profiles were associated. No
clear clusters emerged. It seems likely that the sample was too
small for meaningful results to emerge (Coxhead, 1980 - personal
communication), It is hoped to re-run this programme when data from

additional subjects has been collected,

(ii) Arithmetic/Mathematics

The Writer was interested in whether teachers distinguish orally
between "arithmetic" and "mathematics" when discussing school
mathematical topics in the classroom, All the teachers from the
schools from which the Control children had been selected were asked
whether they make the distinction. Only three of the 15 teachers

asked, responded in the affirmative,

Teachers were then asked to rate children's performances in arith-
metic and/or mathematics on a scale of 1 to 10, Teachers from two
of the three schools involved gave only one rating - "mathematics",
These scores tended to correspond more closely with the children's
arithmetic scores (in Modules 2-5 for example), than to attainments

in Modules 1, 6, 7 and 10,
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Teachers in school B gave two ratings - one in mathematics and one
in arithmetic, Two of the 16 children received higher "mathematics"
than "arithmetic" ratings, Teachers suggested that these children
understood more about mathematical concepts than was reflected in
their written work, especially their calculation scores, Nine out
of sixteen children in this school were given higher arithmetic
ratings., One such subject, Glenda, is discussed in the previously

presented case studies,

In genéral, the Ileadteachers and Staff were keen to know the results

of the tests, Illowever, in two of the three schools, the Interviewer
felt that interest was centred specifically on test scores, rather

than on individual differences in performance. One school was (and
still is) particularly interested in utilising the information gathered
to improve assessment procedures and teaching. The Head of the
Mathematics Department has made use of the error analysis data in

devising a diagnostic teaching programme,

The Writer considered the contact with the children in schools and
in the Language Development, a rewarding experience which provided
great insight into the workings of a child's mind, and led to the
development of some interesting relationships. It is hoped that
further co-operation with the schools involved in these studies will
lead to longer term investigators, in which longitudinal data may be

gathered,



CHAPTER 11
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11, TIRROR ANALYSIS - STUDY 5

ATMS

1. To gain qualitative information about the Dyslexic and
Control Groups' performances respectively on the Mathematics

Modules,

24 To identify solution strategies which may account partially
for the large differences between the Control Groups' total

scores and those of the Dyslexic children, found in Study 4.

3. To categorise errors in a manner than may prove diagnostically

useful, particularly for Dyslexics,
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11.1:

Introduction

Having obtained quantitative data on the subjects' performances on
the Mathematics Modules, it was decided to qualitatively assess their
results, by doing an extensive error analysis., This was considered
desirable in that it was hoped that it wonld provide some clues as

to the children's methods of calculation and problem solution and
also give some indication of the areas of relative strengths and
weakness in their performances, which were not revealed by the total
scores., As Hauessermann (1958) (in Krutetskii, 1976) points out,
tests éhnw which tasks a person can or cannot do, but they disclose
little about how the person arrived at the solution. They also tell
us nothing about the reasons for failure, IError analysis seems a
viable way of getting around these difficulties, It may provide some
understanding about the steps a child is taking when carrying out
various school mathcmatical exercises; what s/he gets right or wrong;

whether mistakes are random or consistent and whether they reflect a

lack of underlying knowledge,

Information gleaned in this way could have a two-fold purpose for
psychologists and teachers, First, some insight might be gained into
the cognitive approaches adopted during specific tasks. Secondly, as
Hollander (1977) suggests, more effective remediation could be based

on specific knowledge of a pupil's relative cognitive and scholastic

strengths and weaknesses.

Although the technique of error analysis has been used for many years
(Buswell & Jiohn, 1926, for example), all of the studies encountered in
the literature seemed to limit their investigations to the computational

aspects of arithmetic. Among the aims of the present analysis was to
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extend these classifications to include other aspects of school

mathematics as well,

Roberts (1968) in studying errors, classified them according to
the pupils' methods of attads., which led to incorrect responses,
He called these "failure strategies", IHe identified four classes
of errors,

1. Vrong operation - the pupil attempts to solve a problem with

an inappropriate operation, eg, 3 - 2 = 5,

2, Obvious computational error - the pupil attempts to solve a

problem using an erroneous basic number fact, like 5 x 3 = 35,

5 Defective algorithm (process/rule for calculation) where a

solution is attempted employing other than a basic number
fact error or an inappropriate operation error: 23 + 12 + 6 = 14,

L, Random response - the pupil attempts to solve a problem in

a way showing no discernible relationship to the given problem,

The fourth response category, Random Response, poses a problem, because
it becones a catch-all for any errors that do not fit into the other
three classes, In Roberts' words:

"In many instances a response might have been classified

as random even though the student may have used a perfectly
consistent, if incorrect, strategy." (p.446)

Cox ﬁ975) includes Systematic Errors in his classification, The other
groups he distinguished are Random Errors and Careless Errors, A
gimilar system is adopted by Blankenship(19?8) though this Writer
applies it to subtraction only. Whilst this analysis is useful as an
initial tool, materiAI included in thesecategories is thought by the

. 4
present writer to be too diverse, The same is true of Robertis

classification,
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Roberts (1968) does suggest though that his error types have a number
of major sub-divisions, Engelharﬁt (1977) criticises the use of what
he sees as "broad, high inference descriptions" like "random" or
"careless" and considers the subdivisions within them worthy of
consideration as separate error types. Ile extended Robert's classi-
fication, based on results from the Stanford Diagnostic Arithmetic
Test (Beatty et al,, 1966), given to groups of 8-9 year olds and
11-12 year olds, This expansion was made to avoid the tendency to
focus exclusively on the more observable mechanical procedures of
computation. A conceptual component was included, that is, a group
of errors potentially caused by the same misunderstanding were thought

to form a separate error type,

Engelhardt's (1977) analysis of the subjects' errors led to the

identification of eight error types.

1, DBasic I'act Error — the subject's computation includes an error

in recalling a basic number fact, The subject employs a simple number
sentence that is untrue, eg. 4 + 3 = 8; 63 =7=28,
These errors are observed mostly within multi-digit and/or multi-

stage computations, 27 x (Brror: 9 x 7 = 56),
9
236

2, Defective Algorithm — a systematic but erroneous error is

executed. These errors cannot be described as random because the

steps are explicable and responses to similar computational tasks are

predictable,
123 x Explanation: 2 x 3 =6
42 L x2=28
186 1x1=1
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3. Grouping Irror - computation is characterised by a lack of

attention to the positional nature of our number system, Errors
of this type are especially obvious in computational tasks that
require regrouping (carrying).

For example: 57 + Columns added separately, (no carrying).

93

1410

Also included are other computational situations not requiring
"regrouping" nevertheless suggestive of grouping errors,

L 23 r 1 - the place value of "2" has been ignored,

3/610
Sometimes errors which at first appear to be the result of a defective
algorithm, could be inferred to be grouping errors, Ior example, a

commonly found multi-digit multiplication error is: 13 x
14

0*{’-'\.31
luuuzm

L, Inappropriate Inversion — a critical aspect of the solution pro-

cedure is reversed, Computations classified as inappropriate in-
versions display reversals of steps in algorithms which often appeared
to promote faster responses,

TFor example: 43 - minuend
~ 19 - subtrahend
36

The subject reverses the units in the minuend and subtrahend, thus
omitting the "borrowing" step, and deriving a quick response., Another
example of this type of error is in a computation involving carrying,
in which the place values of the partial sums are reversed.

For example: 23 %

7
2
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B Incorrect Operation - the pupil performs an operation other

than the appropriate one,

Examples:

»
AN
1
f—t
[~ &
o
1
ro
i
co

il
b
=

6. Incomplete Alrorithm - the subject initiates the appropriate

operational procedure, but aborts it, or omits critical steps,

Te Zero Lrrors - the subject computes problems containing zeros

in ways sugpesting difficulty with the concept of zero,

8, Identity Lrrors - the subject computes problems containing zero

and one in a way sugresting confusion of operation identities,

Pupils who made mistakes included in Error Types 7 and 8, appeared to
have inadequate concepts of zero and/or one, or to have confused the

roles of 0 and 1, in the various operations,

The Basic Fact and Incorrect Operation error types correspond directly
to Noberts' (1968) Obvious Computation Error and Wrong Operation

failure strategies respectively.

Engelhardt (1977) points out the inference of error types (ie. con-
ceptual/procedural approaches to incorrect responses) from the subjects!
written performance, is a limiting factor, in his own study. The
present study sought to rectify this shortcoming by interviewing all
subjects and questioning them about their responses on various items,
Using this opportunity to investigate a given error further, it was
hoped to greatly reduce the possibility of misjudging the origin of

the said mistake, Ingelhardt also limited his attention to approaches
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to computation which yielded incorrect responses only, It was of

interest in this study to investigate how competent subjects arrived
at answers, It was also recognised that erroneous approaches some-
times yield correct rcsponses, If this was suspected, subjects were

questioned further,

Engelhardt (1977) intentionally denied (excluded) careless errors,
The present study included a category of this type, when it became

apparent that a number of errors seemed to fit this description,

Method

Subjects

The same subjects included in Study 4 comprised the sample for the

present investigation,

Procedure

Bach subject's scripts, comprising 120'items, were individually
analysed and commonalities sought amongst the errors made,

The Investigator supported Engelhardt's (1977) contentiong it was
decided that realistic error descriptors were more important than
statistical neatness, Therefore it was accepted that examples might
be classified as containing more than one error type,

Consequently, if one item contained two obvious and different errors,

both were recorded in the appropriate categories.

As well as subjecting their scripts to in-depth perusal all children
were individually interviewed. In this way, the Tester was able to

ask the child directly how a particular answer was derived, instead
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of having to rely solely on their written performances, This was
particularly relevant when it seemed that an individual had employed

an interesting or unusual strategy to achieve a solution,

Additionally, the Interviewer was aware that, especially in the case
of Dyslexics, the inability to produce the correct answer need not
necessarily be indicative of a lack of understanding of the underlying

processes,
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11,2 DResults

From the item analyses and the interviews, fourteen different
categories of errors were identified, JYtems were classified in
Error Categories 1-12 inclusive if they appeared to be systematic
and/or casily identifiable as meeting the criteria for inclusion

in that "Error Type". Unsystematic errors, for which there was no
obvious reason or precedent in the child's scripts, were designated
as "Random", 1If no attempt at a solution had been made and the

subject had been alerted to the example, a "Refusal" was registered.

i I Classification of Errors

From the error analysis, fourteen main classes or types of errors were
identified, These included mistakes pertaining to the following:-
Properties/Characteristics of Number; Ileversals, Sequencing and
Direction; Miscalculation; Carrying/Regrouping of Numbers;Arith-
metical (perations; Positional Nature of Number/Place Value;
Terminology/Misinterpretation of Question; Notation; Setting Out;
Reliance on Visual Cues/Spatial Visualisation; General Lack of
Knowledge/Bizarre; Abandoned; Random Errors; Refusals.

Illustrative examples used below are taken from the Maths Modules

(Sumner & Bradley, 1978).

Error Type 1 — Properties and Characteristics of Number

A. Lquivalence

(i) Many subjects were not aware that different represent-
ations of numbers and facts could yield equivalent
answers, [For example, that 8 tens are equivalent to
80; or that if 8 x 20 = 160

then 9 x 20 = 160 + 20
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(ii) Other instances of equivalence errors related to the
Commutative and Associative lLaws,
Example (from Maths Module 6)
Tom added 53 and 88,
Pat added 88 and 53.
If they both added correctly, then:
(a) Tom's answer is larger than Pat's,
(b) Pat's answer is larger than Tom's,
(c) Tom's answer is the same as Pat's,
Tick the right answer,

The most frequently given incorrect answer was (b),

Bn Identitz

Here, the identity properties of 0 and 1 were not known, Subjects
lacked knowledge of the following facts:=
Nx1=N

Nx0=20

C. Number Systems

Children were unable to select examples of the following number
systems: odd numbers, even numbers, whole numbers, square numbers,
prime numbers, etc, TFor example (from Maths Module 1):

Three of the following are odd numbers., Draw a ring

round each of the odd numbers: 30 14 27 41 5
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Error Type 2 — Reversals, Sequencing, Directions

A, Reversals

Reversals were identified in answers where the correct digits were
present, but in the incorrect order,

For example: 23 + 39 = 26,

If on quest%oning the child responded that the answer was "sixty-two",

the answer was marked as correct, but noted as a reversal,

B. Sequencing

Mistakes were included in this sub-section if the respondent was
unable to fill the place-holder with the appropriate number in a
sequence,

Example (taken from Maths Module 1):

Which number is next in sequence?
107, 108, 109,

Fill in the missing numbers in this series:
o84 275 266 ? 248 239

As Mary counted she just wrote down the last figure in each number
...9’ 1-02, al.ﬁ' .O.8’ ll.l

She could be counting forward in (a) twos
(b) threes
(¢) fours

(d) fives

Tick the right answer,

C. Direction

Here, pupils were unable to solve simple graphically presented
problems because they could not identify the four main compass
points: North, South, Fast and West., This applied, too, to

examples where an indication of North was given,
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Error Type 3 - Miscaleculation

A, General
Most mistakes in this category resulted from the use of an erroneous
number fact, often as a result of a lack of knowledge of tables.
Example: 7 x 8 =64

5x7=25
The same computation, yielding two different answers was sometimes

used in one calculation,

56

For example, one child used 7 x 8

and 6 x 8 = 56

Il

in the same sum,

B. Identity Errors

(1)  Zero
Mistakes in this group were indicative of a lack of
knowledge that any number muitiplied by zero is zero,
Many subjects who made this mistake in a written cal=-
culation, were found to be cognisant of this identity
factor when asked orally.

(1) one
A similar lack of appreciation that multiplication and
division by one yields the original figure, despite

contrary indications when questioned,

C, Missing by One

Answers in this category were incorrect by one integer, usually through
inappropriate inclusion,
For example: In adding 4 + 3, the child includes 4 in the sum,

and gets an answer 6, Similarly, in subtraction,

8 - 2 yields an answer of 7,
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Error Type 4 — Carrying/Reprouping

The most frequently made errors in arithmetic occurred when the
subject was required to "carry" numbers, Carrying is also known

as regrouping or renaming of numbers,

Ilere, in accordance with our decimally (ten) based number system,
the child is required to regroup numbers in order to carry out an
algorithm (computational procedure). The common terminology for
this is carrying (for addition and multiplication) and paying back

(for subtraction and division),

There were a number of sub-divisions in this category:-

(a) Torgetting to carry/pay baclk

The child regroups the units but forgets to carry out the requisite

next step, that of carrying or paying back,

TFor example: 12 53
+19 =16
21 7

(b) Carrying but not including the regrouped number

The subject computes and marks down the number to be carried, but
fails to include it in the column total.

For example: 29
+59

75

=

and a similar occurrence in subtraction sums:
1

1
\A
(Ve 2]

el
\v]
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(¢) Carrying Inappropriate Number

Here the individual carries one ten or one hundred instead of the
calculated number,

For example:

BE
ond L 00 i ]
0o ~J

The child has remembered to carry, but instead of carrying 50 (5 tens)

s/he has only carried one ten,

(d) Confusion of number to be carried

Also common is the confusion of the number to be carried.
TFor example: L2
X9
441
8
llere the multiplication is correct, but the tens and units are

reversed when the answer is written down, thus 8 tens are carried,

instead of 1 ten,

(e) Carrying the appropriate digit, but ascribing to it the
incorrect value

50r7
TFor example: 8/416

Ilere, the child has carried "1", but ascribed to it its unitary value
instead of "tens" value, and has therefore added the carried "1" to

the 6 making 7, rather than the correct sum of 16,



Error Type 5 - Qperations

Mistakes in this category relate to the inappropriate application of
the algorithms associated with the arithmetical operations of addition,

subtraction, multiplication and division.,

(a) Mixed operations

The child starts by executing the appropriate algorithm, but changes

to another operation half-way through the calculation,

Tor example: 236 357
x5 - 89
380 5768

In the multiplication example, the units and tens columns are correctly
computed, In the hundreds column, however, the child does not multi-

ply 5 x 3, but adds the carried "100" to the 200 in the multiplicand,

In the subtraction example, the subject has added the units, omitted
to regroup the ten, then subtracted in the tens columns, Ile has

remembered to pay back, but adds, rather than subtracts, in so doing,

(b) Inappropriate Algorithm

(1) In mechanical arithmetic

llere, an inappropriate alcorithm is substituted for the
required one, though all the calculations are correct,

The most common substitution of operations is addition

for subtraction,

For example:

Ll )
(5 =]

—
r2

H'

(i1) In word problems

In this context, an operation is performed which does
not supply the appropriate solution to the problem,
For example: in the question "One person earns £10,00

per day, liow much does s/he earn in a week?", the child
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divides instead of multiplies, to get an answer,

(c) Defective algorithm

The child executes a consistent, but erroneous algorithm,

TFor example: 75 412
x15 x34
25 438

(Drrors of this type are also indicative of lack of knowledge of

place value).,

(d) Incomplete operation
Ilere the pupil fails to complete the operation,

For example: 23
x22
L60

(e) Omission of operation

This mistake is most often found in word problems, the child forgets
to execute a step necessary to the solution,
For example: Jay has 2/5 left of her salary of £10.
Fred has % of his original £12,
How much do they have altogether?
The child correctly calculates 2/5 of £10 (£4) and § of £12 (£9) but

forgets to add these subtotals together,
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Error Type 6 - Positional Nature of Numbgg/Place Value

Errors in this category are indicative of a lack of appreciation of

the nature of our decimal number system,

(a) Prosition of digits

In this sub-grouping were included errors which suggested that the

subject did not fully understand that, depending on its relative place

in a number, a digit can represent a different quantity,

TFor example: 3 in 321 represents three hundred, whereas 3 in 439
represents thirty,

Conversely, when asked to translate a number given in words into

digits, place value errors were also common,

For example: VUhen asked to write down five hundred and sixty four

in numbers, subjects gave answers including 500604, 50064 and 5064,

Noughts were included inappropriately.

(b) Inappropriate omission of zero

In other examples, zero was omitted inappropriately, thus changing

the number value,

For example: 3 /609
Other children gave the answer 2 3 (2 space 3) indicating that they
realised that the answer is not equivalént to 23, however, they

fail to insert the nought, in the tens column,

(¢) Decimal Points

In this category many subjects did not know what to do with a decimal
point; they did not know what it meant, nor could they place it
correctly,

Some erroneous strategies used to cope with this were:-
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(1) Omission of decimal point

Ilere the decimal point was omitted. So, when asked to
add:-= 2,6 35 2 743 2,31

the result was: 26

35
2

743
+231
1037 \

The addition was often correct, but the place value of

the numbers had been ignored.

(1i) 1Inclusion of the decimal point without regard for its
position in relation to other numbers

Using the above-mentioned example, mistakes in this

grouping took the following form:

or 10,37

Sometimes, two decimal places were given inappropriately
in answers to computations where no decimal points had

originally been included,

(iii) Inappropriate placement of the decimal point

llere, especially in sums involving multiplication and
division, the relevant change in the placement of the

decimal point was not appreciated,

72

For example: J3/3.1

.72 was given as the answer, instead of 7.2

no
.
b W=

|

[l
.
[0 2]

(instead of .48)

|
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Error Type 7 -~ Terminology/Misinterpretation of Question

Mistakes were classed in this category if they seemed to result from
failure to understand the terminology used in the text. This often

resulted in the misinterpretation of the question,

Even terms that appear frequently in exercises, allied to certain
operations caused difficulty, TFor example,~having done 8 addition
sums, at least 50% of the subjects were unable to find the "total"
of 2 numbers. There appeared to be no association between "adding"

and "total",

In subtraction, many children were not familiar with the terms

"difference", "reduction" and "minus".

Related to the lack of knowledge of terminology was the failure to

recognise clues in simple word problems,

In the following example, many children failed to identify subtraction
as the appropriate operation for the solution:
Ian has 9 sweets, Mary has 4 sweets less than Ian,

Ilow many sweets does Mary have?

Similarly, division was not always used in the next example in an
exercise containing only division sums,
If Ired, Al and Jim have 33 marbles altogether and each has an equal

share, how many does Jim have?

The proceduresnecessary for the solution of these, and more complex

problems were not recognised,



259

Error Type 8 - Notation

A large proportion of the mistakes made in problems involving money,
fractions, ratio and proportion were indicative of a lack of knowledge
of the conventional notation associated with these aspects of school

mathematics, Drrors of this nature were included in this category.

For example, the correct answer of £1.06% was given orally by a number

of children, whose written attempts included £1063p, £1.06%p, £1.6%

and lpdg/l.

Error Type 9 - Setting Qut

Setting out of problems proved particularly difficult for Dyslexics,

Some common areas of weakness are listed below,

(a) Horizontal to Vertical Placement

Where numbers were presented horizontally and ease of calculation
could be facilitated by the vertical listing of these numbers, errors
were frequent., When rewriting them in a vertical form, children often
did not place them in their correct place value columns (as described

in Brror Type 6 - Positional Nature of Number/?lace Value,)

A similar lack of adherence to appropriate columns was found in the
addition of subtotals in long multiplication, Often the actual
multiplication process had been carried out correctly, but confusion
was caused by inaccurate listing of subtotals,

For example: 236
x 142
23600
9 44 0O
4L 7 2

968702
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(b) Miscopying
Miscopying of facts often occurred when working out had been done

separately and the answer was being transferred to the appropriate

place on the answer sheet,

(¢) 1Inclusion of an Inappropriate Number

Errors in this group resulted from the inappropriate inclusion of

a number from another sum or the previous part of the calculation,

Irror Type 10 — Reliance on Visual Cues/Spatial Visualisation

In this class children seemed to be relying exclusively on the

"visible" aspects of the problem, to reach a solution,

(a) In Calculation

Subjects making this type of error rely on the visual cues (the
numbers listed), rather than employing the appropriate algorithm,

in order to complete a computation, or else fail to deduce the
correct answer because it is not immediately visible, A common
form of this, in subtraction, is to subtract the smallest number
from the biggest, regardless of whether it is part of the subtrahend

or minuend.

For example: 8 4 3
-1 6 7
7 2 4

|



(b) In word problems

For example: Mr, White has £100 in the Bank, Ile receives interest

at a rate of 5% a year, After one year he has £105

in the Bank,

Mr. Gray has £300 in the Bank, Ile receives interest

at a rate of 8% a year.

Ilow much money will he have in the Banl after one year?

(Taken from Maths Module 9).
The most common incorrect answer to this question is £308, It seems
that the subjects look at the example and see that the interest
accrue& is equal to the rate of interest, Without regard for the
fact that Mr. Gray's capital is £300 (not £100), thﬁ subjects simply
added £8, rather than employing the algorithm related to percentages,
and simple interest. Both the numbers 300 and 8 are visible, and the

subjects rely on these for their solutions,

(¢) 1In geometrical problems

Failure to arrive at the correct solution in this subsection is the
result of the appropriate number not being immediately visible. In-
stead of working out the requirement by deduction, the child relies
on the numbers listed in the text,
For example: In a question involving equivalence, pupils were

asked to find the length of *, in the diagram, if

the large rectangle is an enlargement of the small

one (so it is the same shape)

(Taken from Maths Module 7)



The incorrect answer most frequently given is 5 cm., The subjects
usually think that since in the smaller rectangle, one side is

1 cm, shorter than the other, the same must apply to the larger
one, Thus they subtract 1 ecm, from the length of the larger figure
(6 em,) and come up with the answer of 5 cm, Also the sides of the

smaller diagram add up to 5, which gives them reinforcement for their

answer,

In question 4, Maths Module 10, subjects also rely largely on visual
cues when asked to find the shortest route between railways stations,
Althourh the distances between stations are marked, many children ig-
nore the mileages given and maintain that the longest route is shortest
because it is direct and looks shorter than the more devious route,

which, on calculation, turns out to be shorter by one mile,

Error Type 11 - General Lack of Knowledge/Bizarre

Ttems were classified in this section if attempted responses were
deemed to be due to a general lack of lknowledge of how to satisfy

the requirements of the question, Categorisation of this type was
usually made after the child had been questioned as to the strategy
which had been employed in the solution, Answers were often bizarre
and bore no relation to the guestion asked. The child was often
unable to provide an explanation for the answer yielded. Sometimes
the subject was able to supply a description of the attempted solution
and was confident that it was correct, but the interviewer felt that

the point of the question had been missed,



Error Type 12 - Abandoned

Included in this category were responses which had been abandoned,

(a) Abandoned
In this subgroup, answers were included if the subject had initiated
a response, but had then been unable (usunlly through lack of know-

ledge) to complete the problem,

(b) Abandoned as complete

Some answers had been abandoned half-way through, usually in a multi-
stage problem, where the final part of the solution had been omitted.
If questioning revealed that the subject did know how to continue
but had failed to do so because of a lapse in concentration or a
distraction, the item was included in this category,
For example: (Taken from Maths Module 9)

You can buy a fridge in two ways:

(i) Cash £74.00

or

(ii) Hire Purchase £18,50 deposit and 24

monthly payments of £2.65.

Tlow much more does it cost to buy it on Ilire Purchase

than for Cash?
Here subjects worked out the swn paid by llire Purchase but failed to
carry out the final step; to find the difference between Cash and

Hire Purchase payments,
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Error Type 13 - Random Lrrors

A mistake was designated as random if. that particular error only
appeared once or twice in the individual's scripts and seemed to
have been a careless oversight, rather than the result of a

systematic fault,

Error Type 14 — Refusals

Responses were included in this category if no attempt at a solution
had been made. Refusals usually reflected a lack of knowledge on the
part of the subjects; they had no idea of how to approach particular

problems und/or what was required for their solution,

See Appendix 6 for mis-spellings of correctly identified shapes

from Module 3,
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II, Occurrence of Brror Types over Modules

Table 1 indicates the modules in which each type of error occurred,
* is used to denote occurrences of more than 10 errors per module,

(*¥) is used where less than 10 errors per module were scored.

Taking each Lrror Type individually, it is found that:-

T, Mistales pertaining to the properties and characteristics of
number occur in Modules 6, 8 and 9 particularly, with a small
number in Modules 1, 5 and 10 respectively.

Lrror scores are highest in Module 6 (notably from Question

5 onwards) with Dyslexic Group 3 making more than three times
the number of errors of this nature than Control Group 3.

In this Module the number of Lrror Type 1 mistakes made by
Dyslexics increases over age, whilst those of the Controls

decrease, _

2, QReversal, Sequence and Direction errors are found predominantly
in Modules 1 and 7, and to a lesser degree in Modules %, 5, 8
and 10,
The Dyslexics make many more reversal errors than the Controls
(67 as opposed to 40 in Module 1, questions 3, 9 and 125,
Dyslexic Group 2 produced one subject who consistently reversed
nunbers,
All groups except Controls 3, had particular diffi;ulty with

Module 7, question 7, which involved compass directions.



*parmooo a[npom J3d SJOLII ()] UTY} E6I[ YITym UL 530uvysuT SudsALdax (4 u
*paxanooo onpom Jad SI04I2 () UBY} IJI0W YITUM UT §30uusUl sjuasaldal

A2

* * * * * * * * * * sresngynl  "HL
* * * * (%) * * # * * SI0LI[ mopu®y ‘¢
» * * (#) * * * » pauopueqy "gl’
B B * * * * () | (%) ] (+) * axxezy]/afpataoul Jo yO¥ [wIdudy |
* * woTjUsI[Unsij [Bl3vdg/san) [unsi) uo adueI(A[ 'Ol
fu i («) * * * * np-Juryzsg G
* * ucij¥loN °g
- ® ’ (*) % (%) » uotysang Jo uorjeiasdisjuisty/ado[outuaal ‘L
(+) - « » * - * auyu) VT [/Ioqum Ju daniuy [RUOTIISOL ‘O
* ()| () B * * * (#) * suoTyRaady ¢
- - #* * * - Juifaaey 'w
* < - " * ® » * * (#) UUTIUIND [EIE Y *C
(=) (=) » (#) | (=) * uotpoaay ‘asuanbag ‘squsiaad] ‘g
(«) * + * (#) (») Jarumy; Jo soIsidetovawy)/satiLados) [
ot 6 3 L 0 ¢ ] € G L STJdAL douus
SHATNAO0 K

SATIAGUM iLIAD s3AL Hodi@ A0 (INIGLIO0 T IIVL




3.

5e

263

Miscalculations were scattered throughout the Modules, the
highest concentrations being- found in Modules 3, %4, 5 and

the items involving computation in Modules 9 and 10. Through-
out the Dyslexics made more errors, especially in age group 3.
Most mistakes occurred from question 5 onwards and increased

in number as the items became more complex,

The pattern of "carrying/regrouping errors" is similar to that
found with Brror Type 3. In this case Modules 3 and 4 produced
relatively large preponderances of this type of error especially

in Dyslexiecs 3. Most errors occurred after question 4,

Most "Operation" errors are found in Modules 4, 6 and 10,
thourh they are scattered throughout Modules 1, 2, 3, 5, 8
and 9 as well,

More than half of these mistakes are found in the easier test

items (questions 1-4), where many instances of mixed operations

-~

occur,

Positional Nature of Number and Place Value errors in Modules
1-5 inclusive, and Module 9, with six instances in Module 10,
Most mistakes occurred after question 6 in Modules 2-5; those
involving computation. Modules 2 and 5 produced the largest
number of errors in Dyslexics 3, relative to Controls 3 (24 as
opposed to 0), with Dyslexic Group 3's performance being
equivalent to that of the younger Dyslexics and younger Controls.

Module 9, question 6 caused particular difficulty for the three

Dyslexic groups.

Irrors relating to Terminology and Misinterpretation of the
question were found mostly in Modules 1, 3, 8, 9, 10 with some

scattered items in Modules 2, 7.
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Questions 5, 6 and 8 in Module 1, in which the term "sreater"
was used caused particular difficulty for Dyslexics 1, 2 and 3
and Controls 1 and 2, More Dyslexics misinterpreted questions
in Modules 9 and 10 than did the Controls - 91 errors made by
Dyslexics, as opposed to 72 made by Controls, The youngest
Control Group made more errors in this category than did the

same aged Dyslexics; 42 as opposed to 16,

Notation errors occurred in Modules 9 and 10, particularly in
questions 6-12 inclusive. All these errors pertained to the
cﬁnventionnlly adopted reprecsentation for ratio, proportion
and money, The oldest Control Group made slightly more errors

than did the Dyslexic Group 3.

While a few errors arising from inaccurate setting were found
in Module 6, most of these type of errors occurred in Modules
2, 3, &, 5, 9 and 10, in examples in which rewiring of the
question ina different format was required, The oldest
Dyslexic Group made three times as many errors than the oldest
Controls, especially in the more difficult questions 8-12

inclusive,

Inaccuracy of spatial visualisation resulted in a large number
of errors in all groups in Module 7 and about half that number
of mistakes in Module 10, DMost of the difficulties arose in

the items included in questions 4-12,

General lack of knowledge and bizarre responses were evident
in Modules 1, 4, 5, 6, 7, 8, 9 and 10, with a few instances

in Modules 2 and 3.

In peneral, the Dyslexic Groups' errors are widely scattered

throughout the Modules and questions., The Control Groups tend
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13.

14,

265

to make more responses of this type as the items become more
complex,

For example, in the easiest range (questions 1-4) the Dyslexics
made 63 errors, compared with the Controls' total of 42,

Both Controls 1 and Dyslexics 1 had particular difficulty in
answering questions in Modules 1, 5, 6 and 8, All groups
lacked the knowledge to answer questions 4-12 of Module 6,

to a largé extent, Similar findings pertain to all aspects

of Module 8).

Bésides Modules 1 and 6, items were abandoned in all modules.,
The number of questions left unfinished increased as the
material became more complex, Module 4 (multiplication)
yielded the highest number of errors in this category for

all groups,

Nandom EFrrors occurred in all Modules, in all groups, although
tliey were a particular feature of Dyslexic Group 3's performance,
making three times as many errors as the Controls, especially

in Modules 2-5, The Dyslexic Groups made more random errors

on the easier items of all the Modules., The Control Groups!

randon errors tended to involve more difficult items,

Refusals were also represented in all Modules with the Dyslexic
Groups' average being extremely high, relative to the Contrels,
The number of refusals increases with the increasing difficulty
of the items, for all groupé. llowever, Dyslexics 1 and 2 refuse
to attenpt more examples in the easier stages of the Modules
than Controls 1 and 2, In questions 1l-4 inclusive the number

of refusals by Dyslexics relative to age-matched controls was

o4 to 55, 42 to 6 and 7, O respectively. On Module 8, the
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Dyslexic 2's refusal total was 83 compared with Control 2's
16, Similar discrepancies were found for all groups over

most modules,
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11 ,4:
. Distribution of Error Types by Group

The frequency of each error type over the Dyslexic and Control Groups

was tallied,.

Table 2 gives the relative occurrence of each error type as a per-
centage of the total errors in each age range, The number in
brackets is the absolute number of errors made. The Total represents
the combined number of errors made for all the Dyslexic and Control

Groups, respectively, taken together,

Each Error Type will be presented individually, (see Figures 1-14).
Ilowever, there are some general features that are of note.

v
In 12 out of 14 categories the same pattern of frequency of errors
is established; as the Dyslexics get older, their relative share of
each of the error types gets larger; that is, they make relatively
more errors, The Controls, on the other hand, make less errors as

they get older. This applies to all the error types except Notation

(Error 8) and Setting Out (Error 9).

In Error Types 1, 3, 4, 5, 6, 10, 12 and 13, the youngest Controls
account for the larger share of the percentage of errors in Group 1.
In the second age group, however, the dyslexics are making more
mistakes in all but three categories: Random Irrors and Abandoned,
where the Controls' proportion is still larger, and Setting Out

where scores are equivalent,

In Group 3, the Controls are making far less errors than the Dyslexics
save for Notation (Error 8), The average difference in errors made in

Group 3 is 50%, in favour of the Controls,
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11,5 Discussion

In this error analysis, fourteen categories of errors were identified,
However, it must be stressed again that these categories are not
‘necessarily mutually exclusive, nor are they exhaustive, They

merely represent an attempt to classify findings into accurate,

rather than statistically neat groups, in a way that reflects the

demands of the problem and the individual's responses to it,

The error analysis was carried out using the data gathered in
Study 4; however the Error types identified do cover all the
areas of wealness in school mathematical performance observed in
Studies 1, 2 and 3 as well, The occurrence of most of the Error
Types in most Modules seems to suggest that lack of understanding
may be general in nature, affecting a number of different areas in

the curriculum rather than specific to a particular topic,

All error types were found in both Dyslexic and Control Groups, In
relation to dyscalculia Weinstein (1978) maintains that if difficulty
in calculation were related to a Specific Deficit, it would be expected
that errors would be different from those found in other populations,
Ilowever, given the relatively limited scope of the topics examined in
these studies, it seems likely that there are only a limited number

of possible errors that could be made., This point will be pursued
further in the discussion, Each error type will be examined

individually and related to dyslexia where appropriate,
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ET1 — Properties/Characteristics of Number

Errors included in this category generally reflected a lack of
appreciation of the properties of number and characteristics of the
number system, They were differentiated from "General Lack of
Knowledge" by the fact.that the child thought s/he knew the answer.
Error Type (ET1) mistakes were found in the Modules which require
understanding rather than rote calculative skills, To take recog-
nition of equivalence as an example, this arguably invelves the
understanding of symbolic representation and order. In the example,
"What number is the same as 8 tens?", the child has to realise that
this is equivalent to 80, and distinguish it from among 8, 800, 8000.
This number/symbol association may be similar to the sound/symbol
relationship that Dyslexics find difficult to master (Newton, 1974a,
see Chapter 4 ), Understanding of order may be required in items like

if 8 x 20 = 160 then

9 x 20 = 160 + 20 where an apmeciation of successive addition is

required, This is another area of weakness for Dyslexics,
Lack of knowledge of number systems could be due to a lack of verbal
facility (Critchley, 1953), so the child may not be able to describe

or identify whole numbers, odd and even numbers, etc,

ET2 - Reversals, Sequence and Direction are well established areas

of weakness for Dyslexics (eg. Miles, 1974; Cohn, 1971) and may
affect Dyslexics' general performance in school mathematics. This
is one of the categories in which the Dyslexics made more errors from

Group 1 onwards.

Naming of compass points, included in this category, seems to involve

verbal labelling, in the same way, for example, as seems to be the
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case with left/right differentiation, so poor scores for Dyslexics

would be unsurprising,

Reversals, however, yielded fewer errors than might have been expected,
given their often mentioned appearance in the Dyslexic child's work
(Newton, 1975; Miles, 1974; Thomson, 1977, etc.). In this study
only four children reversed numbers consistently and two of these
individuals were in the Control Group, As Iicks (1980b)suggests
reversals may have different aetiologies in different populations,
This was borne out in Study 1 where Control children were found to
reverse digits, A general'finding of all the studies from this thesis
are that reversals are less common than might be expected, given their
prominence in discussions of dyslexia, Even so Wahl (1972) stresses
the importance of making children aware of when answers are incorrect
as distinet from reversed, This Writer suggests that, in Dyslexics,
lack of feedback of this nature (by merely marking answers correct

or incorrect) may result in a child not understanding why the answer
is wrong and may result in a negative attitude to mathematics in

general,

ET3 - Miscalculation

Miscalculation errors were mainly the result of incorrect number
facts (eg. 7 x 5 = 25). Many of these related to faulty knowledge
of tables._“Miles'(197&) sugsgests that dyslexics have difficulty
memorising tables and lose their places frequently, when reciting
them, This finding was substantiated in this study and Studies 2
and 3, Short-term memory might also have been a factor mediating
against Dyaléxics, and leading to a number of miscalculation errors,

resulting in inaccurate answers, A frequent mistake was the in-

clusion of the addendajfor example, in the sum 4 + 5, the child might
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say 4, 5, 6, 7, 8, The answer is eight, Ilg & Ames (1951) suggest
that "missing by one" in calculation is part of a developmental
stage of mastery of arithmetic, through which most children pass,

In Dyslexics, however, errors of this type tend to persist.

ET4 ~ Carrying Errors

Carrying errors are less frequent in the youngest Dyslexic Group

than in Control Group 1, This may be because less examples are
attempted or because at this level, the requirements of the question
are within their range of ability, In Group 2, Dyslexics and Controls
meke similar numbers of errﬁrs, In the oldest age-group the Dyslexics
are making 36% more errors of this type. Cox (1975) suggests that
difficulties of this type which relate to the regrouping of digits
may be a result of the consequent re-naming that is necessary, The
child has to remember that "19" changes to "9 carry one 10" in a
calculation, Dyslexics have been found to be poor at verbal labelling
(eg. Hicks, 1980a),so this may account for their poor performance,
Cohn (1971) found that in dyscalculic populations "carrying" errors

account for a large number of inaccuracies,

ET5 - Operations

Mixing of operations may relate to short term memory deficits, The
child begins by executing the appropriate operation but forgets some
way through., In word-problems, the choice of an inappropriate
operation to complete the calculation may be indicative of the in-
ability to abstract the correct elements from the problem, This
difficulty has been noted by Shepherd (1981) in dyslexic

children,
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"Confusion of operation" errors relates to Kosc's (1974) category

of "operational dyscalculia", and is also one of the categories

noted by Engelhardt (op.cit), who states a truism when saying that

the feature which distinguishes competent from incompetent performance
in arithmetic, is the ability to execute the correct operation, He
goes on to say that thesé errors occur because subjects do not
understand the different procedures; they are not meaningful to

them,

ET6 - Positional Nature of Number

There are a number of elements in the positional nature of the number
system that might prove difficult for Dyslexics; first, the exactness
of numeral and decimal point positions and secondly, the symbol/event
correspondence, DBoth of these aspects have been discussed in Chapter 5.
It is therefore not surprising that Dyslexics make many more errors

in this category than do the Controls,

Weinstein (1978) and Cohn (1971) mention similar errors associated
with dyscalculics' performance in arithmetic, It seems that they too

have difficulty with the precise order and sequencing involved.

Kosc (197%) mentions "graphical dyscalculia" (the inability to record
dictated numbers, given in words, into numerals), Dyslexics found this

a particularly difficult task, as did the youngest Control Group,
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ET7 ~ Terminolqu/Misintepp;etation of Question

Failure to read or identify appropriate terminology appears to be a
marked weakness in Dyslexics, The discrepancy between Dyslexics and
Control scores, especially in Groups 2 and jpsuggest that the Controls
identify operation specific terminology whereas the Dyslexics do not.
0f course, much of the poor scoring in the Dyslexic Group may be

accounted for by their poor reading ability,

Misinterpretation of questions could also be a result of the lack of
ability to abstract the essential nature of the problem, This may be
the result of the inability to identify "indicator" words to denote
specific operations, like "win", "gain", "get" to denote additionm,
etc, Glenn (1979) suggests that this "language of mathematics" is

gpecialised and has to be taught specifically,

IET8 - Notation Errors

Notation errors were most prevalent in Module 8 (Ratio and Proportion)
where specific conventions are invoked to represent relationships, The
finding that Control Group 3 made the largest number of errors in this
category is explicable by the fact that they were the group most likely
to attempt these examples, Their high error score reflects a higher
number of unsuccessful attempts than were made in the other groups,

simply because more examples were attempted,

For the most part, notation errors were separated from mistakes in the
placing of the decimal point, if it was clear in the former case that

the subject knew the answer but could not represent it properly. Tor

example, if the child wrote lpbf%-but knew that this meant "one

pound and six and a half pence",
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ET9 - Setting Out

Setting out errors were usually noted in long multiplication where
children had failed to maintain the correct place value column, even
though the subtotal column was correct, These errors were made by
both groups, though more were made by Dyslexic Group 3, Again, this
is partly a reflection of the fact that more individuals in this
group attempted such examples, Ilowever, where they did, they still

made proportionally more errors than did their matched Controls,

Kosc (1974) and Cohn (1971) mention a similar category of difficulties
in their studies of dyscalculics, Critchley (1953) reports that in
acquired dyscalculia, individuals who make this type of mistake have

constructional and spatial difficulties,

In the present study, it was not apparent whether setiing-out mistakes
were due to spatial difficulties as such, They seemed to be more
closely related to untidy working and a lack of appreciation of place
value, It did not appear that the children could not list numbers

one under the other, but rather that they did not,

ET10 - Reliance on Visual Cues/Spatial Visualisation

Errors in this category may relate to Bruner & Kenney's (1965) finding
concerning the distractibility factor of iconic images, These authors
found that the visible features of a problem often retarded children's
performances, until they were able to transcend these by symbolic
mediation, It seems likely that errors of this type are explicable

in these terms, For example, where children had to calculate the
length of the fourth side of a rectangle, the fact that they could

see the labels on the other three sides may have "fixated" them on
these measurements and prevented them from applying the appropriate

algorith (the abstract, symbolic aspect which transcends the visible
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image) which would have led to the correct solution,

Weinstein (1978) and Bullock & Gelman ( {477 found that in con-
servation experiments, questioning after apparatus had been removgd,
often revealed that subjects who did not appear to conserve volume,
length, etc. could do so, but were "confused" when the concrete

material could be seen,

ET1l - General Lack of Knowledgg/hizarre

Mistakes of this type appeared to have stemmed from some half-baked
notion about a topic, which seemed to have developed along erroneous
lines, Often subjects appeared to know what they were doing, ie,
actions were systematic, but it did not seem appropriate to any
aspect of the question asked, that the Tester could identify.

This category appears to resemble Roberts! (1968) "Random Response"

class,

IT12 - Abandoned

Examples which were left uncompleted, even though execution of the
appropriate procedures had been correct until that point, may have
related to a lapse in working memory, In Baddeley & Hitch's terms
(1974) the Executive Function may have "switched-off" too soon. The
relative number of errors in the Dyslexics and the Controls is roughly
equivalent, indicating that this type of mistake is not a particular

feature of Dyslexics, but of 'schoolchildren in general,

"Abandoned" in general, indicated that the child had had an initial
thought about what to do but could not go further after an initial

step,
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ET13 - Random Errors

In Control Groups 1 and 2, these usually meant that children had

made a careless mistake that only appeared once (or at least in-
frequently) in their scripts, 1In Dyslexic Group 3, these mistakes
were found in many calculations, though not in systematic fashion

and distinet from "Miscalculations",

ET14 —~ Refusals

As can be seen from the figures given in Table 2, this category in-
cluded large numbers of responses in Age Group 1, This was largely
a result of many of the items being too difficult, The Reader will
recall that the Mathematics Modules are designed for transition
between primary and secondary school; thus it was expected that
these children would be unfamiliar with some of the items, None-
theless, 20% more items were refused by the Dyslexics in this age
range; the proportion of refusals increases dramatically for
Dyslexics and Controls in Groups 2 and 3. This seems to indicate
that the relative discrepancies in the other error categories may be
an underestimate; if the Dyslexics had attempted more, it seems
likely on the basis of the other findings, that they might have got

even more wrong,
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11,6:

Regrouping of Categories according to known deficits in Dyslexics!
Performances

The use of fourteen categories of errors may be feasible in research,
but could prove somewhat cumbersome for diagnostic purposes. It
seems that there are a number of Error Types which result from
similar deficiencies in cognitive processing, though perhaps in
varying degrees, If this is so, it may be reasonable to regroup in

categories:

Error Types 3-6 inclusive appear to have a number of common features;

all of.them relate to number and calculation,

Ordering and Sequencing

As has been discussed in Chapter ST, the efficient use of number

systems appears to rely on the recognition of the precise order and
sequencing of numerals and their positioning in multi-digit numbers
to represent different quantities. As such, errors related to these

aspects, appear to reflect a deficiency in the ability to order and

sequence numbers accurately, This lack of fluent sequencing ability

is also a well-documented feature of dyslexics' literacy performances
(eg. Newton,.1974a; Thomson, 1977) and appears to be specifically
related to verbal and symbolic material (HUIMGS & McKeever, 1979).

As will be discussed below poor sequencing ability seems to relate

to the failure to utilise a verbal labelling stratégy to aid retention

of material,

Verbal Labelling

Verbal Labelling or acoustic encoding is a process whereby labels
are given to to-be-remembered-events, and this seems to aid recall,

and seens especially important for successful reproduction of sequences,
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In Dyslexics, however, there appears to be an insufficient utilisation
of this strategy, which leads to poor performance on verbal and
symbolic tasks (Vellutino, 1979; Wilsher & Joffe, 1980; Hicks,

1980a; FEllis & Miles, 1981),

Poor acoustic encoding may account for Dyslexics' poor performance
in calculations involving the carrying of numbers., Cox (1975) has
suggested that carrying or regrouping of numbers involves renaming;
ten units become one ten, for example. Since Dyslexics' verbal
labelling ability is poor, this may account for the large number of
computational errors they make, Deficiencies in verbal labelling

strategy could conceivably affect all aspects of school mathematics.

Short Term (S-T) Memory

Poor S-T memory may be partly associated with inefficient labelling
strategies (eg. Hicks, 1980a), S-T memory is required in calculations,
In addition, for example, a number of steps have to be executed
successfully (Findlay, 1979; Groen & Parkman, 1972); the child has

to identify the larger addend and remember it, while adding another
number (this also involves sequencing of course). Once this has been
done, regrouping may be necessary, All these steps require both
working memory capacity and the use of executive controls (Baddeley

& Hitch, 1974). ) Dyslexics are known to have a limited short-—
term memory, which may have an all pervasive influence on the school

mathematical performance.

Webster (1980) found a difference in S-T memory between children
(11-12 years) who were proficient in mathematics, slightly math dis-
abled and severely math disabled, related to the modality of input and

output stimulus, In all cases visual input was more effective than



aural presentation of digits and consonant strings. The proficient
subjects responded significantly better than the other groups and
indicated a preference for graphical/symbolic output, The severely
math-disabled group responded best (though more poorly than the other
groups) when the response was given verbally. The slightly math-

disabled group showed no preference,

The findings presented above are consistent with those of IHicks (1980%)
for dyslexics, who did as well as other disabled groups when stimulus
and response were verbal, The Dyslexics in this study, though, had
particular difficulty giving an auditory response to a verbal stimulus,

This was said to be due to poor acoustic encoding ability.

These results can by no means be regarded as conclusive; however, it
seems that modality preference, as it relates to ease of verbal
labelling may be an interesting area of exploration in mathematics,
Since these findings were not published until after the data collection
for this thesis had been completed, this aspect of functioning was not

explored, in the studies reported.

Poor sequencing ability, inadequate verbal labelling and short-term
memory deficits appear to account for many of the mistakes associated
with Error Types 3-6 inclusive, They also seem to be involved in
aspects of Error Types 11 and part of 12 (abandoned, as complete)

and arguably influence all aspects of cognitive functioning in

Dyslexics,
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Symbol/Event Correspondence may also relate to verbal labelling

ability, The child has to appropriately name and number a symbol
associated with a number. Also involved is the ability to remember
alternative representations for the same event, For example, the

child has to learn that "8 tens" are equivalent to "80" or that

is equivalent to "3" and "three",

Weakness in the.appreciation of symbol/évent correspondence and other
specific notions, like that associated with ratios would be part of
all Error Types involving symbolic representation, This seems to be
related to sound/symbol correspondence which is deficient in Dyslexics

(eg. Newton et al,, 1979),

Poor Reading Ability

Poor reading ability might cut across most Error Types as most
questions relating to school mathematics involve some written material,

Obviously though, word problems would be most affected,

Examining these general features, it seems that although mistakes are
identifiable in relation to a specific topic area as represented by
the Error Types, there are a number of superordinate features which
cut across these categorisations and seem to be useful in relating
specific mistakes in mathematics and calculation to difficulties in

literacy functions in Dyslexics,

Explanations for failure, in terms of these aspects of performance
seems an adequate explanation for the failure of Dyslexics in school
mathematics, IExplanations for failure in arithmetic amongst dyscal-

culics have been offered in terms of a Development Lag Ilypothesis



(Weinstein, 1978) and will be discussed in the next chapter,

The use of a Piagetian concept model also seems inadequate in
explaining some of the Dyslexics' performances, For example, if

a child has an adequate conceptual grasp of a concept and knows

how to solve a problem, but makes mechanical errors in its solution,
can this be attributed to an incomplete concept? This does not seem
feasible, unless one separates the mechanical symbolic aspect from
the conceptual one, Perhaps the dyslexic child has not developed a
complete concept of a symbol, Although many dyslexics make errors
related to symbols, it seems more likely that these are explicable
in terms of the nature of their neurological style rather than delayed
developmental pattern,

11,7 General Tindings

Some general findings emerged which appear to be applicable to both

Dyslexics and Controls, These will be discussed below,

Representational Aspects of Mathematics

Many, in fact, most children, revealed on questioning that they did
not realise that numbers, operator symbols, graphs, etc. serve to
represent events in a short-hand form, Tor most of them, numbers
were simply numbers, and are used in calculation, When asked why we
use numbers or do mathematics, most younger children said: "'cause

it's part of school,"

Kent (1978) reports similar findings, Most of the people he tested
did not have an equivalent mental image comparable to that conveyed
in words, A significant proportion of the adult population he tested

did not see the numeral "5", the written "five", the spoken "five" and
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X x
x as being equivalent, Kent (op,cit.) maintains that a consequent
X X

lack of understanding seems inevitable,

ITutton (1977) suggests that there is often logic in children's errors,

Indeed, the idea of looking for systematic errors is based on this

premise, Ilutton (1977) gives the following example of a child's work:
42

x24

844

When questioned it appeared that child had been applying the knowledge
of "multiplying by 20", which he had been "taught" the day before,
Hutton suggests that this inappropriate generalisation of this skill
was logical for this child and that the teacher was at fault for
going too fast,before checking that the child had a thorough under-

standing of this exercise,

Another example of a child's logic was found in Module 9, question 6.
The individual is told that "Your mother sends you to the Supermarket
to buy these five things, Ilow much do they cost altogether?" The
jtems are illustrated and price-tagged. One child, Sally, gave an
answer which excluded one item, the joint of meat, When the Examiner
asked her about it, she said: "Qh, my mother wouldn't send me to the
shops for meat, she has it delivered!"

This example suggests that questions must be considered in terms of

the relevance to the child,
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Specificity of Knowledge

Wittrock (1974) hypothesises that learning with understanding is a
generative process invelving structures for storing and retrieving
information and processes for relating new information to the stored
data, This Writer says that effective instruction causes the learner
to generate a relationship between new information and previous

experience,

In at least 75% of all the children tested it seemed likely that a
system_of this nature was not in operation; knowledge was usually
context and format specific, For example, in Module 8, many children
in age group 3, said that they had "done" ratio and percentages last
year, but had forgotten it. TFor them, it seemed like they had learned
it as an independent topic which did not relate to anything else they

had learned,

11,7 General TPindings

A general finding was that although children use hundreds, tens and
units all the time, they did not realise that that meant they were
using a decimal system, It seems that teachers need to make these

facts

Another illustration of this pertained to the presentation format,

In Study 3, for example, children were confused by the setting out

of the division items / , instead of /= .

Similarly, many children who could dofwo-digit calculations vertically
presented, were unable to cope with horizontal presentations, though
Cox (1975) suggests that this may be because horizontal presentation

is conceptually more complex,
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Specificity of knowledge may relate to the teaching a child receives
and the amount of flexibility and creativity of thought encouraged.
Bruner (1960) & E1liott (1980) suggest that most schools do not
nurture these aspects. It may also relate to Bruner's (1964) iconic
stage of development in which it is believed that a child can recognise
and reproduce material but cannot produce new structures, based on a
rule, Bruner suspects that the language the child uses at this age is
insufficient as a tool for ordering., This Writer suggests that an
increaséd sophistication in language in terms of invariant symbolism

may lead to an improvement in problem solving,

Bruner & Kenney (1965) found that the development of insight into
mathematics in a group of 8 year olds (IQ 120-130) depended on the
development of abstractions and the realisation that symbolic notation
remains invariant across transformations in imagery, It could be

that in Dyslexics this development of symbolic notation is impaired,
This may account for their relatively poor performance in school

mathematics,

Bruner (1964)also suggests;

"essss it is reasonable to suppose that activation (italics)

of language labels that the child has already mastered might
improve performance as well ,,.,.,"
(lle advocates getting the child to say his/her description of some-
thing before it is dealt with symbolically), If this is equivalent
to verbal labelling, then the dyslexic child is at a disadvantage,
since as we lhave noted, Dyslexics have a verbal labelling deficit.

One of the aims of the remedial teaching and effective instruction in

general, may involve the teaching of this strategy.
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TMicks (1980a)has demonstrated that verbal labelling can be taught
in the experimental situation. It is possible that this may be

extended to general school situation,

There seems to be a need for teachers to encourage the linking of

one aspect of the school mathematics curriculum to another and
encourage flexibility of thought, so that children do apply previously
gained knowledge to new situations, It also seems that there is a need
to make explicit that mathematics can be used to describe relation-
ships fhat children come across in their everyday lives (Flener,

1978) that covers a wider field than just calculating their pocket

money.

Verbalisation

Throughout the studies in this thesis, children were encouraged to
verbalise what they were doing when working through school mathe-

matical problems,

In the youngest groups, especially in the Pilot Study and Study 1,

it seemed that children found it necessary to speak aloud when

worlking through examples, This phenomenon might be explicable in

terms of Vygotsky (1962) and Bruner (1964)'s respective theories

about thoucht and language. These Researchers maintain that language
not only provides a means for representing experience, but also
transforming it, DBruner (op;cit.) suggests that children need

language to facilitate the reworking of realities they have encountered,
and that seven-year olds, for example, need to talk to themselves,
Children of this age though (in the present studies) could not explain

their working out to the Interviewer even though they appeared to know
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what they were doing, This supports Corso's (1977) finding that
young children have intuitive perceptions which they found difficult
to justify. In the school samples especially, many of the younger
subjects assumed they had "got it wrong" if they were questioned,
Lunzer et al, (1976o)found:

"It was sometimes the case that insistence on verbal

elaboration of intuitive solutions of problems began
to destroy the child's confidence,"

Erlwanger (1975) found that children did not consider mathematics to

be a subject one could talk about - it was something you did.

Estimation

The Writer believes that ability to estimate is the best indicator of
competence, A general finding was that most children did not estimate,
When multiplying two numbers, say, 20 x 6, children seemed not to
notice that an erroneous answer like 1200 is much too large given the
original numbers or that when subtracting 102 = 81 and getting an

answer of 181, the difference was bigger than the subtrahend,

Similarly, computations like 4 x 6 = 24 and 6 x 6 = 24, were used in
the same example, without any recognition of lack of equivalence,
Miles (1978) suggests that inconsistencies of this type characterise

the Dyslexics! written work,

During visits to schools, the Writer observed that teachers did not
appear to encourage estimation, It seems that there is a need for

more emphasis on this area,
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11,8 Conglusion

So it seems that poor teaching may contribute to poor performance

in mathematics, Illowever, taking that into account, it appears that
Error Analysis as a technique is a variable method for prediction of
specific areas of difficulty. It may be useful to psychologists and
teachers in providing an idea of the procedure a child is adopting in
problem solutions C;hrany, 1977) so that areas of strength and weak-
ness in cognitive performance and scholastic attainments can be gauged.
Insight may be gained into the reasons behind a particular child's
mistak;. This may help to avoid the teaching of new skills before
subsequent ones have been mastered, and also may be useful in the
planning of appropriate remedial programmes, based on a knowledge of

what skills a child has mastered, or not, as the case may be,



CHAPTER 12
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12, GENERAL FINDINGS, SUMMARY, CONCLUSIONS AND IMPLICATIONS

The studies presented in this thesis were undertaken as preliminary
investigations into the nature and extent of school mathematical

difficulties in dyslexics,

The Pilot Study was undertaken to investigate the tasks presented in
junior mathematics curricula, how they were taught and what teaching
schemes, if any, were used, Attempts were made to assess the conditions
under which success and failure took place. Schools were chosen from

which Control Samples were selected.

On the basis of material collected during the Pilot Study, two tests

LJl-Linear and LJ2-Spatial were devised,

Study 1, in which the Wechsler Intellegence Scale for Children -
Revised Edition (Wechsler, 197%) and various other tests were
administered to Dyslexics and Controls, provided information on the
interaction between measured intelligence and measured mathematical
ability. TIor the Control Groups, the traditional finding of Wrigley
(1958) and others was confirmed; the correlation between intelligence
and performance on mathematics tests was borne out (p<&,001). However,
this relationship was not found in the dyslexic sample; no significant
correlations were found between any of the mathematics tests and Full-,
Verbal- or Performance Scale scores, Wrigley's assertion that a verbal
factor is independent of mathematical ability seems unlikely, given

the high correlation between the Controls' measured intelligence

scores and school mathematical attainments., Again, no relationship

is found for the Dyslexic Group. Only.n small sample of dyslexics
were included in this study; consequently these findings must be

treated as tentative and interpreted cautiously,



304

LJ-Linear and LJ2-Spatial also provided discrepant correlations with
other factors, for Dyslexics and Controls, An analysis of variance
indicated that the Dyslexics did not differ significantly from the
Controls in terms of total score. However, there did appear to be some
differences in solution strategies adopted by the two Groups, Further

studies indicated large differences in attainments, as well,

Studies 2 and 4 were carried out in an attempt to identify more
specifically than was previously reported, the nature of the

mathematical difficulties in the Dyslexic population under investigation,

Findings revealed that in the youngest age group, Dyslexics appear to

do almost as well as the Control subjects in school mathematics,

However, the relative differences between Dyslexics and Controls

increased with age, with the Dyslexics doing significantly worse in

arithmetic, simple geometry and simple problem solving, An analysis

of errors revealed 14 recurring types of mistakes, many of which are
duslexics’

consistent with findings related tonliteracy difficulties, For example,

Miscalculations appear to be largely a function of deficient

sequencing and knowledge of arithmetical tables; Carrying errors

suggest short-term memory deficit and may involve verbal labelling.

In Study 3 it was found that 60% of Dyslexics, who were of at least
average intelligence (IQ of 90 or above) are retarded in arithmetic

to some extent. This compares with 19% of the Controls,

Also of importance was the finding that about 7% of Dyslexics excel
at arithmetic and other aspects of the school syllabus., It is

important that those children be encouraged to maximise on this area



305

of strength, as a boost to their self-esteem, This applies equally

to the Dyslexics who, on paper, appear to be severely retarded, but
who, when questioned orally, reveal that they have a satisfactory
conceptual grasp of the subject matter, This finding is consistent
with mqst of the major work in the field of dyslexia, in which children
have been found to have good comprehension skills, but poor ability to

express ideas in written form,

The data from these studies supported the general findings that
Dyslexics have poor sequencing ability, limited short term memory

and deficient name coding skills,

Visuo=-spatial skills were mentioned in Chapter 2 as an important
concomitant for success in school mathematics, Although no specific
tests were administered, results from the WISC (Study 1) and BAS sub-
test profiles (Thomson, Hicks, Joffe & Wilsher, 19%) indicated no
particular spatial difficulties amongst Dyslexics; seemingly a deficit
in this area is not responsible for poor attainments in this Group,

A finding that appeared consistently in all studies was that of a group
in the Control sample who appeared to fit the criteria mentioned by
Weinstein (1978) as designating developmental dyscalculia. The average
finding of 8% of the total sample in this category, is slightly higher
than the numbers reported by Weinstein (19?8) and Kosc (197&). Both
reported 6% of the "normal" school population, Since about 60% of the
Dyslexic population exhibit some mathematical difficulties, as opposed
to the 19% dyscalculic population, it seems unlikely that they are

aetiologically related difficulties, although they may share functional

similarities,
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Further investigation into the characteristics of dyscalculia is
needed, as is early screening in schools to identify dyscalculics (Dunlap

et al,, 1979; Lansdown, 1978; Thornton & Reunille, 1978),

Teaching

It appears that the teaching of mathematics may be an influential
factor in all populations of children, In the present study, few
teachers were found who considered the child's developmental pattern
when giving instruction, The situation does not appear io have changed
since 1932, when Hildreth asserted that

"eeseo arithmetic instruction in schools ,.... is

almost universally inappropriate to the mental

maturity of children and will only be improved

when the level of instruection is fitted to the
actual abilities of the children taught,"

Ilenty (1973) and Jones (1978) maintain that many difficulties in
arithmetic are the result of the child not being developmentally
ready to learn particular skills, This often results in rote skills
being learnt without concomitant understanding. Skemp (1971),
ﬂ:lbcd 1A ﬂoses,M‘!'t)

0llerenshaw (1977), Maslow (1977l¢ Price et al, (1977), Bruner
(1966), Elliot et al, (1979), Kane & Kane (1979), all call for a
revision of teaching methods to encourage more creativity of ihought

in school mathematics, House et al, (1977) also call for the

recognition and nurturing of different types of mathematical ability,

There is still a shortage of mathematics teachers as there was in
1977 (Kerr, 1977) and it seems that approaches to mathematics will
not change until this is remedied, This is a pity since, as Dutton
(1977) suggests, there is societal investment in good teaching of

mathematics and arithmetic,
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Attitudes

Much has been written about attitudes and motivational factors in
school mathematical performance (see Chapter 2 ). In the present
study few instances of negative attitudes to school mathematics were
found. In general, children were keen to co-operate and seemed to
enjoy the additional attention they were receiving, despite the fact

that they had to work hard during the test sessions,

In the present studies, it seems unlikely that failure in mathematical
and arithmetical topics were attributable to affective variables, Many
subjects reported liking mathematics, even though their attainments

were poor,

Control Groups 2 and 3 were asked about their attitudes to school
mathematics, Findings were in keeping with those of Bulton (1956) -
different aspects of mathematics were viewed with varying degrees of
favour,some children liked arithmetic but not word problems or

fractions (Callahan, 1971),

As was found in the APU Report (1980) many children were taking
mathematics because it was thought to be useful, rather than because

they liked it especially.

Svien & Sherlock (1979) and Klees (1976) report that dyslexics®
difficulties with school mathematics are specific to its symbolie
aspects and that conceptualising ability is unimpaired. The results

from these studies provide a more complex picture,
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There appear to be a number of subgroups of dyslexics based on

performance in school mathematics:-

I, Dyslexics who excel in all aspects of school mathematics,
including arithmetic, Some of these reported favouring
visualising modes, while others were unable to explain their
strategies, This supports Krutetskii's (1976) finding of

different types of mathematical thinkers,

2, Dyslexics who have relatively little difficulty with spatial
concepts and general conceptualising ability but appear to
be deficient in symbolic skills, especially those required

in arithmetic,

3. Dyslexics who score at about the level that might be expected
given their age and intellectual potential; that is their

school mathematics scores are "average".

L, Dyslexics who are below average in all aspects of the school

curriculum mecasured, particularly arithmetic.

5. Dyslexics who are severely retarded by 4 years or more in
school mathematics given their chronological age and measured

intellectual level,

Tentative explanations for these findings may be made drawing on the
neuropsychological literature, It is necessary to state some findings

to explain the conclusion drawn,
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The Dyslexic who is poor at all aspects of scliool mathematics

Weinstein (1978) has suggested that dyscalculics' poor performance

in arithmetic may be due to a developmental delay in the development

of hemispheric specialisation for calculation. Weinstein contends

that calculation is a left hemisphere skill, Ilowever, Geschwind (1981)
(Personal communication) and Rapin (1981) (Personal communication),
both doubt the feasibility of a Developmental Lag explanation for the
poor performance of dyslexics in symbolic skills, Geschwind suggests
that a dysfunction in the left angular gyrus region is implicated,

This area is believed to be involved in translating visual and
auditory material. Rourke (1981) and Rourke & Strang (1978) have found
that different types of arithmetical difficulties can result from dys-
funetion in the right and left hemispheres of the brain respectively,
Katz (1980) has suggested that both hemispheres may be involved in

arithmetic,

Franco & Sperry (1977) found that Buclidian geometry (the type most
taught in schools), generally regarded as a right hemisphere task, can
be dealt with equally efficiently by the left hemisphere,

Bruner (1966), Kane & Kane (1979) and Elliot et al, (1979) suggest
that teaching in schools is geared toward an analytic mode. Analytical

thinking is generally regarded as a left hemisphere function (Nebes,

1974).

All these findings taken together may account for the dyslexic who is
poor at all aspects of school mathematics., This child may be attempting
to use a.dysfunctiuning area of the brain to solve mathematical problems,

in much the same way as s/he might approach symbolic written material,
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The Dyslexic who is good at geometry and spatial tasks, but poor on
Arithmetic

This child might be using the right hemisphere for spatial tasks, but
be engaging a similar area for arithmetic that is involved in the

processing of written material,

The Dyslexic who is average at school mathematics

This child may be using some right hemisphere and left hemisphere

skills, as suggested by Rourke (1981),

The Dyslexic who excels in all aspects of school mathematics

This child may be adopting a totally right hemisphere approach to

calculation,

0f course, a left hemisphere/right hemisphere explanation seems too
simplistiec. It does not take into account the role of the frontal

lobes, or other areas of the brain,

Some of the children in this group reported that they favoured a
visualising mode - they saw numbers and problems as pictures, Others
were unable to explain their solution strategies, There seems to be
some support for Krutetskii's (1976) finding that there are different

types of mathematical thinkers,

The findings presented by Duffy et al. (1980a, 1980b) suggest that
Dyslexics differ from Controls in a number of arcas of neurological
functioning and different areas appear to be implicated in each group
for different tasks, It could be that intra-group differences will be

found which will explain why some Dyslexics do well in all aspects of
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school mathematics, while some have specific difficulties with
arithmetic and others have general difficulties, This seems like

an important area for further research.

The use of errors as behavioural measures of a subject's ability,
in conjunction with interviewing, appears to he a viable way of

assessing performance, in the absence of more direct measures.

Conclusion

The general hypothesis stated at the outset is accepted; that is,

there is a proportion of the dyslexic population that does have

specific difficulties with aspects of school mathematics, There

are many dyslexics (possibly 40%) who do not have difficulties with
school mathematics and given that none of the studies supported any
notion that failure in this subject was due to lack of schooling,
anxiety, negative attitudes, tiredness, withdrawal from the classroom
during mathematics lessons, etc.,, and given the apparent similarities
between language and arithmetic, particularly, it does not seem likely
that failure in the other 60% of the Dyslexics would be independent

of their literacy failure, Rather, whilst anxiety might contribute

in some cases, the bulk of evidence tends to support a constitutionally
based deficit manifesting itself in parallel forms in mathematics and
language, Thus it seems that there is some justification for the
inclusion of school mathematical difficulties in the defining character-
istics of dyslexia, The fact that not all dyslexics manifest these
difficulties can be accounted for in the same way as one accounts for
dyslexics who can read adequately but cannot spell; one does not expect

to see all possible diagnostic features in every individual,
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The finding that about 60% of dyslexics have difficulties in some
aspects of school mathematics indicates that these difficulties
warrant inclusion in a definition of dyslexia, Until recently,
most definitions have featured reading retardation as the primary
area of difficulty, but as Miles (1978) states, reading is an

important aspect, but not the only one to be considered,

It is suggested that a more comprehensive definition of dyslexia
might not refer to reading/spelling/arithmetic and mathematics
specifically, There seems to be some evidence to support a more
accurate definition in terms of symbolic mediatiun difficulties and

verbal labelling deficits, which cuts across subject boundaries,

Implications for further research

Because of the preliminary investipative nature of the present studies,
Dyslexic and Control Groups were treated as homogeneous entities
respectively, This broad classification of groups seemed feasible

as an initial approach to studies in a relatively new area of research,
Findings based on these groupings seem to have provided some interesting
general results, However, there now appears to be a need to examine
both populations in terms of subgroups, Not all dyslexics manifest

the same literacy difficulties and not all dyslexics appear to have
similar school mathematical difficulties, It may be that particular
literacy difficulties may be associated with differential patterns of
success or failure in mathematics, TFurther studies are planned to

investigate these groupings.

Torgeson (1975) says:
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"The greatest usefulness of research may not be in the
construction of specific remedial techniques, but in the
contribution it makes to the cataloging (sic.) and proper
description of the variety of human abilities, Once
clinicians and educators are aware of the relevant
dimensions along which abilities might vary, they can
begin to construct programs that make allowances for

the unique problems of each child with learning
difficulties,"

It is hoped that studies undertaken in this thesis have added new

data which can be utilised to this end,
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APPENDIX 1

LJ1-LINEAR

How many?

2 +h4 = 9+ 1= 3+ 4 =
0+9 = 125 + 2 = 11 + 11 =
10 + 8 = 10+ 0 = 917 + 83 =
27 + 14 = 12 + 13 = 300 + 20 =

Partition/share these sets

VN 4N

+4 =6

5 =6

3 add 2 —

2 and 0 —>
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APPENDIX 1 cont'd.

1, 2’ 3, !&’ ] )
2! !‘! 6! 8! k] ]
+h

3 9

6 10

5 6

2 T

o A

An apple costs 2p._ 1 apple 2p
An orange costs 3p 1 orange 3p
A carrot costs 1p 3 carrots 3p

How many pence altogether?

How many?
0000 —

XXXX —

Triangles IN AN AN I

Squares DDUDDD

Circles 0 0 0

Rectangles |— —— —— ——1

The number of triangles is ...c0e00

The number of circles and rectangles i8S ... 660000

The number of squares and triangles i8 .....0s0

What is the difference between the number of squares and number of circles?
Are there more or less triangles than squares ..ccecee

Which set has the least shapes ,......s

Which set has the most shapesS ....c.04
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APPENDIX 1 cont'd,

% N
X X
X X
X X
X
N X
'\Hn__mﬁ”
- e N
I counted on each time
1+(3+.z})=1+ =
8+ (5+6) = 8 + =
f, /'/
/ ._.__...3 '/
/i + /)
1 V// .
L
X XXEX
000 *

If I have 9 chocolate buttons and I eat 4 of them, how many do I have
left? escsvacanse

3J=-1 = 9-3= 0 -0 =
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APPENDIX 1 cont'd,

23 18 13 Ri——"

I counted back every time

=3

Draw arrows to show your answers

@ |
O |6

Match these sets,

How many are left over?

Count back in two's from 10, Write the numbers here:

-4=6 19 « 10 =

12 - =90

y -2=_
8 -2=__
12 -2=_
—-—--25-—.——
-2 =

Match these sets one to one:

Draw a set of the difference
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Partition these sets:

o o
oo o
00
oo
9, ) (6, ___) (3
A boy saves 4p every week,
Ilow long does it take him to save 12p? weeks,

I have one pound and I spend 50p, how much do

I have left? Pe

What number do I reach if I count back:-

5 places from 21

8 places from 12

e

11 - 2 = can be written as 2 + = 11
2 =1-= can be written as 1 + = 2
19
-9
- This means that 9 + = 19
X X X X
A E F G

Put a circle around the 4th cross

Which is the 1st cross?

H e B8 zz W

Which shape is 2nd in line?

Which shape is last?
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APPENDIX 1 cont'd,

Which of these is less than 12:

(a) Five twos (¢) Three fives
(b) Ten ones (d) Seven twos
Is 4 x 2 the same as 2 x 4? YES/NO

Is 3 x 2 the same as three twos? YFS/NO

Start at 5 and count in 3's four times, What number do you reach?

000 ()

Draw arrows to show which circles are bigger than which other ones,

Arrange these numbers from smallest to biggest:

1, 100, 12, 8, 1%, 10, 53, 4, 91

What number is 5 more that 57

What number is 4 more than 07?

b 2 3 4 5 6 7 8 9 10)

6> 5
b

A farmer has 5 fields and he has 10 cows, How many cows would he put in
every field so that they all have the same number of cows?

Put a ring round all the even numbers:

1, 2, 16, 50, 13, 12, 3, 7, 9, 8

Put a ring round all the odd numbers:

19, 3, &, 2, 1, 5, 8, 7, 11
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APPENDIX 1 cont'd.

HUNDRED SQUARE AND NUMBER LINE IIANDED OUT WITH LJ1-LINFAR

— 100

-

90

;

[ 80

. 1le I35l xlsle 72| sl 9l 10
. 19 11 {12 |13 |14 |15 |16 |17 |18 | 19| 20
- 21 [22 |23 |24 |25 |26 |27 |28 | 29| 30
— 00 31132 | 33 |3 |35 |36 | 37|38 | 39| uo
- b1 | 42 | 43 fak |45 (46 | 47|48 |49 | 50
F__ 50 51 {52 | 53 |54 |55 |56 | 57|58 |59 | 60
. 61 162 | 63 |64 |65 |66 | 67|68 |69 | 70
F 40 71 |72 {73t |75 |76 | 77178 179 | 80
: 81 |82 |83 {su |85 |86 |87 |88 |89 |90
- 91 |92 [93 lox |95 [96 {97 los |99 [100
:

F 20

?——10

E 0
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Continue the patterns:

AWAWA

1.2 12

odo

Draw a set of circles

How many sides has a triangle?

gquare?

rectangle?

hexagon?

Match the labels with the shapes

o O
Q
=3

7\\
o

IRectangle _]

i’l‘riangle

J




32

APPENDIX 2 cont'd,

Put a ring around the numbers that are correctly written:

P2 L & 9 88 5 4 3
L O 7 T g4 1© T2

Are these shapes symmetrical?

(000 N

If things are symmetrical, what do we know about their size and shape?

If I fold a piece of paper in half and stick a pin through it, then take
the pin away and unfold the paper, how many holes will there be:
holes.

If I fold the paper into 4 (quarters) how many holes will be made by the

pin?
holes,

o.O
O
/

<

7

A\

Write down all the shapes you can see in this picture, and how many of
each there are? LOOK CARLTFULLY,
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Are these pairs of lines the same length or different?
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APPENDIX 4

STUDY 2 = CLINICAL INTERVIRWS - LJ3

Subjects were asked the following questions at some time during the
session, The items were not necessarily presented in this order;
others were worked into the conversation, wherever possible. CQuestions
were nodified if they proved too difficult for the individual, No

formal answer sheet was used,

la, What is your favourite subject at school?

b, What is gpecial about it?
2, What is your favourite activity or lLobby?

3a. VWhat school subject do you like least?
b, Why?

4, What do you think about maths?
5. Say in words: 107.

6, If you joined the dots, without any lines crossing, what shape
would you get? (The subject does not actually join the dots,

unless he does not recognise the shape),
7. 20 =13 =

8, VWhat is another way of saying?

XXX X XXX
-+ =

XXX X XXX

X XXX

9. Count back from 20 in twos.
10, Count back 8 places from 12,
11, Count back 5 places from 21,

12, Complete the following sequences:-—
12351273
9, 8, 7,

15. Which is the biggest of these numbers?
1100 200 205 453 15 4561
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1%, Vhat shape is this?

- & & =
-
-
-
L]

0o o
1
[Co T\ I
i

i
ro
I

16, Write down the number two hundred and three,
17. Is 5 smaller or bigger than 10?

18. . - 23 = 45.

19a. 10 x 0 (nought) =
b. 4 x 0 (nothing) =
c. H x4 = '
d. 20 x 1 =

20, IHow many lots of ten are there in 1207

2la, What number is 5 more than 5?

b, Vhat nwiber is 4 more than 02

=
+ 14

23, Tour boys have 48p altogether, How much would each one get

if they shared it equally?

24, JIf you saved 8§ per day, how muech would you save in one week?

25, Till in the missing numbers:
23 18 13

26, 11 - 2 = . So 2 ¢ =11,

27, 19 S0 9 + = 19,
-9



28,

29.

30,
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Write down these numbers as I say them: 203
4266
5204
406

33
761

Do you do tables at school?

Which ones do you know?

25
x 63

B
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APPENDIX 5A - ADDITIONAL DATA FROM STUDIES 3 & 4.
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APPENDIX 5B — ADDITIONAL DATA FROM STUDIES 3 & 4

SCHOOL B

|_
SIClc1a 1991k (8 b | L] [ZEoalze|L8[or] [on]SI
olSTel7lciclelS|7 e Pfefrelar|er] L] [0l bl
ciElclalclel V77| reslbs| MiT7| L TR Y
gl 8le[7Lib]]or|b]T T 9 7L [0Ob] \C GIRE
aol7li1|s|7]oll |elTl¢% 31| 7182 9 “hol 1
IHs 17l Ll izl 92| Lol wibgl b7 [ 917 | 59 | ) sfoll ol |
sl clalg|&|8|s|b AR ENEN ol b
([Pl 7S] elc]| L] 9 EEINEIEI RS
vy elt7z|eEle (&9 | O %
il i2]lalolelL] =5 Ml 75 159129 | ¢! wshpl 9
ol Al lelelz{o]c]lo]9 PN BS (pL (2l | 9) BZE
Zlel sl Llale] 92918 L U ESEAEEIETR
IHclo|l7(s|c|t7 (|19 F,l el eslzola T
sl ol7 {7 L7917 KL|b wiol| 517 |9t7| 59 | wiholl ¢
ol7loln[Olrfolo|m7]! welBl 17 181 T L s
ol b| 8| Ll 9lS| 7le| T .Pﬁ&woﬁﬂuﬂﬂsﬂw .ﬁﬁ_
SATIATH SHLVA JILIWHLIYY- OISvVd Ssvd
fh AAnuS S AAniS T




333

APPENDIX 5C - ADDITIONAL DATA FROM STUDIES 3 & 4,
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APPENDIX 5D - ADDITIONAL DATA FROM STUDIES 3 & 4
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APPENDIX 5E ~ ADDITIONAL DATA FROM STUDIES 3 & 4.

CONTROL GROUP 3
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ADDITIONAL DATA FROM STUDIES 3 & 4,

DYSLEXIC GROUP 2,

APPENDIX 5G
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APPENDIX 5H - ADDITIONAL DATA FROM STUDIES 3 & 4.

DYSLEXIC GROUP 3.
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APPENDIX 6A - ADDITIONAL DATA FROM STUDY 4

SCHOOL A. — INRDIVIDUAL PROFIES — MATHS TODULES
% r2
o~
'Y
' ’}, 2 ‘
- r " _-_]:7_’_
1’1 ¥
.'l
0 ‘\ !
1.
¢ ; e b e of P
4 4 .
d
3 ) . ]
A .
Y ' + i - = S SR qd.
" L i T s
F \ . =
s y : Wi o i
= " R SR/ S .
v LT
| e L (. it
T | rr' .r' \ | . e
p ," £ * LY 1!
o : i = ;
O t r' “ , ]- A +
0 L | y _ _
5 ' N
v C N
. 'i : -
. | 4
é 3 é g- é ]'i- = s . J’ n ‘é -+ |
| Il t v . gt * .
r - ) R s
I MVoRwn

MODULES



340

APPENDIX 6B - ADDITIONAL DATA FROM STUDY 4.
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APPENDIX 6D - ADDITIONAL DATA FROM STUDY &4
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CONTROL GROUP 3. ~ iN\DiViDuslL PROFILES — MATHS  MODULES
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APPENDIX 6G - ADDITIONAL DATA FROM STUDY GROUP 4
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APPENDIX 6H - ADDITIONAL DATA FROM STUDY 4.

INDIVIDUAL PROFILES — MATHS ™MODULES

—_—

DYSLEXIC GROUP 3.

SNy Shibiy —~ < ElalebYES) DIXIIASAL

| | o e :* S0
X7 NN ( AN |
X ’Vf/’ 1/ 4&4’//{(‘.\“«? e
XY SN |
AN s \?»"x@» "
> =




347

APPENDIX 7

SPELLINGS TAKEN FROM MODULE 7

w.
GIOUP 1
el
CIRCLE TRIANGLE SQUARE OBLONG CUBE CYLINDER CONE PYRAMID
RECTANGLE or TUBE

cicel triangel saugurel regtag cqub tub com piramid
sculen tring surees retagl eilinda con primant
surcul triangul square rectancgul pirm
sueull taragull squr obllong birumid
sulleull tarangull scw oblond pirumid
circul trinagal squar oblog peamid
sokl trin sare rectangul
sik traingl squer rectangool
suril triyangul saw oghlong
scuecool triangoll si odlong
cirklel trangle scuer

sguer

aqure

sgres
GROUP 2
circule traingle squore obulong qub chide kon piramd
sikl triacl saar oplon cude cilinder coon pyramide
circl tringal scwer odlong cub cilender cnan peromed
circel triancla saqu oblonge silender con piramid
surcer triangel sgar retangel primid
curecl trangun sgear reptangl
curcel tring squer retangle x
criale triange squree drag
serkel triangl agwee
asuecl trangl squre
cylel triagel squere
curcl trainge sqare
cercul trit sqair
sucr sarir
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APPENDIX 7 cont'd,

A.cont'd,
GROUP 3
ICTRCLE TRIANGLE SQUARE OBLONG CUBE CYLINDER CONE PYRAMID
RECTANGLE or TUBE
circul trinagle squeure retangle qub tub coan primide
cicule tringel squar obong cadl cilinder pyrmid
cicel trigall squre oblonge kueb cilnder pyrimid
cerhell trinangle rectangln cilendar peramid
|sircle cinder pinmrid
lcirle cylindar prymid
cilinde piramid
piromid
pirimid
l-m.»
NORTH soutn EAST WEST
GROUP 1 Soulf Eeast Wesd
Eest
Esd
Est
Gnrour 2 Nourth Eest Wet
GROUP 3 Soth Weth
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