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CHAPTER |,

Introduction to the Research.

For several years the writer has been engaged in ths education
of children with various handicaps and has become particularly interested
in the development of spina bifida children.

Most of these children are to be found in schools ca+ering‘for
the physically handicapped. They present a relatively new educational
challenge since their long-term educational potential is as yet
unfulfitled,

Due to either infection or the effects of hydrocephalus the
mortality rate of infants born with this condition was hitherto high,
but since the late 1950s, advances in surgical techniques, increased
use of antibiotics and improved obstetric services have contributed
to a much higher survival rate. Although for several reasons the pendulum
has of late swung away from universal surgical intervention to a more
stringent selective procedure which will inevitably reduce the number
of such children entering schools in the future, there will still
be many spina bifida pupils for whom appropriate educational provision
needs to be made and teaching strategies.devised. |In the light of
their physical disability it is natural that parents and teachers
are concerned with the educational and intellectual potential of spina
bifida children. Indeed, one has sympathy with the expression of concern

voiced by the Association of Spina Bifida and Hydrocephalus (1975),

a national body specifically interested in the education of these
children, when they succintly ask (a) "Are spina bifida children -
intellectually impaired and if so in what ways?", (b}"What effects

are these children's special learning difficulties |ikely to have

along with their physical problems, on classroom performances?" and

(c) "What can teachers do to help?". I+ might be too readily assumed
that the effects of hydrocephalus, paraplegia, sensory loss, incontinence,
hospitalization and deprivation of normal early learning experiences

would combine to cause irreparable retardation. |In the current con-
troversy over whether or not to intervene surqgically, comments made

in The Times (1978) and the B.B.C. programme Tonight (1978) such as



"Many are going to be mentally retarded", "Within the spectrum of
disability the majority will have mental handicap" and "Most cases

are sufficiently handicapped both physically and mentally", combine

to create an impression that spina bifida children will, by definition,
be also mentally retarded and which in turn will determine educational
placement and programmes.

As with any -group of children caution must be exercised with respect
to generalization in answering the questions posed by the above Association,
particulariy when it is considered that the very fterm "spina bifida'
covers a wide range of medical abnormalities with differing degrees of
physical handicap and inte!lectua! development. |In ChapTer 2, therefore,
the writer has delineated the differing types of conditions which are
covered by the generic term 'spina bifida' and alsc other factors such
as its association with hydrocephalus, the incidence of the condition,
ethnic variations, hisfory of treatment, sex difference, social class
and suspected causa!l factors. A glossary of medical ferms not usually
encountered by feachers is to be found on pages 223-225.

A review of literature which deals with the intellectual and
educational development of spina bifida children is to be found in
the first part of Chapter 3.

it became clear as the reports were studied that there were
frequent conclusions drawn by researchers that spina bifida children
had specific weaknesses in number, mathematics and logical reasoning,

a viewwhith is also shared by many experienced teachers of such
pupils., In the light of this consensus it is therefore quite under-
standable if teachers assume that for various reasons spina bifida
children have a 'blind spot' for mathematics in much the same way

as some children are thought of as dyslexic. It also follows that

if a label such as "mathematical low-achievers' is applied to a

group of children, the curriculum content and time spent on the
subject are likely to be geared to the expected cutcome. The teacher
of the spina bifida child is thus faced with a dilemma; on the one
hand |imited mathematical goals, determined a priori in terms related

to this particular handicap, may by careful educational programming



be attained and also pupil-failure with its attendant side effects
reduced. On The other hand, a curriculum based on |imited mathematical
goals can inhibit achievement and the child's true potential can remain
unrealized. If, as is commonly thought, spina bifida children have

a definite inability to develop mathematical skills, then the curriculum
needs to be realistically designed with this in mind. |f, however,

the observed weakness is due to factors other than a specific deficit
caused by the neurological implications of this condition, then it

is necessary to diagnostically explore these reasons with the aim

of planning appropriate remedial measures and curricula which will

be relevant to a wide range of academic needs within the spina bifida
population. To this end, therefore, the writer considers it necessary
to investigate in depth some important and basic aspects of the number
and mathematical development of spina bifida children. One method

of investigation would be to measure the attainment of a group of

such children on one of the published standardised mathematics tests,
Alternatively an examination of the sample's development of basic
structures upon which number, mathematics and logical reasoning are
built could be initiated.

The writer suspects that the very nature of mathematical attainment
tests is such that the real question would remain unanswered. Firstly,
it is likely that the spina Bifida child would not have been fully
exposed to +he normal educational programme on which such tests are
based and so would neither demonstrate his own learning ability
nor the quality of the teaching provided. No allowance could be made
for the child's restricted school day, lack of specialist teaching and
time spent unavoidably out of school. Secondly, since the spina bifida
population required to form a sample of acceptable size is scattered
over quite a wide geographical area it is likely that The.feachersl
concerned will have differing views as to the content of their curriculum,
because the prevailing attitude to mathematical education in the normal
schools of one area will to some extent be reflected in the locality's
own school for the physically handicapped. Even within the area of
one local authority it is likerVThaf different emphases and curriculum

content will be found in adjacent scheols. For example, The School's




Council's Working Paper 61 (1979} pinpoints the concern of math-

ematical educators who come across two very different types of
schools; the one is the smail hard-core of rigidly traditional
schools and the other represented by the few progressive schools
where oo many ideas are taken up far too quickly.‘ Howson (1973)
reports the view of one group of scholars inferested in the teaching
of mathematics thus, "Mathematics is being taught to, and learned

by @ multitude of students in a bewildering variety of conditions";
to some extent this is also true in special schools. These schools

may be traditionally orientated or committed to Nuffield, Dienes

or Stern. They could even employ a mixture of all these approaches.
Other schools may feel it more appropriate to restrict the curriculum
to practical social arithmetic. Thirdly, participation in standard-
ised tests is dependent upon the child being able to read, draw or
write, the test may evén demand a combination of all three; some
handicapped children would be precluded by these criteria. Fourthly,
attainment tests are exclusively concerned with content and consequently
provide little useful information about the child's thinking and
reasoning behind the answers, Fiﬁally a rigid and possibly timed
testing situation would be unsuitable for handicapped children.

I+ is the writer's view therefore, that a study based on the
first opticon would not materially heﬁp the investigation. The second
option, wHich would explore basic number and mathematical concepts
has much to commend it, particularly since it could throw light on
any delayed or abnormal development. Such an exploré+ion-cou|d be
facilitated by reference to the contribution made by Piaget ‘o the
general problem of concept formation and particularly to the develop~
ment of number concepts. For some years the writer has been interested
in the implications for handicapped children arising out of Piaget's

main work on the subject, The Child's Conéep+ion of Number (1952} and

has made detailed studies of the development of number concepts In
pupils of varying abilities (Parfitt, 1969, 1972}.

There is considerable support for Piaget's view that the sequence
of stages through which normal children pass in the development of

these concepts is invariant. This sequence can be observed in children



of different cultures, environments and even various handicaps.
This invariance also applies to those who do not become fully
operational. |f an investigation of the stages of number develop-
ment appear to operate normally in spina bifida children it seems
reasonable to look beyond a specific intellectual malfunctioning
in this particular area to other factors which may be influencing
their number and eventual mathematical develiopment.

Despite Piaget's work having been so wel! validated, many teachers
although aware of this contribution to educational thinking, are uncertain
about the precise implications of his theories as they apply to the
handicapped.

Although there is a wealth of literature dealing with several

of Piaget's experiments outlined in The Child's Conception of Number (1952)

and subsequent teaching strategies which have been based on them, there
is a lack of detailed reviews of the whole work. Sime (1973) and
Copeland (1974) are examples of those who have reviewed some of Piaget's
experiments and have made useful suggestions to teachers on their
application. The present writer has reviewed the whole of this work

of Piaget with respect to all the basic concepts considered essential

in the development of number in Chapter 3. The bracfical situations
based upon the ideas which have arisen from the approaches made by
FPiaget and his colleagues as outlined in the above work, are dealt with
in Chapter 5.

There are basically two formats for testing number; group and
individual.- Both methods have advantages and disadvantages. Group
testing takes less time. Individual testing, on the other hand,
permits the examiner to evaluate the child's performance more carefully
and thoroughty. Plaget's technique which is essentially concerned
with the individual child, enables the researcher,-on the basis of
replies to various number situations, to evaluate the stage at which
that particular child is operating. Piagetian tests, although demanding
active, tactile involvement, do not require the child to be able to

read, write or even draw. In assessing the child's responses to the



Pjagetian situations the researcher is interested in correct and incorrect
answers and in the reasoning behind them. Of significaabe also is

the durability of the child's replies despi%e the pressure of counter-
suggestions, ’

Teachers are generally aware of the changes which have taken
place in mathematical education during the last two decades .and many
recognize Piaget's influence in this development. Those teachers
involved with the education of physically handicapped children are
vitally concerned with the ramifications of this development insofar
as their own work is concerned. This is true with respect to the
teaching of mathematics to spina bifida children, and those involved
ask many pertinent gquestions, "What is the level of mathematical
attainment which might be expected from such children?", "Is it a
misuse of valuable teaching time to concentrate upon a subject in
which these children in particular find extreme difficulty?", "Given
that I+ is socially desirable to teach this subject, what should the
curriculum content be?", are examples of such questions.

The writer considers it essential to highlight certain issues
relating to the development of number concepts which apply particularly
To children with spina bifida, with and without shunts; In
addition, to examine other factors such as perceptual, language and
reading skills which would materially affect mathematical competence.
To this end, therefore, it is proposed to investigate these problems
by studying the responses of all the spina bifida children who attend
four special schools in the counties of Derby, Leicester and Nottingham
on a battery of Piagetian number tests and certain other relevant
standardised tests.

Chapters 4 and 5 amplify the design of the experiment, test
details and the measurement technique. Chapter 6 is concerned with
a tabulated statement of the results and the statistical analyses
are described in Chapter 7.

The interpretation and discussion of results, together with a
consideration of broader questions of implications for teachers of

handicapped children, is to be found in Chapter 8. Finally, the



principal results of the study are summarised and conclusions drawn
in Chapter 9. In this same chapter directions of possible future
research are indicated.

The main contributions of the work in this thesis are summarised

in Testing the following hypotheses :-

(i) Children with differing degrees of spina bifida and
hydrocephalus pass through normail stages in the development

of number concepts as postulated by Piaget.

(ii) Spina bifida children without a shunt are significantly
more successful overall in Piagetian number tests than

those with.

(iii} There is a significant negative correlation between
operativity in the Piagetian number tests and degree

of overal! handicap as reflected by the Pultibec Scale.

(iv) Spina bifida boys are significantly more successful
educationally, particularly with respect to the

development of number concepts, than spina bifida girls.
(v) Spina bifida children have specific perceptual problems.

(vi) The well-attested progress in pre-school spina bifida
children's acquisition of vocabulary skills is not

maintained thereafter to the same extent.

(vii} The level of reading attainment of spina bifida children

overall is below normal at each age-level.



CHAPTER 2.

Medical Review.

Medical definition.

The term spina bifidae® is used to denote part of a family of
aetiologically related neural tube malformations. |+ is a congenital
defect of the spinal cord, affecting the immediate coverings of the
cord and of the backbone which encloses and protects these structures.
If the tower end of the neural tube which develops within four weeks
of concép+ion fails to ctose, a varie+y of malformations ranging from
spina bifida occulta to complete rachischisis can occur. The general
term spina bifida includes these extremes and also the various degrees
of meningocele and myelomeningocele. The main types are :-

(a) Spina bifida occulta.

Spina bifida occulta is a defect of

the posterior wall of the spinal

canal which is reiatively common.

[+ is of little importance unless

the nervous system is involved. This
defect may not be visible externally
but its site is often marked by a

pad of fat, pigmentation of the

skin or a tuft of dark hair. In
a small proportion of cases there
is weakness or atrophy of one or

both lower ltimbs. There may be

urinary incontinence if the bladder
Spina bifida Occulta is invoived but this is rare. In

many infants a small depression or
sinus is seen in the lower sacral or coccygeal region, representing a
remnant o7 the caudai end of the neural fube.- While slight depressions
are of no consequence, axtensive ones are liable to infection and

require surgical freatment.

* See glossary,pages.223-225,



(b) Spina bifida cystica.

Spina bifida cystica
denotes a more severe
condition and is
divided into two

types :-

(i) Meningocele.

A meningocele is a tumour containing meninges and cerebro-spinal
fluid but no spinal cord structures. It is covered by fatty and sub-
cutaneous tissue and skin which may be considerabl!y thinned. The spinal
cord fortunately remains in its normal position. Since no nerve Tissue
is involved in the case of spina bifida with meningocele only, theare
is no paralysis and providing the ftumour can be removed, the prognosis
is gocd. Pevehouse, (1974) nevertheless warns that in what may appear
tc be a simple meningocele there may be some neurclogical deficit

indicating that the lesion is in reality a myelomeningoceie.

S

wilidi

Meningocele Cervical meningocele



(ii) Meningomyelocele.

The second type, which takes a number of forms and terminology,
is generally grouped Yogether and can be referred to as either

meningomyelocele, myelomeningocele or myelocele. In this more common

and serious type the spinal cord itself is maldeveloped, the cord and
attached nervous tissue protruding inte a cystic swelling or open wound.
Here the imperfectly formed spinal cord reaches the surface, and
consequently is exposed Yo injury, drying out and infection. It is
rarely covered by skin. Spina bifida may occur anywhere along the

spine, although it is most common in the lumbar region. The severity

of the resulting handicaps varies with the level and extent of the
lesion., AT the best, with a very small, low sacral lesion there may

be no disability, but in the majority of cases there is a marked weakness
. - ) or complete paralysis and
deformifies of the lower
limbs, often with falipes
deformity of the feet, dis-
location of the hips, skin
insansitivity and bowel and
bladder incontinence.
Involvement of the nerve
supply tTo the hiadder re-
sults in continual urinary
incontinence and the anal
sphincter mechanism is often
affected as well. The
bladder disturbance leads to

secondary disorders of the

upper urinary tract, often
with hydronephrosis and

chronic urinary infection.

I f needed fthe myelomeningocele
iz repaired surgically as an urgent matter within the first twelve hours
of birth and thereafter, if hydrocephalus is present, ifs extent is

investigated radiologically.



c) Meninaomyelocele with Hydrocephalvus.

The high .incidence of assocliated hydrocephalus with meningomyeiocele
adds to the severity of the problem. Hydrocephalus is a condition in
which there is an excess of cerebral-spinal fluid, due to obstruction
within the brain. The build-up of fluid results in enlargement of
the head or, when the bony structure cannot extend at a sufficient
rate, causes pressure on the brain. Lorber (1971) states that 75%
of spina bifida children also suffer from hydrocephalus. |In a paper
given to the International Cerebral Palsy Society in Oxford (1973)
Laurence writes that ‘the head may be enlarged and may be frankly
hydrocephalic; tThis condition being present in 80% of such children,
even at birth. Pilling (1973) states that 85% of the children born
with myelomeningocele are also hydrocephalic., Vulliamy (1972) observes
that the hydrocephalus is sufficiently marked to require treatment
in about 80% of cases. Vulliamy goes on to say that hydrocephalus
of varying degree, due fto the Arnold-Chiari malformation in the region
of the foramen-magnum, is-seldom entirely absent even though not

sufficientiy severe to need treatment.

Bufging
Anterior
Fontanetle




Since 1958, it has become increasingly common practice where hydro-
cephalus is present or suspected and does not show early spontanecus
arrest, tTo insert a valve mechanism into the head. This valve which
is usually the Spitz-Holter or Pudenz-Heyer type, drains the excess
fluid from the lateral ventricles into a silicone pump through a
catheter into the venous system, and is ultimately reabsorbed by

the body.

The Shunt Valve.

SKULL
BF AN TISSUE
T VENTRICLE

BURR HOLE

d) Encephalocele (cranium bifidum), The Shumt Valve

for relieving excessive ventricular pressure in the brain

This is a closely related condition of children with spina bifida.

Here the defect occurs higher up the spine and involves the back of the
. . skul | where the bone is defective. There
is a protrusion and cystic swelling
often including cerebral tissue through
the defective skull bene. The most
1 common handicaps are blindness, spasticity
A _ and convuiisions with hydrocephalus
frequently occurring. Llorber (1974)
states that encephalocele accounts

Encephalocele for about one-tenth of all cases.



The diagram below shows the number of positions on the spine
where the spina bifida lesion may occur. (Nettles, 1974).
Chiidren with spina bifida thus vary considerably in the extent of
their handicaps, from those with no or minimal handicap, fo those who

are severely handicapped both physically and mentally.

Distribution of the spina bifida "fault".

Out of 100
Skull 8
Neck - 4
Chest 6
_______ iéwer
________ Chest 9
Small 69
of Back 60
_________ [ower

Back i3




l.ncidence of spina bifida.

The incidence in the British isles is most usually reported
as in the region of 3 per 1,000 births of whom 2.5 per |,000 survive,
‘Smithells (1965) and Vulliamy (1972). Laurence (1966) gives a
figure of 4 per 1,000 for the mining area of Glamorgan and estimates
the national average to be about half this number. Spain (!1970)
estimates !.5 per 1,000 for the Greater London area and Lorber (1974)
having given the figure of 2 out of every [,000 born as suffering
from this malformation, adds that about | out of every 4 is still-born
or dies scon after birth. I+ can be assumed therefore from these
reports that of 2,000 spina bifida babies who are born in Great
Britain annually, some |,500 survive. There is a consensus indicating
That since approximately half these children will survive o school
age, their numbers can be expected to approach those of cerebral palsy.
A recent estimate given to the writer of the number of spina bifida
children currently attending school in England and Wales is just below

4,000, most of whom are in special schools, (Newman, 1978).

Ethnic variations.

The ethnic differences are well documented; for example, the high
birth frequency in the United Kingdom, especially the North and West,
in North India, in Egypt, the intermediate frequency in much of Europe
and the low frequency in Mongolian-people. 11 is particularly common
in those of Celtic extraction such as the Welsh and Irish. Spina bifida
is rare in negroes and Ashkenazi Jews regardless of whether the overall
rate in the place where they reside is low or high. On the other hand,
Field and Kerr (1973) show that the rates among white Australians are
much lower than in the English, despite a largely common ancestry.
Leck (1974) states +that the incidence of spina bifida in immigrant
groups whose families originated in areas where the condition is prevalent
lies somewhere between the rate found in the original and present areas
of residence. Examples of this are the Japanese who have emigrated to
Hawaii and children of non-Welsh ancesfry who now live in Wales.

Investigators have found, according to Buchan and Morrisey (1976), that



the mortality rate of spina bifida children was two fo three times
greater on the Atlantic than the Pacific coast both in Canada and the
United States. Carter (1974) observes that when these differences
persist after migration They are not necessarily genetic. Cultural

di fference, for example that of diet, may be maintained for several
generations. However, the negro populations have a low birth frequency
of neural-tube malformations whether in West Africa, the United States,
the West Indies or in Britain via the West Indies, Leck (1972). There
are, however, also indications that an ethnic group may change its
birth frequency of neural-tube malformations after migrations, implying
an envirenmental influence. For example as Morton et al. (1967) have
demonstrated, among Japanese in Hawaii +the incidence is higher than in
Japan itself. |In lIsrael, the immigrants from lran, lraq and the Yemen
have relatively high rates but these disappear in the next generation
when the parents are born in Israel, {(Naggan |971}. The causes of

such changes are not clear. In the case of British migrants to Australia
an improvement in the general standard of living is associated with a
fall in the incidence; on the other hand with respect to migrant
Japanese in Hawaii, there is an increase in the incidence as well as

an improvement in the living standard. Carter (1974) has reported

from existing statistics the frequency of neural-tube malformations in

cities in England, Hungary, Japan and Nigeria.

City Total Births Spina bifida
Birmingham 94,476 2.5 per 1,000 births
Budapest 94,900 |.§ " " n
Hiroshima and Nagasaki 44,109 0.3 " " "
Lagos 16,720 0.2 " " "

Field (1970) summing up the puzzling variations between races and
stressing the uncertainty of this factor, poses the problem of the
differences even within a race, as for example a comparison between

the babies born in one Welsh valley with those in another.



Social Class.

Laurence et al. (1968} and Leck (1972) show fhat recent regional
studies in the U.K. indicate that there is a two-fold higher rate in
the children of men in classes 3, 4 and 5 than in | and 2. A recorded
negative correlation between anencephaly, a closely associated condition
with spina bifida and social class has been shown by Anderson and Spain
(1977), the incidence being higher among the lower social classes. Lorber
(1974) agreeing that this condition is more common among the poorest
members of the community also points to the fact that the rich and the
highly educated are not exempt from the risk. Allum (1975) seriously
questions however the connection between spina bifida and social class-
ification contending that apart from the evident cases of exceptional
hardship it is difficult Yo see any difference in the various socio-
economic classes that might affect an embryc baby, and this is true with
respect to eating, drinking and the use of pharmaceutical products.
Furthermore, Allum asserts that many spina bifida babies come from very
comfortable well-run homes where there seems to be no important material
shortage whatever the socio-economic groupings of the parents. Carter
(1969) suggests that it would be interesting to investigate whether it
is the social class in which the mother herself grew up which is the
more important factor or the one into which she married. It would
therefore appear fthat although spina bifida is relatively rare in the
chitdren of men in occupations of high socic-economic status, the

observed trends have been of variable extent.

Sex difference.

in western countries neural-tube defects affect more girls than
boys; this being particularly true of encephalocele where, according
to Lorber, the proportion is of the order of 7 to 3. Leck (1974)
reports that most recent studies with respect to spina bifida show a

ratio of girls to boys of 0 fo 8.

Parental age.

Allum (1975) and Anderson and Spain (1977) report that the incidence

of spina bifida is highest in babies born 1o the youngest and the



oldest group of mothers. Leck also emphasizes that there is a widely
observed tendency for rates of spina bifida to rise toward the end
of reproductive life. Allum asserts that the age of the father seems

to have no independent effect.

Birth order.

Most researchers observe that although spina bifida can occur
at each birth rank there is a much higher incidence in first-borns
than in subsequent births. A common finding is that the condition is
low in second and third-bornchildren but the incidence increases in
later birfﬁs. Leck notes that unlike Britain and North America, the

trend of spina bifida is seen only among first-births in Israel.

Future risk.

Studies of the incidence of neural-tube mal formations in the
siblings of affected children indicate that the proportion affected
is arcund | in 25. Lorber (1974) stresses that if a mocther was
sufficiently unfortunate to have first and second-born spira bifida
babies then the chance of having a third child similarly affected
increases to between | in 8 and | in |2, Anderson and Spain (1977)
note a general finding that a child with spina bifida or anencephaly
is more likely to have a sibling with either type of malformation.
There is also, according to these researchers, some indicaticn that
the risk to cousins is almost twice as high as it 1s for the general
population.

Seasonal trends.

Long term trends have been observed in many studies of neural-tube
defects including spina bifida. In the more extensive series these
+rends have been observed in the form of epidemics during which the rate
for these defects gradually rose by ftwo-thirds or more and then fell to
their original level. For example Leck reports such an epidemic occurring
in Birmingham between 1950 and 1965. National mortality statistics
with respect fto spina bifida suggest a similar pattern throughout
England and Wales as that which occurred in Birmingham.

Most British studies of the sixties suggest that spina bifida

continues to vary in prevalence between a peak and a trough affecting



Spring and Autumn conceptions.

Both anencephaly and spina bifida have peak seasons of incidence,
the rates being higher than average in winter births and lower in
summer births. The high-rate months for conception of babies with
neural-tube malformations in England are during the spring. |t appears
however that this relationship with the seasons is reversed in Australia.

E lwood and-Nevin (1973) and Carter and Evans (1973) discuss con-
sistent trends for the incidence of neural-tube malformations for years
at a time. For example the incidence of spina bifida rose in the
decade preceding 1961, between 1961 and 1968 it decreased steadily
rising again between 1968 and 1972. |t is inferesting to note in
this connection that Lorber observes the incidence of spina bifida
to be more common during economic depression and war than during

prosperity and peace.

Causes of spina bifida and asscciated disorders.

There has been considerablie research info causal factors of these
conditions. Gene+écis+s, cn the basis of family studies and marked
ethnic differences conclude that although i+ is likely To be a2 hereditary
causal factor, considerations should also be given to environmental
rfac+ors. They take this view because the incidence is not nearly as
high as would be expected if the factors involved were solely hereditary.

Several attempts have been made to identify environmental influences
by correlating the prevalence of neural-tube defects with the intake of
various hinerals, for example, the intake of tea, potatoes affected by
blight, nitrates and nitrites in cured meats and magnesium salts in
canned peas. The influence of drugs and infections on neural-tube
defects has also been examined. As yet there is alsc no evidence that
the taking of any drug or particular foods in pregnancy has any specific
bearing on the problem. What has emerged from the increasing |iterature
upon the subject is that these neural-tube abnormalities are familial,
the predisposition tends to be polygenically de*ermined; the malformation -
as Ellis and Mitche!l (1973) sum up, is precipitated by an unfortunate
combination of geogfaphical location, social class, maternal age and

other as yet unknown factors.



Historical treatment of spina bifida.

Spina bifida, although presenting a relatively modern problem
within schools, is a condition which has existed throughout history.
Ferenbach (1963) states that malformations of the lumbo-sacral vertebrae
were evident in skeletons which are at least 12,000 years old. McWhirr's
(1978} archaeological excavations of a Roman cemetery in Cirencester
provided details which show that of the 421 burials 5 had suffered
from spina bifida. The spina bifida condition which was known to
Hippocrates was also recognized by mediaeval Arab physicians, who,
according to Denuce (1906) specifically discerned the spinucus processes
in the affected area. The teacher-physician Nicolai Tulp, who is
portrayed in Rembrand's painting "The Anatomy Lesson" (1632) was the
first to write a concise description of spina bifida. Tulp's graphic
illustrations of spina bifida which are found in "Observations Medicae’
(1652} indicate his clear recognition of the involvement of the central
nervous system in the swelling on the infant's back. [t is clear also
that Tulp appreciated the serious consequence of incising the tumour.
There were sporadic reports of the treatment of spina bifida, usually
with fatal results during the two centuries following Tulp. Differ-
entiation between paralytic and non-paralytic types of spina bifida
was described by Von Ruysch in 714 and in 1761 Morgagni, who had
studied different aspects of hydrocephalus, linked this condition
with spina bifida. Coocke (1822) in his transiation of Morgagni's
work, describes "a spina bifida patient as being killed by the knife."
Sir Astley Cooper is quoted by Morgagni, as stating that the freatment
of spina bifida was either palliative by pressure or curative by puncture.

Lorber (1975) delineates several disfincf historical phases in the
classification and treatment of spina bifida. The first peried commenced
at the beginning of recorded history and lasted until the end of the
19th century. The next phase commenced with a renewal of interest in
the subject by the medical profession, for example Virchow observed in
1863 that the cystic lesions of both the lumbar and-sacra! spina patients
had a central pit and in 1881 Lebedeff emphasised that spina bifida was

caused by a failure of the neural-tube tTo close during embryoclogical
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development. A new method for the treatment of spina bifida by The
injection into the cyst of a sclution of iodine in glycerine began to
be practised in I877 by Morton, a surgeon in Glasgow; reports of
such ftreatment were quite fregquent by about 1880. One such report
records that in a series of fifty patients treated by the iodine in
glycerine injection, forty-one were said'+o have been cured. The

committee set up by the Clinical Society of London in 1882 to investigate

spina bifida and its treatment, advised in its report three years

later against both ligation and excision favouring Morton's iodo-glycerine

injecticn treatment. With the development of antiseptic treatment at
the turn of the twentieth century excision of the sac became an orthodox
treatment.

The third phase, namely the period between the start of World War2
and 1958, was, in lLorber's view, of special significance in the history
of spina bifida. One of the factors in this resurgence of interest was
the publication 6f a paper by Penfield and Coburn (1938) on the Arnold-
Chiari malformation and its cperative treatment; the result of which
produced a far greater emphasis on *the need to energetically explore
the possibilities of surgery to alleviate fthese conditions. Lichtenstein
{1940, 1942) also made a significant contribution to the body of knowledge
concerned with various examples of spihal dysréphism. Lichtenstein con-
sidered that this condition was due to the neural~tube failing to close
normal ly and was complicated by brain-stem mal formations and hydrocephalus.

Since the late fifties there has been a marked rise in the number of
spfna bifida infants who have survived. One imp0r+an+ factor contributing
to this development was the invention by an American engineer named Holter
of a shunt system to treat hydrocephalus. The first use of such a‘sys+em
was on Holter's own child, Casey.

This trend in the increase in the number of surviving spina bifida
children has had obvious ramifications for schools and the related fields
of educational theory and methodology particularly as they affect
teachers of the physically handicapped.

I+ may be fairly said that 197! can be regarded as the most recent

significant date within the area under discussion. At the 1971 conference
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held in Freiberg of the Society for Research into Hydrocephalus and

Spina Bifida, Lorber presented a detailed analysis of the progress

of a group of 524 patients. Following this discussion an attempt was
made to establish certain criteria which could be internationally
observed In order to hé!p in the selection or rejection of certain
infants for treatment and possible survival. The criteria which emerged
included the size of the spinal defect, the neurological level, the
degree of paralysis, the presence of vertebral abnormalities and the
degree of hydrocephaius. The implication of the consideration of
such criteria being that the unireated infants would be expected to
die. AT the present time there is a marked decrease in Thé number
of spina bifida babies who survive ié those areas where Lorber's
criteria are carefully observed. The future however, may see an
improvement in quality of those children who are selected for surgery
but the possibility of survival for some of those not selected must
not be overlooked. ' Such infants could be expected to add to the number
of severely handicapped children In the spina bifida population.

The writer has reviewed the |iterature concerned with the development
of spina bifida children and has briefly outlined the relevant findings

in The first part of the next chapter.
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CHAPTER 3.

Review of the Relevant Literature.

The first part of this chapter is concerned with the intellectual
and educational development of'spina bifida hydrocephalic children
and considers intelligence, language development, perceptual maturity
and reading; factors which are clearly important in the development
of number and mathematical skills. The section concludes with studies
which refer particularly to number. The second part deals specifically
witTh a detaited consideration of the number concepts necessary to
mathematical logical development as outlined by Piaget in his major
work on the subject. Attention has been given in the third section
to the literature emanating from PiageTfan theory which applies to
children with varying handicaps. Finally, studies which concentrate

upon Fiagetian learning programmes are discussed.

I. Intellectual and educatiocnal development.

Lorber (1976}, aﬁ acknowledged expert in the treatment of spina
bifida children,states in a personal communication that although
there are vast data on this aspect, he having at least a thousand
serial 1.Qs, the situation is complex. He affirms that most of the
major medical units agree that spina bifida children who are not also
hydrocephalic have a normalhpaTTern of intellecutal development.
When the writer compared the relevant studies it became increasingly
evident that the term 'spina bifida' has wide connotations, and
therefore reference 1o a clinical diagnosis would be helpful. This is
due to the various ways in which the researchers describe their sample
as, for example Merrill et al. (1962) who introduce their study of
one hundred spina bifida children thus, "In this paper meningocele
is used for both meningocele and myelocele™. Anderson and Spain (1977)
support the present writer's concern about the loose ways in which the
terms meningocele and myelomeningocele are often used and warn teachers
that they should not make assumptions about the likelihood of intellectual

impairment simply because a child's medical records describe him as
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having @ meningocele or myelomeningocele. Some researchers have graded
their samplies of spina bifida children into groups according to the
severity of their handicap rather than to a fine clinical diagnosis.

To some extent therefore, the category of spina bifida children with the
least physical handicaps to which reference is made in some studies,

may be synonymous with the clinical category of children with meningoceles.

1i. Children with meningoceles.

The studies which specifically refer to children with
meningoceles indicate that their intellectual development is within
normal |imits. Doran and Guthkelch (1961) for example, found in their
general survey of splina bifida cystica, that the sixty-four children
suffering from what they describe as 'simple meningocele' showed no
sign of intellectual deficit. This view is largely supported by
Laurence and Tew's (1966, 1974) succession of follow-up studies of
spina bifida children born in South Wales between 1956 and 1962.

The mean |.Q. of the children diagnosed as meningocele and having
relatively lifttle physical disability was 94, which as the researchers
observe, is closer to the average for a normal population than the

mean |.@. of those in the samp!e‘who had myeloceles. In a report by
Krahe (1973} which indicates a significant correlation between motor
defect and 1.Q. “the mean |.Q. of the twenty-two children who were

least handicapped and who were able to walk without aids was 102,

Badel |-Ribera's (1966) analysis of the development of seventy-five
patients with varying degrees of spinal cord dysfunction secondary

to spina bifida cystica showed the mean 1.Q. of the spina bifida children

with the least physicél handicab to be 108 with a range of 87 to 142.

ii. Children with meningomyelocele.

The following findings from relevant research indicate a consensus
that the intelligence of children with meningomyelocele although

within normal limits is skewed towards the lower end of the range.
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Table 1I.

Research findings related to 1.Q. of meningomyeloceles.

Researchers Date 1.Q.

Eckstein & MacNab 1966 80% of sample are normal.

Shulman & Ames 1968 ~ 62% are within academic
competitive range.

Mawdsley & Rickman 1969 807 normal .

Richings & Eckstein 1970 66% normal .

Scherzer & Gardner 1970 88

Kolin et al. 1971 88

Mei jer 1971 90

Laurence & Tew 1971 30

Lorber 1971 87

Herren et al. 1972 norma |

Levin 1974 97

Laurence and Tew, observing that the cases of myelocele in their
sample were more physically handicapped than mentally, also noted that
there seemed little correlation between the site of the lesion and
intel lectual performance. An interesting comment made by Levin was
that his sample of myelomeningoceles were functioning at a much higher
level than would have been predicted for them at birth, despite less

optimal management by today's standards.

iii. Children with meningomyelocele and hydrocephalus.

Many researchers recognize that hydrocephalus represents a
most serious early complication for children born with méningo-
myeiocele, particularly with respect to inteltectual development.
Badel I-Ribera et al. (1966) studied the relationship of non-progressive
hydrocephalus fo intellectual functioning of children with varying
degrees of meningomyelocele. The hydrocephalic sub~group scored lower
on the W.1.S5.C. and presented a significant discrepancy between verbal
and perfermance scores, which, the authors suggest, could be considered
a characteristic sign of brain damage. It is of interest to note that
the scores of the subjects having similar severe physical defect but
without hydrocephalus were essentially normal. The results of the

early treatment of extreme hydrocephalus associated with meningomyelocele
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was studied in detail by Lorber (1968); of sixteen such children

only four had an |.Q. exceeding 80. Lorber's ifong experience of
children with these associated conditions enables him to assert that
the proporticn of children with superior intelligence in children treated
for extreme hydrocephaius in infancy is not less than that in the
general population, as long as their hydrocephalus was not asscciated
with meningomyelocele and their operation was not delayed beyond

six months of age. Laurence and Tew (1971) who reporting from a long
experience of working with such children, observe that hydrocephalus
can be a damaging condition and are of the view that resolute early
surgery ought to reduce the number of cases of severe hydrocephalus
which is so clearly related to intellectual deficit. A rather more
extreme picture is given by Kilfoyle (1967) who, referring to the
effects of delay in treating hydrocephalus says that when, later

on in life, the correlation of facts and reasoning is demanded, "The
light does not come on", and adds, "intellectual potential is literally
squeezed out". In a rather complicated evaluation, Krahe (1973}

found that hydrocephalus had clearly influenced the intellectual develop=-
ment of his sample; practically all those with [.Qs below 90 being
hydrocephalic. |t is interesting to note Krahe's observation however
that those who had shunt operations, and particularly those with valve
revisions had average or above average |.Qs. Lorber (1971), Parsons
(1972) and Levin (1974) report mean |.Qs for their samples of 79,

69 and 84.

Several researchers have reported their findings in rather more
general terms. For example, Lonton's (1975) analysis of a large group
of spina bifida, hydrocephalic children show that 62% had |.Qs below
normal. In a survey of the educational problems of spina bifida
children Henderson (1968) suggests that the reason for those with
meningomyelocele being of normal intelligence was the fact that
hydrocephalus with consequent ﬁenfal retardation had been prevented by
ventriculocardiac drainage. Heimburéer (1970)as a result of a long

term follow-up study, expresses the view that the most disabting handicap
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of spina bifida children is the intellectual impairment usually
associated with hydrocephalus. A similar view is held By Selder et al.
(i971) whose research indicated that the sustained increase in
intercranial pressure which occurs between meningocele repair and
shunt insertion has an effect on the future in+e1|ec+ual_developmen+
of the spina bifida child and also that shunt malfunction of longer
than twenty-four hours duration adversely affects the child's

future intellectual development.

Spain (1969, 1970) investigated in the London area the mental
development of 151 spina bifida children who were classified according
to whether or not a shunt had been inserted. Most of the children
showing serious signs of hydrocephalus had received very early surgical
treatment. Intelligence tests indicated a poorer prognosis for those
children who needed surgical treatment for hydrocephalus than for those
who did not. Upon reassessment,Spain observed that those children
with shunts still had lower scores on all tests than those without
and only one-third of the shunts appeared to be developing normally.
Hunt et al. (1970) in a fbllow—up s+udyvof eighty meningoctele &hildren
born with hydrocephalus, found they had a greater overall disability
and a lower range of intelligence than those who had no hydrocephalus.

Having discussed the misleading nature of the term 'hydrocephalic!
because unless otherwise indicated it might include both children with
an initially mild degree of hydrocephalus which has arrested spontaneous!y
as well as children whose hydrocephalus is severe and progressive,
Anderson and Spain (1977) prefer the distinction to be made on whether
or not a shunt had been inserted; that is, spina bifida children should
be classified as with or without a shunt, +the implication being that
the shunt is a good indicator of severe hydrocephalus. Looking at
spina bifida children in these terms these researchers conclude that
there is clearly a strong association between the presence of hydrocephalus
and impairment of intellectual functioning.

Herren et al's study (1972} of spina bifida children in France
indicated that those with hydrocephalus were of lower intelligence

than those without., Smith and Smith (1973) found in their sample of
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88 myelomeningoceles that almost all of those who had not developed
hydrocephalus or whose hydrocephalus was clinically insignificant and
did not require a 'shunt', were of normal intelligence. Of those with
shunts, two-thirds were in the normal range and almost one-third were
retarded but educable. They conciuded, therefore, that there was a
significant difference in the intellectual outlook of chiidren who
required shunts.

Shulman and Ames (1968) reporting a study into the competitiveness
of hydrocephalic spina bifida children show that 62% had a Developmental
Quotient of 80 or above, These researchers add that an extreme
degree of hydrocephalus at the outset of life is a poor prognostic
sign for spina bifida chitldren.

Eckstein and MacNab (1966) Eaving reviewed the impact of modern
treatment on 396 children with myelomeningocele and hydrocephalus
concluded that the large majority of the survivors were mentally normal
and, on the whole, the mental development had been better in children
with hydrocephalus associated with myelomeningocele than in those with
hydrocephalus only. These researchers suggest that this result is due
to the fact that the condition causing hydrocephaius in the group not
also affected by myelomeningocele has often caused severe brain damage
which is reflected in subsequent mental retardation. Some investigators
however have observed that the onset of hydrocephalus has not always been
accempanied by mental deterioration; for example Hagberg and 5 jorgen
(1966) state that the intellectual facultiés have been preserved
despite quite advanced hydrocephalus. This view is echoed by Lorber
(1973) who refers to some who in spite of considerable hydrocephaltus
grew up info normally intelligent adults becoming doctors, lawyers
and so on.

‘Summary.

Although it is unwise to make generalizations about the intellectual
development of spina bifida children since, as discussed previously, the
term 'spina bifida' applies fo a wide range of abnormalities, research
does reflect the following observations :-

a) Although children with myelomeningocetes may fall into the
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normal range of intelligence, there is a tendency for the
distribution curve to be skewed fowands lower scores.
B)  Children with simple meningoceles are likely to fall within

the normal range of intelligence.

<) There is evidence that children with myelomeningoceie and

associated hydrocephalus, particularly where shunts have been

inserted have on average lower intelligence than those without,

although some are of high intelligence.

It is generally recognized that although the outlook for those
children with a simple meningocele is better than for those with
myelomeningocele, there is some evidence that the reason for the
difference lies in the greafe? risk of hydrocephalus associated with
the latter condition rather than in the details of the spinal defect
itself. -

Verbal ability.

Several investigators have observed that spina bifida
children have a relatively high degree of verbal ability. Clinical
observations of hydrocephalic children and impressions of parents
and teachers suggest that they are more talkative than other children
of their own age, that they have an advanced vocabulary and a good
short-term memory, being able to repeat rhymes and jingles with ease.
For example, it has been shown by Purkhiser (1965) that hydrocephalic
children are superior to their non-hydrocephalic peers in a digit
repetition test. The speech of hydrocephalic children has also been
described as superficial, lacking in appropriateness tc¢ the situation,
and that they misunderstand the words they use. Other researchers
confirm that hydrocephalic children are also hyperverbal in clinical
situations.

Diller et al's (1966) study shows that 28% of their spina bifida
sample who were rated as hyperverbal, were characterised by a tendency
to make irrelevant answers and guesses, particularly in stressful
situations. |1 was noted also that this group, as well as tending
to be more severely disabled, had a higher incidence of hydrocephalus.

Fleming (1968) also observed that although the hydrocephalic children
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studied were not more verbose than the controls, they nevertheless

-d1d make a higher percentage of inappropriate responses, particularly
conversational remarks about either the general testing situation or

the examiner and in many instances unrelated either to the test or

the situation. The percentage of appropriate responses, Fleming noted,
increased with age. Buchan and Morrissy (1976} in reference to the
spina bifida child's use of words-which he cannot define, echo Fleming's
observation that this type of speech declines as the child gets older.

An explanation given by Parsons (1969) for the discrepancy between
clinical observations and the resuft of his study with respect to
'short=term' verbal memory of hydrocephalic spina bifida children is
that their verbal ability seems good when compared with their other
intel lectual weaknesses and is therefore particularly noticed by
parents and teachers. Swisher and Pinsker's (1971) findings also
support the clinical impression that hydrocephalic spina bifida
children are more talkative, use significantly more words, sentences
and initiate more conversations than their non-handicapped peers.

Spain (1972) investigating the verbal ability of 145 spina bifida
children found that those who had hydrocephalus sufficiently severely
for a shunt to be Inserted, did less well on all the tests than those
without shunts; oniy a third of the children with shunts indicating
normal development.

Several studies have been concerned with the observation that
spina bifida children are sociable, pseudo-bright and display a trait
frequently referred to as 'a cocktail party syndrome'. For example,
Sadel1-Ribera et al. (1966) having found that the hydrocephalic
sub-group of their sample presented a significant discrepancy between
verbal and performance scores on the W.1.5.C. test, state that this
relatively high verbal score which is indicative of a sian of brain
damage, supports the view of others that these children have this
'cocktail party syndrome'.

Smith and Smith's {1973) finding with respect to the same syndrome
was similar +o that of Hagberg and Sjorgen who had noticed that there

was poar understanding of the words used and that other educational
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abilities were below the levels of the verbal scores. An important

educational point made by Smith and Smith is that the hydrocephalic

spina bifida children, especially those with borderline or mild

mental retardation, who are socciable, have alert personalities and

good speech, are apt to mislead parents and consequently the parents

are not easily convinced of the child's true educational potential.

Also the high verbal scoring in testing and functioning in the pre-

school and eariy years may give an over-estimate of the child's ultimate

educational ability as he moves to more abstract and forma! thinking.
Laurence (1973) states that the so called 'cocktail party syndrome'!

is a learning disability almost specific to hydrocephalic children and

consists of a particularly mature type of speech which appears on

first hearing to be meaningful but with increasing familiarity is

found to be no more than mere verbosity. As this syndrome is commonly

associated with brain damage, difficulties in maintaining attention

and concentration also combine to affect the learning process.

Laurence and Coates (1962} state that brain-damaged children tend

to retain the ability to acquire a vocabulary and this ability is

greater than their general intelligence. Woodburn (1975) observing

that some of the parents of the children in her sample had noticed

a verbal facility in their own children suggests that the apparent

acuity of hearing and verbal facility might be due to the more

constant association with adults which spina bifida children have

imposed upon them by their limited ability to play, frequent

hospitalisation and concentration of inteilectual function on unimpaired

senses,

Spatial relationship.

Smith and Smith (1973} have observed that many spina bifida children
have impairment of body image and spatial disorientation, such as
confusion between right and teft and which becomes evident in dressing
and positioning. They alsc noted a lack of appreciation of the body
in space, for example in standing and walking, and state that teachers
have also reported the increased tendency for such children to reverse

letters and words and also to be confused with respect to lines of
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print or diagrams. Hood (1975), having found a tendency for hydro-
cephalic children to make the same type of errors as norma! children

in the discrimination of letter-like forms, takes the view that the
visuo-motor co-ordination skills of hydrocephalic children are inferior
to those of normal children.

During 1969 and 1970, Miller and Sethi (1971) investigated children
who had hydrocephalus with or without spina bifida by using the Bender
Gestalt Test and the Frostig Developmental Test of Visual Perception.
They {found that the hydrocephalic children had extremely poor visuo-
spatial perception compared to the controls. In fact no subject
in their sample obtained an age-equivalent score within eighteen
months of his chronological age on the Bender Gestalt test. Laurence
(1973) in a reference to the work of Wallace in Cardiff, supports
the view that the Arnold-Chiari malformation which is frequentiy present
in spina bifida children, can produce upper |imb dysfunction in +the
form of paralysis and inco-ordination, which, in furn, causes lateral
confusion and loss of fine finger control. Parsons (1972) suspects
that weak hand-eye co-ordination and visua! perceptual impairment could
have been partly responsibie for the under-performance of spina bifida
teenagers on tests of spatial ability and manual dexterity.

Sands and Rawlings' (1973) study of the visual-perceptual
functioning of spina bifida children, showed that 59% fall below the
criterion for normal performance on the Frostig Developmental Test.
Those who showed age-appropriate visua! functioning tended to be without
hydrocephalus, had higher |.Qs and lower spinal-cord lesions. ]

Sands et al's (1974) study supported their view that an assumption
of unimpaired hand function in spina bifida children, with and without
hydrocephalus is unwarranted. The deviant performance of the
meningomyelocele children occurred more uniformly, and was of greater
magnitude for those with associated hydrocephalus, or with an 1.Q. of
fess than or equal! to 79. This last observation of Sands et al. finds
an echo in the study of Tew and Laurence (1975) who, having examined
the visual perceptual functioning of spina bifida children suggest

that impairment of such ability is strongly associated with low
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infelligence and is in all prohabilityan expression of 'it. Tew
and Laurence, observing that the chilidren with shunts had most problems,
found that two-thirds of those without hydrocephalus were normal.

Spain (1970) having tested young spina bifida children, and finding
that those with hydrocephalus did poorly on a test involving hand-eye
co-ordination, suggests that this result may imply some kind of cortical
or brain-stem damage which specifically affects finer hand movements,
perception of shape and concentration. Herren et al. (i972) also found
a tendency for an appreciable incidence of failure in percepfual tests.

tn a recent study of the perceptual processes of children with
myelomeningocele and hydrocephalus, Gressang (1974) found, contrary
to expectation, that there was no significant difference between the
scores of the myelomeningocele with hydrocephalus children and the
myelomeningoceles without hydrocephalus on perceptual -motor tests.
Surprisingly, the hydrocephalic children tended to score more highly.
Hooed also found |ittle difference between hydrocephalic and
non-hydrocephalic children on tests involving visual perceptual skills.
Scherzer and Gardner (1971) reporting on a study of the fourteen children
with meningomyelocele on the Bender Gestalt Visual Test, found that
no child scored better than age expectation. The four children
who showed significant perceptual motor dysfunctioning using the
Koppitz' norms, had 1.Qs below 70.

In a recent interesting study concerned with the handwriting
abilities of spina bifida children aged 74 to 104 years, with a mean
|.Q. of 88, Anderson {1976) observed that the children varied in their
ability compared with the controls; +the latter wrote significantiy
faster whilst the spina bifida children's writing, apart from being
slower, was also significantly poorer, less accurate and with some
clear evidence of ataxia and tremor.

Rothstein et al. (1974) studied the ocular abnormalities of
children with myelomeningocele, some of whom were also hydrocephalic.
Rothstein concludes that since strabismus occurs in 2% to 4% of the
genera! population, the incidence of strabismus, 34% in this sample,

is significant. |t was particularly noticeable, Rothstein adds,
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that no strabismus was found in the pure meningomyeloceles while

the incidence in those with associated hydrocephalus was 44%.
Woodburn's (1975) survey of spina bifida children in Scotland shows
that 55% of her sample had visual problems ranging from minor squints
to major eye defects. Jones and Long (1976) state that spina bifida
children may suffer severe visual Iimpairment as a complication of

their hydrocephalus. !t is suggested by these researchers that such
children have specific learning difficulties due to associated brain
damage caused by raised intra-cerebral pressure either in early infancy
or later as a result of valve failure.

A most useful booklet published by the Association for Spina

Bifida and Hydrocephalus (1975) sums up the findings of many researchers

in This way, "The term perceptually handicapped may be applied to
these children. They may have problems in figure-ground discrimination
and in spatial judgement". Sand and Rawlings (1973) present the teacher
with the problem of speculating whether the increased occurrences of
visual perceptual dysfuncticoning which is characteristic of spina
bifida children, is due tc their lower extremity motor dysfunctioning
restricting early opportunities for motor and percepfual learning,
or the extent of brain damage.
A similtar problem is posed by Anderson and Spain (1977) who say
that it is difficult to decide whether poor pattern copying ability
is largely the result of neuro-muscular impairment or whether it is
related to the child's difficulties in organizing hand movements.
Three important factors for consideration are put forward by these
researchers :-
a) The associated condition of the cerebeltum, namely the
Arnold-Chiari malfcormation.
b) Possible damage to the motor cortex resulting from hydrocephalus
which can affect upper |imb functioning.
¢} The greatly restricted mobility of pre-school spina bifida

children.
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Reading.

Although there are several large scale studies concerned with
the reading abi!ity of children it is difficult fto specifically
isolate the performance of spina bifida children and consequentiy
make an overa!l judgement as to their ability in this respect.

An example from these studies is that of the Isle of Wight

Survey reported in detail by Rutter et al (1970} in which, although
there is a group designhated as neurologically impaired, those with
spina bifida, with or without a shunt, are not referred to as a
specific sub-group.

The findings of the !sle of Wight Survey which were based upon

teachers' ratings and performance on Neale's Analysis of Reading
Ability, showed that the neurologically impaired group were retarded
in reading on both counts when compared to the normal. The teachers!
ratings indicated that 30% of the neurologically impaired group
were average readers, 50% poor readers and |7% non-readers. The
group's attainment on Neale's Test reflected overall reading retardation
of fifteen months. Anderson's (1973) study of the reading ability
of physically handicapped chitdren showed that on average the spina
bifida children's reading age approximated to their chronological
age while the cerebral-palsied and non—-handicapped children were,
on average, seven and twelve months behind respectively. 41% of the
spina bifida children, 28% of those with cerebral palsy and 4%
of the non-handicapped children were reading at or above their chron-
ological age. Anderson emphasizes the point, which emerged from
her study, that whereas the poor and non-readers, who were either
spina bifida or cerebral palsy tended to be those of low 1.Qs,
those in the non-handicapped control group had [.Qs in excess of 90.
The results in subsequent tests of reading comprehension led Anderson
to conclude that spina bifida children's grasp of the mechanics
of reading is better than their comprehension.

Segal's (1971) study of the academic progress of children in
one special schoo! showed, as did Anderson's investigation, that

despite a weakness in word recognition the spina bifida children
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were better readers than those with either cerebral palsy oF muscular
dystrophy. An analysis of the reading standard of thirty-five spina
bifida children with a mean chronclecgical age of 2.6 years by Pearse
(1977) shows the group +o have a mean reading age of 9.4 years thus
reflecting a three-year reading lag. |

One of the earliest studies specifically concerned with the
reading ability of spina bifida children was conducted by Diller
et al. (1969). In this study hydrocephalic spina bifida children
were compared with those having.spina bifida only and also with
another group of children with congenital limb déformifies. The
findings of this particular study showed that whereas those with
hydrocephalus were retarded by some eighteen months in reading,
the other groups had no unusual problem.

Tew and Laurence's (1972) study of spina bifida children -in South
Wales shows 37.5% of those with myelocele to be retarded by Eefweén
one and four years In reading when tested on Tﬁe Neale Anélysis of
Reading abitity; 47% of those with meningocele were also.refarded in
reading despite having higher iﬁfellecfual level and less physiéal
handicap. An important observation made by Tew and Laurence was
that whereas in a previous paper (1971) reasonable agreement béfween
measured Intelligence and reading quotients had been noticed, there
was now a marked deterioration in performance in the series as a
whole. .They observed also deépiTe substantial differences in the
degree of disability, higher levels of intelligence and, on the whole,
- uninterrupted school attendance, there was little dffference in the
degree of retardation between those having myeloceles and those with
meningoceles. ‘ _

Another study by Tew and Laurence (1975} iﬁ which data had
been collected on seven-year old spina bifida children who had
been born later than - those in the previous study to which reference
has been made, showed that whilst the spina bifida children without
shunts tended to do less well than the controls on the Vernon Reading
Test, those with shunts were much less successful. Those without shunts
were retarded by six months whereas those with shunts by sixteen

months.
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The G.L.C. Survey of spina bifida children conducted and reported

by Spain (1970} reflects early differencesAin the reading potential

of those with and those without a shunt. Although caution should be
exercised before making a judgement based on this particular survey of
six-year old children because it relies on teachers' assessments only,
there is nevertheless a Tendency observed in this study for those with
shunts to have more problems in the early stages of learning to read.

I+ is also interesting fo note in the G.L.C. Survey that whereas

55.6% of the shunts attending normal schools were classified as readers
only 14.5% of those who attended day special schools for the physically
handicapped were assessed to be readers. When the non-shunts were
considered, 1t was found that 70% of those attending normal schools
were classified as readers and 28.5% of those in day special schools
were also assessed as readers. |1 is important to note that the normal
children used as controls in the survey and the spina bifida children
without shunts had higher 1.Q. scores than those with shunts, this
being particularly noticeable with respect to those with shunts who
attended the day special school!s.

Anderson and Spain (1977) cite interesting data prepared by Cope
and Anderson (1977) from a comparison of the reading ability of physically
handicapped children of junior age attending special units for the
physically handicapped in ordinary schools with that of those attending
special schools. The results showed a measure of reading retardation
in both groups, 50% of the shunts attending the special units and
75% of the shunts in the day special schools being retarded by over
eighteen months. Four of the unit children and none of those in the
special schools were reading at a level above their chronological age.

Although Anderson and Spain rightly emphasize that there is in-
sufficient research on the reading ability of spina bifida children
to allow for firm conclusions to be drawn the research findings which
the writer has studied indicate certain trends. Firstly, there is quite a

targe group which includes most children without shunts and the more able
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with shunts, who are unlikely to have any serious difficulty in
tearning to read, secondly there is a tendency for those spina bifida
children who are in normal schools to do stightly better than those
In special schools and thirdly, those with a low 1.Q. who alsoc have

a shunt, are likely to be slow in reading.

Number development.

The view of many experienced teachers of physical!ly handicapped
children is that spina bifida children, particularly those with a
shunt, have weaknesses in number and mathematics, and this is
supported by research findings. Several head teachers such as
Bakehouse, Pearse, Statham, Williams (1977) in personal communications
have expressed the opinion that overall spina bifida children have
speciflec problems in number and mathematics. Lorber (1975) has also
strongly expressed the opinion in the B.B.C. Television programme

Controversy: that spina bifida children have particular weakness

in mathematics. Tew and Laurence (1972} investigated the performance
on Vernon's Graded Arithmetic-Mathematics Testof a group of children
aged between nine and fifteen years diagnosed as either meningoceles
or myeloceles. They found that 78% of the sample as a whole were
retarded by more than a year on this particular test and they also
noted that 65% of the meningoceles were retarded even though they
were less handicapped physically and more inte!ligent.

A later investigation by Laurence and Tew (1975) of the mathematical
_developmenT of seven-year old spina bifida children who were tested
on the N.F.E.R. "™Mathematics Attainment Test' showed that even those
children with no shunt had lower arithmetic scores than the controis.
The chiidren who did the least well were those having shunts, 46%
being unable to score at all on the scale. Tew and Laurence having
noted that "about one-third of the spina bifida cases were wholly
incapable of simple counting at the age of seven'", conclude that
overali arithmetic is the weakest school subject for spina bifida
chtldren.

A comparison was made by Anderson (1973} of the number ability
of a group of physically handicapped children with and without

neurclogical abnormalities. Teachers were asked to assess these
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children on the same five-point scale as was used by Pringle et al.

(1966) and Davie et al. (1972) in the National Child Development

Study. The physically handicapped children on the whole performed
less well than the controls and also less well than the original
large sample reported by Davie et al. It is noticeable that when
the physically handicapped group was classified into sub-groups
according to their neurological state the children with no neurological
abnormalities corresponded more closely To the controls and were
very similar to the 'national' group and those who were neurclogically
affected gave evidence of poor arithmetical ability. 78% of the
neuroiogically abnormal group, which would include spina bifida children
with a shunt, were rated by teachers as being well below average
ability in number work compared to 29.5% of those without such
abnormalities, 31% of the controls and 35.5% of the 'national group'.
I+ is important o notice however that when the results of this particular
study were subjected to an analysis of co-variance and the |.Qs taken
into account the difference between the groups was no longer statistic-
ally significant.

A recent study of the development of certain mathematical
concepts of ordination, cardination and seriation in spina bifida
chitdren conducted by Jenkins (1977) indicated that with respect to
seriation three of the twenty-two spina bifida children tested
were rated as non-functional, seven were at a transitional stage
and twelve were fully functional. When ordination and cardination
was considered only one child was assessed as being non-functionat,
five as transitional and sixteen fully functional.

Diller et al. (1969} comparing the performance in arithmetic
of spina bifida children with and without hydrocephalus found that
the former lagged behind the latter by two years and six months.
Hood (1975) however, albeit on a small sample, found no significant
difference between the scores of the children with and without hydro-
cephalus on the arithmefic sub-tests of the W.I|.S5.C.

The existing research findings, coupled with the consensus *°

of teachers, indicate that spina bifida children, particularly those
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with shunts, find even more problems with number than with reading.
Haskel |l (1972) investigated possible reasons for this characteristic
weakness of physically handicapped. Concluding that the atftempts to
correlate relationships between neurological disorders and mathematical
difficulties were generally contradictory and inconclusive, Haskell
suggests that the best strategy would be to look at factors such as
early experiential deprivation, lengthy periods in hospital, perceptual
problems ail of which combine to affect subsequent competence.

Other than the small pilot study by Jenkins (1977} to which
reference has been made, the wrifer has not found any investigation
into the number concept formation of spina bifida chitdren. It is
true however that there is a growing volume of literature which deals
with this aspect of concept formation as it applies to handicapped
children in general. Many of these studies have been briefly summarised
by Lunzer {1973}, Modgi! (1974}, Suppes (1974 and Modgil and Modgil (1976).
Recognizing the overlapping nature of handicap the writer considers
that very much of this literature has relevance for the teacher of the
spina bifida child.

Most of the reported studies are based upon Piaget's Theories and
it Is therefore appropriate that the present writer should consider the
implications of fthese and other supporting investigations.

During a seminar (1975) organized by the local Association of

Teachers of Mathematics in which the writer participated, Fletcher,

an H.M. l.concerned with mathematical education in schools, compiained

"The theories which underline Piaget's work are of the greatest importance,
but we do not study them. Piaget's view is that structural ideas of

modern mathematics are more in tune with children's natural ways of

thinking than in the ideas tradifionally regarded as elementary mathematics".
The writer is of the view that Piaget has much to offer the researcher
anxious to discover root causes to learning disabilities and therefore

in the next section of this chapter outlines Piaget's theory of the

genesis of number concept formation. The final part of the chapter
concludes with Piaget's work as it relates to the handicapped in

particular,
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2. Piaget's theory of the development of number concept.

Piaget made an extensive study of the development of number,
beginning with relatively simple conservation of continuous and discrete
quantity, and proceeding through cardinal and ordinal one-one correspond-
ence to additive and multiplicative compositions. The wide range of
subjects which were investigated by Piaget in his extensive study can

be found in The Child's Conception of Number (1952).This work gives

a comprehensive insight into the scope of Piaget's findings in this
field. The technique Piaget employed was to give each'subjec+ a task
to perform; questions were then asked about the reasans for the subject's
actions and responses, and the results recorded in a series of protocols.
The procedure was not standardised in the accepted sense, but varied
slightly from child to child, so that the conclusions were drawn from
well-founded but still subjective impressions. The frequency with which
certain phenomena emerged, even with the fluctuations in presentation,
are extremely convincing making it difficult not to accept Piagetf's
major finding of the existence of three definable sfagés in the
devetopment of the particular notion concerned. Piaget demonstrates
that the concept of natural number is acquired only when the child
has reached the stage of concrete operations. This is a fact of
great importance in the orientation of teaching practice.

Although teachers may not be fully conversant with Piaget's theory
of number, they are nevertheless, most interested in demonstrations of
the types of number situations and the child's reactions to them which

are outlined by Piaget in The Child's Conception of Number. This is

'parTicularIy true of teachers of handicapped children who are frequently

uncertain of what might be expected of their pupils with respect to
concept formation.

It seems likely that such teachers feel that Piaget has something
new and helpful to say on this important subject of number and are
concerned to know what fresh ideas he has added to their knowledge
of the child's number thinking. f+ is no coincidence that the first

published volume of the Nuffield Mathematics Project (i967) is dedicated

with gratitude to Jean Piaget, and it is also interesting to note the
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special position with which his theories were held at the Second

International Congress on Mathematical Education (Howson 1973).

Piaget is not primarily concerned with the computational aspects
of mathematics in themselves, but is rather concerned with a far more
subtle and fundamental aspect of number, namely, the properties of
number relationships and the corresponding mental operation needed to
comprehend and manipulate them. |f these are clearly understood, from
both the objective and subjective points of view, the teaching of arith-
metic and mathematics can be related to the cperational fevel of the
child enebling him to gradualty build up a sound structure of number
concepts which, in turn, can form a basis of stTill higher mathematical

instruction. The concept of number readiness, as used by Churchill

(1861}, whilst not wholly adequate, is probably a useful description
of the basic aim in Piaget's study in The realm of number. FPiaget is
attempting to diagnose what levels of number readiness are essential
at each phase of number educaticn, and although i+ is difficult to
define and determine the exact nature of a child's preparedness to begin
a new aspect of work, some such notion is useful. Piaget suggests the
following factors that influence the changes in the child's intellectual
capabilities during his formative years:- . .
(i) The effects of heredity and internal maturation which cannot
be separated from those that result from experience and learning.
(i The effects of experiences acquired in interaction with the
physical environment.
(iiid The influence of the social milieu which embraces education in
its widest sense.
(iv) The effect of that which Piaget calls equilibrium and which
he feels is the most important factor. Equilibrium, in Piaget's
terms, describes the way in which a child seeks to bring about
a balance of two complementary processes, namely assimilation
and accommodation. The teacher can only teach successfully that
which can be assimilated and which the child can accommodate.
Piaget points out that the equilibration process obtains its

drive from a child's need for it.
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Piaget demonstrated the great gulf which exists between the young
child's being able to count and even the most rudimentary real numerical
idea. Counting, for Piaget, does naot generate number. The child, who,
when he enters the reception class at five years of age, can count
by rote, or even rationally fo ten or fiffeen has, according to
Piaget, little or no idea of number. Plaget showed in his research
that concepts are developed gradually. Greco (1959) quoted by Laurendeau
and Pinard concluded, after certain ingenious experiments, that "lLearning
may give rise to the acquisition of empirical knowledge consisting
in the ungrounded acceptance of observed facts, a knowledge which is
accepted but not understood, which is limited to the situation being
considered, and morecver rapidly lost. The child may count a group
of objects and label them six to his teacher's satisfaction. He can
do the same with a second group of objects. But the first six may

be more or less than the second six, as the feacher lengthens or

shortens the lines of objects. The child may even prefer to keep

for himself a long line of féur sweets rather than a short line of

five. Six, o a child of four or five is not the stable, unchanging
quantity that it is to an adult." Piaget, having found this result

in all his experiments, writes that the child at this stage of development
has |ittle idea of the constancy of a quantity of liquid, or a number

of beads, or of how to correspond objects or how to make a series.

Each experiment confirmed Piaget's view that the younger children tested
have no concept of number or quantity in any of the aspects he has
discussed.

Ironside and Roberts (1965) agree that Piaget's experiments have
shown that we can easily be misled by an acquired skill such as counting,
as to the stage of development the child has reached. Other Investigators
such as Churchiltl (1961}, Lovell (1961}, Kruteskii (1965), Wheatley
(1968), Charles (1974) and McNally (1974) support Piaget's contention
that a knowledge of number names and counting as a rote operation is
not a guarantee of the existence of a genuine set of number concepts.

Russell (1961) argues that the operation of counting in fact, can

only be intelligently performed by a person who has already some idea
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of what the numbers are; and from this it follows that counting does
not give the logical basis of number.

Piaget hypothesizes that the construction of number goes hand-in-hand
with the development of logic, and that a pre-numerical period corresponds
to the pre-logical level. Laws of logic are elaborated by children
in the course of their development.

Translating this into more specific terms, Piaget maintains that
before an individual can build up a true comprehension of number, he
must be able to appreciate several basic properties of number. For
example, just as a very young child has to acquire the notion that
objects in his environment have a stable existence of their own, so
an older child nas to build up a notion of the stability of a quantity
before beginning to comprehend number. That is, the child has to accept
that a numbér will remain identical with itself, has to appreciate
that quantity is a property independent of his own perception, and has
a stable existence of its own, nc matter what divisions are made in if.
This he does through the ability to reverse his mental processes. At
the same time as the notion of invariance or identity is being acquired,

a child has Yo build up both cardinal and ordinal aspects of number.

The cardinal aspect is, for Piaget, akin to the notion of classes.

Before it can be enumerated, a collection of objects has to be conceived
of as a class of objects, the logical operation of classification coming
in here. Out of this classification grows the ability to appreciate
correspondence with like objects in another group which is the beginning
of one to one correspondence in its simplest form. Invariance of quantity
is also a requisite for a true understanding of one to one correspondence
especial ly when the correspondence is arithmetical rather than perceptual.

The ordinal aspect of number develops at the same time as the
cardinal aspect. A collection of objects to be enumerated must also
‘be arranged in some form of series for the enumeration to be accurate.

At first it is probably a series based on spatial ordering so that

systematic counting can be done. Later a realization of the serial
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nature of numbers themselves develops from the acceptance of the relation-
ship between them. Therefore, in both cardinal and ordinal number
correct enumeration is the end product of the ability 1o see class-
ificatory and serial relationships and cannot precede it, despite the
fact that many chiidren at quite an early age learn the number names

and may appear to use them correctly. For Piaget, the test of true
number understanding is the child's level of ability to accept the
invariance of quantity, to classify, to seriate and to appreciate

one to-one correspondence; all of which imply a fairly advanced degree
of mental flexibility. A child is ready to learn the number processes
more formally after he has achieved the general notions associated with
them. But even here thereis a hierarchy in the various aspects of

these number processes. The notion of conservation of discrete quantity,
for example, does not imply that the child is ready to understand the
éonserva+ion of volume and weight.

Piaget theorises that the development of notions essential fo an
understanding of number, that is, invariance of quantity, conservation,
one fc-one correspondence, classification and seriation, takes place
in the period of pre-operational thought and more specifically in the
sub-period of intuitive operations. The ages generally giverare from
five to seven or eight years, but in fact the higher refinements and
applications of these operations continue to develop through to the
age of eleven or s¢ in normal children. However, the crucial ages
are the earlier ones and much of Piaget's empirical research is devoted
to tracing the development during these periods. His experiments
suggested to him that each of the crucial operations develops In recog-
nizable stages. |t is necessary to make a distinction between the
larger stages in the development of intelligence as postulated by
Piaget and the stages of development of a particular notion. Any -
stage is characterised by a certain type of coherence but the nature
of this coherence may vary. With respect to the general development

of intelligence the stages are defined by a general operational structure,
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although in this case Piaget (1947) sometimes refers to 'periods'.

On the other hand, in the case of a particular notion the stages are

defined by the absence of contradiction in fields of growing dimension

and complexity. Sometimes Piaget uses the term 'level' either as a

synonym for stage or to differentiate successive moments within a stage.

His tests elicit three distinct types of responses :-

(i} There is the stage where the operation in the specific situation
does not exist at all.

(ii) There is a transitional stage, where the operation is sometimes
seen, especially when perceptual critéria are strongly contrasted,
but the child is not very secure in his judgements and is easily
dissuaded. In this stage he may make a correct judgement but
be unable to explain adequately why it is so.

(iii} The operation is fully acquired. The child is convinced that
his judgement is correct and is able to give adequate reasons
for it. Piaget considers such a child to have reached a concrete,
operational level in that specific situation.

At the beginning of his experimental work, Piaget set out the course
his experiments were to take. They were to be conducted as play
situations using commonplace materials such as eggs, plasticine, beads,
flowers, dolls and lemonade in the fests. Hyde (1970), agrees that one
of the main features of Piaget's tests was the simplicity and familiarity
of the materials used. Hyde adds that it is this use of familiar
material which makes the tests suitable for repetition with chiidren
of varying backgrounds and environments. Even the most primitive peoples
are likely to be familiar with clay, water and simple containers.

The children were interviewed separately, each child being al lowed
to manipulate the material for himself, to work at his own rate in

a play atmosphere and to express his ideas to the best of his ability.

Conservation,

Quantity, according to Piaget, begins as quality, and is apprehended

initially in terms of the perceptual dimensions of the quantity. As

such, the idea of quantity is Iiable 1o fluctuate with changes in the
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perceptual organization. The abstract idea of number comes about as
a result of the understanding of the conservation of quantity. Piaget
stresses that the principle of the conservation of quantity or a set
is fundamental to the child's development in the understanding of the
invariance of number and quantity.

Piaget's theory of conservation of number requires that the child
understands the use of two processes in order to conserve quantity;

firstly, the notion of the unit or the understanding that a quantity

is divisible, and secondly multiplicationof relations whereby the

child can relate +he'percep+ual dimensions in order to compensate for
apparent changes in quantity. Although Piaget has not explained how
intuitive conservation is related to the conservation of quantity, he
affirms that small aggregates of less than five in number may be
intuitively conserved. |In a later work, Piaget (1968) affirms that a
child who is capable of conservation has by definition attained the
stage of concrete opera+iéns. Since number Is among the first dimensions
a child conserves, such development can be an indicator of the onset
of concrete operations., Piaget stresses the importance of knowing if a
child is capable of conservation for two reasons :-
(i) Since tearning is dependent upon a child's level of cognitive
functicning, teachers can utilise the knowledge of the pupil's level to
determine appropriate curricula.
(it) Only when a child can conserve does he possess the skills necessary
to rational activity.

As a result of his tests, Piaget concluded that the young child
does not necessarily assume conservation of either discrete or continuous
quantities. The judgements of the child are based initially on the
perceptual dimensions of the quantities and when these differ thus obscuring
the equality of the two quantities, the child judges the amount in terms
of the perceptual dimensions. Gradually, through a growing understanding
of logical operations, the child discovers, provided there is no addition
or subtraction, +Ha+ a quantity is conserved whatever may be the nature
of the change. Throughout the experiments Piaget found that the children
tended not to count, but where they did, fthis did not help them to
conserve. Dodwell (1960, 1961) and Parfitt (1972) having used Piagetian
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tests in their investigations, also confirm Piaget's view that counting
did not seem to help the child.

Piaget recognized three stages in the development of the understanding
ot conservation. The responses of the first stage showed that the child
thought the quantity increased or decreased according to either the
level which the discrete or continuous quantities reached in the particular
container used, or the differing length of the configurations of the
elements in ofher'fesf situations.

Thg second stage contained responses which showed intermediary
solutions, for example, the child often hesitated a long time before
answering, or perhaps changed his mind, sometimes accepted equivalence
because of an original one-one correspondence, and sometimes rejected
it when distracted by perceptual criteria. There seemed to be a
conflict between the earlier alcobal judgement and the beginning of
infellectual judgement based on what the child knew the original
quantities to be. Piaget observed that there were individual differences
of attainment within the fransitional period, some appearing to have
proceeded further through the stage than others.

The third stage contained respenses which, without doubt, showed
the attainment of a true notion of the invariance of quantity. The
obvious difference between these and transitional responses lay in the
fact that the child's answer was immediate and decisive as well as
being correct. Many of them showed that not only were they able to co-
ordinate differences in height and diameter Yo arrive at an estimate
of relative quantity, but also to prove it mathematically. As Piaget
says, "The conflict between the one-one correspondence and the perceptual
relationships comes to an end only during the third stage, with the
triumph of correspondence over perception.”" Thus the achievement of
conservation marks the changeover from perceptually based ideas of number
to a logical concept of number. Conservation provides the basic test
as to whether a child has understood the invariance of number, that
Two means an invariant concept of two, and thifteen an invariant
concept of thirteen. Thus he understands that the numbers are not

merely names such as cat and dog but rather refer to a pervasive
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quantity. This, asserts Piaget, is a pre-requisite for an under-

standing of the early arithmetical ocperation.

One-one Correspondence.

Piaget stresses the importance of one-one correspondence in the
development of the child's concept of number. Lovell (1961) takes
a similar view and suggests that the perceptions involved in one-
one correspondence and the actions required in this construction are
important for the later concept of number.

Piaget describes in detail two fypes of correspondence. The

first, ‘spontaneous correspondence -, arises when the child is required

to assess the value of two equal sets of similar objects. Piaget's
example of this is drawn from the child's everyday life. [If two
children are playing marbles, and one of them puts four or six on
the ground, his companion will want to put one opposite each of them
and so will produce an equivalent set, without needing to be able to
count. Children so frequently use this method in the inferest of
'fair play' in their games that it is surprising to find a lack of
conservation.

Piaget referes to the second type of correspondence as 'provoked

"correspondence ; this occurs when objects are heterogensously comple-

mentary. Again, Piaget uses everyday illustrations To meke his point.
The child is asked at meal times to put some eqgs in egg~cups, or

" to put glasses by the side of bottles or flowers in vases. Plaget's
view is that a correspondence is engendered by the very nature of

the objects in question, an egg cup for example -provokes' an immediate
one-one relationship with the egg. Piaget says that although the
child is able to make such a correspondence, with or without help,
this does not necessarily mean that he has the idea of lésfing
equivalence. To support his ftheory Piaget devised a series of
situations using familiar, everyday objects to test both types

of one-one correspondence. Piaget was also interested in the

child's ability to construct a one-one correspondence between
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two and then several sets and simultaneously to conserve the sets.
Piaget asserts that as soon as the two-one relationship is grasped

the notion can become generalized to three, four and five sets.

Provoked Correspondence.

Having used eqgs and egg-cups, flowers and vases, bottles and
glasses, coins and sweets in test situations, Piaget observed a similar
evidence of three definable stages. The children who were assessed
as being at the first stage included those who needed help in establishing
the correspondence and who also denied its existence once the perceptual
matching was destroyed. For example, these children thought that
when the bottles were moved closer together in the row, this action

made them less. Thus equivalence for the child at this stage

depended on variable facters such as the length of the rows. In

fact, Piaget suggests that the child may doubt whether a return to

The original position will restore the correspondence. Children

who were at the second stage included those who could make the original
correspondence, but who accepted correspondence and equivalence:only
on the global appearance of the set. Piaget found that some children
who used numbers fo express the original equivalence, for example,

Six bottles and six glasses, still denied correspondence when the

pattern was upset. Piaget says, "There is a discrepancy between the
labelling with numbers and visual intuition." Nevertheless, there was
evidence at this stage that the child was moving towards an acceptance of
equivalence. |t was clear from the decisive responses of the children at
stage three that they accepted correspondence and equivalence irrespective
of the spatial arrangements of the objects.. The difference between
children at this stage and the previous stages is an essential one because
the triumph of the operation properly so called, over perception is clearly
indicated. These children were considered to have a true idea of number,
divorced from space and time, even though they may not have known

the acTuéI number names. |1 15 clear that once the sets had become

equivalent through a one-one correspondence, these children remained
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convinced of the equivalence irrespécTive of the arrangement of their
elements. Piaget also concluded from these tests that the verbal factor
played little part in the development of correspondence and equivalence.
He concedes that at the point in which correspondence becomes quantifying
giving rise to equivalence, counting may have assisted but contends the
process was not begun by numerals as such. Piaget adds, "|f the child
has not reached a certain level of understanding, counting aloud has no

effect on the mechanism of numerical thought".

Spontaneous Correspondence.

Piaget continued to analyse the child's use of spontaneous corres-
pondence, that is, where the child is required to find the correspondence
between Two.seTS of like objects which do not possess the common bond
which the sets had in the tests of provoked correspondence. To investigate
this problem, Piaget and his col!eagues presented children with a
succession of figures made up from counters. These figures were composed
of random shapes, open ended paralliel rows, closed figures such as circles
and a rather more complex rhombus. The child was asked to take from a
box the same number of counters as there were in each of the models.
Piaget was particularly interested in observing the child's actual
procedure in each of the test situations. Again Piaget found that the
tests elicited three stages of response.

During the first stage, the child uses only global comparison,
imitating the configuration of the model without being too concerned
with the exactness of the number of counters he used.

Piaget feels that Thg reactions of this first stage are of great
importance to the psychology of number, since they show that the only
guantification of which the child at this stage is capable, takes
place through the relationship 'more' or 'less'. The child concentrates
upon a 'one at a time' method in comparing his copy with the model.

His co-ordination has not yet become operational or logical but is still
infuitive, consisting in merely attempting to produce the general

resemb lance between the model and the copy. As yet, the child is unable
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to logically campose the relationships which constitute iitsqualities.

In the second stage there is one-one correspondence which is
always based on the particular properties of the figure, for without
the figure, the child no longer thinks the twe sets are equivalent.

The third stage is recognized when the correspondence no longer
depends upon the intuitive figure and the child begins to use spontaneous
arrangements. Piaget, although detecting a fourth stage in which
practica! correspondence is replaced by the ability Tc use numeration
correctly, suggests that this stage is not relevant to his main study
of the genesis of number.

Piaget also studied the effects of spontaneous correspondence when
the child is presented with single rows to copy rather than complex
figures. |n this investigation Piaget observed that for children
at the first stage, the criterion of the evaluation is not the number
of elements or the one-one correspondence, :but perception of the
global quantity, which could be either the length of the row or the
density of the elements used. When the children at the second stage
are asked to pick out a number of elements equal to those in a mode!
row, they react by making an optical spatial correspendence with the
mode!, but no longer accept the equivalence of the Two rows when the
correspondence cannot actually be perceived. At the third stage on the
contrary, Piaget affirms that correspondence is freed from both spatial
and perceptual limitations, and will éon+inue even when the elements

are displaced.

Ordination, Cardination and Seriation.

Piaget holds that the child's notion of ordinal number develops
in the closest relation with his cardinal number ideas, and in fact,
each depends upon the growth of the other, in the same way as both
inter-depend upon the child's growth of logic. The chiid's concept
of number results from a synthesis of these two processes, that is,
when one has a number in mind both the cardinal and ordinal aspects are

considered. When Thinking of 'three', it is both a set of fthree objects



and the third in the series. |1+ is third in the series by virtue of the

fact that it contains one element more than the second in the series, and

one less than the fourth.
Piaget suggests that a child is not able to use numbers until

he has fully understood the serial significance of sets. Piaget and

his co-workers carried out a sequence of experiments based first on

ordinal numbers and series as such, and then on to their relations as

cardinals. In the first experiment the child had to seriate a set of
ten wooden dolls, a set of ten sticks and a set of ten plasticene balls

of  distinctly different sizes. Plaget describes three methods which
the children use in dealing with the problem posed :-

(i) Bouble seriation. The child firstly seriates the doils, then
makes a separate series of balls or sticks, making each term
of the first series correspond with the term having the same
position in tThe second series,

(i1} Simple seriation with correspondence. This method consists of
forming one of the sets into a series and then putting the elements
of the other set directly in correspondence with them by taking
them one by one according to their position and in the same order.

(iii) Direct correspondence. By this method there is immediate one to one
correspondence between balls and dolls without previous seriationy
the seriation taking place either in fact or by visual judgement
simultaneously with the correspondence itself.

The results were very similar to those found in the previous tesis
and Piaget again observed three distinct stages. The children who

were at stage one were neither able to use the 'double-seriation:

method, nor were capable of exact spontaneous seriation when they used

'simple-seriation'. Piaget says that the child's correspondénce

at this stage is still global and pre-serial. He also affirms that

correspondence pre-supposes seriafion_and that when spontaneocus

seriation is not possible, neither is serial correspondence and

vice versa.
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Although Plaget observed progress at the second stage, he confessed
a difficulty in distinguishing it from the third stage. The appearance
of correct and spontaneous seriation and serial correspondence was
apparent. The obvious difference between the second and third stages
is that seriation and serial correspondence are still intuitive and
perceptual at the second stage, whereas they become operational in
the third when the correspondence is ftruly ordinal, that is, numerical.
As an outcome of his investigations into ordination and cardination
Piaget postuiated that there is no more difficulty for the child in
making a one-one correspondence between two series that have to be
constructed simultanecusly, than in cordering a single series.

The first stage of cardination corresponds to the first stage
in seriation. The common factors in both are their global nature,
and immediate perceptual experience prevailing over operational logical
composition.

Similarly the second stage in ordination and cardination
corresponds in similarity of mechanism. The child no longer reacts
globally; he is now capable of analysis although the analysis Is limited
to perceptual data and as yet is not operational

In the third stage Piaget found the results and structure the
same for ordination and for cardination, both giving evidence of the

child's triumph of operation over intuition.

Class inclusion.

The éoncluding chapters of 'The Child's Conception of Number!
demonstrate how Piaget investigated the relationship between
nuﬁber, class and retations, through the child's use of numerical
operations. Piaget observed the child's response to the inclusion
of partial classes in a wider class. To investigate class inclusion,
Piaget firstly used a box of wocden beads, most of which were brown
only two being white. The question asked was, "Can the child
use the mental process of logic to conclude that if the class

or set of wooden beads included the set of brown beads and the



set of white beads, then the set of wooden beads must then be
larger than elther the set of brown or the set of white
beads?"

AT the first stage the child cannot visualize the whole
as being larger than its parts. Shown a set of wooden beads
in a box, nine of which are brown and only two white, and asked,
"Are there more wooden beads or more brown beads?", the child
repties, "More brown ones." Asked if the brown cnes are made
of wood the child replies, "Yes", and asked, "Are the white ones
made of wood?" replies, "Yes." VYet when the question is repeated,
"Well, then, are there more brown beads or wooden beads?", he
again says, "More brown ones." When asked which would make a longer
necklace, the wooden beads or the brown beads, the child replies
that the brown beads would.

AT this first stage the child is unable to consider quantity
of wooden heads because the idea of the wooden or whole is lost
when the parts, brown and white, are considered. Piaget feels
that there is systematic difficulty for children less than seven
or eight years of age in comprebending the inclusion refation;
the idea of the Three classes in the example, wooden beads, brown
beads and white beads couid not be considered simultaneously. Piaget
however, recognized a dual objection, firstly in the case of the
beads there is not a single word to define the general class and the

particular classes but only combinations of words, wooden beads,

brown beads, white beads, in each of which beads occurs.

Secondly Piaget felt that the fact of putting, for example, some
forty brown beads with only two white beads might create a

systematic illusion in the child's mind. To reply to the objections,
Piaget tested this concept by using experiments in which the classes
were designated by a single word, for example in the first instance
flowers, twenty of which were poppies and three of which were
bluebelis. He then used a set of beads defined by their colour

ané not by their matefrial, the partfial classes being defined by
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their shape - round, square etc. This was followed by an experiment
using about 20 brown beads and 15-17 white or green ones. As a result
of these and other similar experiments, Piaget concluded that the
inclusion relation appears to be a stumbling block for children.
Qualitatively the child understands that one bead can be both brown
and wooden, but quantitatively, he cannot place the beads in fwo

sets such as brown and wooden, simultaneously. As scon as the child's
attention is directed to the part, the whole is forgotiten. Al

the subjects to whom Piaget referred understood the nature of inclusion,
they had grasped the fact that all the beads were wooden or blue

and so on. Piaget stresses that all of his subjecTs possessed the
noetion of total class required by the questions and were capable

of the general statements defining the class &all the beads are wooden.

In the second or transitional stage of development the idea
is grasped at the intfuitive level, that is by trial and error. The
child responds at first as if he were at stage one, saying for
example, that there are more boys than children. Prompted by the
question, "Are the girls children?", the child realizes his mistake
and is able to correct it.

I'm stage three, the discovery is spontaneous and immediate.
The child understands the logic of the inclusion relation. |f the
set of children includes a set of boys and a set of girls then there
must be more children than either boys or giris. The problem is
solved at the logical or intellectua! level rather than by trial
and error as in stage two.

Piaget concludes that the real problem is that children at
the first stage are still on the plane of percepfual inftuition
which is immediate and irreversible. In moving their thought from
the whole to the part, the whole is fprgoTTen. When faced with the

situation which demands transference of thought from beads to brown

beads then white beads the child is unable to reverse his thoughts back

to whole again, that is, back to the class of beads which includes both
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brown and white. |t is, according to Piaget, the achieving of
reversibility of thought, from whole to parts to whole again
that constitutes a logical or intellectual action as contrasted
to the perceptual or pre-logical, which is based on sensory

experience.

Relations between parts and wholes.

Piaget considered it of vital importance to ascertain whether
additive composition of parts into a whole gives rise, in the case
of number,.+o difficulties comparable to those of the inclusion
of classes in a total class, or whether the difficulties of
inclusion are exclusively logical. To investigate whether a
child is capable of understanding that a whole remains constant
irrespective of the various additive composition of its parts
for example, 4+4=1+7=2+6=3+5, Piaget constructed the following
situation; +the child is told that he is to have four sweets for
'elevenses' and four for tea-time. The next day he is to have
the same number, but as he will be less hungry at eleven-o-clock
than at tea time, he will only eat one sweet in the morning and
all the others in the afterncon. The verbal situation is demonstrated
by using beans. The child is then asked to compare the two sets,
that is 4+4 and 1+7, and to say whether he will eat the same number
of sweets on both days.

Piaget found that the child at the first stage did not regard
the two sets as equal. The reason why the child fails fo recognize
the equality of the sets is, affirms Piaget, because he is guided by
the perceptual relaticnships. At the second stage, the child who
begins by showing the same kind of reactions as the child at the
first stage, gradualiy comes to see, or can be made to see, that
although 7 > 4, this inequality is compensated by 1 < 4,

The child at the third stage sees each sub-set in relation

to the other and both are seen in relation to their sum.
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Equating of quantities.

i. Unequal sets.

Piaget questioned what would happen if the child is asked to
make a transfer from cne set to another in order to establish the
equivalence between them. For this purpose Piaget gave the child
two unequal sets of counters, for example, one set of eight, and
the other set of fourteen counters.

During the first stage Piaget observed, the child does not
understand that the subtractions and additions necessarily compleéement
each other, that is, when he adds a number of elements to one set,
he does not expect the set from which they were taken to decrease
by the same amount. At the second stage, the child is aware that
this is what occurs, but only on the infuitive plane, and therefore,
apart from the figures, he is incapable of judging the equality
and foreseeing the results of adding and subtracting.. The child
at the third stage establishes the equivalence by means of a
decomposition of the sets and reconstructing equivalent sets.

ii. Equal sets.

Piaget was concerned in This experiment with the process by
which the child Transforms the logical operation, B = A + A into
a numerical operation, namely, A + A;= 2A = B, The child is
asked fo divide a number of counters, eighteen, into fwo sets, each
having exactly the same number. As a result of the experiment
Piaget found that the child at the first stage could not grasp
the fact that the sum of the parts is equal to the whole, nor
does he recognize the lasting equivalence of tThe two halves, even
when he has obtained them by distributing the elements, term for
Term, in two corresponding sets. The child at the second stage,
although Piaget does not explain fully why the child is fransitional,
does not conserve the whole nor is indicating #at he is aware of
lasting equivalence. At tThe Third stage the child is capable of
constructing two equal sets and that the sum of the sets is equal

o the whole,
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Development of the notion of measure.

In the final chapter of the book Piaget returns to the
question already discussed, namely conservation of continuous
guantity; but as an exftension observes the child's readiness
To use measures.

The child is given quantities of liquid in three vessels which,
because of their different shapes, preclude an estimation of their
ratio by direct perception. He is asked to say whether one of the
quantities is equal to, greater than or less than, one or both of
the others and is given some empty containers which he can use to
solve the problem. Piaget found that the child at the first stage
was influenced by the immediate perception, did not conserve and had
no notion of common measure. The child at the second stage was
able o conserve in certain cases, that is, when The changes were
slight and not too easily perceptible but did not conserve when
the changes were more obvicus. Unlike the first stage, the
transitional child spontaneously made use of measuring glasses,
but did not always choose the correct one. At the third stage,
the child grasped the fact of conservation and was capable of

correct spontanecus measurement.

Summary of Piaget's number theory.

(i) For Piaget, the development of the child's concept of

number occurs in stages which can be diagnosed through various tasks.
(i) The stages are traversed by all normal children with
individual differences depending on chronological age, mental age
and cultural background.

(iit)  The attainment of each stage is pfeceded by a period of
transition which is most clearly seen at the five to seven or

eight year otd level, when the stage of concrete operations is

being approached. Developing in this transitional period, are

those logical operations which are essential for manipulating

and extending concepts which, in turn, will be structured into a
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Tworking model of the world.'

(iv) In Piaget's theory the attainment and development of the

concepts of number are a microcosm of general intellectual developrment,

consequently much of his theory on this development is based on his

research in number and scientific concepts. Piaget maintains that

certain mental operations must be available to the child before a

true concept of number can be attained, the most important manifestation

of which is the chitd's ability to accept invariance, or conservation

of quantity. Number ifself can have no logical meaning for the child

without the understanding that no matfter how a quantitiy is arranged

and sub-divided, its total still remains the same.

(v) Closely related tc the concept of conservation is the understanding

of one-one correspondence which the child needs to mentally retain cven

when the elements of the sets are spatially unmatched. Piaget insists

that the child can neither see the relationship which exists between

sub-classes and total groups nor can he accept that there can be over-

lapping sub-classes based on qualities other than number, for example,

attributes of colour, shape and size, withcout the attribute of the

number being altered unless he has this notion of invariance.

(vi) Another Piagetian criterion for the frue attainment of number is

the ability to classify sub-groups. A child who cannot distinguish

between an inherent quality and an overall quantity has neither a true

notion of cardination nor ordinaticn. Ordinal number depends ultimately

on the ability to understand graded difference. |In the first instance,

it is essential to accept some form of ordering of the objects 1o be

enumerated before even cardinal or class qualities can be arrived at.
These four notions, namely, invariance, one-one correspondence,

classification and seriation to some extent overlap but are easily

diagnosed in practical situations. Although no exact age can be

given, Piaget found that most of his subjects had begun to develop

these notions somewhere between the ages of five and eight years of

age,‘and in many instances had reached operational levels. The fé!lowing

section of this review is concerned with studies of Piagetian theory as

They apply to handicapped children.



60

3, Research into the development of number with special
reference to handicapped children.

The primary aim of many researchers has been fo test
whether Piaget's theory of stages still remains valid when the
test procedures are carefully standardised and the subjects chosen
from more typical populations than those which Piaget used. Some
of the secondary aims have been to relate conceptual development
to chronological age, mental age and cultural difference, Latterly,
there has been an interest in the possibility of accelerating
concept formations. Lunzer (1973) points out fthat much of the
research reported testifies to the value of the type of situation
devised by Piaget for its diagnostic value, when this is adopted
fo bring about educational re-orienftations. In view of this it
is natural that teachers of handicapped children will wish o
know the value of Piaget as far as their own work is concerned.
Most studies in this area are concerned with children who
comprise the largest group, namely those designated as slow
learners, retarded, mentally handicapped or educationally subnormal.
Some studies are devoted to the deaf, children with partial hearing,
the blind and those with other visual handicaps. Although some
investigations have been made into the development of number
concept in Piagetian terms with cerebral! palsied children, the
writer has found none with respect to spina bifida chitdren.
There is value however, in studying the available research into
the conceptual development of children having different learning
problems because the frequent overlapping of handicap is now

widely recognized.

Intel lectual handicap.

A considerable body of research by Inhelder (1968}, Stephens
et al. (1972), Woodward (1959, 1961, 1962) has indicated that
except for the tendency for retarded children not to achieve
Piaget's level of formal thought and their generally slower

rate of cognition, their developmental sequence does not differ
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fundamental ly or qualitatively from that of normal children.

Woodward concluded that it was possible for subnormal children tfo

reach an operational level for some aspects of number concept, but

not for others. Woodward's conclusion is supported by & study by
Parfitt (1972) of the responses of secondary age E.S.N. boys fo
Piagetian number situations. Parfitf's study showed that the older
E.S.N. children in his sample did not differ significantly in their
responses from younger, normal children equated by mental age. Problems
were observed however, with respect to tests of seriation. Lovell and
Ogilvie (1960) found that the conservation of quantity varied with

the type of material used. 1n a later study, Lovell, Mitchel!l and
Everett (1962) investigating the growth of logical structure in education-
ally subnormal chiltdren, concluded that their results agreed fairly

well with Piaget and also demonstrated the limited ability of these
children to develop logical structures. Lovell (1971) observes that

in tThe case of some retarded pupils the conset of concrete operational
thought may be delayed until fourteen or fifteen years of age, and then
it may be available only in rather specific situations.

Mannix (1960} investigating a group of forty-eight E.S5.N. children,
found evidence .of similar stages to those which Piaget states are
traversed by normal children in the development of number concepts.
Although there was wide variation in the mental age at which these
children demonstrated the use of concrete operation, no child below
a mental age of 6.8 years achieved concrete operations on all eight
of the tests used. Of interest to the teacher of handicapped children

is Mannix's emphasis on the value of Piaget's clinical method.

Hood (1962) observed that mental age was related to the performance
of retarded children on ftasks of seriation, classification and
conservation. He also found qualitative differences in the

manner and speed of responding and noticed distractability; their
slowness, Hood observed, was due in part fo poor receptiveness

to language. Kirk's (1968) study with retarded children also indicated
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a closer correlation with mental than chronological age. Kelly (1967)
administered a series of Piagetian number and 'handling of money'

tests to E.S.N. and younger children équated for mental ége. The results
showed that the younger, normal children performed equally as well

as the older E.S.N. children on the money tests, were better on tests

of mechanical ability, problem solving and basic understanding of number.
She also found that E.S.N. children may be at the concrete operational
levei for some aspects of number and not for others, and that the

mental age at which they pass from one stage to another, varies widely
from child to child. Stressing the importance of providing concrete
materiais for slow learning children up to ten or eleven years of age

or even longer, Lovel!l (1961) wérns teachers not toover-estimate their
pupiis! capacity for number operations. He adds that such children

may well acquire concepts of sufficient width and depth for what is often
termed 'real-life' arithmetic but may neQer be able use numbers in
operational fashion,

Lovel!l (1961) has also evaluated some of the basic concepts involved
in the child's development of an understanding of numbers, space, volume,
time and substance with particular emphasis on the concepts as applied
To a teaching situation. He reiterates Piaget's emphasis that
abstractions are derived through the transformations which take place
when the child classifies objects, rearranges and puts them in serial
order. Lovell stresses that concepts and their reversibility in the
mind are built up from usingmaterials and advocates activities as
suggested by Dewey and Froebel and the use of materials as suggested
by Cuisenaire and Dienes.

Lovell also raises the question of whether slow learning children
should be exposed o such activities in a more structured and directed
manner since, even with normal young children, acquisition of these
concepts is 'patchy' and 'uncertain' and occurs fitfully.

A number of tests based on the work of Piaget, constructed by
Williams (1958) to assess 'number readiness', were firstly given 1o a

group of educationally subnormal children and secondly to a group of
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normal children. Wiltliams found that some of the chitdren who scored
reasonably on mechanical tests of arithmetic had no real idea of number
relationships. He found that some children who had reached the operation-
al stage on some of the Piaget tests had not reached it on others. He
also observed a fairly close relationship between the understanding of
number concepts and the ability to appreciate the complementary nature
of addition and subtraction. Experience with both groups suggested
to- Williams the value of using such a battery of tests to assess
number readiness.

Tansley and Gulliford (1965) having had considerable experience
in the teaching of handicapped children, affirm with special reference
to Piaget's work the importance of appreciating that number readiness
is fundamental to sound arithmetic teaching. They stress the value of
understanding how the child's ideas of quantity develop; consequently
the -curriculum should be so devised as to make apparent to the child
from the beginning the importance of number relationships. It is
essential o appreciate that retarded children are slow to see the
relationship, particularly when expressed in symbolic terms rather
than in concrete ways.

Childs (1963} has also investigated the possibility of using a
series of Piagetian tests as a predictor of number readiness and
as an individual diagnostic number test with retarded children of
primary school age. As a result of this study, Childs concluded
that numbers held no meaning for the retarded children in his sample and
very few of them could, in fact, enumerate twenty objects. He adds that
the children had no idea of the concepts of conservation and seriation
and were unable To establish a one to one correspondence between sets..
Childs acknowledges that although his test is an imperfect instrument,
it could well provide a starting point for number work and activities
suited to individual needs and requirements. Woodward points out
that Piaget's approach to the study of number concepts has applications
to clinical psychology and education. She suggests that his approach
might usefully be applied to children who are beéing considered for

education in schocls for the educationally subnormal and, in addition,
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may be a useful supplement to the few techniques available for the
assessment of the educability of children with severe or multiple
physical handicaps. Wolinsky (1962) has also attempted to demonstrate
how some of the principles underlying Piaget's work are applicable

to the devising of educational programmes for the sub-normal.

The available literature indicates differences of opinion amongst
investigators as to the role of counting for the retarded child. Childs
for example says that apparatus based upon the counting aspect of number
teaching may tend to cause the teacher to over-teach the dull child
and mask the processes of number thinking and meaningful!l learning.
Wheatley (1968) states as a result of his research using Piagetian
tests of conservation, cardination and counting, that the last is a
poor base for judging potential in arithmetic. Counting is often a
meaningless set of responses, on the other hand the unrecognized ability
to conserve is a pre~-requisite for understanding number and a very
useful concept for predicting success in number. Parfitt observed
that although E.S.N. children frequently counted in conservation tasks,
this did not seem to greatly assist the non-conserver in making an
operational judgement. Kruteskii (1965), reminding us that retarded
children perceive relationships between symbols very badly, preferring
concrete to abstract reasoning, states that memory for natural numbers
does not imply mathematical ability. On the other hand, Mannix says
counting appears to be the method preferred by E.S.N. children when
dealing with number problems; correspondence being substituted if the
test situation makes counting difficult and Kelly observed in
her investigation that the retarded children of all ages in her sample
preferred to count wherever possible.

Petrie (1972) who has worked for many years with retarded,
disturbed children says that in her experience every child except
a low grade mental defective counts, even though this may only be
a little, because he handles money from earliest childhood. Lunzer,
in @ review of recent British studies based on the works of Piaget,
questions whether Piaget has underestimated the importance

of quantificatory counting as opposed to a mere verbal drill.
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Gruen and Vore (1972) wished to establish whether differences between
retarded and normal children became more evident as comparison tasks
increase in difficulity. The authors concluded that differences in
performance were primarily attributable to mental age but not I|.Q.
Conservation of number was less difficult for the retarded children
than conservation of liquid. There were however, exceptions to this
order. Some investigators, for example Suppes (1974) and Field (1974)
have observed that language problems are centra! to the number

difficulties of retarded children.

Visual handicap.

Nash (1969) demonstrated +hat children with visual perceptual
difficulties functioned at the lower levels of spatial reasoning and
'those with figure-ground difficulties were significantly poorer on
number conservation tasks'. This study is of particular interest to
the teacher of spina bifida and hydrocephalic children who may have
visual perceptual problems.

The overall results of an investigation by Hughes {1969) support
the view that although the sequential development of children with
visual problems is similar to that of normal children, the rate of
development is slower. The evaluation of Piagetian type tests to be
used diagnostically by teachers of visually handicapped was examined
by Tobin (1972). His investigation indicates that 'conservation responses
increased with age'. Also, 'while the best of the visually handicapped
attain conservation as early as six or seven years of age, there is
a wide spread, with a substantial number not conserving until beyond
the age of nine or ten'. Frostig (1975), writing on visual perception,
indicates the importance which Piaget's theory places on the child’'s
perceptual development, particularly in the development of mathematical
skills. Mathematics is difficult, asserts Frostig, for children with
poor visual perceptual skills, a view supported by Cruickshank (1975).

Canning (1957)administered one of Piaget's tests to a group of

children who were either blind or partially sighted. The test involved
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comparing liquid in two equal glasses and then emptying one of these
into two glasses which were half the size. It appeared to Canning
that the children in question did not reach an operational level of
reasoning until much later than normal children; in some cases their
judgements were perceptual as late as the age of ten. As Lunzer (1973)
states, this exploratory study of Canning provides an important pointer
to the possibility of Piaget's work in relation to the attainment of
concepts by children with sensory handicaps.

Gottesman (1971) analysed the performance of blind and sighted
children on Piagetian tasks. The sighted children were not allowed
to use vision and Gottesman found that the level of operativitiy achieved
by both groups substantiated the Piagetian developmental stages. The
abilities of the blind and sighted children were very similar on

Piagetian tests of haptic perception.

Deaf and partial hearing.

Oleron and Herren (1961), in an investigation of conservation
found a retardation of six years among the deaf children when compared
with normal children. Furth's (1964, 1966, 1970) researches into the
concept development of deaf children led him to assert that 'the kind
of experience with the physical world' rather than language or formal
training determines, in part, the age at which chilidren pass from a
perceptual to a loglcal judgement on many Piaget-type experiments.
Both Oleron and Furth's studies show similar results indicating that
deaf children acquire elementary logical operations with only a slight
retardation as compared to normal children. The same stages of devel-
opment are found as those established by Piaget on a normal population.
Both OQleron and Furth, observing that there were differing reactions
by their deaf subjects, particularly in the conservation of !iquids
suggest that certain difficulties in the presentation of the
test may have been the reason. Sincliair (1969) cbserves that the
distinction between the quantity of liquid and the volume of the

container is difficult to convey to the deaf child.
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Furth notes an interesting difference in the comparative performance

of deaf and hearing on 'logical symbol discovery' versus 'symbol use'
tasks. While the deaf are inferior to the hearing on the former, they
show equal ability on the use of logical symbols in a structured task.
Furth points to several factors fthat could explain the results; among
others, a different approach on the part of the deaf toward problems
that calt for invention, which may be due to a general tack of social
contact. Oleron finds that seriation-tests are only very slightly
retarded; that spatial operations are normal, and that chassifications
possess the same general structure and appear at the same age as with
normals, but seem slightly less mobile or flexible. Sinclair questions
if the cause may be more due to a general lack of social exchange and
stimulation than to operational retardation.

Physical ly handicapped.

Mogdil and Megdil (1976) report the result of severa! investigations
into the effects of physical handicap on the development of certain
concepts. In one Tnstance conservation of welght problems were used
with eighty-seven subjects whose ages ranged from seven to twenty-two
years, and whose 1.Q. ranged from 46 to 120. The data clearly indicated
that the motorically handicapped children conserved at a much later
chrenological age than the controls. They also report an investigation
by Melcer (1966) into sensory-motor experience and concept formation
in early childhood. Melcer reported a difference between motorically
handicapped children and normal young children in tactile and motion
perception and concluded that the deficits of cerebral-palsied children
were attributable to the variable of motor disabiiity.

Haskel | (1972) investigated the development of number concepts
In cerebral-palsied and other physically handicapped children. He
observes that where attempts have been made to explore the relationship
between neurological disorders and number concepts the findings are
occasionally contradictory and generally inconclusive and considers
that the best strategy is to look at the factors which are thought

to affect concept development.
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Of particular interest to the teacher of the physically handicapped,
many of whom have perceptual problems, is the study of Cohn-Jones and
Seim (1978) of perceptual and intellectual factors affecting number
concept development in retarded and non-retarded children. These
researchers, using Piagetian type number tests and the Frostig Devetop-
mental Test of Visuatl Perception, found that in all cases lower perceptual
ability resulted in greater reliance on irrelevant perceptual cues in
number judgement and in poorer performance on tasks of number concept.
Allowing that mental age and level of perceptual ability may be important
indicators in predicting levels of competence on Piaget's cognitive
developmental fasks, Cohn-Jones and Seim stress the necessity of
further research to pinpoint the specific perceptual skills which
are important to number concept development with the aim of providing
more precise indicators of level of cognitive skill and possible areas

of remediation in cases of cognitive deficit.

Summary .
Suppes (1974),in his general survey of cognition in handicapped

children but with particular reference to the visually impaired, the
deaf and those who are retarded,warns against too simple generalizations
about the number skills of the retarded. While acknowledging the

wealth of quantitative and mathematical models of learning, several

of which apply to concept formation tasks existing in generall
psychology, Suppes stresses that 'the most important work lies ahead’'.
Lunzer expresses a similar view in that further work with handicapped
children might not only yield suggestions as to their own special

needs in the cognitive sphere, but also help in our understanding

of the processes underlying various kinds of reascning in normal children.
Inhelder (1963} a close associate of Piaget, expresses her awareness
that since the development of the normal child is rapid and complex,

the study of pathological troubles which exclude certain modes of
activity is of interest in permitting the researcher to arrive at

some relatively homogeneous, stable stages. The final section of this
review relates to the effects of teaching programmes based upon

Piagetian theory.
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4, The effects of Piagetian teaching programmes.

A number of studies have been undertaken to see if intensive
periods of specific training can speed up the growth of the under-
standing of specific number concepts. Such research will clearly
be of interest to teachers who work with retarded children, even
though most of these studies are concerned with younger, normal
children. Churchill (1958} for example, repeated a number of
Piaget's tests. She was mainly concerned with finding out to what
extent, and in what ways, a planned educational programme could
influence the growth of numerical ideas among a group of five-year
old children. Sixteen children were tested and then divided intc two
groups. During a period of four weeks one of these groups was given
a special programme of number experiences. The control group was not
seen at all until the end of the month. Both groups were then re-tested
and the advantage gained by the experimental group was found to be
statistically significant. Churchill concludes that educational factors
can influence the rate of concept development to a considerable extent.

Phemister (1962) indicated that through a programme of free play
which extended over five monfhs, conservation of number might have
been helped forward. She suggests that progress through Piagetian
number stages can be accelerated by experimental means. However, the
number of children in this study was very small and Phemister acknowledges
that a larger experiment is necessary before firm conclusions are drawn.

Wohiwill and Lowe (1962) studied the development of conservation
of number in seventy-two children who had been divided into four
- groups. They were required to recognize the principle that a numerical
value did not alter because of some change in the grouping of the
objects concerned. One group was given counting practice before and
after each change in configuration. The second group was given the
same practice and also shown that adding items to the configuration
or taking them away, did alter the numerical value. The third group
was given practice aimed at disassociating the perception of a con-

figuration from its numerical value. In particular the children in

this group were shown that when a line of objects was made shorter
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or longer by spreading them or contracting them the cardinal value of
each one did not change. Non-verbal methods of practising were used

as far as possible with these three groups. The fourth group, which
acted as a control, was given no organized practice. As judged by
non-verbal measures of conservation there was an overall improvement
from the beginning to the end of the experimenta! pericd, although there
was no significant improvement when conservation was measured by con-
venticnal verba! means.

Wallach and Sprott (1964) attempted to induce conservation of .
number by showing children the reversibiltity of re-arrangements which
they, prior to conservation, regarded as implying changes In number.
They affirm from their results that the training procedure was effective
in tnducing conservation, and supported the hypothesis that conservation
may be acquired by experiencing situations invelving reversibility.

Another report of success in inducing conservation by training
in logical operations was that of Siegel, Roeper and Hooper (1966),

In their first experiment the subjects were two groups of five pre-
school children, the groups being of comparable |.Q. and social back-
ground, and the ages between 4.9 and 5.0 years. Tasks invelving
conservation of substance of a liquid were given as pre and post
training tests. |t was concluded from the study that the probability
of conservation developing was increased by the training in logical
operation which had been given. Uzgiris (1964) and Kahn (1975) have
studied how varying stimuti differentially affect performance on
conservation tasks. Both of these studies support the authors'
contention that the use of meaningful stimuli provides greater attenticn
and motivation which will, in turn lead to more rapid cognitive growth
and academic success.

Lister (1969, f970) who has investigated the possibility of
accelerating the development of concept of weight and volume with
retarded children, found that they were successful in the post tests.
She states that the children learned more than a verbal response and

were able to generalize to different situations.

Lovell (1969) however, is of the view that the overall effect
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of these training programmes has been smal!. Piaget's view in This
context is that although the child may learn something from a particular
situation, this will have no effect on the child's general level of
understanding since the specific attack is too trivial. In a relatively
recent work, Piaget (1971) whilst favouring experiences which would
influence the child's development, deprecated specific attempts at
artificial acceleration of concept formation. In a similar context
Eikind (1971) writes "The longer we delay formal instruction, up to
certain limits, the greater the period of plasticity and the higher

the ultimate level! of achievement" and Wadsworth (1978) sSummarises

his view thus "Blind attempts at acceleration are fraught with a variety
of potential problems that can make children less efficient in the

long run than if children were not encouraged to try to make adaptations
before they were optimally ready to make that adaptation".

The question fthen as to the best method of assisting the child's
development of number concept is very far from being answered. The
overall impression left by reviewing muéh of the relevant |iterature
is that there is some evidence that certain experience does aid concept
formation if only within |limits. These limits seem to be determined
by the type of experience and the child's point of development when
exposed to it+. Smedsiund's (1961) hypothesis that the possibility
of inducing concept development is high if the child is at a stage
approaching the notion, but low if at a stage which is stitl far from
it, seems very reasonable and persuasive. According to his interpret-
ations the impact of experience can hasten the natural development of
thought processes but not radically change the rate or order of their
appearance.

One of Piaget's closest colleagues, Inhelder (1971) supports
the view that since cognitive development proceeds when the child
is active, the teacher should be both an arranger of the physical
and social environment of the teaching area and an organizer of school
experiences. She advises that if the young school child is prepared
fairly early on, for examplie in the handling of materials conducive to.

ordering and classification, it is possible that the child's later
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construction of number will have been helped. Also, tnhelder's own
success in the use of diagnostic and remedial methods which are the
results of her work with Piaget gives confidence to teachers of
children with learning problems that Piaget does have something useful
to say to them.

tn conclusion, although it is evident that the volume of practical
and thecretical studies based upon Piagetian theory is on the increase
there are still large areas of uncertainty in ocur knowledge of child
development and more particularly the ways in which learning takes
place. There is however, a wealth of practical findings which has
emerged from the work of Piaget already at hand which can be a source
of inspiration and help to the teacher of the spina bifida child.

Chapter 4 outlines some general considerations with respect
to the development of number concepts in a sample of spina bifida
children and chapter 5 amplifies a series of number tests which are
replications of those reported by Piaget and his colleagues and

outlined in 'The Child's Conception of Number' (1953).
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CHAPTER 4

Design of the Experiment.

b. General considerations.

The nature of the probieh discussed in Chapter | called for an
experimental design which would assist in detarmining whether spina
bifida children have a specific cognitive weakness in the early stages
of number development. |t was considered appropriate to study this
aspect of conceptuazl development in the light of the expressed view
of practising +eacher5, psychologists and medical researchers that
spina bifida children in general find number and mathematics particularly
difficult. If it could be seen That such children do indeed reflect
abnormal conceptual development with respect to number, then weakness
in associated subjects later 'on in school could be rightly expected.
However, if it appeared That the number development of children with
spina bifida largely followed the same well attested patftern as that
of normal children and those with other handicaps, it might lead
Those interested to look at other possible reasons for their evident
weaknesses.

Other considerations were to compare the performance in Pilagetian
number tests of spina bifida children whose hydrocephalus had necessitated
a shunt with those without and to compare the performance of boys
with that of girls. 1+ was also considered necessary to Investigate
other factors in the educational progress of spina bifida children
which could affect the development of mathematical skills such as

perceptual-motor ability, reading levels and vocabulary skills.

2. Types of schools used.

The four schools used in the study are referred to as schools
A, B, C and D. These schools are designated by the Department of

Education and Science as Special Schools for the Physically Handicapped.

The population-of each school comprised children with a variety of
physical abnormalities, approximately one-third of whom had spina bifida.
The four schools share similar admission procedures which take the

form of discussions between medical officers, educational psychologists,

headteachers and representatives of the directors of education. The
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schools are situated in the administrative local authority areas of
Derbyshire, Leicestershire and Nottinghamshire.

Schoo! A, which is amodérn purpose built school catering for
up to 150 physically handicapped children aged fiQe to sixteen plus,
takes children from the City and County of Leicester. The school
has a small residential wing In which children can stay for a five
day week but most children travel daily to school. The main criterion
for admission to this schoo! is whether or not the child is sufficiently
handicapped to be unable to cope in the normal school.

Schoo! B which is more recently built, is sited in Long Eaton
and caters for children from Derbyshire. Most children are resident
with relaffvely few children coming to schocl dailty.

School € is also a recently bullt school which caters for children
from the City of Nottingham. Since there are no residential facilities
all the children fravel to school daily.

School D, which is the oldest of the four can be thought of as
a pioneér school in the whole geographical area covered by the four,
Although the school was originally fully residential for the whole of
the school year there is now a tendency for some children to be admitted
on a day basis. School D caters mostly for children from Derbyshire
and Nottinghamshire but there are some who come from Leicestershire,
Lincolnshire and Northamptonshire.

Each school is equipped with hydrotherapy, physiotherapy and
nursing areas, these facilities being used during the school day.

3. The sample.

All the spina bifida children in each school with the exception
of one blind infant child were tested. The headteacher of each school
readily provided medical and intellectual data to assist in preparing

individual profiles. The number of children in each school is shown

in Table 2.

Table 2.
School A B C D
Boys i6 15 12 21
Girls 12 12 17 25

Total 28 27 29 46
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Following discussion with the medical staff and having made
reference to the medical files the writer classified the children
into two groups depending on whether or not a shunt had been fitted,

Table 3 below presents a summary of the data.

Table 3.

Medical classification.

With shunt . Without shunt
Boys 40 24
Girls 50 16
Ail - 90 40

The sample was also classified by physical disability

T

as shown in Figure (i) below.* Table 4 details”the numbdr and

r,
<3 e
percentage in each category. FuI!'deTai{s are to be foundggn - & -
Appendix A page 267. e .
o A LY .
L Figure (i). |Illustrations of physical disability N
T - ey TR
Disability
Minimai Modergte Severe Very severe
Table 4.
lable 5. Very
Minimal Mcderate Severe severe
n. % n. 3 n. & n. %
15 11.5 44 33.9 25 19.2 456 35.4

Chronological age.

Complete details of the chronological ages of the 130 children
are to be found in Appendix A pages 268-274. Table 5 presents a

summary of the data.

¥ The diagram is based on Hunt et al's (1973) reference
but the classification croeria are the author's own. See

also Lorber (1971a, 1972) for a similar c]assificafioﬁ.
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Table 5.
Chronologica! age. Distribution with reference to schools.
Boys Girls All

School n. m., s.d. n. m s.d n. m. s.d.
A 16 8.4 yrs.2.5 i2 8.5 yrs.2.9 28 8.4 yrs.2.6
B 15 8.9 " 3.2 12 8.6 " 2.2 27 8.8 " 2.8
C 2z 7.7 " 2.4 17 7.7 " 2.8 29 7.7 " 2.6
D 2l 1t.8 " 3.3 25 1.7 " 2.9 6 11.7 " 3.0

All 64 9.5 " 3.3 66 9.5 " 3.2 130 9.5 " 3.2

Means and standard deviations of the sample with respect to
one aspect of medical classification, namely whether or not a shunt

system was fitted were computed.

Table 6. :
Chronological age. Distribution with reference o medical classification.
Without a shunt With a shunt
n. m. s.d n. m. 5.d
Boys 24 8.7 yrs. 3.8 40 8.6 yrs. 3.2
Girls 16 9.9 " 3.7 50 g.4 " 3.1
All 40 9.6 " 3.6 90 g.5 " 3.1
Figure (ii) below i!lustrates the number of children from

the sample born in each of the years between 1959 and 1971.

Figure (ii) Year of birth.

201
19
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Infeiligence.

Each child had been tested by either the local medical officer
or educational psycho!ogisf as part of the assessment procedure
prior to admission to schools for the physically handicapped and at
frequent intervals thereafter; details of 1.Q. tests, usually
Stanford Binet, were therefore available.

Table 7 is a summary of the |.Qs of the sample, full details

of which are to be found in Appendix A pages 275-279.

Table 7. '

Intel l igence.

Boys (n = 64) Girls(n = 66) All(n = 130)
m. : s.d. m. s.d. m. s5.d.
8l.6  16.9 80. | 15.2 80.9  16.0

Table. 8.

Intel ligence (medical classification).

Without shunt With shunt
n. M. .s.d. n. m. s.d.
Boys 24 89.7 - 16.1 40 76.7 15,7
Girls 16 85.7 14.4 50 78.4 15,1
All 40  88.| 15.4 90 77.7 15.3

The range of 1.Qs of the sample was from 47 to 132.

Figures (iiiﬂfo(vii)lsummarise +he number of children in |.Q. bands.

Figure(iii)lf boys Figure (ivﬂ-— qiris
3 o

~;1 [ | \?4 T
16 — 6= _ |

141 b

12 124 B
101 0

8 ] 1
el Ch r—

“ P
& = ! ]
21 3 '
| Y

4o T G 7C (;?c'-ha o 11D 2o 15 " ap 30 80 <o Fﬁ‘l\ ioet 10 dp 130
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4, Methods of investigation.

Prior to the individual testing session, time was spent in
looking around schools B, C and D. During this period the writer
was introduced to all the children in their classrocom situations,
and it was possible to observe the spina bifida children at work,
discuss their progress with the teachers concerned, and become generally
known and accepted. Rapport with all the children was spontanecus
and a friendly relationship was quickly and easily established.
The apparatus and questions asked were the same for each child. The
time taken to perform the tasks, particularly the Piagetian tests,
varied from chitd fo child, depending upon age, concentration span
and external stimuli. Conversation, as might be expected from a
spina bifida child, was readily forthcoming with lit+tle need of
encouragement. Space was made available so that the tests could
be carried out with the minimum of disturbance, such space being
near the teaching area of the child concerned. The standardized tests
enumerated below followed by the Piagetian tests were individually -
administered to each child. The children were not made aware of
incorrect answers and responses. Since the Piagetian tests would only
reflect the stage at which the child was operating at that particular
time the author decided to re-test all the children in School A after
a period of +hree years so that development could be assessed.
5. Tests.

A. Standardized measures.

(i) Raven's Coloured Progressive Matrices.

(ii) Crichton Vocabulary Scale.

Giii) English Picture Vocabulary Test.

(iv) Burt's Word Reading Test (1974 Revision).
(v} Bender Gestal+ Visuo-Motor Perceptual Test.
{vi) Young's Group Mathematics Test (1974}

B. Piagetian Number Tests.

The tests used were based upon those described by Piaget (1952)
in 'The Child's Conception of Number'. Full details of the tests

are given in the next chapter.
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Test ta and Ib Provoked Correspondence {(pp. 41-67).
" 2a Correspondence between several sets (pp. 203-213).

" 2b Multiple Correspondence (pp. 213-220}.
: (a) One to one correspondence between 'n' sets.
(b} Two to one correspondence.

" 3a and 3b Spontaneous Correspondence (pp. 65-85).

"4 Development of the notion of measurement (pp. 223-243).

" 5a and 5b Equating of quantities (pp. 190-198).

" 6 and 7 Conservation of continuous and discontinuous
quantities (pp. 3, 38 and 222).

" 8 Relations between parts and wholes (pp. 187-190).

" 9 and 10 Seriation, Ordination and Cardination (pp. 96-147).

"o Class inclusion (pp. 161-184).
6. Assessment.

a. Additional tests.

These additional standardized tests enumerated above, were
objectively scored in accordance with the norms detailed in the respective
handbooks. Means, standard deviations and modal ages were calculated
where applicable. Although several scoring systems are available
for the Bender Gestalt Test, the Koppitz Scale (1964) which according
to Kanaguchi (1970) reaches a plateau at about the age of nine, which
almost equates with the mean average of the sample in *his study,
was used. |

b. Piagetian tests.

The child, depending upon his response to the test sitfuation,
was placed at one of Piaget's three stages, examples of which are
frequently given in "The Child's Conception of Number'. A weighting
score of two points for a stage 3 (fully operational) response, one
point for a stage 2 (transitional) and nil for a stage | (non-operational)
was given to facilitate statistical analysis of data. An exception
to the weighting score based upon stage response was necessary in
Test 1l 'inclusion', where the responses were marked as being either
correct or incorrect.

c. Young's Group Mathematics Test (1874).

A group of children from the main sample, mainly in School A
were also tested at the-end of the three-year interval on Young's
Group Mathamatics Test (1974). Each correct answer is given one mark;
the total number of marks being the raw score from which the mathematical

age can be calculated.
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CHAPTER 5.

Description of the Measurement Technique.

The Piagetian Number Tests.

A series of tests related to the development of the concept of
number, Piaget (1952) were broken down info a series of subtests.
The child's reactions to the situations posed were cbserved, brief
notes recorded of the ensuing dialogue and a judgement made as to the

Piagetian stage at which the child was functioning.

Test (la). Provoked Correspondence (pp. 41-67).

Subtest (i).

Apparatus :- A rectangular piece of wood with ten evenly drilled
holes and a sat of ten wooden peg-men.

The chiid was asked, "Are there enough men to place in all the
holes?", the reply was recorded and the child was invited to place
the men in the holes to meke quite sure. When agreement was reached
that there were enough the men were removed by the tester and placed
in a row which was visibly longer than the row of holes. Conservation
was then tested by posing the question "Are there as many men as holes?".
The men were then tightly grouped and conservation again tested.

Subtest (if).

Apparatus :- A square of wood with ten holes drilled in a random
configuration.

The child was asked "Are there enough men to place in all the
holes?" The child was then invited to fit the men into the holes
to make quite sure. When agreement was reached that there were enough
the men were removed and firstly placed in a much ionger line tham the
holes and afterwards tightly grouped, conservation being tested after
each situation.

‘Subtest (iii).

Apparatus :- A toy vehicle and trailer and a set of peg-men. The
vehicle and trailer each has four drilled holes which

represent seats.
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The child is presented with the set of men and asked "Are there
enough men to fill all the seats in the truck and trailer?". Having
demonstrated to the child's satisfaction that there were enough, the
men were removed from the seats and placed in an extended row which
exceeded the length of the truck and trailer. Conservation was then
tested as in previous tests. The men were then grouped and
conservation again tested.

Subtest (iv).

Apparatus :- A brightly coloured 'bus with seats for driver and
passengers and a set of wooden passengers and driver.
The child was asked "Are there enough seats for all the people?"
Having noted the reply and verified experimentally with the child
that there were sufficient seats, the ftester removed the people, placed
them in a longer line than the length of the 'bus and fested
conservation as previously. The men were then tightly grouped and

conservation again tested.

Test (Ib). Provoked Correspondence.

This series of subtests were based upon situations in which the
child could readily discover a one to+one correspondence which was
provoked by the very nature of two complementary sets. The essential
difference between this and the previous series of subtests being that
in Test {la) the configuration of only one of the two complementary sets
could be altered whereas in Test (Ib) the shape of one or both sets
could be altfered at will.

Subtest (i).

Apparatus :- A set of white pot eggs and a set of egg-cups.

The child was asked "Are there enough egg-cups for all the eggs?"
The child was then prompted, if necessary, to place the eggs in the
egg-cups to make sure. When agreement that there were enough was
reached, the tester removed the eggs and placed them in a long line
which was longer than that of the egg-cups. Conservation was tested
by asking "Are there as many eggs as egg-cups?'" Having recorded the

response the configuration of each set was reversed, and conservation
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again tested.

Subtest (ii),

Apparatus:- A set of purple plastic flowers and a set of flower pots.
The po+§ are ptaced in a line and The flowers in a bunch before

the child was asked "Are there enough flowers to put into the flower

pots?'. EncouragemenT was then given to actually make the correspondence

after which the flowers were removed and placed in a longer row than

the flower pots. Conservation was then tested by asking "Are there

as many flowers as flower pots?" The configuration of each set was then

reversed and conservation again tested.

Subtest (iii).

Apparatus:- Ten beakers and ten bottles.

The beakers were grouped and the botfles placed in a line., The
child was asked, "Are there enough beakers for all the bottles?"
Encouragement was then given to make a oneto 'one correspondence after
which the beakers were again grouped and conservation tested by posing
the question "Are there as many beakers as bottles?" The configuration
of each set was then reversed and conservation again tested.

Subtest {iv).

Apparatus:- Ten pennies and ten sweets.

The child is given the money and told that the pennies can be
used to buy sweets from the tester, the price being one penny for
one sweet. Every time the tester is handed a penny the child is
given a sweet. AT The conclusion of each exchange a one to one
correspondence is constructed between sweet and penny. When the
final exchange has been made, the sweets are grouped and the pennies
left in a line. The child is then asked, "Are there as many sweets
as pennies?". The configuration of each set is then reversed and
conservation again tested.

Subtest (v).

Apparatus:- Sweefs and pennies.
This subtest reflects Piaget's concern with two important

factors, the first of which is whether overt counting would assist
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the child in conserving in a situation similar to that envisaged
in subtest (iv) and secondly how would the child react when the
perceptual cue of one set was hidden.  The child was told "I have
some sweets costing one penny each which you can buy. Every time you
give me a penny | will give you a sweet". The child was encouraged
to audibly count whenever the exchange was made. When all the sweets
were purchased, the child was asked, "How many sweets do you have?"
and "How many pennies have you given me?" Conservation was tested when
the sweets were placed in a line and the pennies grouped under the
tester's hand.
Test (2a). Co-ordination of relations of equivalence;

Correspondence between several sets (pp. 203-213).

Subtest (i).

Apparatus :- Equal sets of white and brown pot eggs and egg-cups.
The child was asked to place the set of white eggs into the
egg cups. When agreement was reached that there were enough, the
white eggs were removed and placed in a group in front of the line
of egg cups. The child was then asked to place the brown eggs into
the egg cups. When agreement was resached that there were enough,
the brown eggs were removed and placed behind the egg cups in a clearly
longer row. Conservation was tested by asking "Are there as many
brown as white eggs?".

Subtest (ii).

Apparatus :- Equal sets of purple flowers, yellow flowers and fiower pots.
The child was asked to place the purple flowers into the row of

pets. When agreement was reached that there were enough, the purple

flowers were removed and bunched in front of the row of pots. The

child was then asked to place the yellow flowers into the pots. The

yelliow flowers were then removed and placed behind the pots in a

visibly longer row. Conservation of the sets of flowere was tested.

Subtest (iii).

Apparatus :-= As in subtest (ii) but with an additional set of pence.

The child was told "Here are some pennies with which you can

buy these yellow flowers, they cost one penny each”. The yellow
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flowers were then exchanged for pennies in a 'one penny for one
flower' method and placed in a row in front of the child. The pennies
were returned to the child who was then able to purchase the purple
flowers in the same manner. The purple flowers were bunched, and

the pennies placed in a row near the child. Conservation of the sets

of flowers was tested.

Test (2b). Multiple Correspondence (213-220).

(a) One to one correspondence between 'n' sets, subtests (i) and (ii).
(b} Two -to-one correspondence; subtest (iii).

Subtest (i),

Apparatus := Equal sets of toy scldiers, white eggs, brown eggs
and egg cups.

The child made the following one 1o -one construction:- toy
soldiers and egg cups, white eggs and egg cups and finally brown
eggs and egg cups., The white eggs were subsequent!y grouped, and the
brown eggs placed in a visibly longer row than the egg cups. The
child was asked, "If the soldiers were given the brown and white
eggs for breakfast, how many‘eggs would each soldier have?".
Generalization beyond the two sets of eggs was then tested.

Subtest (ii).

Apparatus:~ Equal sets of purplie flowers, yellow flowers, flower pots.

Following the child's construction of a one-to one correspondence
with the sets described above, the purple flowers were bunched and the
yellow flowers extended in a longer row than the flower pots. The
child was asked, "If | placed all the flowers, that is, the purple and
yel low ones, into the pots, how many would be in each one?" The child
was then asked, "!f | had another bunch of red flowers containing the
same number of flowers as there are in the purple bunch or the yel low
bunch and | placed all the flowers, that is the red, purple and yellow
ones, into the flower pots, how many flowers would be in each bof?"
Subsequently, more sets of flowers were suggested.

Subtest (iii).

Apparatus:- As for subtest (ii) plus a quantity of single flower holders.
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The child was shown a quantity of single flower holders. The
tester explained and demonstrated that each holder was designed to hold
cne flower only. The child was asked to take sufficient single flower
holders for all the yellow and purple flowers. Piaget, in a similar
test, wished to Investigate whether the child who grasps that when 'n!
purple flowers correspond to 'n' pots and "n' yellow flowers similarily
correspond to the same 'n' pots, has also developed the notion that
there is a similar correspondence with 'n' pairs. The child who does
understand this notion has moved from successful one to one to Two To one
correspondence and has, in Piaget's view, taken an important step toward

multiplication.

Test (3a}. Spontaneous Correspondence. Reproduction of figures (65-74).

The aim of the following series of subfests was to investigate
the type of correspondence a child uses in situations which Piaget calls
'spontaneous', that is, in situations in which the child is compelled
to find the correspondence of his own accord and to make what use of
it he can. Piaget envisaged the type of situation in which the child
spontaneously attempts to estimate the cardinal value of 2 set in such
a way that the observer could discover what type of correspondence
is used, and what methods are adopted before, and immediately after,
one to -one correspondence.

Apparatus:- Model tiles on which counters had been glued, a2 practice
Tile and supply of counters and sticks.

Subtest (i) I5 counters in a random configuration
" (i) 16 counters in two parallel rows of eight.
" (i1i) 12 counters in a "closed figure' which in this instance

was a circle.
" (iv) 9 sticks forming radii of a circle.

" (v) Counters in a series of figures:- a square of 4, a
square of 5, i.e. one counter at each corner and one in
the centre, a friangle of 6 and a square of 8.

" {vi) 12 counters in a 'closed complex figure, in this instance
a rhombus.
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Test (3b) Spontaneous Correspondence...single rows (74-85).

Piaget's original test (p.75) was designed to discover whether
similar results are achieved when single rows are used instead of
complex figures as in 3a above.

Apparatus:- Sets of pennies, counters, buttons, matches, sweets,
wooden men.

Subtests (i) to (vi) were similarly constructed, using The above
objects. A model row of elements was constructed by the tester in
view of the child who was asked to construct a similar row by using
the same number of elements.” When the construction of the one to dne
correspondence was satisfactorlly completed and the child had agreed

that both sets had exactly the same number, conservation was tested.

Test 4. Development of the notion of measurement .(pp. 223-243).

Apparatus:~ Transparent containers of differing shape, measuring
beakers, water and culinary dye.

Subtest (i}

Two containers of different shape into which had been poured
coloured water, were shown fo the child. Care was fTaken that it
was not possible to estimate their ratio by direct percepfion.

The child's attention was directed to nearby similarly sized
measuring beakers and a brief discussion Tnitiated as to their use.
Following this the child was asked whether there was more, less or
the same amount of coloured water in one of the two containers.

Subtest (ii).

The same quantity of coloured water was poured from a measuring
beaker into three containers, the first wide and tall, the second
wider but shorter and the third the narrowest and tallest. The child
was then asked whether the three quantities were the same. As in
subtest (i), the child's attention was drawn to the use of the

nearby measuring beakers.

Test (5a)..Equating of quantities...unequal sets (pp. 190 - 195.)

Piaget's aim was to discover the child's reaction to a problem
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whiéh required the equalization of unequal parts. No reference was
made to the whole as such, the child being free to construct it or
not in making his additive composition. Piaget wanted to observe,
whether in equating two sets, the child was aware that when one set was
increased the other was automatically decreased.
Apparatus:- Counters.

The child was shown the model constructions of unequal sets through-
out Fthe following subtests and asked to make both sets exactly the
same, that is, to have the same number of counters in each set, without
using any from the reserve pile.

Subtest (i).

The investigator placed one set of eight counters and one of

fourteen in parallel rows of dissimitar lengths as indicated below.

00000 O0O0

O0O0O0O0Q0OCOCOCOCO0OO0O0OCQ0

Subtest (ii).

Two circles of approximately the same diameter were constructed

with fourteen counters in the cne and eight in the other.

Subtest (iii).

Two circles of approximately the same diameter were constructed,
the one having a circumference of eighteen counters and two extra
counters completing the diameter, and the second with a circumference

of eleven counters and one counter used to complete the diameter.
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Subtest (iv).

One set of twelve counters constructed into three vertical parallel
lines each having four equally spaced counters and one set of eight
counters made into vertical, parallel lines with four equally spaced

counters in each.

Test (5b). Equating of quantities. (pp. 195-198).

Piaget's aim was to investigate the child's ability to divide
an even number of objects into equal parts and to conserve the initial
equal ity of the sets when their configuration is altered.

Apparatus:~ Equal sets of pennies, counters, buttons, matches, sweets
and two dolls.

Subtests (i) to (v) were similarly constructed. |n each instance
the child was asked to share the pennies, counters, buttons, matches
and sweets equally between the dolls. The tester stressed that each
doll must have the same number. The dolis were placed in such a position
as to make a one to one correspondence clearly possible. Conservation

was tested after the division had been successful ly concluded.

Test 6. Conservation of continuous quantity. {(pp. 3=17 and p. 222).

Apparatus :- A variety of transparent and opague containers, some of
which are similar in size and shape, culinary dyes and a
jug of water.

Subtest (i).

The child was asked to pour the same amount of water into two
identical measuring containers. The situation posed by Piaget (p. 6)
was replicated by use of the culinary dyes. When the child was satisfied
that both containers held exactly the same amount, he was asked to pour
the water from one container into an opaque beaker and to pour the water
from the other into a transparent beaker bf the same size and shape

as the opaque one. Conservation was then tested.
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Subtest (ii).

This subtest was developed similarly to subtest (i), +the difference
being that the water from one of the measuring beakers was poured into
a tall, narrow container and the other into a shallow wide container.
Conservation was tested.

Subtest (iii).

The child was shown a container into which the tester poured a
quantity of coloured water. Nearby was a taller, narrower container.
The child was asked to pour the same amount of water into this second

container. The child's reactions to this stiuation were noted.

Test 7. Conservation of discontinuous quantities {pp. 25-38).

Piaget was concerned in this test to investigate conservation of
quantities which could be evaluated globally when the elements were
massed and counted when they were separated.

Apparatus:- Transparent and opaque containers as used in Test 6,
coloured wooden beads and laces.

Subtest+ (i).

The child was asked +5 fill two similar fransparent containers
by placing the same number of beads in each; red beads being placed
in one and green in the other. Tall, narrow containers which assisted
the child visuaily in recognizing equality were used. When the task
was completed the child was asked if there were as many red as green
beads in the containers. When satisfied that the child appreciated that
there was exactly the same number, the writer pointed to two empty
containers, one of which was opaque and asked the child to put the
red beads info it whilst the writer placed the green beads into the
transparent container. Conservation was tested. The child's response to
this situation in which the perceptual cue was removed was noted.

Subtest (ii).

The initial stages of subtest (i) were repeated. Having established
equality the child was asked to place his red beads into a taller,
narrower container whilst the writer poured his green beads into a

shorter, wider one. Conservation was tested.
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Subtest (iii).

The child was asked to put a red bead into his container whenever
the tester dropped a green bead into his. The tester interrupted the
procedure at frequent intervals by asking if there was the same number
of beads in each container at that point. When the containers were
both filled the child was asked "Is there the same number of beads
in each container?" When the tester was confident of the child's
certainty he asked him to place his beads infto a taller, narrower
container whilst the tester placed his into a shorter, wider one.
Conservation was tested.

Subtest (iv).

After repeating the procedure in subtest (iii) the tester pointed
to a red lace and a green cne and asked "!f we made two strings of
beads, a red one for you and a green one for me, would there be the same

number in each?

Test 8. Relations between Parts and Wholes. ({(pp. 187-190).

Piaget's aims in this test were fo discover if the child was
able to, (a) make an even distribution of sweets between two dolls,

(b) to observe if the child was able to construct a one to -one relation-
ship between the dolls, (¢} to see if The child understood fthat a whole
remains constant irrespective of the various additive composition of

its parts, e.g., (4 + 4) = (1 + 7) = (2 + 6) = (3 + 5) = (8).

Apparatus :- Even number of sweets and two miniature dolls,

The child was asked to share the sweets between the two dolls.
Having constructed two rows of an equal number of sweets in a one 1o -one
correspondence, the child was asked "Have the dolls the same number
of sweets to eat?" When the child agreed the tester suggested that the
'mother' of the dolls, not wishing all the sweets to be eaten at once,
requested that doll 'A' should eat two of her sweets in the morning
and six in the afterncon. Doll 'B' should eat three sweets in the
morning and five in the afternoon. This was visually demonstrated by
the tester who reconstructed doll A's row of sweets from a set of

8 to a 2 + 6 construction and doll B's row of sweets from the set of
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8 to a 3 + 5 construction. The child was then asked "Has each dol|
the same number of sweets to eat today?™ |f the child's response
was correct the various retations which exist in the set of eight were

demonstrated and the child's response noted.

Test 9. Seriation. (pp. 96-121).

Apparatus:— Sets of dolls, wooden balls, sticks and straws of
various sizes.

Subtest (i).

The child was asked to place the dolls in order of size.

Subtest (iil).

When the do!ls had been placed in order, the tester explained
that each doll could hawe a batl with which to play, the biggest
doll having the biggest ball. The tester cbserved the child's placing
of the balls in a one to-one situation with the dolls.

Subtest (iii).

The tester suggesting firstly that each doll would need a stick
of appropriate size with which to hit her ball, asked the child to
place the right stick by the side of each doll and ball, the biggest
doll having the longest stick with which to hit the biggest ball.
Subtest (iv),.

In this subtest the orders of the series constructed in subfests
(i) and (ii) above were disarranged. The tester firstly displaced
the set of doils by altering their position in the series, and then,
indicating one of the balls, asked, "Which doll does this ball belong
to?" The same question is asked in turn with respect to the other
balls in the series. The order of the balls was then disarrayed and
the tester asked the child, indicating one of the dolls, "Where is the
batl belenging to this doll?" and so on.

Subtest (v).

The third seriation of sticks was disturbed and a succession of
questions asked which were similar in character to those in subtest (iv)

but concerned with sticks, deolls and balls.
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“Subtest (vi).

The child was asked to place some of the set of straws in order
of size. The tester deliberately kept the remainder of straws aside until
the child had completed the seriation. When the task was completed,
the child was shown the remainder of the straws and asked to fit them

into the order.

Test 10. Ordination and Cardination. (pp. 122-147).

Subtest (i).

Piaget, in the light of his experiments with seriation and serial
correspondence states that ordination always involves cardination and
vice-versa. To support this view, Piaget devised a series of tests
using concrete materials which could be seriated and evaluvated cardinally.

Apparatus:- Set of wooden cylinders having the same diameter but
of differing lengths and one miniature doll.

The child was asked to make a staircase with the set of wooden
cylinders. The tester, having suggested a 'going to bed' situation
for the doll, placed it on one of the stairs and asked, "How many
stairs has the doli climbed?" and "How many stairs will it need to
climb to reach the top?" This pattern of questions was repeated with
the doll being placed on different stairs.

Subtest (ii).

The doll was placed on different stairs as in subtest (i) but
the questions posed explored the child's terms used for the ordinal
position of the stair, for example, "Which stair (the tester pointing

to the fourth) is the doil on now?"

Test Il. Inclusion. {(pp. 161-184).

This test was based on Piaget's series of experiments in which
'B' was a set of objects forming a logical class and 'A'" a part of
that set. The problem put to the child was whether there were more
elements in 'B' than 'A' or in other words, whether class 'B' was

wider than its sub-class 'A'.
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Apparatus:- Set of wild animal models.
Set of farm animal models.
Set of large, wooden red, black and natural beads.
9 visually illustrated cards comprising:=
Things that fly...aeroplanes, birds, kites.
Things worn...trousers, jumpers, coats.
Animals...horses, rabbits, squirrels.
Things in which one can ride...cars, engines, prams.
Children...boys, girls.
Things to eat...cakes, pears, cherries.
Things with which fo eat...forks, knives.
Grown-ups...men, women.
Flowers...tulips, hyacinths.

The child was shown the models and cards in sequence, and was
asked to describe in each instance the attribute of the set. For
example, when the child had examined the set of mode! wild animals,
the question "What Kkind of animals are these?" was asked. Where the
child delineated each subset in reply, a supplementary question was
asked. "And what kind of animals do we call kangaroos, lions and bears?"
The visually illustrated cards were shown in turn and the child asked,
"What can you tell me about ali these things?"

When the tester was satisfied that the child possessed the notion
of total class required by the questions and was capable of the general
statement defining that class, for example, "They all fly" asked, "Are

there as many birds as things that fly?"

Standardised Tests,

A, Pultibec rating.

The Pultibec System (Lindon 1963) was evolved as an attempt to
fulfil the recognized need for a global, yet concise system for coding
the difficultiés in functional terms of children with multiple bhandicaps.

The child's individual functional capacltlies are placed under

eight main headings which embrace four mainly physical qualities, namely:-

Physical capacity (endurance and general health}.

Upper limbs (classified as Hand = H, Arm = A, right and left}.

P
U
L = Locomotion (classified as right and left lower |imbs).
T

Toilet.
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and four quaiities mainly of behaviour and communication:—

Intel |l igence

B = Behaviour
E = Vision (Eyes classified as right eye and left eye).
C = Communication {classified as Hearing = H and Speech = S).

Each of the above qualities and their subsidiaries is divided
info six main grades, but in relation fo hand, arm and lower |imb,
five additional intermediate grades are necessary. Generally speaking,
grade one denotes complete normality, grades two to five progressively
poorer function and finally grade six which denotes that function
in That quality is virtually absent.

When completing the Pultibec there are |14 possible grades under
thé fourteen qualities to be considered during a medical examination.
in practice, the appropriate grade is often obvious and the system i3
much quicker than it would first appear to be on paper.

The Pultibec system Is an attempt to transiate the complexities
of medical terminology and case nofe-taking, intc a common language
which is concise and easily understood in functional terms as between
medical practitionersnurses, physiotherapists, education officers,
teachers, psychologists, youth employment officers, employers and last,

but by no means least, the parents of the handicapped child.

B. Raven's Coloured Progressive Matrices.

The test, which was standardised over an age range of five and
a half to eleven years by Raven (1974), can be used In book or block
form and is possible to be administered as a group or individual test.
Although many writers warn against over reiiance upon the C.P.M. as
a measure of general intelligence the consensus of opinion is that
it is a useful clinical aid. Heaton-Ward (1970}, for example writes
"This is a peréep+ual test of intelligence and is claimed to give
a good assessment of general native intellectual ability without
invoking eiTher social training, educational status or muscular

co-ordination and speed." McArthur (1960} concludes from his study,
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“that the C.P.M. can be employed as an economical Indicator of general
intellectual ability for children for whom group or individual
intelligence tests may be considered educational ly or culturally
biased". McArthur and Elley (1963) say, "The R.P.M. is the nearest
we have to a culture-reduced test, it has a high element of general
intelligence and a low correlation with socio-economic status".

They agree that the matrices' scale.has relevant application for slow
learners.

Harris (1959) observed after testing children aged 5.1 to 6.
years, that the test proved difficult for five to six year olds,
especially those in the average reaches of ability and below. He
reported considerable waning of interest and enthusiasm especially
in the B serfes. |+ is interesting also to note, in view of the
nature of fthe present experiment, that Harris found a tendency for -
the R.P.M. fo correlate more highly with arithmetic than with
comprehension. '

If an estimate of general intelligence is requlred Raven advises
using the Crighton Vocabulary Test to supplement the Matrices Test.

Since the problems can be attempied with very tittle verbal
instruction, and there is no speed timit, it is obviously a useful
test to use with handicapped children.

On each page of the text book there is a large coloured design
or 'matrix' from which a part has been removed, the subject being
required after careful examination to choose the missing piece from
among six possible choices on the lower part of the page. The
brightly coloured background was designed to hold the attention of
young children and also to make the nature of the problem fo be sotved
more obvious without COnfEibuTIng to its solution In any way.

The first probiem in each of the three sets is intended to be self
evident to the subject, subsequently the designs in each set becoming
increasingly more difficult. The order of the problem in each set

provides the standard training in the method of working and the three

sets are arranged to cover many of the perceptual reasoning processes of
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which children are thought to be capable. Scoring is a quick procedure,

the manual providing tables for converting raw scores to percentiles.
The most satisfactory method of interpreting the significance of

a child's total score Is to consider it in terms of the percentage

frequency with which a similar score is found to occur amongst people

of his own age. Ravers classifies the scores into five grades, ranging

from the 'intellectually superior' in Grade | to the 'intellectually

defective' in Grade V.

C. English Picture Vocabulary Test.

The full range edition of the English Picture Vocabulary Test
has been developed from the American Peabody Picture Vocabulary Test
te assess lavels of verbal ability between the ages of three to
eighteen plus years.

The test is functionally independent in measurement of reading
skills although related fo the integration of auditory and visual
symbols and gives ‘the tester an opportunity to observe behaviour in
standardised circumstances. Unlike most verbal tests it can be used
effectively with most physically handicapped, inarticulate and
retarded as well as with normal subjects. It imposes a task which
appears to the subjects so different from probiem solving that they
seem under much less strain than in the case of conventional testing.
Although the fest operates by seeking to have a child identify a picture
corresponding with a Spoken;wd;aland may be considered as a measure of
range of vocabulary, it alsc is an indication of the level of semantic
reference which the chitd is capable of comprehending. The pictures
are line drawings which focus on the concept suggested by a particular
word and present minimal perceptual difficulties. Each task is restricted
to a choice among four pictures so that, throughout i+ts range, the amount
of perceptual scanning required to determine the limits of choice is
even within the capability of the average child of three years of age.

There is no time limit for the ftest as a whole, or for the
individual items. Testing proceeds at the rate set by the subject.

Age is calculated in years and completed months at the time of testing
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and is used in determining the derived scores. Physically handicapped
children who cannot respond either by pointing or giving the number
of the selected picture, may respond with any signal of which they are
capable. This problem is not envisaged with respect to spina bifida
and hydrocephalic children since almost without exception they are capable
of an adequate signal to denote their response.
The personal data section of the record sheet is filled in by
the tester who takes time to establish an easy relationship with the
child and notices any characteristics which may subsequently prove
significant during test performance.
The test booklet is placed in such a position that the child
has a complete view from either the wheel-chair, normal seating if
able, or 'standing with calipers' position. The fester turns the
pages ensuring that no more than one page is turned over at a.Time.
The number of pictures correctly identified up to and including
a ceiling score can be converted objectively and quickly to

standardised scores, percentile equivalents or modal ages.

D. Crichton Vocabulary Test.

The Crichton Vocahulary Scale is designed for used with the
Raven's Coloured Progressive Matrices. Raven ([961) writes that it is
constructed to cover as nearly as possible the same range of intellectual
development as the Coloured Progressive Matrices and to be suitable
for use with persons of defective or impaired intelligence as well
as for normal children. |t is a useful supporting test for the matrices
providing an index of a subject's general cuitural attainments.

Raven felt that using the Matrices and Vocabuiary tests together
instead of a single verbal test of general intelligence, would enable
a subject's present capacity for intellectual activity and his store
of verbal information fo be assessed separately.

The scale contains eighty words arranged in two sets of forty
words each. The order of the words are based on the frequency with

which children were able to explain their meaning. The introductory
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words are initially and intentionally easier for young children to
explain. The test is very easily administered, the child simply being
asked 1o explain in his own words the meaning of each word in turn.
Recording and marking is very straight-forward, the tester simply
recording the chiid's response to each word. The child, on the result
of his score, can be classified in one of five grades, similarly to

Raven's C.P.M. classification, ranging from verbally superior at,

or above, the 95th percentile for his age group to verbally defective

if his score lies at or below the 5th percentile for his age group.

E. The Bender Gestalt Visual Motor Test.

The Bender Gestalt Test, or Visual Motor Gestalt Test, as developed
by Bender (1936) consists of test cards on which are designs adapted
from figures used in perceptual experiments by Wertheimer (1923). Bender
(1938} observes that the visual motor gestalt function is fundamentally
associated with such aspects of intelligence as visual perception,
manual motor ability, memory, spatial concepts and organization of
representation. Werner (1957) stated that the method of copying figures
is extremely important fo the observer in assessing the child's function-
ing at a primitive perceptual level. The use of this scale with children,
including the provision of norms has been discussed by Koppitz (1960)
1964, 1975).

Since visual perception, maturation, temporal and spatial concepts
seem to be essential ' in the successful performance in the Piagetian
tests envisaged in this experiment, it was considered useful to view
the performance of spina bifida children in the light of the norms
detailed by Koppitz (1975). Rimmer and Weiés (1972) are also of the
view that the aspects of conceptual development in Bender Gestait per-
formance have close links with Piaget's work. These authors conclude
that the task of copying the Bender Gestalt figures may be expressed
formal ly as mathematical tasks suggested by Piaget (1952, 1956, (960),
the first aspect being the correct copying of the number of elements
and the second the development of the ability fo correctly copy figures

based on the principles of geometric concept formation. The test
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comprises a series of nine cards, a different design being on each one.
The child is given a pencil and a sheet of white unlined paper, size
832" x 1" and is requested to copy each card. The cards are presented
one at a time, being laid on the paper correctly orientated. The
directions are very simple, for example, "Here are some shapes for
you to copy, just copy as you see them." Evaluation of the fest depends
on the form of the figures reproduced, their relationship to each other,
the spatial background and the temporal patterning.

The following factors, orienftation, distortion of shape, number,
perseveration and integration are analysed and can be marked by a comparison
with the norms drawn up by Koppitz (1964, 1975). The drawings are marked

with error scores if they do not compare reasonably well with the norms.

F. The Burt Reading Test (1974)Revision}.,

The test, originally devised by Burt in 1921, revised by Vernon
(1938}, Thomson (1952} and the Scottish Council for Educational Research

(1974) is being currently used according to the Bullock Report (1975)

in ocne-third of primary schools and fifteen per cent of secondary schools.
The test is also frequently used by. educational psychologists and research
workers.

I+ consists of 110 words graded in approxiﬁafe order of difficulty
which are shown individually to the child who is asked to read as many
words as he can at his own speed. He continues until he has attempted
and failed at least ten consecutive words; it is then presumed that the
remainder is too difficult for him, but he is allowed to ook ahead
and pick out any other words he thinks he can manage. The reading age
which can be readily assessed by reference to the norms, is based on
the total number of words which the child has read correctly.

G. Young's Group Mathematics Test (1970).

This is a test of mathematical understanding at a simple level,
It is suitable for children of a wide range of abilify aged between
6.5 and 8.5 years and for less able children up to the age of 12.9

years. The test which is based upon a combination of oral questions
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with pictures or other visually presented material, although
intended primarily as a group test, can also be used as an individual
tTest. Raw scores can be readily converted into mathematics
quotients by reference to the table of norms (1974).

Examples of the standardised tests are to be found in

Appendix B, pages 287-291.
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CHAPTER 6

Statement of the Resul+ts.

Each child, after consultation with the relevant pararmédical
staff in each school, was given a rating based on the Pultibec system
for the medical assessment of haﬁdicapped children. Full details
of the ratings are to be found in Appendix A pages 281-285. Means
and standard deviations of the Pul+tibec scores were calculated and
are summarised in Table 9 below. |+ needs to be noted that the higher
the Pultibec score, the greater the degree of overall handicap.

Table 9.

Pultibec. Distribution of sample with reference 1o schools.

Bozs Girls All
School n. m. s.d. n m. s.d. n. m. s.d.
A 16 31.5 8.4 12 33.4 6.4 28 32.2 7.6
B 15  33.9 5.2 12 33.4 8. 27 33.7 6.5
C 12 3.3 7.0 17 29.5 6.8 29 30.3 6.8
D 21 33.3 6.3 25 35,6 5.3 46 34.5 5.8
Al 64 32.6 6.7 66 33.2 6.7 130 32.9 6.7

The Pultibec scores were also analysed with respect to shunts

and non-shunts. Table below summarises the results.

Table 10

Pultibec. Shunts and non-shunts.

Without shunt With shunt

n. m. s.d. n. m. s.d.
Boys 24 30. | 5.6 40 34,1 6.9
Girls 16 29. | 6.8 50 34.5 6.2
All 40 29.7 6.0 80 34,3 6.5

The two tests given to investigate the perceptual devefopment
of the sample were the Bender Gestalt Visuo-motor and Raven's Coloured
ProgressiVe Matrices; +the former being specifically designed to test
perceptuat maturity and the latter, observation and clear thinking.
The results on both tests are tabulated and full details are to be

found in Appendix C pages 310-312 and 319-340.
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Means and standard deviations are summarised for both tests in

tables i!+to

Table 1.

14 below.

»

Raven's Coloured Progressive Matrices. By school and whole sample.

nh. m.raw score s.d. m.matrices age m.chron. age.
Boys 64 18.6 7.8 8.3 yrs. 9.5 yrs.
Girls 66 16.9 6.1 7.5 " 9.5 "
All 130 17.7 7.1 7.8 " 9.5 "
Table 2.
Raven's Coloured Progressive Matrices. By medical classification.
Without shunt With shunt
m. raw Mat. m.raw Mat.

n. score s.d. age.  C.A. n. score s.d. age. C.A.
Boys 24 19.2 7.5 B.3 B.7 40 I8.1 8.1 8.0 9.6
Girls 16 i8.3 6.1 8.1 9.9 50 16.5: 6.1 7.2 9.4
All 40 18.9 6.9 8.2 9.6 90 17.2 T 7.6 9.5

The scores on the Bender Gestalt are error scores and have been

assessed by reference to the Koppitz scale (1964) and the perceptual

ages calculated from Furr's (1970) standard scores table.

Table i3.
Bender Gestalt.
- mean perceptual chron.
n. error score s.d. age age.
Boys 64 12.2 8.5 5.0 - 5.6 9.
Girls 66 1.3 7.2 5.0 - 5.6 9.5
All 130 .6 7.8 5.0 -~ 5.6 9.5
Table 14.
Bender Gestalt. By medical classification.
Without shunt. With shunt.
m.error percept. m.error percept.
n. score s.d. age C.A. n. score s.d. age C.A.
Boys 24 9.6 7.4 5.6-6.0 8.7 .40 3.8 8.8 5.0 9.6
Girls 16 7.8 6.0 6.0-6.6 9.9 50 2.4 7.2 5.1 9.4
Abl 40 8.9 6.8 5.6-6.0 9.6 90 13.0 7.9 5.0 9.5
I+ will be seen from Tables !l - [4 above that the derived

perceptual ages indicate a marked retardation when compared with

chronological age, the measure of perceptual immaturity being seen

more clearly in the results on the Bender Gestalt than in Raven's

Coloured Progressive Matrices.
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Standardized Vocabulary Tests,
(a) The English Picture Vocabulary Test.

Complete details of the results are to be found in the Appendix C
page 314. Summaries of the data with respect to schools, sex and
physical conditions are found in Tables I5 - .17 below. The mean
modal ages for the sample are calculated from the administrative
manual for the E.P.V.T. (Brimer and Dunn 1973).

Table 13,
English Picture Vocabulary Test.

Mean raw Mean vocab. Mean chron.
n. score s5.d. age. age
Boys 64 57.7 29.9 8.1 2.5
Girls 66 52.2 23.3 7.3 9.5
All 30 54,9 26.8 7.7 9.5

Table t6.

English Picture Vocabulary Test.
‘Results by medical classification.

Without shunt. With shunt.
m. raw m.voc. m.chron. m. raw m.voc. m.chron.
"'n. ‘'score s.d. aée age n. score s.d. age age.
Boys 24 61.9 29.1 8.5 8.7 40 55.2 30.5 7.8 9.6
Girls 16 52.9 26,5 7.5 7.5 50 52.0 22.4 7.3 9.4
All 40 58.3 28.1 8.l 9.6 7.6 9.5

90 53.4 26.2

(b) Crichton Vocabulary Scale.

Complefe detat s of the results are to be found in the Appendix c
page 3}7. Summaries of the data with respect to schools, sex and
physical categories are to be found in tables below.

The mean vocabulary age has been calculated from Raven's Guide
to using the C.V.S (1974)

Table 17.

Means, standard deviations, vocabulary and chronological ages
by sample and sex.

m.raw Vocab. Chron.

n. score s.d. age. age
Boys 64 ~  35.3 20.3 8.7 9.5
Girls 66 31.9 16.8 8.3 9.5
All 130 33.6 18.6 8.6 8.5
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Crichton Vocabulary Scale
by reference to medical classification.
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Without shunt With shunt
m.raw m.voc. m,.chron., m. raw m.voc. m.chron.
n. score s.d. age age n. score 5.d. age age
Boys 24 35.2 19.6 8.7 8.7 40 35.4 21.0 8.7 9.6
Girls 16 34.8 16.7 8.6 9.9 50 31.0 16.9 8.1 9.4
All 40 35.0 18.2 8.8 9.6 90 33.0 1i8.8 8.5 9.5

There was as might be expected a high correlation indicating a

marked relationship between the two vocabulary tests.

Reading.
(1)

(i)

Table 19.

Each child was tested on the Burt's Word Reading Test
(1974 Revision).

Appendix C pages 341-345.

Complete details are to be found in

In addition children from School A were re-tested

after a three-year interval.

Details of the second testing

are to be found in Appendix G pages 408-414. Tables 19-20

summarise the data with respect to (i}).

Reading. Means and s.d. of raw scores, reading and chronolegical
ages by reference to overall sample.

Boys
Girls
ALl

Table 20.

64
66

130

m.raw m.read. m.chron.
score s.d. age age
35.7 38.8 7.0 9.%
28.7 34.7 6.5 9.5
32.1 36.8 6.8 9.5

Reading and chronological ages with respect to school department.

Secondary

12-16 yrs.

Junior
8-11 yrs

tnfants
5-7 yrs.

Boys
Girls
All

Boys
Girls
All

Boys
Girls
All

16
16
32

20
25
45

28
25
53

m.raw

score s.d.
68.9  40.5

75.4 29.8

72.1 35.2

49.7 33.2

20.7 22.8
33.6 31.2

6.6 12.6

6.8 13,1

6.7 12.7

read. chron.
age. age.
10.0 14,1
0.6 14.0
10.3 14.0
8.2 10.5
6.2 9.9
6.7 10. 1
5.5 6.4
5.5 6.3
5.5 6.3
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Table 21

Reading. By reference to two-year interval age groups.
Boys Girls All

Age Mean Mean Mean
Group n. R.A. ©oon, R.A. n. R.A.

15-16 4 11.5 5 12.0 9 12.0

13-14 9 9.3 7 10.8 16 9.9

11=-12 Il 9.7 10 6.5 21 8.0

9-10 B 7.8 13 6.5 21 7.0

7-8 1 6.2 i3 5.7 24 5.9

5-6 21 5.4 18 5.1 39 5.3
Table 22

Reading.

By reference to medical classification.

Without shunt. With shunt.
Mean Mean
raw m. m. raw m. m.
n. score  s.d. R.A. C.A, n. score  s.d, R.A. C.A.

Boys 24 34.1 37.2 6,9 8.7 40 36.6 40.2 7.3 9.6
Girls 16 34,2 42.1 6.9 9.9 50 26.9 32.3 6.3 9.4
All 40 34.1 38.7 6.9 9.6 S0 31.2 3%.2 6.7 9.5

Children in school A were re-tested both in the Piagetian and

Reading tests after a three-year period.

the resuits.
Tabte 23

Reading

Tabte 23 below summarises

Comparison of results of Schoo! A after three-year period.

First test. Second test.
Mean Mean Mean Mean
n. R.A. s.d. C.A. n. R.A. s.d. C.A.
28 6.6 2.1 8.3 28 9.7 2.2 1.

Piagetian Tests.

Full details of each child's

performance in the Piagetian

tests are to be found in Appendix F pages 392 to 399, TableS. 24~34
overleaf present summaries of the data with respect to school, sex

and medical classification.
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Piagetian Tests (la-10),
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Means and s.d of weighted scores.

Maximum score possible = 108.
Boys Girls All
School. n. m. s.d. n. m. s.d. n. m. s.d.
A iI6 58.3 34.3 12 42.0 36.9 28 51.3 35,7
B 15 39.3 40.5 12 30.7 32.1 27 35.8 36.4
C 12 47.9 37.2 17 44.2 36.5 29 45.8 36.2
D 21 76.6 38.7 25 69.4 = 32,2 46 73.8 34.6
All 64 57.9 39.7 66 50.9 36.7 130 54.8 38.2
Table 25. '
Piagetian Tests (la-10)
Means and s.ds of weighted scores, school departments.
Infants Juniors ' Secondary
5 to 7+ "B+ to 11+ 12+ to 16+
n. . 's.d. n. m. s.d. n. m. s.d.
Boys 28 27.5 25.3 20 76.5 33.6 16 87.9 29.8
Girls 25 20.6 18,5 25 61.8 33.1 16 81.3 28.6
All 53 24,2 22.4 45 68.5 33.5 32 86.2 27.4
Table 76.
Piagetian Tests (la-10)}
Two-year interval age groups.
Boys Girls Al
Age
group ‘n. m. 's.d n. m., s.d. n. m. s.d.
15-16 4 ic4.5 7.0 5 96.2 0.} 9 99.9 9.4
i13-14 9 82.2 36.9 7 81.0 29.2 16 8.7 32.7
=12 [ gl.1 22.6 10 €65.6 36.5 21 79.0 32.0
9-10 8 56.1 39.9 13 63.0 34,2 21 60.4 35.6
7-8 I 63.3 20.9 13 43.1 25.0 24 52.3 25.0
-6 21 lg.1 21.8 18 i5.4 16.4 39 17.4 19.4
Table 27.

Piagetian tests (la-10).

-l
Two-year age qroups.

Weighted scores expresséd as a percentage.

Age
group
15-16
I3-14
=12
9-10
7-8
5-6

n. ‘Boys
4 96.8
9 76. |
I} 84.4
8 51.9
1 58.6
21 17.7

N.

10
13
I3
I8

n.

I6
21
21
24
29

A

9
- 7
7
5
4
|

2.5
5.7
3.1
5.9
8.4
6.1
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Piagetian Tests (la-10).

by medical classification.

108

Means and s.ds of weighted scores

Without shunt With shunt
n. m. S,d. n. m. s.d.
Boys 24 60.7 36.7 40 56.2 41.8
Girls 16 64.2 36.3 50 46.7 36.2
Al 40 62.14 36, 90 50.9 38.9
Table 29.

Piagetian Tests.
Medical classification.

Means of weighted scores expressed as a percentage.

Without shunt With shunt

n. mean% n. mean %
Boys 24 56.2 40 52.0
Girls 16 '59.4 50 43,2
All 40 57.5 90 47,1
Table BQ;

Summary of times children were at particular stages in tests {a-10.
By school and sex.

Boys Girls il
Stage | 2 3 i 2 3 | 2 3
School A 278 244 342 324 152 172 602 396 514
n B 432 168 210 380 {60 108 812 328 318
" cC 273 167 208 442 {194 282 715 361 490
" D 263 134 737 326 299 725 589 433 1462
Total 1246 713 1497 1472 805 1287 2718 1548 2784
Table 31.

Summary of times children were at particular stages in tests la to 10,
By schools and sex (expressed as percentages). )

Boys Giris Il
Stage | 2 3 I 2 3 I 2 3
School A 32.2 28.2 39.6 50.0 23,5 26.5 39.8 26,2 34.0
" B 53.3 20.8 25.9 58.6 24.7 16.7 55.7 22.5 121.8
" C 42.f 25.8 32.1 48,1 21.F 30.7 45,7 23.1 31.2
" 0 23.2 1.8 65.0 24.1 22.1 53,7 23.7 17.4 58.9
Table 32,

Summary of times children were at particular stages in tests la to 10
by whole sample and sex.

Girls (n=66)

Boys (n=64) All (n=130)

- Stage | 2 3 | 2 3 [ 2 3
1246 713 1497 1472  BO5 | 287 2718 1518 3784

7 36. | 20.6 43.3 41.3 22.6 36.| 38.7 21.6 39.7
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Tables 33 and 34 detail the results when the children were placed

into age groups representing the three main areas by which schools

are normal ly classified.
'Tablé 373,
'PiageTian Tests (la to 10).

Summary of times children were at particular stages
by schoo! department and sex.

Stage n. | _2 3 n. 1_2 3 n. 1 _2 3

“'Secondary 16 106 105 653 16 124 149 591 32 230 254 1244
Junjor 20 220 188 672 25 402 333 615 45 622 521 1287
‘Infant 28 933 393 186 25 951 295 104 53 1884 688 290

Table 34,

Summary of times children were at particular stages on test la
by school department and sex (expressed as a percentage).

" 'Stage 1 2 3 1 2 3 | 2 3

" 'Boys Girls 'ﬂll

‘Secondary 12.3 12.1 75.6 14.4 17.2 68.4 13.3 14.7 72.0
““Junior 20.4 17.4 62.2 29.8 24.7 45.5 25.6 2l.4 53.0
Infant 61.7 26,0 2.3 70.4 21.9 7.7 65.8 24.1 10.1

The following tables 35 To 63 give details’'of the results with

respect to the individual tests.

Test la and |b - Provoked Correspondence,

o 10

The sub-tests in these tests of provoked correspondence ellcited

responses similar to those which Piaget and his co-workers observed.

Because of this similarity it was quite possible to place each

in one of the three following Piagetian stages;

child

' Stage | Representing the level of thinking of the child who was
able to construct without great difficulty the 'one-to-one!
coirrespondence between the sets recognizing their initial

equivalence.

Stage 2 Represented the level of thinking of the child who alternated
between understanding and not, the concept of conservation;

accepting the notion under some circumstances but
rejecting it in more extreme situations.

S+age'3 Represented the child's unshaken demonstration of the

concept under all conditions.
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Table 35.

Test |la -~ Provoked Correspondence. Summary of stage responses

based on 4 subtests.

Whole Sample
Boys (n = 64) Girls (n = 66) All (n = 130)
Stage | 2 3 | 2 3 ! 2 3
83 50 123 107 51 106 190 101 229

g 32.4 19.5 48.1 40.5 19.3 40.2 36.5 19.4 44.)

School Department.

" Secondary Junior ' Infant
ni'Stage’ ! 2 3 n. | 2 3 n. U 2 3
Boys 16 7 6 51 20 12 13 55 28 64 3 17
Girls 16 7 8 49 25 38 16 46 25 63 26 1|
Al 32 14 14 100 . 45 50 29 10l 53 127 57 28

" 'School Department - percentage stage responses.

Secondary ° Junior Infant
‘Stage | 2 3 | 2 3 | 2 3
Boys 10.9 9.4 79.7 15.0 6,3 68.7 57.1 27.7 15,2
Girls 10,9 12.5 76.6 38.0 16.0 46.0. 63.0 26.0 11.0
All 0.9 10.9 78.2 27.8 16.1 56.l 59.9 26.9 13.2
"Table 36.
Test Ib - Provoked correspondence. Summary of stage
“‘responses (based on 5 sub-tests).
Whole sample
Boys (n = 64) Girls (n = 66) All (n = 130)
Stage "1 2~ 3 ! 2 3 I 2 3
130 38 152 153 37 140 283 75 292
4 40.6 11.9 47.5 46.4 11.2 42.4 43.6 11.5 44.9
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Table 36 cont'd.

School Depariment

Secondary Junior Infant
n. i 2 3 n. | 2 3 n. | 2 3

Boys 16 12 4 64 20 '8 10 72 .28 100 24 16
Girls 16 7 8 65 25 48 10 67 25 98 19 8
All 32 19 12 129 45 66 20 139 55 198 43 24

" "School Department - expressed as a percentage.

Stage [ 2 3 [ 2 3 | 2 3
Boys 15.0 5.0 80.0 8.0 10.0 72.0 7.5 7.1 1.4
Girls 8.8 10.0 8l.2 38.4 8.0 53.6 78.4 15.2 6.4
All 1.9 7.5 80.6 29.3 8.9 61.8 74.7 16.2 9.I

Test 2a - Co-ordination of relations of equivalence.
‘Correspondence between several sets.

The three subtests of this main test elicited similar responses
as in Tests la and b, consequently it was possible to use similar

criteria in placing each child at one or other of the three main stages.
Table 37.

" Test 2a - Summary of stage responses (based on 3 sub-tfests).

Whole Sample
Boys (n=64) Giris (n=66) ALl (n = 130)
" 'Stage - 2 3 | 2 3 1 2 3
62 41 89 88 27 83 150 68 172
4 2.3 21.3 46.4 44.4 13.6 41.9 38.5 17.4 44.1

Schoo! Department.

Secondary Junior Infant
" 'Stage n. | 2 3 n. | 2 3 n. ] 2 3
Boys 16 4 7 37 20 9 9 42 28 49 25 10
Girls 16 4 3 41 25 27 N 37 25 57 13 5
All 32 8 10 78 45 36 20 79 53 106 38 IS5



P12

Table 37 cont'd.
Schocl Department (expressed as a percentage).

Secondary Junior Infant
Stage ! 2 3 ! 2 3 | 2 3
Boys 8.3 14,6 77.1 15,0 15,0 70.0 58.3 29.8 11.9
Girls 8.3 6.3 85.4 36.0 4.7 49.3 76.0 17.3 6.7
All 8.3 10.4 8.3 26.7 14.8 58.5 66,7 23.9 9.4

Test 2b - Multiple Correspondence.

This test is really in two parts, the first part dealt with
in subtests (i) and (ii) and refers to one to one correspondence
between 'n' sets, and secondly two o one correspondence in
subtest (iii). With respect to the first of these concepts the
criteria used for placing the children at particular stages were
based upon Piaget's criteria (pages 213 =-220).

‘Subtésts (i} and (ii)

Stage | The child at this stage cannot make a one to one
correspendence between two sets of objects except
when the elements of one set are actually placed
inside the eiements of the other. For example, in
Piaget's experiment the child gives only one egg
to the doll and only one flower to each vase.

Stage 2 The child at this stage is similar to Piaget's subject
p. 218, who for example thinks that each doli will have
four or five eggs for the simple reason, "they've
got more". Hesitancy also marks the child at this stage,
clearly indicating that he has not attained the immediate
understanding of the problem that the child at stage 3 has.

Stage 3 The chitd at this stage is (a) able to understand
the relationships of multiple correspondence
involved In the problems put to him: two flowers
to one pot, two eggs to one soidier, and (b) to
generalise to three, four and five.

Although Piaget has grouped the responses of his subjects to the
situations posed in subtests (i) and (ii) with those of subtest (iii),
in this study it was considered desirable to separate the types of

responses since there were observable differences in the tests.
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Test b - Two to one correspondence,

Stage |

Stage 2

Stage 3

Table 38.

""Test 2b - (based on 3 subtests).

The child at this stage is satisfied when he has put
out the same number of 'single flower' containers

as pots. |t does not occur to him fo double the
number, he merely recognizes the necessity for

a global increase and chooses any number at random.

The child at this stage behaves similarly

1o Piaget's subject (p. 217} who began by putting
ten single flower holders to match the ten

flower pots and when he realized that there were
flowers left did not attempt to estimate the
number but at once added another ten tubes and
unhesitatingly put flowers in.

The child at this stage is abte to understand the
two to one relationship without intuitive ftrial and
error.

Summary of stage responses.

Whole Sample
Boys (n=64) Girls (n=66) All (n=130)
‘Stage | 2 3 ! 2 3 I 2 3
64 43 85 66 45 ‘87 130 88 172
% 33.3 23.4 44,3 33,3 22.7 43.4 33.3 22.6 44,1
School Department
Secondary Junior Infant
Stage n. ! 2 3 n. I 2 3 n. I 2 3
Boys 16 4 9 35 20 10 16 34 28 50 18 16
Girls 16 2 9 37 25 16 25 34 25 48 I 16
Al 32 6 I8 72 45 26 4] 68 53 98 29 32
School department expressed as a percentage.
.Secondary Junior Infant
Stage 2 3 ! z 3 I 2 3
Boys 8.3 18,8 72.9 8.7 26.7 56.6 59.5 21.4 19.1
Girls 4,2 18.8 77.0 21.3 33.4 45,3 64,0 14,7 21,3
All 6.3 18.8 75.0 19.3 30.4 50.3 61.6 18,3 20.l



14

Test 3a - Spontaneous Correspondence. Reproduction of figures.

The responses were assessed on Piaget's criteria found on
pages 65 - 74,

Stage |

‘Stage 2

Stage 3

Children at this stage are those who are not concerned

with the numerical details but rather with the configuration
and dimensions of the medel. In the case of simple closed
tigures children at this stage can correctly reproduce

those which require a definite number of elements, provided
that the form is familiar, but where the shape is unfamiliar
the copy is no longer numerical ly correct.

At this stage the child is able to make a one to one ::
correspondence but this is always based on the particular
properties of the figure, for without the figure, the
child no longer thinks the two sets are equivalent.

During the third stage, the correspondence no longer
depends on the intuitive figure but rather on the details
of the number in question. -

Summary of stage responses (based on 6 subtests). Whole sample.

Stage

%

Boys Girls Ak}
I 2 3 | 2 3 I 3
L7 50 217 Mo . 65 212 236 115 429
30.5 3.0 56.5 30.1 16.4 53.5 30.3 t4.7 55,0

School Department.

Stage

Boys
Girls

All

Secondary _ Juniors All
| 2 3 I 2 3 I 2 3
6 6 84 14 10 a6 97 34 37
0 I 85 25 32 93 94 22 24
6 7 169 39 42 189 F91 56 71

Schoc! Department expressed as percentage.

Stage
Boys
Girls

All

6.

3.

Secondary Juniors All
! 2 3 | 2 .3 | 2 3
2 6.3 87.5 .7 8.3 80.0 57.8 20.2 22.0
0 11.5 88.5 16.7 21.3  62.0 62.7 14.7 22.6
| 8.9 88.0 4.4  15.6 70.0 60.1 17.6 22.3
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Table 40 below summarises the attributes which appeared important
to each child in the performance of the task. Full details are to be

found in Appendix H pages 416-422, tables 192-198,
" Table 40

Test 3a - Apalysis of responses to particular attributes.

Number and . Number and Number, shape

Number only shape. colour. and colour.

n. Number % Number g Number g Number Z
Boys 64 14 21.9 19 29.7 16 25.0 13 20.3
Girls 66 12 18.2 22 . 33.3 17 25.7 12 18.2
All 130 26 20.0 4] 31.5 33 25.4 25 19.2

" ‘Test 3b - Spontaneous correspondence. (Single rows, pages 74-85).

Stage | The child at this stage bases his evaluations on only
one or other of the two global qualities of the row,
its length or the density of the elements without
co-ordinating them. For example, Piaget's subject
who began by making a compact row of Il buttons to
equal the 6 spaced out of the model, but since his
row was longer removed 3 from the end, thus obtaining
the same length.

Stage 2 When the child who is at this stage is asked to pick
out a number of elements equal to the number in a
model row of six, he reacts immediately or as Piaget
observes, almost immediately, by making an optical
spatial correspondence with the model, but no longer
accepts the equivalence of the two rows when the
correspondence cannot actually be perceived.

Stage 3 At the third stage, the child is able to make the
correspondence quite free from perceptual or spatial
Fimitations and persists in recognizing the equivalence
of the two sets despite any displacements of the elements.

Table 4]

‘Summary of stage responses (based on 6 subtests). Whole sample.

Boys (n.=64) Girls (n.=66) All (n.=130)}
Stage " 2 3 | 2 3 [ 2 3
35 94 155 159 17 120 294 211 275

% 35.2 24.5 40.3 40.1 29.6 30.3 37.7 27.0 35.3
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Table 41 cont'd.

Summary of stage responses - School Department.

Secondary Junior Infants
Stage | 2 3 | 2 3 | 2 3
Boys 9 16 71 21 26 713 105 52 i
Girls 20 23 53 45 40 65 94 54 2
Al 29 39 124 66 66 138 199 106 13

Summary of stage responses - School department
(Expressed as a percentage).

Secondary Junior ' Infants
Stage | 2 3 | 2 30 12 3
Boys 9.4 16.7 73.9 7.5  21.7 60.8 62,5 31.0 6.5
Girls 20.8 24.0 55,2 30.0 26,7 43.3 62.7 36.0 1.3
All 15.1 20.3 64.6 24,4 24,5 51,/ 62.6 33.3 4.1

Test 4 - Development of the notion of measurement {pp. 223 - 243).

Stage | In such situations as those demanded by the subtests,
measure has no meaning to the child at this stage. The
child does not understand what he is supposed to do when
asked to verify the evaluations by using the measuring
beakers offered to him.

Stage 2 Piaget suggests a three-fold problem which identifies
the child at this stage (i) +there is conservation,
vhen the changes are only slight but non-conservation
when the changes are more obvious. (ii} The child's
limitation ‘of metrical capacity although spontaneously
suggesting the use of measures; and (iii) lack of
understanding of the unit; +the unit being precisely
a common measure.

Stage 3 The child assumes conservation and measures spontaneocusly.
" Table 42

- Summary of stage responses (based on 2 subtests).

Boys Girls All
Stage [ 2 3 | 2 3 [ 2 3
69 26 33 79 21 32 148 47 65

% 53.9 20.3 25.8 59.9 15.9 24.2 56.9 |8.1 25.0
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Table 42 cont'd.

Summary of stage responses - School Department.

Secondary dJunior Infants
Stage [ 2 3 | 2 3 ! 2 3
Boys 8 5 19 i6 10 14 45 I 0
Girls 10 9 13 23 -9 18 46 3 |
All I8 4 32 39 i9 32 91 14 l

Summary of stage responses - School department. .
(Expressed as a percentage).

Secondary Junior _ Infants
Stage | 2 3 | 2 3 | 2 3
Boys  25.0 15.6 59.4 40.0 25.0 35.0 80.4 19.6 0
Girts 31.3 28,1 40.6 46.0 18.0 36.0 92.0 6.0 2.0
Al 28.1 21,9 50.0 43.3 21,1 35.6 859 132 0.9

" 'Test 5a - Equating of guantities - unequal sets (pp. 190 - 95).

Stage | When asked to eﬁualise two unequal sets the child
at this stage takes counters at random from the larger
and transfers them to the other set.

Stage 2 The child spontaneocusly constructs configurations,
so as to compare and equate the two sets.

Stage 3 The child proceeds by way of one to one correspondence,
- with or without verbal enumeration.

Table 43

‘Summary of stage responses (based upon 4 subtests.) Whole sample.

Boys Girls All
Stage | 2 3 | 2 3 l 2 3
n. 87 89 80 90 107 67 177 196 147
g 34.0 34.8 31.2 34.1 40.5 25.4 34.0 37.7 28.3

Table 44

Summary of stage responses - Schoo! Department.

Secondary Junior Infants.
Stage | 2 3 [ 2 3 I 2 3
Boys 7 17 40 14 29 37 66 43 3
Girls 3 33 28 26 43 31 61 31 8

All 10 50 68 40 72 68 127 74 (N
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Summary of stage responses (Expressed as a percentagel). School Department,.
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Secondary Juniors Infants

Stage | 2 3 | 2 3 ! 2 3

Boys. 10.9 26.6 62.5 17.5 36.2 46.3 58.9 38.4 2.7

Girls 4.7 51.6 43,7 26.0 43.0 31.0 61.0 - 31.0 8.0

Al 7.8 39.1 53.1 22.2 40.0 37.8 59.9 34.9 5.2

Test 5b - Equating of quantities (pp. 195 - 198).

Stage | The child does not grasp the fact that the sum of the
parts is equal to the whole, nor recognises the lasting
equivalence of ¥he two halves even when he has obtained
them by distributing the elements term for ferm in two
corresponding sets.

Stage 2 . The child is able 1o construct two equal sets bul does
not recognise lasting equivalence.

Stage 3 The child understands that the two parts considered as
units are equal, and that the sum of the parts is equal
to the initial whole. Lasting equivalence is also
recognised.

“Table 45

‘Summary of stage responses. School Department. (based on 5 subtests).

_ Secondary . Juniors Infants.
Stage | 2 3 | 2 3 | 2 3
Boys 10 6 64 23 I5 62 78 48 4
Girls 19 Il 50 30 36 59 96 26 3
All 29 17 114 I'74 74 17

+53 50 12
Table 46 |

" Summary of stége responses (expressed as a percentage). School Department.

Secondary Juniors Infants

Stage | 2 3 1 2 3 | 2 3
Boys 12.5 7.5 80.0 23.0 15.0 62.0 55.7 34.3 10.0
Girls 23.7 13.8 62.5 24,0 28.8 47.2 76.8 20.8 2.4
All 8.1 10.6  71.3 23.5 22.7 53.8 65.7 27.9 6.4
Table 47

Summary of stage responses. Overall sample.

Boys Girls All

Stage | 2 3 | 2 3 I 2 3
n. 1 69 140 145 73 12 256 142 252
% 34,7 21.6  43.7 43.9  22.1 34.0 39.4 21.8 38.8
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Test 6. Conservation of continuous quantity. (pp. 3-17) and p. 222.

Stage | For children at the first stage the quantity of liquid
increases according to the slize or number of the containers,

Stage 2 In the second stage, which is a period of fransition,
conservation gradually emerges, but although it is recognized
in some cases, it is not so in all.

Stage 3 The child immediately postulates conservation of the
quantities in each of the transformaticns to which they
are subjected.

Table 48.
Summary of stage responses (based on 3 subtests). Whole sample.
Boys Girls All
Stage ! 2 3 | 2 3 I 2 3
No. 123 7 62 34 16 48 257 23 110
A 64.1 3.6 32.3 67.7 8.1 24.2 65.9 5.9 28.2
Table 49.
summary of stage responses. Schoo! departments.
Secondary Juniors Infants
Stage I 2 3 I 2 3 | 2 3
Boys 16 3 29 32 2 26 75 2 7
Girls 18 4 26 43 10 22 73 2 0
All 34 - 7 55 75 12 48 148 4 7
Table 50.

Summary of stage responses (Percentage).

Secondary Juniors Infants
Stage f 2 3 [ 2 3 ! 2 3

Boys 33.3 6.3 60.4 53.3 3.3 43.4 89.3 2.4 8.3
Girls 37.5 8.3 54.2 57,3 |13.3 29.4 97.3 2.7 0
At 35.4 7.3 57.3 55.6 8.2 35.5 93.1 3.5 4.t
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"Stage |

Stage 2

Stage 3

There is no conservation.

The child conserves when there is a slight change
in pattern but not when the change is more significant.

The éhild conserves unhesitatingly.

Summary of stage responses (based on 4 subtests.) Whole sample.

Stage

n.

%

Stage

Girls

All

Stage
Boys
Girls

Al

‘Boys Girls
| 3 | 7 3
126 9 12 140 20 104
49.2 3.5 47.3 53.0 7.6 39.4
" Secondary Junior

R | 2 3

10 | 53 24 4 52

8 6 50 36 10 54

8 7 103 60 14 106

Percentage

I 2 3 ) 2 3
5.6 1.6 82.8  30.0 5.0 65.0
12.5 9.4 78.1 36.0  10.0  54.0
14.0 5.5 80.5 33.3 7.8 58.9

Test 8 - Relations between parts and wholes (pp.

All
| 3 3
266 29 225
5.2 5.6 43.2
Infant
| 2 3
- 92 4 16
96 4 0
188 8 16
| 2 3
82.1 3.6 14,3
96.0 4.0 0
88.7 3.8 1.5

i87-190).

Stage |

Stage 2

The chilld grasps neither the equality of the two sets
in question, nor the permanence of the second whole in
spite of changes in the distribution of its elements.

The child begins by showing a similar reaction as in
stage | but gradually comes to see, or as Piaget observes,
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Summary of ‘st

121

can be made to see in this particular problem that although

we have 7 > 4, we have also I<
compensate each other,

4 and that these two facts

The child recognises each sub-set in relation to the
other and both are seen in relation to their sum.

Table 53.

Whole sample.

Stage

Stage

Boys
Girls
Al

Stage
Boys
Girls

All

2 3 | 2 3
28 18 I8 38 6 . 12
43,8 28,1 28. | 57.6 24.2 18.2
Table 54,
Secéndarz ' Junior
l 2 3 | Z 3
3 3 |10 5 7 B
6 2 8 12 9 4
9 5 18 17 16 12
Table 55.
Secondary. Junior
i 2 3 | 2 3
18.7 18,7 62.6 25.0 35.0 40.0
37.5 12.5 .50.0 48.0 36.0 16.0
28.1 15.6 56.3 37.8 35.6 26.6

Test 9 - Seriation (pp. 96-121),

Stage |
Stage 2

Stage 3

The child cannot make a correct series.

All
) 2 3
66 34 30
50.8 26.2 23.0
Infant
[ 2 3
20 8 0
20 5
40 I3
Infant
L1 2 3
71.4 28.6 0
80.¢ 20.0 0
75.5 24.5 0

The child discovers the whole set of relations necessafy

gradually by dint of empirical trial and error.

The child constructs the series without hésitation or

error.
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Table 56,
Summéé; of stage responses (based on 6 subtests). Whole sample.
Boys Sirls _ALI
Stage [ 2 3 i 2 3 | 2 3
n. 95 129 160 108 143 145 203 272 305
% 24.7 33.6 41.7 27.3 36.1 36.6 26.0 34.9 39.|
Secondary | dunior Infanis
Stage f 2 3 | 2 3 1 2 3
Boys 8 I8 70 14 35 7 73 76 19
Girls 7 16 73 33 63 54 68 64 18
All 15 34 143 " 47 98 125 i4] 40 37
Secondary Junior Infants
Stage t 2 3 | 2 3 l 2 3
Boys 8.3 18.8 72.9 1.6 29.2 59.2 43.5 45.2 1.3
Girls 7.3 16.7 76.0 22.0 42.0 36.0 45.3 42.7 12.0
All 7.8 V7.7 74,5 i7.4 -36.3 46.3 44.3 44.0 11.6

Test 10 - Ordination and Cardination (pp. 122-157).

Stage | The child is neither -able to estimate how many stalirs
the doll has still to climb nor to construct the stairs.

Stage 2 The child succeeds in constructing after trial and error
but has difficulty in stating how many stairs the doli
has still to climb and also its order.

Stage 3 The child successfully solves all the problems whether
he is asked fo determine the cardinal value given a
particular position, or the converse.

~"Table 57.
Summary of stage responses (based on 2 subtests). Whole sample.
Boys Girls All

Stage | 2 3 | 2 3 i 2 3

n. 29 27 72 32 37 63 61 64 135

% 22.7 21,1, 56.2 24,3 47.7  23.5 24.6 51.9

28.0
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Secondary Junior Infants
Stage | 2 3 i 2 3 ] 2 3
Boys 2 4 26 5 5 30 22 18 16
Girls 2 4 26 7 15 28 23 I8 9
All 4 8 52 12 20 58 45 36 25
Percentage.

Secondary Junior Infants
Stage I 2 3 | 2 3 f 2 3
Boys 6.2 12.5 8.3 12.5 12.5 75.0 39.3 32.} 28.6
Girls 6.2 12.5 | 8l.3 14.0 30.0 56.0 46.0 36.0 18.0
All 6.2 12.5 8.3 3.3 22.2 64.5 42.5 34.0 23.5

“‘Test Il ~ Class Inclusion {(pp. 16] - 184},

Full details of the samplée's responses to the 'class inclusion!

questions are found in Appendix D pages 371-374.

correct responses is 29.

Table 59.

Correct responses (whole sample).

Tables 59-60

below summarise the correct responses. The highest number of possibile

73.4

‘Boys (n., = 64) Girls (n. = 66) All (n. = 130)
m. s.d. Z m. s.d. % m. s.d. g
17.1 8.6 59.0 16.8 7.5 57.9 16.9 8.1 58.3
Table 60.
Secondary Junior Infants.

m s.d. ] m s.d Z m s.d. 3
Boys 22.3 7.2 76.9 19.2 8.4 66.2 12.6 1.5 43.4
Girls 20.7 5.9 71.4 17.9 7.2 61.7 15.1. 7.4 45,2
All 21.3 6.7 18.5 7.7 63.8 i2.8 7.4 44 .|
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Means, standard deviations and percentages based
upon weighted scores (Tests la - 10).

Whole Sample

Means, standard deviations
based upon weighted scores

Boys (n=64) Girls (n=66) ALl (n=130)
""Test Mean s.d §  Mean s.d. ;2 Mean s.d. 4
la 4.6 3.3 57.5 4.0 3.4 50.0 4.3 3.4 53,7
Ib 5.3 4.6 53.0 4.8 4.6 46.0 5.1 4.6 46.0
2a 3.4 2.5 56.7 2.9 2.6 48.3 3.2 2.6 53.3
2b 3.3 2,3 55.0 34 2.3 5.7 3.3 2.3 55.0
33 7.6 5.1 63.3 7.4 5.0 6.7 7.5 5.1 62.5
3b 6.3 4.9 52,5 5.3 4.8 41.2 5.8 4.9 48.3
4 1.5 1.7 37.5 1.2 .7 30.0 (.4 1.7 35.0
52 4.0 3.0 50.0 36 2.8 45.0 3.8 2.9 47.5
5b ‘5.5 4.2 55.0 4.5 4.1 45.0 5.0 4.1 50.0
6 2.1 2.6 35.0 1.7 2.3 28.3 1.8 2.5 30.0
7 3.8 3.8 47.5 3,3 3.7 41.2 3.6 3.8 45.0
8. 0.8 0.8 40.0 0.6 0.8 30.0 0.7 0.8 35.0
9 7.0 4.2 58,3 6.5 3.9 54.2 6.7 4.0 53.8
10 2.7 t.4 67.5 2.5 1.5 62.5 2.6 1.5 65.0
Table 62

and percentages
(Tests la - 10).

Medical Classification

" Without shunt (n = 40

© Test Mean s.d. %
la 4.5 3.3 56,2
'lb 5.2 4.6 52.0
2a 3.5 2.4 58.3
2b 3.6 2.2 60.0
3a 8.6 4.8 7.7
3b 6.7 4.7 58.3
4 1.6 1.7 40.0
5a 4.3 2.7 53.7
5b 5.8 3.8 58.0
6 2.3 2.7 38.3
7 4.1 3.9 51,2
8 0.9 0.8 45.0
9 7.8 3.5 65.0
10 3.0 1.3 75.0

With shunt (n = 90)

Mean s.d. g
4.2 3.4 52.5
5.0 4.6 90.0
3.0 2.7 50.0
3.3 2.3 55.0
7.0 5.1 58.3
5.4 4.9 45.0 .
1.2 1.6 30.0
3.5 3.0 43.7
4.6 4.3 46.0
1.7 2.4 28.3
3.4 3.7 42.5
0.6 0.8 30.0
6.3 4.2 52.5
2.4 1.5 60.0
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Table 63.

Means, standard deviations and percentages
based upon weighted scores (Tests la-10).

School Department

Secondary (n=32) Junior (n=45) Infant (n=53)

Test Mean s.d. % Mean s.d. ] Mean s.d. %
la 6.8 2.6 85.0 5.I 3.3 63.7 2.2 2.5 21.5
ib 8.6 3.2 86.0 6.6 4.4 66.0 .7 2.9 17.0
22 5.3 1.7 88.3 39 2.4 65.0 1.3  t.7  21.7
2 5.2 1.4 66.7 3.9 2.0 65.0 1.7 I.g 28.3
3@ I1l.1 2.4 92.5 9.3 4,| 77.5 3.7 4.5 30.8
3b 9.0 4.2 75.0 7.6 4.7 63.3 2.4 2.9 20.0
4 2.4 .7 60.0 .8 1.8 45,0 0.3 0.8 7.5
S5a 5.8 2.4 72.5 4,6 2.8 70.0 .8 2.0 22.5
5 7.5 3.8 75.0 6.7 3.7 67.0 2.1 2.7 21.0
6 3.5 2.5 58.3 2.4 2.6 40.0 0.3 1.2 5.0
7 .. 6.7 2.7 837 4.8 36 60.0 0.7 2.0 8.7
8 I.3 0.9 65.0 0.9 0.8 45.0 0.2 0.4 10.0
9 10.0 3.1 83.3 7.7 3.5 64.2 4.0 3.1 33.0
10 3.4 1.0 85.0 3.1 1.3 77.5 1.6 1.3 40.0

Tests |a-10
overal

86.2 27.4_ 79.8 68.5 33.5 63.4 24.2 22.4 22.4

The order of difficulty of the Piagetian tests, based upon
weighted scores was investigated and Tables 64 t0 68 below summarise
the data.

Table 64,
Order of difficulty of Piagetian Tests
School Dept. (Most difficult = 1st.)

Secondary Junior - Infant
s+ Test 6 Ist Test 6 - Ist Test 6
2nd " o4 Znd "4 Znd "4
3rd "8 " "8 3rd "
41h " 2p 4th "7 4th n g
" " 53 5th " 3p 5th " b
" " 5p 6th " a 6th " 3p
7+h "oo3p 7+h "9 7th " 5p
8th " o9 8th " 23 8th " 2a
9th "oy " " 2p 9+h " 5
10th "o 10th " b 10th " la
1th " |a [ 1+h " 5p Il+h " 2b
12th . " b 12+h " 5a t2th "o 3a
"13th " 23 13th " 33 13th "og

14th " 3a 14th " 10 14+th "0
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Table 65

Order of difficulty of Piagetian Tests
Whole Sample.

‘Boys Girls All
Ist Test 6 st Test 6 Ist Test 6
2nd "4 2nd - . "4 2nd "4
3rd " 8 3rd " 8 3rd "8
4+h "7 4th " 3b 4th "7
5+th " 53 5th R 5th " b
6th 1) 6th " 5a 6th " 5a
7th " b 7th " 5b 7th " 3p
8th " 2b 8th " b 8th " 5b
" " 5b 9+h " Z2a 9+th " 2a
10th " 2a 10th " la i0th " la
I'1th " la 1 1+h "9 I+h "ogq
12th "9 " 12th " 2b 12+h "oZb
1 3th " 33 13th " 3a 13+h " 3a
14+th " 10 14+h "0 141h "0
Table 66
Order of difficulty of Piagetian Tests
Medical Category.
Without Shunt "With Shunt
Ist Test 6 ist Test 6
2nd "oy 2nd "oy
3rd 1 8 1" " 8
“4th "7 4+th "7
5th " b 5th " Ba
6th " 5a 6+h " 3p
7th " la 7+th " 5p
8th " s5p 8+th " Ib
9th " 3b " - " 2a
" " 2a 10th " la
I 1th "o2b ' " "9
12th "9 12th " 2b
13th " 10 13th "o 33
14th " 3a 141h " 10

The following tables 67 ‘o 68 reflect the order of difficulty
of the Piagetian tests when they were assessed on the basis of the number
~of children who were fully operational that is, at stage three.
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Table 67

-Order of difficulty of Piagetian Tesis
(Based on stage 3 responses) Whole Sample.

Boys Girls Al
Ist Test 4 Ist Test 8 Ist. Test 8
2nd "8 2nd o4 2nd "4
3rd " 53 "o "6 3rd "6
4th " 6 4th " 53 4th " S5a
5th "o 3p 5th "3 5th " 3p
6th " 9 - 6th " 5p 6th " 5b
7+h " 5p 7th "9 7th " 9
8th " 2b 8th "7 8+h "7
9+h "o Za 9th " g 9th " la
10th w7 10th - " 23 n " 2a
1 tth " fb . tth " b " " 2b
12+h " la I2+h " 2h I2th " b
13th "0 I3+h 10 I 3th " 10
14+h " 3a 14th " 3a 14+h Y 3a
Table 68

Order of difficulty of Piagetian Tests
(Based on stage 3 responses only.)

Secondary Junior ' fnfants

Ist Test 4 tst Test 8 st Test 8
2nd " 53 2nd "6 2nd " 4
3rd " 8 3rd "4 3rd " 3p
4th " 6 4+h " 5a 4th " 6
5th " 3p 5th "9 5th " Ba
6th " 5b 6th " 2b 6th " 5h
7+h "9 7th " 3b 7th "7
8th " 2b 8+h " 5b 8th " b
9th " ia 9th " a 9th " 2a
10+h " 10 tOth " 2a [0th "9
blth w7 H+h v 7 I t+h " ia
i2th " ib | 2+h " b I12+h " 2b
I 3th " 2a | 3th " 10 13th " 3a
tdth " 33 [4+h " 33 14+h "0

It was considered essential to observe the development of the
sample from school A in Piagetian terms after a period of three years.
This was necessary to indicate if children who had been placed at
either stage | or 2 had developed toward being fully operational atter a

period of school experiences together with normal maturation processes.
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Full details of the comparison are to be found in Appendix G pages 408-414,
Only one of the 28 children concerned was unable 1o be re-tested.

This was because the child in question had made sufficient physical
progress to be transferred to a normal school. All the relevant
indications suggest that the chiid is coping wéll wiTh:?he educational
demands of her secondary school. Table 69 1is a summary of the results

based on 54 subtests.

Teble 69

Summary of times children were at particular stages (Tests la - 10)
1st Testing (School A) 2nd Testing (School A)
NgPIETt g0 1 2 3 Stage | 2 3

b 12 16 26 0 0 54

2b 5 15 34 I 2 51

3b 0 7 47 0 | 53

4b 0O 0O 54 0 0 54

5b - 26 10 18 I 0 53

6b 0 6 48 0 0 54

7b 2 12 40 0O | 53

8b 17 23 14 0 0 54

9b 14 33 7 | 29 24

10b 5 20 29 I | 52

b 28 20 6 2 2 50

I2b is 32 7 2 4 48

13b 18 23 13 0 0 54

[4b 3% 16 3 3 31 20

15b 52 2 O 46 6 2

I6b 53 1 O 3% 9 9

Ig 0 Il 43 0 0 54

2g 42 10 2 34 12 8

39 24 19 11 I 3 50

4g 0 O 54 0O 0 54

59 2 12 40 0 | 53

69 12 20 22 - + .= (Transferred to
79 25 21 -8 3 26 25 normal school)
8g 24 29 | 9 29 16

9g 49 4 | 8 23 23

10g 49 4 | 2 14 38

Ilg 52 2 O 3 8 43

129 : 54 0 O 33 12 9

Mean chronological age of School A at Ist testing 8.4 years. s.d. 2.6
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In order to investigate whether there was any predictive value
in the Piagetian number tests for mathematical competence the writer
tested thirty-one of the sample after a three-year period on Young's
Group Mathematics Test (1974, 3rd revision). Table 70 below details
both the scores on this test and also the original Piagetian scores.
Table 70

Comparison of scores on Young's Group Mathematics Test with
Piagetian scores obtained three-years previously.

Subject Young's Piagetian
No. max. 60 4 max. 108 %
Oldest | (129) il 18.3 { 0.9
2 (128) 25 41.7 0 0
3 (126) 18 30.0 27 25.0
4 (122) | .7 0 0
5 (120) 3 5.0 | 0.9
6 (119) 13 21.7 | 0.9
7 (17 23 38.3 25 23.1
8 (re) Il 18.3 16 i4.8
9 (H15) 47 78.3 7 6.5
10 (1i4) 45 75.0 78 72.2
H (100} 51 85.0 46 42.6
12 {99} 3 5.0 o 0
13 {(98) 21 . 35.0 37 34,3
14 {95) 49 81.7 31 28.7
15 (86) 4] 68.3 78 72.2
t6 {(85) 27 45,0 51 47.2
17 {82) 60 100 51 47.2
18 {(81) 21 35.0 20 18.5
i9 (7N 22 36.7 37 34.3
20 (74) 32 53.3 a5 88.0
21 (73) 29 48.3 70 64.8
22 (70) 37 6.7 84 77.8
23 {69) 50 83.3 9| 84.3
24 (66) 54 80.0 98 90.7
25 {(65) 57 95.0 102 94.4
26 (58) 51 85.0 41 31.0
27 (54) 58 96.7 51 47.2
28 (44) 16 26.7 14 13.0
29 (42) 59 98.3 108 100
30 (38) 58 96.7 101 Q3.5
Young-3I (323 43 71.6 82 76.0

est
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CHAPTER 7.

Statistical Treatment,

The Initial Data.

Data for each child were punched onto computer cards. Initially
one card per subject was used. Values for twenty-three variables

were recorded, as integers. These were, in order :-

| Raven's Coloured Progressive Matrices.

English Picture Vocabulary Test.

2
3 Crichton Vocabulary Scale.
4 Reading.

5

Bender Gestalt Visual Motor Test. (error scores..hence
negative correlation).

6 Piagetian Test {overall..i.e. total of cquTns 7-2 inclusive).
7 Provoked Correspondence (one static set).

8 Provoked Correspondence.

9 Correspondence between several sefts.

i0 Multiple Correspondance.

Il Spontaneous Correspondence (a)

12 Spontaneous Correspondence (b),
I3 Notion of Measure.
14 Equating of Quantitfies...unequal sefs.

15 Equating of Quantities...equal sets.

16 Conservation of continucus quantity.

17 Conservation of discontinuous guantities.
18 Relations between parts and wholes.

19 Seriation.

20 Ordination and cardination.

21 Class Inclusion.

22 I.Q...% also component of 23.

23 Pultibec (overall physical handicap rating..the higher the
score the more the handicap, hence negative score..
‘NB 1.Q. is a'part of the score.
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MEANS, STANDARD DEVIATIONS, CORRELATION COEFFICIENTS

A computer program was written in F@RTRAN which read in and stored

all the data for a group of subjects and calculated the mean and
standard deviation for each of the twenty-three wvariables, and

also calculated Kendall's Tt and Pearson'sr and Spearman's/o correlation
coefficients for each variable with every other. The F@RTRAN program
made use of the NAG subroutine GQOZBAF and was run on the

Loughborough University ICL 19045* computer. The program was used

to determine the means, standard deviations and correlations for the

variables for the following subject groups:

Pupils: all, boys, girls

With shunts: all, boys, girls

Without shunts: all, boys, girls

Infant: all, boys, girls, with shunts, without
Junior: all, boys, girls, " shu?ts
Secondary: all, boys, girls, " "
2-year Groups: all, boys, girls

l-year Groups: all, boys, girls

School A: all, boys, girls

School B all, boys, girls

School C: all, boys, girls

Scheool D all, boys, girls

INDEPENDENT CHECKING AND TESTING SIGNIFICANCE QF CORRELATIONS

To act as an independent check of the basic statistical treatment the
data were firstly checked 'by hand' (one error was detected} and then
submitted to Nottingham University to be analysed by the PMMD
(Programmed Methods for Multivariate Data) Statistical package written

by M B Youngman, run on the ICL 1906 computer.

Using the BSET program (Subset Extraction with significance testing)
the means and standard deviations were recomputed, the Pearson
product-moment correlation matrix was calculated and tested for

significance at the 1%, 5% and 10% levels.



|32

Multivariate Analysis of Variance

A computer program was written in FORTRAN to analyse two sets of
mean scores, e.g. one for boys and the other for girls, to test whether

or not the differences observed are significant.

Number of populations: k (= 2)
Number of variables: p (=23}
Number of subjects in population 1: n,

Number of subjects in population 2: n,

Number of subjects in total population: n; + n, = 130

Let x it be the value of the Jjth variable of the ith member of population t.

) 1 K Nt
Let = = 7 - -
Tl r 5y (xjti 5.0 (xzti Xgus)
dd, = = ; ;t (x ;-X ) (%, - x
%" n "1 i1 gt it bt 2t

where xj is the average over a!l 130 subjects of variable j

is the average over n_ subjects of variable J.

xjt. t
Let ¢ = matrix of Cji elements and
d = matrix of d., elements.

je
2
then let L = (|d]/|cH™M2.

tf the means of the two populations are the same thenc = d so L =1
If the means differ then L < 1. Low values of L suggest that the

populations do differ with respect to the given group of variables.

The statistic =2 log L will vary roughly according fo x2-with (k - 1)p
degrees of freedom, assuming that the populations have the same
variances and covariances. | ‘

The FPRTRAN program re;d in and stored the values of the 23 variables
for the subjects in the two populations and then proceeded to calculate
-2 log L, making use of the NAG subroutine FO3AAF to find the required
determinants of the two matrices ¢ and d. The program was run on the

LUT ICL 1904S* computer.
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Coefficient of Concordance

A second computer program was written in FORTRAN to read in and store the
results of the Piagetian tests for a group of subjects, and then to
compute Kendall's coefficient of concordance. The FORTRAN program makes
use of the NAG subroutine MOIAAF which sorts an array in ascending order
of size. However, the MOIAAF does not give ties the average rank but
simply the first rank. As Kendall's coefficient requires the average
rank for ties and many ties occur in the Piagetian scores (i.e. many
subjects get the same scores on any one test), the program incorporated
an appropriate adjustment to the rank produced by MOIAAF. The program
was run on the LUT ICL 1904S* computer.

Kendall's coefficient of concordance, W, indicates the extent to which
members of a set of m distinct rank orderings of N things tend to be
similar. qu%his study, m= 130 (i.e. subjects) and N = I3 (i.e. the
'individﬁalfﬁia§e+ tests). Each pupil has a score on each test so in
effect each pupil puts the tests into an order of difficulty. The
extent to which pupils agree as to which tests are easiest/hardest is

evaluated by the W statistic:

variance of rank sums
W =

maximum possibie variance of rank sums.

It follows that O £ W & 1 with W = 1 indicating complete agreement and

W = 0 indicating no agreement.

One way to interpret W is as a measure of average Spearman rank-

correlation coefficient:

_ omW -1
M/° B m-1

An approximate test of the hypothesis that there is no agreement suitable

form 2 8 is
¥? =m(N - 1)W , N - 1 degrees of freedom.

(N.B. this test is only appropriate for large m and N, the criterion

being met in this investigation.)
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Partial Corrxelation

The correlations between two variables may well appear high because

they both are related to a third variable {eg age). When this is

taken account of, it may be that the two variables of interest. have
almost no correlation with each other - all their intercorrelation being

due to the third variable.

In this study it was apparent that age was a major factor in variation
in many of the variables so a FPRTRAN program was written to compute
partial correlations, with age excluded - ie first order partial

coefficients of correlation.

The formula to determine this for variables 1 and 2, excluding 3 is

12 7 T13 T23

V(1 ¥y, 3 (1 r

12.3

2
23 )
The F@PRTRAN program used the Pearson coefficients of correlation,

computed in the manner previously indicated, making use of the NAG

subroutine GOZ2BAF, and run on the LUT ICL 1904S* computer..

The need for age as a variable necessitated the use of a second

punched card for each subject.
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CHAPTER 8,

interpretation and Discussion of Results,

This chapter relates the results of the analysis of data fo
the guestions which were posed in Chapter | and at the same time

discusses broader questions of'inTerpreTafion and implication,

. The first hypothesis tested was that children with differing

degrees of spina bifida and hydrocephalus pass through normal stages

in the development of number concepts as postulated by Piaget.

The results supported this hypothesis. |t was evident throughout
the investigation that the children, depending upon their responses
to the Piagetian situations, could be placed at one or other of the
stages outlined by Piaget (1952). Tables 30-58 on pages 108-123
detail the number and percentage of chitdren at particular stages

both in the tests overall and in individual subtests.

(a) The Piagetian tests overall.

The data with respect to the Piagetian tests were tabulated
in two ways. The first method which reflected the number of instances
children were at different stages, enabled the researcher to cbserve
the déve!opmenT of number concepts. |t can be seen from Table 34
on page 109 that, as might be expected, the younger children made
fewer fully operational responses than those who were older. Vhen
the sample overall was considered in these fterms the results show
65.8% of Infants' responses were assessed as stage |, 24.1% as stage
2 and 10.1% as stage 3. The juniors were assessed as making 25.6%
stage |, 21.4% stage 2 and 53% stage 3‘re5ponses. ‘The secondary-
age children's development is reflected in that only 13,3% of their
responses were assessed as stage |, 14.7% stage 2 and 72% stage 3.

The second method of tabulation used to facilitate statistical
analysis was to give weighted scores to stage positions, Reference
to Table 25 on page IO?I shows that ocut of a maximum score of 108
the mean score of the infants was 24.2, juniors 68.5 and the secondary-
aged children 86.2. The developmental picture is however even more
clearly seen when the sample was broken down info two-year age groups.

For exéhpie Table 26 shows the five and six year olds' mean weighted
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score as 17.4 and at the other end of the age range, the fifteen
and sixteen year olds to be almest fully operational having a mean
weighted score.of '99.9. When the data were examined with respect
to one-year age groups the mean weighted score of the five year
olds was 13.3 and the sixteen year olds 107.3 (Table 181,page 404)
Fiqure (viii) below illustrates the development of number concepts

through the age groups.

Fig. (viil).

Percentage success in Piagetian tests.
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The results therefore show a clear progression in number develop-
ment from the five and six year olds who were mostly non-operafional
to The seven to ten year olds whose transitional responses were
tending toward operativity and finally to the eleven to sixteen
year olds who, overall, were operational. There were however exceptions
throughout in that operational responses were given in certain test
situations by infants and non-operational responses were made by
some secondary-aged children. Examples of this are to be seen in
Table 175 of Appendix F, pages 392-398 in which it is shown that whereas
a Thirteen year old (24) was non-operational throughout a five year old
(113) was mostly operational.

Wadsworth (1978) is one of many writers who confirm that some
children develop more stowly than average and others proceed through
Piagetian stages more rapidly. It is his view that the rate of
development, or age of acquisition of a particular developmental concept,
can be looked at in the sense of a normal curve as shown in fig. ix
below.

Fig. ix.

Age at which chitdren enter the concrete operational stage.

<4 4 5 6 7 8 9 10 >0
Chron. Age.

Wadsworth asserts that the average child enters the concrete
operational stage around the age of seven, although he does not
become operational with respect +o all types of concepts or problems
at the same time.

Most researchers, agreeing with Wadsworth's age of entry into
concrete operations, would also share his view that although some
children enter this stage at six years of age and a small percentage

would do so at the age of five, on the other hand, some may be nine
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years of age and a small percentage fen or even later before they are
operational., Such children are developing cognitively at a slower
rate than the normal child and, for them, the educational implications
are straightforward.

This study shows that although there was evidence of children
being at different Piagetian stages, the ages at which they were fully
operational, is, overall later than those commeonly associated with
normal children.

The concluding remarks in Fogelman's (1970) compilation of Piagetian
studies support the findings in this study. He reporis that although
there was a difference in age of six or more years between the youngest
and oldest groups tested in many of the studies, in some instances
a few children in the youngest group had atfained a concept and at
least ten per cent of the oldest children had not. Also, the age of
the oldest children tested is often at or above the age of secondary
transfer. Fogelman adds a salutary thought in that it is only
recently that there has been an adjustment to the idea that the
seemingly simple concepts examined in his summary are acquired very
gradually during the period of primary schooling and a sizeable minority
cannot handle these concepts even after they are in the secondary
school.

tn this study the children aged between eleven and sixteen years
reflected considerable development. in Piagetian tests, the results
indicating that this section of the sample made 80% operational
responses to the tests overall.

The children in Schoo!l A were re-tested on tThe same Piagetian
tests after a three-year interval. The resul+ts tabulated on pages
408-412 show that whereas the mean weighted score was 51.3 (47.5%)
on the first testing, it was 86.9 (80.4%) on the second.

A comparison of the resulis reflects a noticeable movement towards
full operativity which had occurred during the three-year period.

Such development, which would nafurally be expected of normal children,
lends support to the view that although spina bifida children are
later in approaching operativity they are nevertheless operational,

wiTh some exceptions, by the secondary age.
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Table 189, page 4t2 shows that at the end of the three-year period,
only one child (6} of secondary age, who, although having clearly made
progress, was still non-operational. One other (13} was not assessed
because, in view of her excellent educational and physical progress
had been transferred to a local secondary school!. Of the remaining
fifteen children, who were now of junior age, one child (25) was non-
operational, only slight progress having been made through the three
years, two other eight-year olds (27) and (28) who although not yet
fully operational had nevertheless progressed through the period,
‘moving from 0% and 1% operativity to 27.8% and 25% respectively.

The non-operational eight-year old child (25) who had only made
slight cognitive progress during the three years at school had in the
first year several periods of absence due to constant ill-health caused
by a series of acute urinary infections and kidney malfunctioning,
hospitalization for surgery for a urinary diversion and later hamstring
relief. [t is interesting to note that two other children of the
same age (24) and (26) also had periods of absence in the first year
of school |ife and yet these two had progressed from 6.5% and |.8%
operativity respectively to 83.3% and 87.0%. The performances of these
three children at the end of the three-year period present an important
guestion, "Why did two of the three make such marked pregress in
contrast to the one who made only little?" Intelligence is one
likely factor, (25) for example had an 1.Q. of 69 whereas (24) and
(26) had 1.0Qs of 92 and 90 respectively. Other factors are those
of general health and vitality and drive. (25) is constantly unwell,
frequently has urinary infection which necessitates regular anti-biotics
vet he is extremely placid, seemingly contented and easily satisfied.
(24) on the other hand although having had similar periods of ill-health
is always full of vigour, interest and activity. It is also significant
to note that these two children strongly reflect their parents! attitudes.

Fig. (x) overleatf illustrates the movement towards operativity

during the three-year period.
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The responses of the children indicated that some of the individual
Piagetian number tests were more difficult than others. Conseguently
the data were analysed to investigate whether there was & consistent
order of difficulty with respect to the concept or concepts involved
in the tests. Having analysed the data using the Kendall's formula
for the coefficient of concordance a significant measure of agreement
was observed (p < .0I).

The tests in order of difficulty are enumerated overleaf.

Figure (x}.

Comparison of results on Piagetian tests.,
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Table 71. QOrder of difficulty in Plagetian tests.
Most difficul+t ! Test 8 Relations between parts and wholes.
2 " 4 Development of the notion of
measurement.
3 " B5A Equating of quantities - unequal sets.
4 Equal " IB Provoked correspondence - two

moveable sets.

4 0 " 5B Equating of quantities - equal sets.
6 " 6 Conservation of continuous quantities.
7 " 7 Conservation of discontinuous

quantities.

8 Equal "™ 2K Provoked correspondence - several sets.

g " " 3B Spontaneous correspondence from a
given set.

¢} " 9 Seriation.

P! " IA  Provoked correspondence - one static,
one moveable set.

12 " 28 Generalization of '"n' sets.

13 " 3A  Spontanecus correspondence.

14 " [0 Ordination and cardination.

Least difficult 15 " Il Ctass inclusion.

It would therefore appear thal the differing difficulties observed
in the reactions to the tests would suggest the possibility of using
this information as a basis for teaching strategy with spina bifida
children. Such a view is held by Magne (1975) who, as an outcome
of his research with Swedish children having particular difficulties
In mathemetics, and also his reading of the work of Piaget among others,
states that it is possible to create hierarchies so that mathematical
content can be arranged in some sort of steps. Stressing the
interdependence befween many parts of mathematics, as for example
a pupil studies addition and later subtraction, ideas from the former
subsequently helping the latter, Magne seems to recommend the construction
of a more rigid hierarchy with respect to the number system; for
instance a child must probably begin with simple number ideas such
as one-to-one correspondence between elements of sets and the notion
of equallty before getting on to the ideas of cardinal and ordinal

numbers. Magne concludes that these questions of hierarchies of
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mathematics are very important but extremely difficult and what is
needed most of all are penetrating studies in the exciting field of
hierarchy.

Controversy however does exist with respect to structure in
mathematics and psychology. Howson (1973) asserts that the question
of whether structure or activity should introduce a new mathematical

idea was cne of the most controversial raised during the Second inter-

national Congress on Mathematical Education. This controversy was

summarised by Fischbein (1973) who has outlined the problem which faces
mathematical educators thus, "On the one hand, should one leave the
general schemes of thought to form themselves gradually....Or on the
other hand is it better that the child should be given the opportunity
to function with these schemes, these structures, very early on in
his develiopment, so that they can be used as true matrices for the
formation of his mathematical thought?" Whitney (1973} at the same
Congress, poinfed out in his talk 'Are we off the track in teaching
mathematical concepts?' that concepts cannot be directly taught
but must be acquired by the learner through his own experiences.
Piaget's paper which was discussed at the Congress emphasized
that there exists as a function of the development of intelligence as
a whole, spontaneous and gradual construction of elementary logico-
mathematical structures and that these natural (natural in the way one
speaks of the 'matural' numbers...Piaget} structures are much clioser
to those being used in traditional mathematics. Freudenthal (1973) is
of the opinion that the child should start with structures which are
more primitive and simpler when being introduced to mathematical
structures. In a discussion concerned with Piagetian research and
education, Hooper (1968} was interested in the idea that the curriculum
sequence should be designed to harmonise with the child's changing
cognitive status and that the teacher's task should be of relating
classroom requirements and schedules to measures of cognitive function
and structure.

Whitney (1973) seems to admirably sum up the essential Piagetian
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approach when he emphasizes the need to study individual children

so that little by little the besetting problems are discovered and
how to overcome them determined. In brief, Whitney feels that the
focus has been too much on the subject matter, not enough on the

child himsel f.

{b) Responses to the Piagetian tests.

In this study of the develiopment of number concept in spina
bifida children it was considered important to compare their reactions
to those well documented ~ responses of non-handicapped chitdren.
tn order to do this, copious noftes were made of relevant comments,
replies to questions and methods used throughout the Tests.

Interest is usually stimulated when the reported dialogue precipitated
by the questions asked by Piaget and his colleagues and reported in
'"The Child's Conception of Number! (1952) is closedly studied in
teacher discussion groups. Piaget's study suggests the importance
for the teacher to observe how children may react both verbally and
actively in different situations. Throughout this study the children's
comments, although frequentiy unsolicited, were interesting and frequently
reminiscent of the dialogues reported by Plaget.

Children to whom reference witl be made will be designated
firstly by their school, A, B. C or D, secondly by their number within
the school sample and thirdly {(b) for boy and {(g) for girl.

Tests la, Ib and Za. Provoked Correspondence.

There was a certain impulsiveness in many children's responses
to the question, "Are there enough eggs (flowers, men etc.) to fit
into...?" Anderson and Spain (1977) discussing the differences which can
be observed in the way children attempt to solve probiems observe that
many spina bifida children act impulsively rather than reflectively.
Most children in this study gave an immediate, affirmative answer
to the first questicn, some of the remainder- gave a negative reply
and several were reluctant to answer. There was, however, a fendency
for the older children to quietly count before they replied, the counting

usually being indicated by a nodding of the head as each element was
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noted. There may have been more counting than was observed, since

in some cases the counting was inaudible and the movement of the

head only very slightly perceptible. For example, although there

were in fact the correct number of elements, A7b replied immediately,
"More than enough", he also added, "| think there's more than enough."
Al4b on the other hand replied, "Il think there's too much." A9g said
"I'11 have to work it out." Both AlOg and Allg reluctantly observed,
"I don't know, | think there might be." B4b replied, "Let's see shall
we?" and B9g repeatedly said throughout the subtests, "Of course there
is", and Bllg stated, "I don't know until 1 try." C4b asked, "Can

} have a look first?", C7b began by saying, "I'tl see", and after some
thought, "I think there isn't." D3b kept remarking, "There's only

one way to find out", DI2b alsc said, "I'Il scon find out." DIi6b
said, "What! without fitting them in?", DZIb replied, "I shall check."
D!3g said, "I bet there is", and thereafter, "Sure is."

There was a great deal of reluctance to practically construct a
one-one correspondence with the particular elements in the respective
subtests. |T was frequently necessary for the tester tc suggest that
The child could find out if there were enough elements to match the
second set. The children who were fully operational were quite explicit
in their response to the questions designed fo test conservation. A46b
for example observed, "You just can't change the number by altering
the shape!" This child also remarked when the configuration of one set
was radically altered in subtest (iv) of Test la, "Yes | can tell by
loocking although it is a bit difficult to telt." Alg said, "You are
confusing me, | know they are the same because | counted and fitted them

in"

An Asian child who finds difficulty in expressing himself in
English said, "They are the same because | fried them first but you
spreaded them out." B2b remarked, "1've tried them in, | didn't

take any away, you didn't take any away, they must be the same.”

BI3b who was most concerned with minute details of the apparatus said,

"Well you see", and after a long pause, "Every time there were

enough In the holes so they must be the same." D2Ig observed,"There is not
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more of anything, You've Jjust spread them out so that it looks as

if there are more", in a later subtest she said, "There isn't any

more of anything because | put them all in and there's no more flower
pots with nothing in". There were interesting comments made by children
during the course of Test 2A. A3b said, "They are the same because they
(referring to one of the sets) stick out this side and that side".

A6b said, "I didn't hear any drop, and you didn't put any down so they
must still be the same". Ad4g said, "You have spread them out. [|f you
pushed them all together you would see that they are the same". When
she was asked, "How do you know?", replied, "Well, | checked them.

| put them all in (i.e. the flowers) and they all came cut the same".
A5g also observed, "You've only closed them together". There were

many examples of this use of 'approximate' language which did not
explain conservation precisely in correct grammatical terms but which
nevertheless was an adequate means of communication. Fry (1964)

atbeit in another context stresses the need to accept approximate language
in much the same way as approximate speech is accepted when used

by children with hearing loss or speech defect.

D2b confidently affirmed throughout the subtests, "l can tell...
and | counted". The transitional children gave replies which were
reminiscent of those detailed by Piaget. When the configuration of a
particular set was radically altered there was considerable uncertainty
for example, Alb commenced every reply with "These are tricky". AZb
with obvious embarrassment remarked, "! am getting confused". Alg also
said, "You are confusing me'". B3g repeatedly throughout the subtests
said "That was a trick". DIl6g cautiousty replied, "You aren't going
to catch me because 1'1] count them again!"

The actual length of the |ine occupied by one set or the other
was clearly an important factor in influencing the children's replies.
For example, A9b repeatedly estimated the length by positioning each
of his hands at either end of the line and holding this distance between
his hands fransferred the position to the second set.

The vse of the word 'more' by some children was of special interest.
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For example, A8g referred to "More men and more seats". Al2b answered,
"There are more seats and more men...ten seats and ten men". Cl3g
exclaimed, "There's the same number but more holes". Cl4g having said,
"l+'s magic" continued with, "More holes and more people", and "More
people and more seats". DI6g said, "There are more people and more
seats which are the same". D22g replied, "More white eggs but the
same number", D23g, "More purple flowers but the same number”, and
D25g, "More of both".

As with operaticnal children who were confident in their reply
to the conservation situation, the non-conservers were equally confident
and quick in their reply that the sets were no tonger equal!. The
overal |l impressions in this series of subtests was that most children
were able to count and frequently did so either audibly or by nodding
the head and most were able to construct the correspondence. It was
necessary throughout the subtests to prompt the children to actually
effect a one to one correspondence. Some children clearly had problems
of manual dexterity. The children, some of whom were particularly
interested in the details of the apparatus,enjoyed using it.

Test 2b. Multiple Correspondence.

Alg continued in the same manner as she had done in the previous
tests by saying at the beginning of each subtest, "! am getting confused".
AZb also said, "!| am confused, ! can only give them two eggs". AS5g
having incorrectly repfied, "Eight each", fo!lowed up by saying, '"But
surely they couldn't eat all of that number!" AlIOg's reply was, "I
don't know, but they would have a lot". DI9g referred to "Greedy
soldiers".

There were several methods of solving subtests (iii) which investigated
the child's ability to construct a fwo to-one correspondence. A%b said
"I can't tell unless | put them in" (i.e. all the flowers into the
single holders). Adg exclaimed, "! must use all the holders", A8g
took a handful of holders out of the container and asked, '"Do you think
| need a few more? A2b said, "I'll fake out a handful and will put
them in one by one". He eventually took out nine holders which were
only sufficient for one set. Blg remarked, "About eleven". Since

there were nine flowers in each set she really needed eighteen single
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holders. B4b used his favourite expression, "It's hard to say", then
continued after a pause "Oh! about this many", indicating just four. Some
children said, "I will count out eighteen", others, "i'll take out one

for every flower", several said, "!'Il count them", which they did,

two by two. Some did not obviously count but preferred simply to take

out one single holder at a time, placing the flowers in until there was
none feft. |In fact DI3g affirmed, "Only one way to find out, put

them in". Two children ignoring counting or inserting the flowers,

placed two single holders next to each flower pof. !t was noticed that

of the variety of method used in solving subtest (iii) 'Two to one
Correspondence' only two children made an immediate two to one correspond-
ence. Many children were content to deal with only one set of flowers

in this subtest.

Test 3a. Spontaneous Correspondence.

In this test the children demonstrated different approaches to the
situations which were affected by visual preferences. Hutt et al. (1976)
although in a different context and having studied such preferences
concluded that whereas on the one hand young children's preference
depended upon the attention-value of the stimuli rather than the
content on the other, the nature of the material viewed was more
effective in determining the older children's preference.

Although the pattern of questions throughout the subtests was
exactly the same in that due emphasis was placed upon the number of
the elements, the replies often indicated that many of the children
were more affected by the other attributes of colour and shape. Alg
asked, "Any colour?", A5g, "Doesn't it matter what colour?”, A7g
having said "Same colour? | must count", then on reflection added, "Any
colour?" ABg referring to the counters, laughingly remarked "| absolutely
love smarties, 1'11 put different colours to make It nice". Al2b
wondered aloud, "Shall | make it al! red?" Ci2b repeatedly said, "Can !
put yellow or blue?, No! | think I'1l put green". Cd4g and C5g said "Same
colour?", C6g questioned, "Red cclour or what?", Cl3g said, "All

greens?" and Clb asked, "Any particular colour?"
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Shape also elicited considerable initial interest, for example
Alg repeatedly muttered, "This is difficult", A3g proudly exclaimed,
"See how I'm doing it...!'m cliever!" AB8g expressed her concern about
the subtests concerned with circles thus, "This is round, | can't do
rounds very weli". |t was noticeable how few children used the term
‘circle'preferring usually to use 'round'. AIQOg referring to one shape
said, "It looks like a star". Allb chatting throughout the subtests
trequently said, "It sort of makes a pattern", "Do you want the same
pattern?" and AISb exclaimed, "I can see a shape". Al6b, who was
easily distracted, replied when shown a rhombus, "Here's its legs, big
ears, thats his horse!" D2b and D4b asked, "Any pattern?", D3b "Just
like that?", D5b, "In the same place?" and D6b "Arranged in same way?"
Of special interest in this respect was D2b's comment, "it's a help
to do the same pattern isn't it? I1'll do each one separately, | always
find the easy way. | don't go in the deep end first!" Presumably
the point he was making was that the correct number could be easily
achieved by matching the shape of the model. AS5g who did not overtly
count, placed counters on the models in a one to one method and remarked,
"This is the easiest way!" A8g wanted to know, "Does it matter what
sort of mess | put them in?" Al2b was very critical of the shapes
and made excellent reproductions. At3b said, "I'Il put them on top
and then 1'1l count". Blb who didn't overtly count remarked, "I just
matched them", this seemed to have been the result of a transfer of
a mental picture from the model to his own reproduction. Some children
who were clearly counting the elements on the models found difficulty

in keeping the anchor™ counter in mind, this being particularly true

of circular shapes. For example, Adg exclaimed, "1've counted wrong.
| know why, | need to remember where | started". |In a later test she
said, "! must keep my finger on". Clb said, "I can't remember where

| started".

Koppitz (1975) with particular reference to the Bender Gestalt
Test refers to the use of anchoring as another type of behaviour that

is characteristic of children who are compensating for weakness in
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the visual motor area and in recall. This process involves placing

a finger of one hand on the part of the design that is being copied
while drawing the same with the other hand. By this method the child
can keep track of where he is working and what part of the design has
already been completed. Koppitz affirms that a less intelligent or
younger child witl count and recount the dots or circles after drawing
each separate dot or circle and will keep forgetting the number counted
repéa+ing the process over and over again, only to end up, as likely

as not, with an incorrect number.

It was surprising fo observe how few children, even though the
original instruction, "Put the same number" was repeated many times,
were content only to do that. Most were concerned with the other
atftributes of colour and shape, the latter in many instances in fact
determining the correct number.

50 it seemed that number was not overéll the main criterion to
tThe children; in very few instances were they content to find the
carrect number of counters with complete disregard to the other attributes.
The rhombus presented particular difficulty fo those who wished to
replicate its shapé. The failure to "anchor a commencing counter
was the cause of lack of success in counting in the closed figures.

I+ was interesting to note that several children affirmed that they
could recognize a definite shape on the first of the models presented

to them although the counters had been randomly placed.

Test 3b. Spontaneous Correspondence from a given set.

Counting was more evident in this series of subtesfts than in
any of the other tests. The preferred method of constructing the second
set seemed to be by a metching system, that is, each element was placed
precisely beneath its corresponding element in the initial set. There
were exceptions however, particularly In respect of the non-conservers,
to whom the length of the tine of elements was more important than
the number. For example although DI2 correctly counted the six elements

in tThe first set nevertheless placed nine elements in the second set,
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but also carefully ensured that the !engths of the two sets were the
© 0 0 0 © 0 -

same. O 00QO0 OO0 0o. The conservers made similar responses

Yo those in previous tests, for example, Adg, "Ah! they are the same,

they've only been spread out" and in another subtest, "They are only

bunched up". DI0g, "Tommy's are all together, but they are still the

same. You haven't taken any away".

An interesting comment was made by Cl2g, "There are the same number

but more in this line of counters". Cli5g gave a similar answer, "Same
number but there are more men"., DI9g, hesitating in her reply said,
"et me count! 1| don't really know". BI3b, who counted frequently

had problems with the subtest related to the sets of sweets and remarked
when the configuration was altered, "1 +thought | had given them the
same, | didn't try. | don't know what has happened, 1 know one is
shorter than the others". Allg, BSb and B6b were quite happy to place

a handful of elements on the table to represent the second set, without
any attempt to count or make a one to one correspondence between the
sets.

The writer observed that the construction of the second set To
correspond with the given set presented no problem to most of the children.
Counting was clearly evident throughout the subtests. The perceptual
cue determined by the length of the line of elements was an important

factor.

Test 4. Development of the notion of measurement.

Many children suggested the use of measurement. For example, Bdg
immediately said, "Can | measure them?" Blb after a long pause said,
"I'd measure it", Bllb, "By measuring" and BI3b, "I could measure,
but | don't know how!" D8b affirmed, "Oniy  one way fo find out".

Dlg said, "1 will tip in and measure." Some children however did not
use the word 'measure-, for example A2b replied, "I don't know how

~you could do that!,” A7b thought the problem could be resolved "By
putting them in the same kind of jar". Allb suggested "This is a
special formulal!" BS5g said, "Put them together and look", B7b answered,

['d see which is the biggest".
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I+ was clear throughout the subtests that apart from the fully
operational children and despite the fact that frequently the child's
attention was drawn to the availability of measuring beakers which
could be used to solve the problems,many were unable fo utilise the
suggestion. AZ2b, for example, said "Il don't know how you could do
that" and D5g firmly asserted, pointing to the measuring beakers, "i
don't need those. | can tell by looking". A6b's reaction o the cue
was still o ignore the beakers and to try to estimate the equality or
otherwise of the liquids by lifting the containers to the level of his
eyes and thus trying to make a visual estimation. B5b suggested that
he didn't need the beakers since he could put the containers together
because as he pointed out, "One is a bigger container". B7b also said,
"I'd see which is the biggest!" The height of the liquid in the “tall,
narrow container was clearly a strong perceptual cue To most of the
non-operational children. For example C3b said, "It's a larger fube
than this one, (pointing t¢ a measuring beaker), | am confused, |
should measure but "1l use +this tall one™. C4b said, "I can't use
measures because they are lower".

Even when the tfester gave an example of pouring the liquid from
a contalner into a measuring beaker to give the child a clue, the
non-operational children were not able to proceed. Some tried to continue
pouring the liquid from the other two containers info the one already
used by the tester with a consequent spitling over, (Fig. A below).
Development of the use of the measuring beakers cculd be observed in
that some used two and were uncertalin about the use of the third. BZb
used two measures into each of which he poured approximately the same
quantity from one of the containers, (Fig. B below). Then he tock
a third measure into which he poured about a half of that which he had

Jjust poured into the second.
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Figure A.
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B5b took a measure into which he poured the liquid from one
container (Fig. C below), then poured it from that measure into a second

one, remarking as he did so, "There's about four kilogrammes and three

kilogrammes".

Figure C,
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BI3b suggested, "! could measure" and when asked how said,
"perhaps by using beads..but | don't know...you could pour a bit
in this beaker but ...well...well...well",

The children in general seemed to accept +the notion that to
measure would solve the problem but there was an inability to actually

perform the task.
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Test 5A. Equating of quantities - unequal sets.

There were differences of approach and replies to this series
of subtests. Most children were aware of the numerical difference
between the sets although describing this in varidus ways. For
exampie, A2b said, "One is bigger, one is smaller and one has more

counters."

AZ2b replied, "They are not the same amount." Al2b was

very emphatic in his reply, "One is small and éne is ever so big. Can

| make a big circle." B9b, BIOb and B!Ib each said, "One is long,

one is short." Bl2g replied, "1t has not many on." Clg referred to
one set thus, '"Not as many", C4g said, "One is fess, one is more."

C5g answered, "Cne has six, one has twelve." C9g said, "One is smaller,
one is longer, the longer got the most", and "One is close together,

one has more." Clb replied, "One is longer and has more counters."

C5b pointing to one set said, "This has more counters." Dib, D2b, D3b
Déb, D7b and DI8b counted each set correctly. The words short and

long, little and big and even fat and thin were used more than

less and more. The shape of the sets was throughout an important

factor. Allb thought the shape in subtest (i) C° 8888000000

was |ike a canncn and the circle in subtest (iii} looked like the

moon and a bit of the sky. Throughout the subtests Al4b was mostiinterested
in the shapes, often saying, "I could make a train truck." A%g thought

the circles in subtest (ii) were eyes, and those in subtest (iii)

faces. B2g saw a fish and a flower in the two circles of subtest

(ii), B5g and Bllg also referred to the circles as flowers. D20b thought

subtest (iv) § § § § § was a necklace, and D25g thought they were
000 © 0

two bracelets. There was a general reluctance t¢ use the term circle,
the preference being to call them rounds. For ekampie, Cl10b said,

"Two round ones", DI6b and DI7b called the circles, two rings and

DZ2g referred to them as two wheels. Several children felt that there
was no difference between the sets, for example A6b said of subtest (i)
"They are the same, they are both red", and of the sets in subtests (ii)
and (iii), "They are the same, they are both circles." A2g also said

of the circles, "They are the same." AlOg thought the sets were the same
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throughout. B4b said of each subtest, "! +hink that they are exactly
the same". Bl4b affirmed constantly, "They are the same...l'm sure...
['m sure". B2g said of the circles, "Both are round and are quite the
same". Al3b said of the rows of counters in subtest (i) "one is on
top of the other", C6b indicating directionality replied, "One is
pointing this way and one is pointing that way™.

The operational children found no difficulty in consTrdcTing two
equal sets, although there was a general reluctance to destroy the
configurations in so doéing. B6b said, "I wil! jumble them up" and
B7g9 asked, "Shall | shuffle them up", B5g referred to "Scrumbling them
up". Preference was to count both sets, remove the excess in the one
set and then add a half of this sum to each set. There was a tendency
amongst the other children to immediately reply in terms suggesting '
that the task was impossible unless (a) extra counters were provided to
give more in each instance to the smaller set or (b), counters were
removed as unnecessary from the larger set.- For example, AZb said,

"I can't without being given some more", A3b replied, "Only if you put
more. You must add on". AICb suggested, "This is hard". B2b was
convinced, "I can't do it without more counters. |11+ can't be done".
BI3b insisted, "You must take them off". BS5b putting the onus on the
tester said, "| can't, can you?". C6g was most definite, "No way".
ClO0g said, "I know one has more but | can't make them the same".

C4b feeling the task quite impossible replied, "One is shorter. |
can't do these...they are very difficult. 1 would need magic".

Some children reversed the sets by taking the extra counters
from one set and adding them to the other thus making the bigger smaller,
and the smaller bigger, for example, D2b appreciated the humour of the
sifuation he had created and constantly lauged at what he had done.

It was observed throughout the test that as was found in Test 3A
number seemed less important than shape. Also most chi!dreﬁ said that
they either needed more counters from the reserve pile or they could
dispose of the extra number to the reserve. It was interesting fo note

the children's reluctance to use mathematical terms such as circle,

“~diameter and circumference.
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Test 5b. Equating of Quantities - equal sets.

The preferred manner of sharing each set was by using a
‘one for you, one for me' method. Exceptions to this were, for
example, A9g who counted in two's throughout the subtests, "Two,
four, six...eighteen". That is the two sets were constructed and
counted simultaneously. Bltb counted thus, "One, two, for you; one,
two, for me" etc. Clidg had yet another interesting method of counting
and sharing the set; she counted and placed the elements in position
thus, "One, two" for the first set, then transferred the count tfo
the second set, "Three, four", followed by moving to the first set,
"Five", then the second, "Six" etc.

The following children, Allg, Al2g, Al4b, Bl2g, Cllb were quite
centent throughout the subtests to share the original set into two
approximate piles with no overt regard to equality. Several children
were particularly interested in the play situation engendered by using
the two dolls to whom each child had given their own pet names. For
example, Aldb having said, "I'll give Jane her's first" decided that
since Jane was younger she ought not to have so many. BIOb replied,
"Normally she (one of the dolls) has a bit more, my other sister (the
other doll) can have one". BI3b who thought there were too many
elements to begin with, said, "I'll say four each and we'll save the
rest!" Cl2b, having placed all the elements in one long line rather
than in two groups, complained, "l've given all to my brother and there
is none left for me". B5g confessed, "1'm not very good at sharing".

The replies and reactions to the conservation situations were

simitar to those detailed in the previous tests.

Test 6. Conservation of continuous gquantities.

The subtest in which. the perceptual cue had been removed by the
use of an opaque container elicited interesting comments, for example,
A5g said, "I can't see through the black, so how can | telt?" B4b
also explained, "l can't see, so | can't tell". B8b exclaimed, "I

can't see inside." B8b was not prepared to choose because although
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he peered in, his comment was "I can't see inside'". Most children
‘thought there was more liquid inside the transparent container.

Subtest (iii) which posed the situation in which the child was
required to look at a container of liquid and then to pour the same
amount of liquid into an empty container, presented difficulty o a
large proportion of the children; even the operational children tending
to hesitate before solving the problem. DI2b's reply, "That can
soon be settied. 'l use the measuring beakers'", was an excellent
example of fthe reactions of the children who were conserving. The
transitional children's reactions were well illustrated by B7b who,
thinking there was more liquid in the transparent beaker commented,

"I+'s deeper. | know that. |I+'s also higher; |'ve got brains'.

The height of liquid in the container was constantly the compelling
factor; some children being so very careful in their scrutiny of the
varying heights. Although problems of mobility made it difficult
for them to get into such a position that they had a parallel to the
table view of the differing heights, they neverthefess attempted this.

The main features in this test were that the height of the iiquid was
a strong perceptual cue, and the removal of the perceptual cue in subtest
(1) caused uncertainty. Subtest (iii) presented the greatest problem

to most children.

Test 7. Conservation of discontinuous guantities.

Similar reactions with respect to the transparent and opaque
containers as observed in Test 6 were evident in subtest (i). Adg,
whose attitude was similar to that of several others, looked carefully
inside the opaque container and said, "I know they are the same but
I'd like to count them". Cl4g replied, "I can count these in the
transparent container but | can't see those in the other one". When
Bl3b, who was sure that although the containers looked different
nevertheless held the same number, when pressed for an explanation
could only reply, "Well...well...welll!" and left it at that.

In generat the children found these subtests esasier than those iIn
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Test 6. Counting was evident Throughout. The removal of the percepfual
cue caused hesitancy. Height was an important factor. Most pon-
operational children thought fhe fransparent container held more

beads than the opaque.

Test 8. Relations between parts and wholes.’

This was a difficult test to ail concerned. Many children seemed
unable tTo isolate the numerical nature of the problem because of the
necessity to fully comprehend and remember the language content. For
example Ad4b repeatedly asked, '"Do you mean through the whole day?"

B7b, even after a repetition of the test situation asked, "Do you

mean in the morning or in the afternoon?™ Some children, as for example
A7g, merely replied, "This morning" or, "This afterncon". Counting

as such presented no problem to most of the sample but the language

content did.

Test 9. Seriation.

The apparatus interested the children, this being particularly
true with respect to the set of Russian dolis. The relative sizes
of the sets prompted comments such as, "They go smaller and smaller",
"Some big and some small", "They get smaller in size". "All are a
different size. One is targe, the second is large, this is the third
largest". The familia!l nature of the dolls, particularly with respect to
the younger children, also prompted interesting comments. For example A8b,

an Indian child, observed, "This is father, this is mother, sister, big

boy and little sister". A2g, "One is blg, one is little but small. The
little one should really be next to mother." A7g said, "This is
mummy. This is & girf. That is middle sized. That's a tiny one."

B9b asked, "Which is daddy one?" BIOg constantly referred to the
smallest dol'l as "The bab"™ and the bigger ones as other members of her
family. D24g also referred to the baby one and said "I'll find the baby
first and the giant last", When asked to firstly place the dolls in order

two children placed the smallest next to the biggest because as they said,
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"The baby should be next to mummy".

Some children seria+ed by choosing the biggest first, placing it
in position then selecting the biggest of those left and so on. Some
chatted audibly as they performed the task saying, "Next biggest, next
biggest" etc. 'Several of the younger children made no real attempt
to fully seriate the sets but were content to match only the smal lest
of each set; some just paired off the dolls in a series of subsets,
whitst others made several seriations within each set. Several children
attempted to seriate the sticks by holidng each one vertically and
comparing its height with that of the dolls. Most children had less
difficulty in seriating the|do!ls than the balis; the stick seriation

presenting most problems} |Some made the following pattern with the sticks

RN
\'1

whilst others made several sets, for example.
Subtest (vi) presented a particular problem to many children in

|

that they were uncertain how to set about inserting a second group
of straws into the seriation they had just completed. Some. were content
to leave the first set intact and form a second seriated set with the

extra straws. Most children levelled the seriation from an Iimaginary

] lll

a few of the older children used the centres or the ends of the straws

- s

Selecting the biggest or longest of the remainder of the particular

base line, for example

in the following manner

set in constructing the seriation seemed the more favoured method, although
there were exceptions when the reverse was true. There was a general

reluctance to destroy the seriations to assist in solving subtest (iv) and
(v).
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Test 10. Ordination and Cardination.

The children used several methods to construct the cylinders into
‘stairs . Some attempted with increasing difficulty to place
'The cylinders on top of each other. |In fact A8b persisfed in Figure A.
trying fo do this even when the smallest and next to -{H

smal lest' cylinders were placed in position by the tester

as in Figure A. BlOg, B7b and C7g placed the cylinders

in a correct order but laid them horizontally as in Fig. B.

Figure B.
\\
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D10g made two seriations as in Figure C and said, "| can't
~

put the litfte one in because it is too far to step up".

Figure C. \‘\XA
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There was a vafiefy of terms used to define the order of the steps,
for example, Al3b said, "One is the smallest; this is the second, third,
fifth {teaving out fourth} and this the biggesf".; ASbsreplied, "Smallest,
two, three, next biggest, next biggest, biggest". B4g did not use
the referred term fifth, but as "Second to fop". When the tester pointed
to the first and sixth, B6b referred to "The fron+fone and that's
the back one". BIOb used the description ”tj+ffe-s+ep...big step" and
replied as did Bllb to the tester's questions thus, "That one...that one..
that one!" B9g said, "This one, this one, that one". BiZ2g
referred to The-order of the steps as "Little one, (the first), big
one, (the second), small one, {(the third}), number four, number five
and the biggest (the sixth)". C3g preferred to say, "The small one,
the next to small one, hatfway between the biggest and the smailest".

Cl3g who previously had constructed several sets of stairs out of the
one set of cylinders said, "Small one...the baby one. The middle-sized
Mummy (third, Daddy (fourth), big cne (fifth), big one (sixth}), big

one (seventh)" Cl5g answered,'The bottom step, middle step, middle

step big one, big one, big one, big one". Cng replied, "The little
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one, the |ittle sized one, the bigger sized one, the bigger sized one,
the bigger sized one, the little one, the big one". Interesting
descriptions were made by D6b who referred to "First smzllest, second
smallest, third smallest", etc. until the "Eighth biggest".

Although one would have assumed that the seriation of the cylinders
would present less difficulty than the seriations in Test 9, some
children nevertheless were unable to complete the formation of the
stairs.

There was a reluctance to use ordinal terms such as first, second,
third and so on preferring words such as bottom, small cne and big one.

The chitdren had less problems with referring to the cardinal

number of an element than its ordinal number.

Test Il. Inclusion.

There seemed |little problem for the children in defining the common
trait of the objects in each subset., There was a tendency, when
presented with the particular situation for them to describe each
member of the set, for example, "Two planes, seven birds, one kite...
they all fly". The details of the objects interested some children
such as A6b who being concerned with the types of planes asked, "lIs
that a Vulcan bomber?" and A7b who wanted to discuss if the cows in
one test were actually cows and not bulls. A8g argued that it was
not correct to say of the kite that it could fly like a plane, since
it really just floats in the sky. A5g thought that colcur was. the
common bond in some subtests for example, "Birds, aeroplanes, kites,
they are all black". A6g looking at the 'things that fly' illustration,
did not count the objects but called out the names to coincide
with the number in the following manner, "Plane, plane, plane...
bird, bird, bird, bird, bird, bird, bird...kite".

Many children consistently compared the subsets rather than make
a comparison between the subset in question and the main set itseif;
the result of this comparison being that the subset containing more
elements was said to have more than the set to which it belonged.

For example, when Bllg who had insisted that there were more birds
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than things which fly was asked, "Why do you say that?" repiied,
"There are seven birds but only two planes." When asked if there

were as many planes as things that fly he replied, "There are only

two planes so there must be more birds." There was further evidence
that many children found it necessary to compare the subsets in the
illustration of the set of flowers, five of which were tulips and
five hyacinths. Adg for example, when asked if there were as many
tulips as flowers, answered, "They are the same because there are
five tulips and five hyacinths." Some children rarely answered the
inclusion question with a yes or no but rather counted the subsets
and gave the number of elements in each. For example, C5g having
been presented with 29 inclusion si+ua+}ons audibly counted the subsets
on 25 occasion, in the following manner, "There are three girls and
two boys", "There are two men and five ladies" and "There are seven
birds and two planes."

There was a tendency for the children to be more successful on
the subtests using actual models than those which were visually
illustrated.

The impression gained from most replies was that the children
tended to assume the inclusion questions referred to comparison
between the subsets rather than a subset and the set in question.
Sinclair (1974), writing on the quantification of c¢lass inclusion
found, as did the present writer that the original form of the test
does not easily allow the tester to determine the stage at which the
child is operating. Sinclair stresses that the test relies uniquely
on the child's verbal answers and lacks situations where the child
himself has to construct classes and subclasses. The theoretical
analysis seems to indicate, as did the children's answers, that the
main difficulty lies in the fact that the child is asked tc compare
within one collection, the extension of a subclass with that of the
total class.

Teachers at all levels of mathematical education are interested
in the practical outcomes of class inclusion; it is being more and

more explored in infant schools and experimented with in junior schools.
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I+ is commonplace to see quite young children using Venn diagrams,

set notation and 'logical blocks' and so on in the modern school.
tntersection, union, sets and subsets are often introduced gquite

eariy in the average child's school life. Although this emphasis is
most commendable it is, in the writer's view, most important for teachers
to realize that this nofion is an integral part of the child's develop=
mentof cognitive structures. In order to kindle discussion amongst a
group of teachers interested in mathematical education, Fletcher (1975}
provocatively stated, '"Sets have become a rather foolish fashion because
far too many people have taught the earty stages without knowing where
it led., There is no point in teaching sets, or indeed any mathematical
notion, without a proper idea of where you are going." In the writer's

view readiness is also an important factor in this issue.

2. The second hypothesis tested was that spina bifida children

without a shunt are significantly more successful overall in Piagetian

number tests than those with.

Despite a consistent trend for those children without a shunt
to be more successful on ‘these tests overall than those with, a
multivariate analysis of the data did not indicate that the difference
between the groups reached a level of significance (ch52=|9.7l, d.f.15
which is less than the 22.3 required for significance at the .01 level).
Also when the means of the groups' total weighted scores on the Piagetian
tests overall were compared by use of a t test, the resulting t value
of .59 was found to be insignificant. Overall therefore the data
did not support the hypothesis in question. When the Piagetian tests
were examined individually, it was seen that the non-shunts were
significantly more successful in Test8 (Relations between parts and
wholes}, 9 (Seriation) and 10 (Ordination and cardination’,
t=1.98, 2.13 and 2.3 respectively p<.05.

This result raises certain questions some of which are more
medically orientated than educationally. One such question might
be, "Has the hydrocephalus so frequently associated with spina bifida,
even though not apparently sufficiently severe enough te require

a shunt, had a greater deletericus effect on the intellectual . and
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educational development of such children than is commonly assumed?”

In other words is the presence of hydrocephalus itself, shunt or not,
the particular handicapping factor. Most research pinpoints the
presence of hydrocephalus which is observable in 70% to 80% of children
with spina bifida to be a primary cause of their retardation. The
probiem however is rather more complex since, hydrocephalus may be
present even though it is not observed. What does appear to be particularly
important is, not so much that the hydrocephaius neceésiTaTed a shunt,
but the time lag between the clinical observation that such a procedure
was needed and its insertion. Another important aspect is the history
of any malfunctioning of the shunt system after its insertion. It

is recognized that since complications with the shunt may threaten

tife and permanently impair intellectual functioning, treatment

is a matter of urgency. Anderson and Spain (1977) outline the four
most common complications: (i) obstruction of *the catheter due to
growth, (ii) blocked shunts, (iii) infection of the shunt system and
(iv) disconnected shunts. Such complications may mean, at the least,
prolonged absences from school and at the worst intellectual damage.
For example obstruction in the catheter may cause severe headaches,
drowsiness, fits and even unconsciousness. Infection, which may

develop soon after the insertion of the shunt or even after several
years of successful shunt functioning, may cause fever, listlessness
and progressive anaemia.

Most of the children with a shunt investigated in this study
do not appear to have suffered from these complications, there were
certain exceptions however, as for example (18} from school A, who
had had the shunt changed and who had been very ill for long periods.
Despite his serious illnesses he progressed from 47.2% at the first
testing to 71.3% at the second.

The 1.Qs of those with a shunt were significantly lower than
those without, this agreeing with the findings of medical and
psychological researchers, The mean 1.Q. of those with a shunt
was 77.7, s.d. 15.3 and of those without 88.1, s.d. 15.4 A t test

indicates the difference between means to be significant (+ = 3.8 p «.0l).
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Also, the rating of overall handicap which includes the extent
of paraplegia, general health, vision, hearing and dexterity (as
measured by the Pultibec scale) indicated that the group with a shunt
was significantly more handicapped than the group without; +The Pultibec
score for the former being 34.3, s.d. 6.5 and the latter 29.7, s.d. 6.0
{(+=3.93, p<.0l)

The group with a shunt was also significantly more perceptually
immature as measured by the Bender Gestalt than the group without;
The mean eriror score of the former being 12.8, s.d. 8.0 and of the

latter 8.9, s.d. 6.8 (+=2.86, p<.0l).

3. The third hypothesis was that there is a significant negéfive

correlation between operativity in the Piagetian number tests and degree

of overall handicap as reflected by the Pultibec scale.

There was support for this hypothesis. Examination of the data
which is detailed in Appendix | pages 424-427 reflects a correlation
coefficient of -0.22 p<,0| between the two variables in guestion.
When the variable of chronological age was excluded the partial correlation
coefficient was -0.41 p<.0l. The correlations, although lower than
might have been expected indicate that there is some relationship
betwean the degree of handicap and success in the Piagetian tests.

The Pultibec system which was used to measure overall handicap
was designed to evaluate the positive functional capacities of the
individual child rather than his overt defects, and at the same time
To give as much emphasis to those capacities that remain unimpaired
as to those that are limited. This medical assessment approach is
far-seeing and has clear ramifications for the teacher of handicapped
children. Ordinary clinical records so often only note defects and
give little information about their functionally limiting effects,
and even less information about ofther possible compensating assets
of the individual concerned.

The Pultibec ratings of the spina bifida children in this sample
were assessed on the basis of information gleaned from discussions

with the physiotherapists and nursing staffs of the schools and by
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reference to the medical files. The one serious omission in Pultibec
fromr+he writer's point of view is that since the scale is not designed
specifically for children with spina bifida, there is no facility to
assess the degree of hydrocephalus and the effect of the shunt if
fitted. It may well be however the 1.Q. rating in the Pultibec scale
does, to some extent reflect this condition. It is the view of most
researchers that hydrocephalus, particularly where a shunt is fitted,
is associated with lower than average |.Q. and in fact may be a con-
fributory factor in this retarded intellectual development.

Each quality assessed on the Pultibec scale is evaluated along
a scale of six grades. Grade |, with the exception of the 1.Q.
factor, denotes complete normality in every respect and Grade 6
denotes functional uselessnéss.

IT¥ can be seen from Figure (xi) which is based on the data
tabulated in Appendix A pages281-285 +that the main area of physical
handicap is that of the lower limbs. It is also seen with respect tfo
P {(physical capacity} that the sample as a whole tends to be nearer
Grade 3 than 2Z indicating that although less capable Than those in
2 and !, nevertheless would be able to do a full day's work if the
environment is suitable.

When the overall measure of upper limb functioning is examined
it is seen that the hand movement reflects slightly less ability
than that of the arm. The mean score of 1.6 for hand movement (Table 96
Appendix A) shows that with some exceptions, the sample had almost
normal competence in use of hand and fingers with reasonably success—
ful results in the tasks performed, but slower than in Grade I,
Co-ordination in this grade is only slightly affected suggesting
that tasks such as drawing, writing and painting can be accomplished
in a reasonably competent way. Five children however had noticeable
difficulties wifh.hand movements: 10b's left hand for example was
grossly reduced in usefulness, and even with the right hand found
finelmovemenfs such as required in writing, doing up buttons and shoe
laces most difficult. Movement in 22b and I5d's right hand was extremely

slow being capable only of coarse activity and |imited usefulness.
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Twelve other children also had problems of hand movement performing
manual tasks slowly and reflecting reduced co-ordination. 71 (54.6%) of
the sample were assessed as having competent use in both hands and
fingers, and were within normal IiﬁiTs of speed, dexterity and range

in seizing, holding, grasping and +drning. Four children had normal
ability in one hand with diminished competence in the other. Overall
competency in arm movement tended to be, although only slightly, better
than that of the hand. ’

I+ can be seen therefore that although 54.6% had near to normal
competence with respect to hand and arm movement, there was still a
considerable number with problems of speed of movement, accuracy
and other manipulative skills.

Figure (xi) clearly shows that the significant area in the
overall physical handicap was that of lower limb functioning. The
mean overall rating was 4.4 for the right and 4.5 for the left leg.
This means that the sample as a whole fell somewhere between the
rating 4 indicating that they were only able to walk short to moderate
distances (that is, approximately 20 - 200 yards without a rest)
at a slow pace with, if necessary, the aid of calipers, sticks and
other walking alds; would probably need support for standing and
occasional ly need a wheelchair and the rating 5, which would define
them as able with very close supervision and if necessary with the helip
of calipers, to walk a few steps, a wheelchair being necessary when
help is not available. Forty-five children (34.6%) were rated as
category &, which indicates that they neither were able to walk even
with help nor for all practical purposes to stand; a wheelchair
was needed at al! times. The rating for toilet ability for the sample
as a whole was 3.7 which indicates that overall these children had
particular problems in this respect. The rating shows that the
sample is between those who with the aid of a urinary bag, catheter for
bladder controf or specially trained for bowel incontinence and who
since they are paraplegip need ancillary help, and those who are in
constant need of help.

Fourteen (10.8%) of the sample were graded 6, indicating them
to be completely incontinent of bowel and bladder necessitating

complete assistance.
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Figure (xi). Pultibec Profile of sample.
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The infelligence ratings were based upon precise 5.B. or
W.1.5.C. tests, details of which were found in the medical files.
The overall Pultibec rating (3.2) places the sample in the dull-
normal (Pultibec terminology) ctlassification, that is [.Q. 75-99,
The actual 1.Q. mean and standard deviation of the sample was 80.9
s.d. 16.0; the 1.Q. range being 47-132. The findings of this
study with respect to the intellectual development of spina bifida
children Is very much in line with the conclusions of many research
studies. In this sample some were of above-average intelligence
while others were well below average.
When the data were examined to investigate The correlation
between |.Q. and success in the Piagetian tests the resulting value
r=0.31 p<.0l although low, indicates a moderate relationship between
the two variables. When the chronologica!l age variable was removed
and a partial correlation computed the result was r_age=0.52(p<.OI).
There has been considerable discussion around the relation
between 1.Q. and the ability to solve number concep+t tasks, particularily
since Piaget originally based his developmental stages of number concept
on chronological age. Subsequent research has supported C.A. as being
an important variable in number concept performance (Goldschmid

1967). Recent work however by Cohn-Jones and Seim (1978) who, having
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considered the intellectual factors affecting number concept development,
focuses upon the contradictory nature of much of the research. These
writers conclude from the research to date that the relationship
between }.Q. and chronological age may be more important than either
factor alone in influencing the development of number concept. They
add however, that further investigation under controlled conditions
is necessary to determine the relative contributions of mental age,
chronological age and |.Q. to number concept development,

Mental ages of the one-year age groups and ftwo-year age groups
were calculated and are tabutated in Appendix F page 406.
Figures (xiid) and (xilidbelow illustrates the development of the children
through the different mental age-groups.

Figure (xif.

Mental age and operativity based on two-year age groups.
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Figure (xiii). Mental age and operativity based on one-year age groups.
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Allowing for some variations it can be seen that although there
Is a steady progress toward full operativity from a mental age of
4.8 years on, the increase from 55% toward a 100% operativity is
particuiarly noticeable from a mental age of nine years.

The assessment of the sixth variable,behaviour, was based upon
the results of discussions with feachers, child care staff, nurses
and physiotherapists. The mean Pultibec rating for the sample was
2.7, which places them between those who are conscientious and persistent
in tfasks within their capacity and those who are similarly conscientious
but lack drive as compared with grade | and 2. Fifteen children (I1.5%)
in this sample were rated by the Pultibec classification 4 as having
overtly aggressive or withdrawn tendencies beyond normal limits, a
percentage similar to that reported in Anderson's (1975) study, in
which she found that 1% of her sample showed behaviour disorders as
assessed on Rutter et al's (1970) scale.

Only five children (3.8% were thought of as conscientious and
persistent in any task and were thus classified as grade 1. Despite

the tendency to lack 'drive' which the Pultibec assessment suggests
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there was nevertheless consistent interest shown in the Piagetian and
standardized tests. The children in each age group participated

readily, conversed easily and relatively fluently and found the apparatus
used in the number situations appealing.

Sixty-nine (53.1%) children were assessed by the medical staffs
as having normal visual acuity for near and distant vision. Six (4.6%)
were classified as having a considerable measure of visual impairment,
two (1.5%) were rated as having severe visual disability. The overall
mean rating for the remaining fifty-three (40.7%) was 1.8 which places
these children between those having normal visual acuity and those
who have retractive errors corrected by spectacles.

The final Pultibec classification relates to communication which
includes hearing and speech; the mean rating (1.1) in both instances
indicating that overall this sample had no problems in these respects.
Only two children (1.5%) were assessed as having a borderline hearing
loss, and three (2.3%) had mildly defective speech with some lack
of clarity. The findings in this study with respect tc hearing and
speech are in line with those of Woodburn (1973) who found only two
out of seventy-four spina bifida children to have a hearing loss

and the G.L.C. study (1967-69) in which three of the one hundred

and forty five spina bifida chitdren had severe hearing loss.

Although there is a significant, albeit low, inverse correlation
between the degree of handicap and operativity in the Piagetian tests
there were nevertheless instances in the individual tests where the
correlations were too low to be significant. Consistent!y substantial
relationships however were seen when the age factor was removed from
the calculations and partial correlations computed (Table 71).

Table 7l.
‘Correlation of overall handicap (Pultibec) with individual Piagetian tests.

Test la Ib Za Zb 3a 3b 4 5a

r -0.16 =0.13 =-0.15% =-0.22% =0.26%% -0.23%*% -0.14 ~0.25%%
r age =0.27*¥-0.27%% ~Q,29*¥% ~0,38%* -0,43%% _Q, 37¥* -0, 25%%-0, A 39%*
Test 5b 6 7 8 9 10 It

r -0.19 -0.13 -0.12 =0.09 =0.23 =0.22 -0.13

r_ age =0.3%% -0,22% -0.26%¥% <0.|8% -0.41%¥ -0, 33%% .0, 2|

¥ = p<« .05 ** = p < 0}
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In a study relating to the development of seriation and ordination
in a small sample of spina bifida children, Jenkins (1977) found that
physical handicap due to the condition alone appeared to have little
effect on conceptual development even though it seems logical that a
greater handicap would mean a greater retardation.

The data of this study whilst not supporting Jenkins' view with
respect to these concepts nevertheless do indicate the relationship
between overal! handicap and Piagetian tests to be not as high as

might have been anticipated.

4, The fourth hypothesis that spina bifida boys are significantly

more successful educationally, particularly with respect to the

development of number concepts, than girls was not supported. Although

there was a trend for the boys to be consistently more successful than the
girls, neither a multivariate analysis of the data nor a comparison of the
di fference between the groups' means of the aggregate weighted scores
indicated a significant difference; in the first instance, ch12= 12.06
d.f. 15 and secondly t = 1.04 both values being insignificant.

Anderson and Spain (1977) have pointed out that it is a well
established finding in the literature on handicap that tThe incidence of
handicapping conditions such as cerebral palsy, severe subnormality,
autism and speech defects is higher among boys. Surprisingly this
is not so with respect to spina bifida and related congenital
malformations. Not only are girls more likely to have spina bifida
but they are also likely to be more severely handicapped and a
higher proportion will require shunts. Although the sample is too
small for generalization the study reflected the observations made
by these writers. Table 9 page 102 shows that the girls were marginally
mere physical ly handicapped than the boys as measured on the Puitibec
scale. The mean ratings respectively being 33.2 s.d. 6.7 and 32.6,

s.d. 6.7. The difference between the means was not significant

(t+ = 0.51). The mean 1.Q. scores of the girls was also only
marginally lower than that of the boys. 80.2, s.d. 15.2 and 81.6.
s.d. 16.9 respectively; the difference between the means being

insignificant (+ = 0.5). When the groups' performances on the



172

piagetian number tests were compared, (Tables 203 and 206, pages

430-434), it is seen that the girls' mean weighted score (50.9, s.d. 36.7)
is lower than that of the boys (57.9, s5.d.39.7}, but not significantly

so (t=1.04), When the Piagetian number tests are looked at individually
it is seen that although with one exception, Test 2B, the boys were

more successful, in no instance was the difference significant (Table

219, page 447).

Wadsworth (1978) has commented upen the intriguing phenomenon that
few differences with respect to sex are found in the assessment of
intellectual development in Piagetian-type interviews. On average
Wadsworth asserts, boys' performances on Piagetian tests equate with
those of the girls despite the usual findings that until early adolescence
the latter tend Yo be more successful on conventional |.Q. and achieve-
ment tests. Biggs (1967) also expresses the same view. In her study of
children's progress in primary schools, that is, through the period of
developing operativity in Piagetian terms, she found a tendency for girls
to surpass boys in most aspects of scheoo! werk and particularly in mech-
anical arithmetic. The study supports research findings that spina bifida
girls tend to be more severely handicapped. The girls in this study had
a higher Pultibec score and had marginally lower 1.Q0s. Unlike non-
handicapped girls however, they were less successful on both the standard-
ized and Piagetian number tests. An exception was noted in the Bender
Gestalt in which +he girls overall had marginally lower mean error scores
(1.3, s.d. 7.2 compared to 11.9, s.d. 8.5).

Biggs also made the interesting observation that when tests which
demand insight are considered boys tend to do better. Although such a
tendency was apparent in this study, the differences in the mean scores

were not significant.

5. The fifth hypothesis that spina bifida children have specific

probliems of a perceptual nature was supported in this study.

When the children's performance on the Bender Gestalt was assessed
the results showed their mean error score to be considerably higher
than normal, Tables [12-136 of Appendix C, pages 319-340 detail

the results and Fig. (xiv} illustrates the deviation from the norm,
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FiQure {xiv)

Bender Gestalt.
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It is seen from Table |3 on page 103 that the boys had higher
mean error scores than the girls, although not significantly so,
and the children with a shunt had significantiy higher mean error
scores than those without (+ = 2.86 p< .0l).

Children with motor handicaps are frequently depicted as having

serious disabitities in visual perception. Two arguments supporting
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this observation are (a) as cerebral dysfunction is often the suspected
cause of both motor impairment and visua! misperception, the |ikelihood
of a visual perceptual deficit is enhanced in any sample of children
with motor disability; and (b) as many theorists postulate a direct
~relationship between motor development and perception, significant
defects in one skill should produce some impairment of function in

the other. |t is equally possible however, that the observed high
incidence of perceptual disorder in motor handicapped children may

be a function of the tests used to measure visual perception. As
Newcomer and Hammill (1973) point out, most common tests of visual
perception require considerable motor ability.

The most prevalent devices, for example the Bender Visual Motor
Gestalt Test and the Frostig Developmental Test of Visual Perception,
actually measure visual-motor integration, since they both include
tracing or copying tasks. 1t must be said that if perception is
measured with such devices, the results may reflect a child's motor
deficiencies rather than his perceptual inadequacies. The raticnale
for measuring visual perception by using a test of visuval-moctor
integration is reflected in a statement by Bender (1938) "The motor
behaviour of the small child...adapts ifself to resemble the stimulus
perceived in the optic field". Newcomer and Hammi!l devised an
investigation to answer two important questions, (i) Do motor—handicapped
chiltdren as a group have serious deficiencies in visual perception?,
(ii) Are visual perception and motor development relatively independent
systems? They argued that the performance of motor handicapped
children on a motor-involved test will deteriorate as the severity
of their motor disability increases. |If visual perception and motor
development are independent systems, performance on the motor-free
test should not deteriorate but should remain relatively constant
across degree of handicap. |f motor-handicapped children have significant
visual disabilities, their perceptual ages derived from the motor-free
test will differ significantly from their chronological ages.
Perception, or the interpretation of what is seen, depends on maturation

as well as on the child's experience. For example in the Bender
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Gestalt Test, it cannot be said that the child is able to perceive
Design A correctly until he can determine, consciously or unconsciously,
that the design consists of a circle
and a tilted square, not a rhombus,
and that they are of about equal size,
arranged in +he horizental position, and
are touching eacH other. But just
because the child can perceive and
can even describe or match correctly what he perceives does not necessarily
mean that he can copy. In order to copy it the child has to franslate
what he perceives into motor activity, +haf is, he has to put if down
on paper. The child is able to accomplish this task accurately only
if the integration of his perception and motor co-ordination has
matured to the level usually obtained by eight or nine-year olds.
Difficulties in copying the Bender Test figures, therefore, may result
from itmmaturity or from malfunctioning in visual perception, in motor
co-ordination or in the integration of the two. A child who produces
a poor Bender test protoco! may have difficulty in any one or two of
these areas or in all three of them. Koppitz (1975} affirms however .
that most school age children with immature Bender test records do
not have poor visual perception nor do they show difficulties with
motor co-ordinaticn, instead they have problems with perceptual-motor
integration; that is, they still have difficulty with higher level
integrative function.

Koppitz seeing the Bender test as neither a visual perception
test in its own right nor by the same token, a test of motor co-ordination,
views it as test of visual-motor integration. This is also the view
of Bender (1970) who speaks of the global nature of the Gestalt
function and of the inseparableness of the perceptual and motor
capacities. She takes exception to any effort to analyse this global
function into its component parts, for obviously to her the integrative
process is much more complex than either visual perception or motor
co—ordination. Using the Bender Gestalt Test, Newcomer and Hammill

(1973) found that motor-handicapped children perform progressively
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poorer on such a test of visual-motor integration as the severity

of their motor handicap increases. Conversely, they tend to function
appropriately for chronological age on a motor free test of visual
perception regardless of motoric disability. The spina bifida child
however has, apart from motor disability, the attendant problem of
varying degrees of hydrocephalus.

Dodds (1975) looked at the effect of hydrocephalus on the
visual-perception of spina bifida children by using the Frostig
Test of Visual Development and found that the visual moter co-ordination
skilts of hydrocephalics are probably inferior to those of non-
hydrocephalic children.

Anderson and Spain (1977) rightly make the point that often visuo-
perceptual and motor skills need to be combined and it is on tasks
of this nature that many spina bifida children, especially those with
shunts, have marked difficulties from a very early age.

Anderson and Spain raised an interesting question relating to the
generally poor performance of spina bifida children on visuakmotor
tasks of all kinds. Acknowledging the role of poor motor-control
they state that as yet we are not in a position to say how far
difficulties of this kind can be attributed on the one hand to
neurclogical abnormalities (although there can be |ittle doubt
that these are involved) and on the other o deprivation of early
sensory-motor experiences. Tew and Laurence (1975) add another
variable to the whole question of the visual-perceptual functioning
of spina bifida children; namely that of inferior intellectual
development; they suspect that visuo-perceptual impairment is probably
an expression of low intelligence. Scherzer and Gardner (1971)
having tested spina bifida éhildren on ‘the Bender Gestalt found that
those who showed significant perceptual-motor dysfunctioning had
}.Qs below 70.

Kamii (1974) is also of the view that even perceptual
discrimination or perceptual skills require more intelligence than
educators admit. The role of intelligence, however, despite its

accepted importance in the development of visuo-motor skills is
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not wholly clear. For example in a pilot study of the visual-perceptual
functioning of a group of spina bifida children on the Frostig Visual
Development Test, (Migdal (1976) made the interesting observation

that it was not constant in each instance that a high 1.Q. related

to a high perceptual age or the converse. Koppitz (1975) in a detailed
study of children's performance on the Bender Gestalt found that although
those with good results tended to have average or above-average |.0Qs
those with immature scores may have high or low [.Qs depending on

what other factors are present.

An examination of the inter-test correlations in this s+tudy
shows that although there is clearly a relationship between 1.Q. and
Bender Gestalt (r=-0.28 p<.0l) the correlation is not nearty as high
as might be expected. When the variable of overall physical handicap
(Pultibec} is compared with Bender Gestalt the observed réla+ionship
is also low, although significant (r=0.25 p<.0l).

[+ seems therefore necessary to look beyond the variable of
[.Q. and degree of physical handicap, even though these variables
clearly play a part, in the under-functioning in visual-motor performance
of spina bifida children; it is likely that fhe effect of hydrocephalus
particularly where it was sufficiently severe o warrant a shunt,. is an
important factor.

The results of the study indicate that although the mean error
scores of the non-shunts were relatively high (mean=8.9, s.d. 6.8),
those of the shunts were much higher (mean=12.8, s.d. 8.0}. The
di fference between the means being significant (t=2.86 p<.0l).

It would appear therefore that the depressed performance in
visuo—motor performance is the result of a combination of lower |.Qs,
fack of mobility, the effec+ of hydrocephalus with and without shunts,
deprivation of early sensory-motor experiences and other as yet unknown
neurological impairments caused by the spina bifida condition itself.

Since the main aim of this study was primarily fo investigate
questions relating fto the specific weakness of spina bifida children

in number development it is imporftant to ascertain if fthere
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is a link between this aspect of cognitive development and visﬁal—

motor maturity. Several writers have observed a particular relationship
between visual-parceptionand number development. Wedell (1967)

for example points out that 'number, usually taught in terms of the
spatial arrangements of materials, is likely to be affected by perceptual
impairment'. Schonell and Schone!l (1957) suggest that inadequate
development of visual imagery may constitute a handicap in calcutation.
Koppitz found the Bender Gestalt to be more closely related to number
than reading and observed that mathematics is difficult for children
with poor visual-perceptual skills. Frostig and Maslow (1973), both

of whom are very concerned with the importance of visual-motor activity,
stress for example the role of body movement and manipulation of

objects in the development of number concepts. Asserting that body
movement is the ideal means by which a child can learn the basic

ways in which time and space are related; +they pose questions which

the child might ask; "Will it take longer to walk or run?" "Will
| arrive first if | am faster?” " walk around the chair, and then |
will crawl under the table. Is fthe table high enough?" "I will

run a straight line first and then a curve". (Underlined words are
those emphasized by the authors}. |+ needs little imagination to
realize that these experiences cannot be enjoyed in a practical way

by the paraplegic infant such as the spina bifida child. Visual-
perceptual difficulties have a greater influence on the learning of
mathematics than even on reading stress Frostig and Maslow, since

an understanding of visually perceived relationships is essential

to mathematics. Eye-~hand co-ordination, another factor in visual-
motor ability, is necessary for the accurate placement of numerals.

it is equally important that numerals be legible to facilitate addition,
subtraction and other mathematical processes. Poor figure-ground
perception ability, the tendency fo perseverate, impaired perception

of spatial relationships and imagery, and difficulties in the directional
position of numerals are all important ingredients in the process of
acquiring number and mathematical skills.

Cruickshank (197%) also stresses the role of visual-motor
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perceptual development in concept formation. He emphasizes for

example, how the perceptualty handicapped, because of lack of experience,
poor ability in holding or handling pencils or crayons, developmental
immaturity in both fine and gross movements, have difficuitfies in
acquiring mathematical proficiency.

Rimmer and Weiss (1972) interpreted the Bender Gestalt as a
cognitive task based on Piaget's theory of the development of number
and geometric concepts. Although not systematically treating the
motor-expressive aspects of the test, an area which they stressed
was in need of much more research, they nevertheless considered that
the Bender Gestalt was useful as a concept-development in Plagetian
terms. They suggest that the task of copying the Bender Gestalt
figures could be expressed formally as mathematical transfoermations
and test performance expressed as a mathematical task.

The procedure devised by Rimmer and Weiss was to view the Bender
Gestalt as a cognitive task based upon Piaget's theory of arithmetical
and geomeirical conceptual development. They then analysed the Bender
Gestalt results by reference to maturation of geometric concepts
and maturation of arithmetic concepts. Unfortunately their paper
does not deal with the third aspect of the analysis, namely maturation
of motor-drawing ability.

In a study of perceptual factors which relate to number concept
development Cohn-Jones and Seim (1978) found increased visual-perceptual
skills led to improved number concept understanding in both retarded
and non-retarded children. Although recognizing the need of more
research to pinpoint further the specific perceptual skills important
to number concept development these researchers found that the influence
level of perceptual ability (as measured on Frostig) resulfed in
greater reliance on irrelevant perceptual cues in number judgement
and in poorer performances on tasks of number concepts. |+ is of
interest To note that the number tests used were based on those
described by Piaget and were similar in kind fo those used in this
study.

The four aspects which need to be assessed in the Bender Gestalt
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are; distortion of shape, rotation of figures, integration and
perseveration. Tables 124 to 127 of Appendix C on pages 334-337
details the sample's error scores relating to each of these aspects.
Photostats of actual drawings are to be found in AppendixB page 291.
A card missing in the following pages is due to the particular aspect
under discussion being irrelevant as far as +ha+ particular card

is concerned.

(i) Distortion of shape

Card A. 45% of the responses indicated one or
more of the following distortions; the
square or circle was misshapen, or there
were extra or missing angles. 46% of the
drawings showed a disproportion beiween
the size of the square and circle, an
errar score being given if one is at

least twice as large as the other.

Card 1.

e e e e e e e e e 29% of the sample converted five or more
dots into circles.

Card 3. 33% of the sample responses converted

five or more dots inte circles.

Card 5. . 41.5% of the sample converted five

. or more dots into circles. The boys
made noticeable more error scores than

; the girls on this aspect of the card.

(50% as against 33%).

LY
1] LN
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30% substituted three

or more angles for

curves. Again the boys
made more error scores
(37.5%) than the qgirls
(22.7%) 22.3% drew one

or both curves as siraight
lines; boys and girls

reflecting similar error

scores.

Card 7.

41.5% of the sample made error scores
in reproducing the hexagons disproportionately,
that is they constructed one at least twice
as large as the other. The boys were much
less successfu! than the girls on this aspect
of the drawing, 48.4% making error scores
compared to the originals. It was found

that 80% had either excessively misshapened or had inserted extra

angles or missed some out. The girls in this respect did less well,

84.8% making error scores compared to 75%.

Card 8.

70% of the sample excessively

misshaped the hexagon or

diamond, inserted or missed

out angles, or completely
omltted the diamond.

The boys made fewer errors (65.6% compared to 74.2%).

(ii) Rotation of shape.

Card A. 43.1% of the sample made error scores
' on the basis of having either rotated

the figure or any parts of it by more

than 45° or Indeed having rotated the

stimulus cards, this being done frequently.



182

Card |.

Overall only 19% of the sample rotated
the line of dots by 45° or more above or below the horizontal. It was

clear that more of the boys had error scores (28.1%) than giris (10.6%).

Card Z.

15.4% of the sample (18.7% boys, 12.1% girls) rotated the tines

of circles through 45° or more.

Card 3.

There was a noticeably large

’ . . ) increase in the number of

. ) , children whose drawings reflected
a rotation of the axis of Tﬁe
figure by 45° or more. There
were more boys than girls who made error scores in this respect (48.4%

compared with 44.0%, overall 46.1%).

Card 4.
More girls than boys rotated the figure
by 45° or more (47% compared to 40.6%,
overall 43.8%).
Card 5.
L There was a higher percentage of error scores on
," this card than on any of the other cards (50.8%).
e :. The girls made more error scores than the boys
- .', (56.1% compared to 45.3%). The increase in error

. scores was probably due to there being a second
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criterion involved in the scoring, namely that apart from the rotation
of tThe total figure by 45° or more it was also necessary to assess

the rotation of the extension, for example if it pointed toward the
left side or whether the extension began on the left of the centre

dot of the arc.

Card 7.
40% of the sample rotated this figure or paris
of the fiqure by 45° or more. Boys and girls
performed similarly. (39.1% of the former and
40.9% of the latter).
v
Card 8.

26.9% of the sampie rotated
<:::::: <i:> :::::::, the drawing by 450 or more
(28.1% boys, 25.7% girls).

(iii) lintegration.

Card A.
47% of the sample failed to join the

circle and the square in that the distance
between the arc of the circle and adjacent
corner was more than one-eighth of an inch;
an error was also scored if the distance

overlapped by the same distance or more.

Card 2.
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31.5¢ of the sample made error scores relating to one or two

rows of circles having been omitted, or four or more circles drawn

in the majority of columns, or a row of circles added.

Card 3.

Card 5.

Card 6.

52.3% of the sample either lost the shape of
the design in their drawings or failed to
increase the number of each successive row
of dots, or just drew a conglomeration of
dots. A small percentage (10.8%) drew a

continuous line instead of a row of dots.

52.3% of the sample drew the design so that the
distance befween the curve and adjacent corner
overlapped by more than one-eighth of an inch
apart, or similarly failed to touch by a similar

margin.

40% of the sample made error scores on the
shape of the design whilst 29.2% drew

continuous lines instead of dots in either

the arc or the extension or both.

30% of the sample either failed to draw crossing lines, or they

crossed at the extreme end of one or both lines. In some cases the
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fwo lines were drawn in an interwoven manner.

Card 7.
A large proportion of the sample (61.5%)
had problems with the integration of the
hexagons. Either the hexagons did not overlap

or they did so excessively.

{iv)Perseveration.

Card 1.
. 22.3% of the sample drew more than fifteen
dots in the row (2%.8% of the girls and
18.7% of the boys).
Card 2.
o o o o] o] o o o o o o
o] o o a o o o o} 0 o] o
o o o o o o o o] o o} o}
16.9% of the sample drew more than fourteen columns of circles
in a row.
Card 6.

41.5% drew six or more complete sinusoidal curves in either
direction (45.3% of the boys and 37.9% of the girls).

It is seen from Tables 124-127 on pages 334-337 of Appendix C that
the sample overall had most difficulfies with the shape presented on the

stimulus card. Assessing the cards overall it is seen that 45.5% of
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the sample made error scores in respect fo shape. The most difficulf
shapes being the hexagons on Card 7 (80% error scores) and the hexagon
enclosing the diamond on Card 8 (70% error scores).

The next most difficult aspect was integration, the sample making
39.4% error scores on the cards overall. Card 7 again presented most
difficulty, 61.5% making integration error scores, cards 3 and 4
followed in order of difficulty.

35.7% of the sample made rotation errors and 26.9% made perseveration
errors.

The second of the two perceptual tests, Raven's Coloured Progressive

Matrices emphasizes visual-perceptual reasoning rather than visual-motor

co-ordination. Fig. (xv) illustrates the performance of the sample

on both tests when compared to the norm. Tables 101-103 in Appendix C,
pages 310-312 give full details of the resuits. The mean of the boys'
raw scores was 18.6, s.d. 7.8 and 16.8, s.d. 6.1 for the girls.
Although the boys did better on the test, the difference between the
means was not significant (+=1.38). The mean of the shunts' raw

scores was 17.2, s.d. 7.1, and of the non-shunts' 18.9, s.d. 6.9, the
di fference between the means was not significant (t=1.28). As might
be expected there was a significant correlation indicating a substantial
relationship between the results on the Bender Gestalt and Raven's

C.P. Matrices. "~ r=0.74 and r_age=0.5 (p<.0O1).

Although the performance on Raven's C.P. Matrices indicates a
measure of immature visual-perceptual reasoning, the deviation from
the norm was not as wide as that observed in the Bender Gestalt. To
some extent therefore it would appear that the motor element on
which success in the Bender Gestalt depends, is a factor which needs
to be taken into account in discussing the sample's performance.

Table 72 overleaf shows the inter-test correlaticons between

the two perceptual tests and the other measures.
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Fig. (xv)

Raven's Coloured Progressive Matrices.
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Table 72
inter-test partial correlations. (r_age

E.P.V.T. C.V.S5. Reading Piaget 1.Q. Pultibec
Bender Gestalt -0.45 -0.45 -0.27 -0.62 -0.48 0.45
Raven's C.P.M. 0.43 0.49 0.34 0.52 0.49 -0.36

There was a significant trend, as seen in table 72, for both
perceptual ftests to substantially correlate with the other measures,
this belng parficUlarly evident with respect to the Piagetian tests.

The studies by Anderson (1975}, Spain (1967-1969) and Dodds {(1975)
reflect the visuo-motor problems spina bifida children, particularty
those with shunts, have in the performance aspect of 1.0Q. tests.
These researchers noted that the children were laboriously slow,
that the marks drawn by the hydrocephalics were shaky, and +that the
items which gave the lowest scores were those requiring visuo-spatial
skills such as mazes and geometric designs. Whilst collecting
background information prior to testing, the writer also noticed
that whereas the verbal scores on the |.Q. tests were usually within
normal |limifts the performance scores were frequently much lower and
in fact considerably depressed the final 1.Q. assessment.

During the past several years, teachers have become increasingly
interested in implementing teaching strategies for children whose

retardation has been traced fo a perceptual handicap. As a result

there have been several remedial programmes designed to compensate
for this deficit. Although, as Zach and Kaufman (1972) assert,

the proposition that perception is a basic requirement for learning
is sound, the question of who is included under the label of the
perceptually handicapped is intimately linked not only to the methods
employed in identifying these children but also to how the aetiology
of their problem is viewed. Zach and Kaufman, seriously questioning
Thagzéqu§5wof the concept of perceptual deficit for education,
studied the validity of current procedures for identifying the

perceptually deficient child, the methods of training in perceptual

skills and the concept of perceptual deficiency. They concluded on
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the basis of the available data that caution should be exercised
against haste in designating children as perceptually handicapped.
There is little doubt that some children have perceptual problems
which handicap their school achievement, but how they are identified,
how their problem is defined, and how they are to be perceptually

trained, is still unclear.

6. There was support for the hypothesis that the well attested

progress in pre-school spina bifida children's acquisition of vocabulary

skilts is not maintained thereafter to the same extent.

Full details of the sample's scores in the two vocabulary tests are
to be found in tables 104-111 on pages 313-318 of Appendix C. Fig.{xvii)
overleat illustrates the vocabulary ages of the sample at differing chron-
olegical ages. Several researchers, for example Spain {(1974) and Anderson
and Spain (1977) have reported that young spina bifida children acquire
vocabulary skills quite normally. Some difference of ability has however
been noted between those with shunts and those without, the latter being
more successful. Anderson's study showed the spina bifida group to have
unimpaired vocabulary skills and Spain's investigation of the syntactic
development of spina bifida children, despite syntax being difficult o
test at an early age, indicated that this aspect of their language devel-
opment was relatively good.

Pilling (1973}, in a comprehensive review of much of the literature
concerned with the verbal development of children with spina bifida
and hydrocephalus, concludes that when compared to theif peers they are
more talkative and have an advanced vocabulary. However, despite this
apparent facility in language, there is some evidence that the speech
of the children with hydrocephalus is superficial, lacking in
appropriateness to the situation, and they do not understand the meaning
of the words used. There are conflicting findings on whether in fact
those with hydrocephalus are more talkative than spina bifida children
who have no observable hydrocephalus or their non-handicapped peers.

For example, Diller et al. (1966} and Fleming (1968) report on the
one hand that the verbal output of the hydrocephalic children was

no larger than that of others whilst on the other hand Swisher and
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Pinsker (1971) comparing spina bifida chiltdren having shunts with
congenital amputees found the former to make more verbal responses

in a conversational situation.

Figure (xvii) Vocabulary ages.

Vocabulary age.
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When compiling information in respect of the children in this
sfudy it was noficed that their 1.Q. scores concerned with their verbal
performance was consistently higher than the scores related fo the
performance aspect of the task. From a practical point of view there
was hardly any problem respecting conversation generally or specific
verbal instructions as the study developed. The learning problems
which spina bifida children have do not seem to be due to slow or
inadequate language development in their early years. Indeed they give
the impression of having acquired the mother tongue remarkably well

which, in view of their many handicaps and the complexity of language,
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is a considerable achievement. Schaub (1978) writing on the importance
of oral language takes the view that chiidren who enter schools

at the age of five with very wide patterns of language and comprehension
have a great advantage when entering school for the first tTime.

The Bullock Report (1975) states, "We cannot emphasize too strongly
our conviction of the importance of oral communication in the education
of the child". This conviction is supported by studies made amongst
children experiencing educational probiems and by the opinions and
feelings voiced in many teacher discussion groups. Indeed, slow or
inadequate language development not only handicaps a child's education
but causes difficulty in his whole emotional, intellectual and social
development. it seems with respect to spina bifida children that
due to their handicap, they have been exposed to a wide sample of
tanguage during the early years. They will not only have heard many
peaple, including surgebns,, paediatricians, genera! practicioners,
nurses and other professional people speaking To and round them
but also they will have been able at a very early age to enter into
conversation, to make mistakes and have them corrected in a secure
background. They will therefere have heard different forms of speech,
casual and forma!, precise and discursive and they will have had
close attention from the family for the first years of life.

The tanguage-disadvantaged child by contrast will arrive at
school with less of this experience and so with less ability for
self expression and as Schaub rightly concludes, little is to be
gained by either the feacher or the child in pursuing literacy,
numeracy and other areas of education if there cannot be accelerated
development of oral language as soon as possible.

The results of this study support the view that the spina bifida
children starting school have at least a normal oral vocabulary. In
fact the findings on both the Crichton Vocabulary Scale and the
English Picture Vocabulary Test show that the children in this
particular samp}e were marginal ly above average at five years of age,
were average at six, seven and eight years with a falling off thereafter.

Figs. (xviii) and {xix) overleaf illustrate the tendency, with respect to
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Figure (xviii)

Crichton Vocabulary Scale - 2 year age groups.
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the Crichton Vocabulary Scale to fall away rather markedly after the

age of eight years. Despite the spina bifida chiid's exposure in

the pre-school period to quite a high degree of sophisticated

language, these influences lessen as the child grows older and perhaps

can be attributed, as in the case of non-handicapped upper junior

and senior children who exhibit the same tendency, to the fact

that +Hey have relatively less time for oral expression and make

fewer demands on adults' time. Schaub makes the observation with

respect to non-handicapped children that even though they hear acutely,

for one reason or another, they switch off at the age of five years.
The Crichton Vocabulary Scale results showed that although the

sample between the ages of five and eight years were, to use Raven's

(1974) nomenclature, verbally average, the nine to elevens were

definitely below average in verbal ability. Although there is a

cut off point in the TaQIe of norms at the age of eleven it can be

seen from figs.xvill and xix that if the average graph continued in
more or less a straight line there is a continuing retardation in

the ages over eleven, afthough Raven does suggest that with children

of less than average ability the scale can be used quite satisfactorily
up to the age of sixteen or more.

The vocabutary age of the boys as reflected by the Crichton test
was marginally higher than that of the giris, 8.7 and 8.3 years
respectively. These ages reflect a retardation of 0.8 years for the
boys and 1.2 years for the girls. The children without a shunt were
also slightly more successful than those with, the respective vocabulary
ages being 8.7 and 8.5 years; the former reflecting a vocabulary
retardation of 0.9 years and the latter |.0 years.

Caution needs to be exercised in interpreting the results with
respect to the over elevens since, as Brimer and Dunn (1970) observe,
application of tests designed and standardized on a lower age group
to older children are never fully satisfactory, either in terms of
the assumptions that are made on the process of measurement or in terms
of the comparative statements that can be made about children. They are

of the view that it is preferable for a child to be compared with other
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children of the same age even though the general interpretation of the
resulting standardized score is made in terms of the age at which that
particular score is the mean score. The English Picture Vocabulary
Test meets the objections raised by Brimer and Dunn since it does in
fact cover the age range of two to eighfeen years. The E.P.V.T.
like the Crichton Vocabulary Scale, is a measure of listening
vocabulary but unlike the former does not depend upon an oral explanation
of the stimulus word. The resulting test score is most accurately
described as a measure of the level of semantic reference which a
child is capable of comprehending.

Figs. (xx) and (xxi) below illustrate the sample's performance when
compared to the norms of the test.

‘Figure (xx)

English Picture Vocabulary Test. One-year age groups.
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i { Fig.(xxi)English Picture Vocabulary Test. ’,,;~”’t;
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When the sample (C.A. 9.5. years) is viewed overall the mean
vocabulary age was 7.8 years reflecting a retardation of 1.7 years;
the mean vecabulary age of the boys (C.A. 9.5 years) was 8.1 years and of
the girls (C.A. 9.5 years) 7.5 years. When the data were examined to
compare the performance of the shunts with the non-shunts it was seen
that ;he former group (C.A. 9.5 years) had a vocabulary age of 7.5 years .
and the latter (C.A. 9.5 years) B.! years. -

There was, as might be expected, a substantial relationship between
the two vocabulary tests; r = 0.89%, p<.0l. Figure xviii on.page 190
illustrates a similar vocabutary development through %he age gEoups as
measured by both the Crichfon and English Picture Vocabulary Tests.
There is a suggestion with respect to the development as measured by

the E.P.V.T. +hat although as hypothesized, the early acquisition of
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of vocabulary skills was not maintained through the age-range, there
was nevertheless a movement toward +the norm after thirteen years of age.
Unfortunately the sampte's performance on the Crichton Vocabulary Test
cannot be completely satisfactorily assessed after the age of eleven
for the reasons already stated

Inherent in Piaget's theory is the need for the teacher to learn
to understand what the child is saying and to be able fo respond in the
same mode of discourse. Piaget, who, although as Furth (1969) points
out, does not think language is necessary for operational thinking,
nevertheless does say, "Without interchange of thought and co-operation
with others, the individual would never come to group his operations
intfo a coherent whole." (1963). Hamel (1971) and Griffiths et al. (1967}
stress the importance of paying attention to the semantic and syntactic
aspects of language in investigating the number concept of children.
tt is important for example to know whether the child understands the

concepts more and same in judging conservation attainment. Otherwise

it remains uncertain whether one measures conservation or the understanding
or misunderstanding of the words used. Sigel and Hooper (1968) in their
reflection on the rote of language in the development of number concepts
suggest that when children are in a particular transitional Piagetian
stage, increased exposure to language may well be the stimulus which
propels the child forward. These authors however hasten to add that
in their view the rote of language is to facilitate rather than determine
cognitive behaviour.

A similar outlook has been expressed by Sinclar (1967) who looked
at the relationship between language level and two Piagetian-type

situations, namely conservation of continuous quantities and seriation.

She did, in fact, find that children who succeedéd in these tasks had

more sophisticated language abilities in a number of different ways.

But when she proceeded to teach the less advantaged group the language

of the more advanced children, believing this would be a help in cognitive
tasks, found that i+ was not only extremely difficult to teach them the
language patterns but on the whole the children performed no better

afterward. Contrary to her original hypothesis, Sinclair concluded that



language development is dependent on the level of thinking rather than
being responsible for the level of thinking. Although it is not the
purpose of this study to discuss the arguments for and against the role

of language in cognitive development, 1t does seem important fer the
teacher to recognize that although many young spina bifida children

enter school with an adequate vocabulary there appears to be a falling

off in this respect during the critical period of number concept formation.
The teacher needs to ask as do Schwebel and Raph (1974) in their discussion

of Piaget in the Classroom, "To what extent can incorrect language

forms be tolerated and accepted during these formative years when
children are making exciting discoveries and learning new ideas and
also is it possible to accept incorrect answers which are wrong in
The absolute sense but appropriate and normal for a child at a given
age?" Some writers, for example Sinclair and Kamii (1970} have
particularly insisted on the necessity of letting the pre-operational
child go through one stage after another of giving the wrong answers
before expecting him to have adult logic and language. Others, as
for example Almy et al. (1966), Duckworth (1964} and Furth (1970)
have pointed out that language is important, but not at the expense
of thinking.

There was a substantial correlation in this study however between
vocabulary skills and success in the Piagetian tests: r=0.8 p<.0l,
r_age=0.58 p<.0l, r_age=0.54 p<.0! with the English Picture Vocabulary
Test. To what extent therefore the acquisition of vocabulary skills
has enabled the spina bifida child to move towards Plagetian operativity
or, on the other hand, the degree to which the development of cognitive
skills has affected vocabulary acquisition is uncertain.

When figs. xviii and xix are compared with figs. xx and xxi
it is noticed +ha% the E.P.V.T. reflects a marginal difference at the
age of five; the C.V.S. score placing the children of this age slightly

above average. At the other end of the age range it is seen that on

-

[
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the E.P.V.T. the fifteen plus children are moving decisively to the
norm whereas the C.V.5. reflects a continuing deviation at this age
from the norm.

The tests however reflect different aspects of the child's language
development; ability in the E.P.V.T. demands comprehension of the spoken
stimulus word and visual perception as the choice is made. On the other
hand the C.V.S. whilst requiring comprehension of the spoken stimulus
word also demands an acceptably oral expression of the meaning of the
word. Another important factor in the comparison of the results on
E.P.V.T. and C.V.S. is with respect to the method of scoring; the
former which is scored objectively has ltittle room for error, whereas
the latter is scored more subjectively with the possibility of an
increased margin of error. However, despite the element of subjectivity
with respect to the C.V.S., the close correlation between the tests
lends support to the view that overal! the young spina bifida child's
acquisition of vocabulary skilts is within normal limits.

Since it appears that there is a falling away thereafter it is
clearty important for the teacher 4o be concerned with the linguistic
content surrounding number and mathematical situations. |t has been
previously discussed in this chapter that when the relative difficulties
of the Piagetian tests were examined, the one test which presented most
difficulties (Test 8 'Relations between parts and wholes'), was a
situation in which the important number element could easily be hidden
by its tinguistic content. There are certain words, the understanding
of which is essential in a mathematical or number vocabulary, which are
closely linked with normal development; for example, Donaldson and
Balfour (1968) found that most children under five could not
differentiate the word 'less' from 'more'. I!n a later study Donaldson
and Wales (1970) also found that children up to this age could not
distinguish 'same' from 'different', both terms meaning 'same' to them.

Clark (1971) observed that children of this age also had difficulty
in correctily using the antonyms 'before' and 'after', while Chomsky
(1969} found that children under eight interpreted 'ask' and 'tell!
alike: These confusions are interpreted by Clark (1973) as the resuit

of over-extension that is, "Where over-extension entaits that the lexical
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entry for the meaning of a word in a child's vocabulary is incomplete’.
(p.101Y. Clark argues that since learning to attach meanings to words
involves interpreting and coding perceptual data, these perceptual
features themselves may well belong to the "universal set of semantic
primitives"; in other words, the earliest semantic features are derived
from perceptual data. This study by Clark, as Hutt et al. (1976}
observe illustrates how intimately inter-related are the developmental
processes of perception, attention, language and for that matter,
cognition. |t is of interest to note that in this study there is a
substantial correlation between the vocabulary tests and both the
tests of visual-perception and visual-motor maturity. The corretation
between the C.V.S. and Raven's being r = 0.76 p <.0l, E.P.V.T. and
Ravens, r = 0.73 p<.0l, between C.V.S5. and Bender-Gestalt
r=-0.74 p <.01, E.P.V.T. and Bender-Gestalt r = -0.74 p <.0Ol.

in the earlier part of this chapter reference has been made to the
type of vocabulary used by the children throughout the number tests.
Although many of the responses were ungrammatical or inappropriate the
approximate language used was frequently adequate to convey the child's
stage of operativity. For example in tests la and Ib, the expression
"You spreaded them out" or "They're ali bunched up", was often used
or when being confronted with a conservation situation the interesting
comment "There isn't more of anything" was heard. 8g for example, did
not say that the two sets were the 'same' preferring tc state, "There
are more men and more seats". 149's reply in one test was, "There's
the same number but more holes". This eight-year old was using 'same'’
and 'more' to convey that with respect to the attribute of number both sets
were the same but were different when the attribute of shape was concerned.
D25g, who was almost twelve years of age, repeatedly used the phrase,
'more of both' to indicate both sets had the same number. There was a
reluctance to use mathematica! words such as 'circles', even among the
older chitdren, 'round', 'rings' or 'wheels' being the words used.
Even though it might have been expected in relevent tests that the terms
'radius' or 'diameter'! would be used by some children, they in fact were

not. |+ was noted also in Test 4 which dealt with the notion of
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measurement that although the word measure was frequentty used there
were few children who not onty used the word but proceeded to apply

it practically. Words such as jumble up, shuffle up and even

scrumble up were used synonymously when the children were asked fo
equate sets in Test 5A. Words and phrases used in the seriation tests
were frequently immature although at times imaginative, for example

in reference to the relative sizes of the elements of the set, "One

is big, one is little but small", or, "This is a Mummy, this is a girl,
that is middlesized, that's a tiny one", or "I1'1l find the baby

first and the giant last."

The words frequently used in the ordination tests and to which
reference has been made earlier, although acceptable and understood,
form the basis for more refinement in the teaching situation. The
word more for exampie did not present difficulty to most children
but the tests showed the necessity to realize that more means something
other than adding some more to what is already there, it can also refer
to someone having more than someone else when two quantities are

compared. ' As well as big and little the child needs To acquire

an extension of vocabulary with which fo make more accurate descriptions
for example, long, short, tall, wide, fat and thin. The child also
needs to acquire words formed from these by reference to comparative and
superlative degrees. It is also impor*aﬁ+ that children extend their
understanding of words related to size through their experiences in

the teaching situation.

The teacher needs to be extremely sensitive to the child's
development in the use of words, and aware of the moment when the
individual child is ready to transfer from the type of vocabulary used
in this study by some young and even some older children, for example
as in Test 9 (Seriation), "Daddy one, Mummy one and baby one" to
descriptive words such as biggest, middie one and smallest.

Some children ran out of words to label elements within the series
of Test 9, for example, "This is a Mummy, this is a girl, that is middle-
sized, that's a tiny one." There is clearly a linguistic difficulty in
seriation since any element which is neither the biggest nor the smallest

when compared to its adjacent element is either the next biggest or the next
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smal lest, depending upon which way one looks at it. Understandably
some tried to resolve this dilemma by using one description from
either end to the middle, then using the other as they passed the
middle to the other end.

7. The last hypothesis to be tested was that the level of reading

attainment of spina bifida children is below normal at each age level.
Details of the resutts of the sample's performance on the Burt Wérd
Reading Test (1974 Revision) are to be found in Appendix C pages 341-345.
Figs. (xxii} and (xxiii) below illustrate the sample's performance
through the age range when compared to the norms of the raw scores

as given in the manual, page 8.

Fiqure (xxii)
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The norms of this particular reading fest cover an age rangé
of 6.3 1o 12.0 years whereas the norms of the 1954 revision cover
an age range of 5.3 1o 12.0 years. For the sake of comparison Figure(xxjij-
indicates the tengthening of the 1974 range to include the 5.3 to
6.4 year norms as indicated on the 1954 table of norms.

The main reason given for the restricted age range in the 1974
revision is the findings of the testers that at the eariier stages
of education, length of time in school has an effect on the level
of reading attainment which obscures that of age.

The mean reading age of the sample (C.A. 9.5 years) viewedkéverall
was 6.8 years, reflecting a retardation of 2.7 years. The mean of
the boyg' reading ages was 7.0 years (C.A. 9.5 years) reflecting an
overall reading retardation of 2.5 years, and for the girls 6.5 years
{C.A. 9.5 years) reflecting a .retardation of 3.0 years.

"Figure (xxiii)

"Read}ng: Two-year age groups.
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The findings from this study with respect to the reading ability are
very much in line with other studies, a good example of which is that
by Diller et al. (1969). They found that the spina bifida groups,
with and without hydrocephalus were less stable as far as school
achievement is concerned as they become older and found evidence to
support the notion of 'a partial cumulative lag which affected the
children's competence in reading'. Their study reflected a two-year
retardation in reading with a noticeable falling away from the norm
between the ages of eight and fen years.

When the mean reading ages of the non-shunts (C.A. 9.6 years)
and shunts (C.A. 9.5 years) were assessed in this study, it was seen
that the former had only a marginally higher reading_age than the latter,
6.8 years and 6.7 years respectively.

Wﬁen the sample was grouped according 1o school departments as
shown in Table 235 of Appendix J, page 453 it was seen that the mean
reading age of the secondary children {mean C.A. 14.0 years) was 10.4
years, of The juniors (mean C.A. 10.| years) 6.8 years. When Tables
234 and 236 which detall the reéding performance in one and two—-year
age groupings were examined, it was seen that there was an average
retardation of 3.6 years with respect to the age groups between nine
and fourteen years of age. The position with respect to the fifteen
and sixteen year olds is not so clear, since it is dffficulf with
tThe norﬁs cutting off at 12.0 years to relate reading age to chronological
age. All that can be said is That this group was reading above the
cut-off point.

Fig. (xxiii} shows that had the straight |ine based upon The
norms continued, the performance of the fourteen year olds indicate a
narrowing of the deviation. The progress toward fluency is maintained
at fifteen years with the graph indicating a falling away at the age
of sixteen; this last result being based upon only three children, two
of whom were excellent readers and the third who was having great
difficulty.

When the results of the thirteen to sixteen year oids overall are
examined the picture seems more encouraging. This group {(mean C.A.

14.4 years), had a mean raw score of 76.6, s.d. 36.8 which reflects
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a reading age of 10.9 years. Given that a reading age of 12.0
years represents fluency the retardation is not nearly so pronounced.
When the performance of the fourteen to sixteen year old children
{mean C.A. 15.3 years) is examined the results show that of the
thirteen children concerned only one had serious reading problems,
the others being fluenTl The mean raw scere of this group being
94.4 s.d. 23.9 reflecting a reading age higher than the maximum in
the table of norms.
When the performance of al! the pupils over the age of nine
years is viewed in practical terms as indicated in Table 236 of Appendix J
page 454, it is seen that 10.4% were non-readers, 41.8% were in need of
remedial help, 17.9% were acceptably good readers, that is, being
less than one-year retarded and 29.9% were fluent.
The findings of this study with respect to the reading ability
of spina bifida children is in line with the view of Anderson and
Spain (1977) who state that although there is a large group which
is unlikely to have any serious difficulty there is an equally large
group, mostly with shunts, who are likely to be slow in learning to
read and who are at risk of falling increasingly behind their peers.
For example, when the performance of the over-nines with and without
shunts, was compared (Table 237, page 454), it is seen that 63% of
the former needed remedial help, 37% were capable readers; 47.6% of the
non-shunts needed specific remedial measures and 52.4% were good readers.
Table 201 on page 428 shows that there were significant positive
correlations between reading ability and vocabulary tests, visual-motor
perceptual tests, Piagetian tests and to a less degree, 1.Q. The
correlation between the degree of coverall handicap as measured on
Pultibec and Reading was low (r=-0,03 n.s., r_age=—.016 n.s.). The
corretations between reading and the two vocabulary tests were
relatively high reflecting a substantial relationship between these
measures (Reading with E.P.V.T. r=0.76 p<.0f, r_age=0.46 p<.0l and with
C.V.5. r=0.79 p<.01, r_age=0.52 p<.0b).
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A similar refationship is also seen between reading and the two
perceptual tests (Raven's C.P. Matrices r = Oiég p<.0l, r_age=.0.34
p<.Cl and Bender Gestalt r=-0.64 p<.0l, r_age=—0.27 pf.Ol).

The correlation between reading and Piagetian tests also reflected

a substantial relationship (r=Q.5?'p<.O|, r_age=0.37 p<.01). -
Although it is not possible on the basis of this study to answer

adquately Anderson's important and relevant question, "Which spina

bifida children are likely to have reading difficulties or fo be

at risk' in this respect?™ (p. 203), some interesting points never-

theless do emerge.

i Although there were proportionately more children in the shunts
group with reading problems than in the non-shunt group, the
difference between the means was Insignificant (+=0.403).

Some shunts were fluent readers whereas some non-shunts were
experiencing difficulty.

ii. There were consistent and substantial relationships between
reading ability and tests of vocabulary, visual-motor perceptual
ability, Piagetian tests and 1.Q. with respect to the shunt
group, these relationships persisting when the age factor
was removed (Table 211, Appendix |, page 439}.

iii. The relationships between reading ability and tests of vocab-
ulary, visuval-moter ability and Piagetian tests were similarly
significantly high when the non-shunts were considered but,
with the exception of Raven's C.P. Matrices (r_age=0.35 p<.05},
did not persist when the age factor was removed.

iv. The relationship between reading ability and 1.Q. was significant

when the shunts were considered (r_age=0.63, p<.0l) but insignificant

with respect to the non-shunts (r_age=0.22)

v. The correlations between reading and overall handicap were low
with respect to the shunts and non-shunts (r_age=-0.21 and
=0.03 respectively).

AT the conclusion of the three-year period, following on the

Piagetian re-testing of Schoo! A, a sample comprising thirty-one children

across the age range was tested on Young's Group Mathematical Test.

I'f a substantial correlation between the original Piagetian score and
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the scores cobtained on Young's was evident the author felt that the
former might indicate a measure of predictive value. The correlation,
r=0.73 p <.0l and r-age= 0.58 p <.0!, despite the smaliness of
the sampie does give some support fo the view that Piagetian tests,
sensitively administered, would provide the teacher with useful in-
formation as to the particular stage at which the individual child
was operating and would assist in curriculum planning and future
strategy.

When this sub-sample was looked at in terms of secondary and
Junior, the former {(mean C.A. 1.0 years) reflected a mathematical
age of 7.5 years. and the latter (mean 9.|. years) a mathematical age

of 7.0 years.

Figure (xxiv)

‘Comparison of Young's Mathematics with three-year earlier Piagetian tests.
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Fig. (xxiv) on the previous page illustrates that in general
the children who had reflected delayed number development in Plagetian
terms had also done less well three years later on the standardised
mathematics test. There were some interesting exceptions however, such
as No. 9 whose Young's score was relatively high despite her immaturity
three years previously in Piagetian terms and similarly No. |7 who
although completely successful on Young's was 47.2% successful on
the Plagetian tests previousliy.

The writer has summarised his conclusions, made tentative observations,
briefly discussed implications for teachers and.+he community and

suggested areas in need of further research in the next chapter.
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CHAPTER 9.

Conclusions, [mplications and Suggestions
for Further Research.

A. Summary of conclusions.

‘The results of the tests have been analysed and discussed and

the follewing conclusions have been reached.

l. Analysis of the data supports the hypothesis that spina bifida
children pass through normal stages in the development of number concepts.
There is evidence however that overall these children become operéfionai
in Piagetian terms at a later age than non-handicapped children.
The average child attains operativity during the early years in the
Junicor schocl but the children in this study were reaching a comparable
level of maturity as they approached secondary-age. Most children of
infant age were non-operational, the juniors reflected the transitional
stage with a great dea! of fluctuation between non-operativity and
operativity. The children of secondary age were generally fully
operational, although there were exceptions at most age levels.
Overal! there was a positive, significant and substantial correlation
between increase in chronological age and operativity in the Piagetian
tests. This movement was particularly evident in the three-year
tongitudinal study of the children in School A in which +he'progress
toward operativiy was clearly seen. |

The responses to the Piagetian test situations to which reference
has been made in Chapter 8 were similar in kind fo those given by the
subjects recorded in Piaget's original work and by children in subsequent

studies.

2. A comparison of the shunts' performance with the non-shunts' on

The Piagetian tests overall showed the latter fo be consistently more
successful although not significantly so. When however the performances

of the two groups on the fifteen individual Piagetian subtests were compared,

significant differences were observed; the non-shunts being significantly
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more successful on three, 'Seriation, 'Ordination and Cardination' and

'Relations betwen parts and wholes.'

3. The data indicated a significant, albeit low,negative correlation
between operativity in the Piagetian number tests and degree of overall

physical handicap as measured on the Pultibec Scale.

4. Although the boys were consistently more successful in both the
standardised and Pia@efian number tests the difference between the

means in each instance was not significant.

5. The sample's performances on the perceptual tests reflected a measure
of immaturity. The deviation from normal competence was more pronounced

on the Bender Gestalt Visuo Motor Test than on Raven's Coloured Progressive
Matrices, suggesting that the motor element in the former test was an
important factor in this below-average performance. There was a high
correlation between both tests. A significant difference was observed

in the shunts' and non-shunts' performances on the Bender Gestalt, the

former reflecting greater immaturity.

6. There was evidence in the study that the well-attested progress

in the acquisition of vocabulary skills by young spina bifida children
did not continue subsequently to the same extent. Performances- on

the English Picture and Crichton Vocabulary tests showed that despite
the five year olds' vocabulary skills being within normal limits there
was a marked falling away from this level between the ages of eight

and fourteen. There was however a noticeable closing of the Qap towards

school-leaving age.

7. The results achieved on Burt's Word Reading Test (1974 Revision)
indicated reading retardation throughout most of the school age-range.
From the age of thirteen however there was a movement towards fluency,
the fiteen and sixteen year olds generally being able readers, according
to this test's determinants. There was neither a significant difference
between the reading competence of the boys and girls nor between the

shunts and non-shunts. Significant relationships were found between
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reading and vocabulary tests, reading and Piagetian number fests and
finally, reading and the perceptual tests. No significant correlation

between reading and overall handicap was found.

B. Implications.

|. For the teacher.

The implications of this study for the teacher faced with the
problem of teaching the spina bifida child at all ages and levels
are both philosophical and practical.

There was evidence that despite considerable retardation in
number concept fermaticon and related educational skills which affect
mathematical competence, the children had compensated for their
considerable handicaps and there were encouraging signs of academic
progress by school-leaving age.

Mathematical education, which begins before schocl and continues
right through the age-range, needs 1o be considered from both the
short and long-term points of view with respect to the spina bifida
child. The short-term objective would aim to assist the child to feel
secure, to be active, curious and confident in the classroom situation.
To this end teacher and parental expectancy is clearly significant since
it is not unreasonable to suppose that this is an important factor
in the acquisition of mathematical skills. There is considerable
evidence which subttantiates the 'self-fulfilling prophecy' effect
of teacher and pupil expectancy influencing school attainment. In
this context an able sixteen year old pupil in this present study,
discussing the tests with the investigator, remarked that during a
previous |.Q. test, he and his parents had been told that spina bifda
chi ldren were poor af mathematics. When asked if he considered this
was so in his case, did not answer the question directly but observed
that he might have been much better than he was if he had been able
to give more time to the subject.

in the normal run of events most children acquire the basic concepts
underlying number by a process of social osmosis, soaking up the ideas
that they hear expressed around them in the home and street, playground

and park without conscious effort or deliberate, methodical enguiry,
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But because the procedure is so haphazard it is not uncommon for a
chitd to miss out on some vital step in the sequence and to arrive

at schocl poorly equipped to meet the chal lenge of formal mathematics.
This is likely to be equally if not more true for the spina bifida
child who, by reason of the particular handicap, will have been
deprived of many natural learning experiences generally considered

to be important factors in cognitive development. Although the extent
to which concept formation is affected by physical exploration of

the environment is uncertain, it is not unreasonable to suppose

that inter-related skills acquired naturally such as those gained

in crawling, toddiing, walking, balancing, cltimbing and kicking

play an important part in the child's development of spatial orientation,
appreciation of distances and exploration of the immediate wor!d
around. The delay in concept formation however may be due to other
factors, for example neurological impairment caused by the very nature
of the condition, or, since having been understandably so well protected
the child may have missed out in the cut-and-thrust of the peer group
around. Motivation and 'drive' may have been unintentionally subdued
and not allowed fudl exbression because of medica! care and the
absorbing attention of the family. These children often depend
heavily upon their parents at home, and other adults when in hospital,
to meet their physical needs; to some ex+ewf$ﬁefé¥drepaSSiVify

may have been unwittingly encouraged.

In the lfong-term it is important for the teacher to provide
realistic mathematical goals for each child and every effort should
be made to ensure that these are attained.

Since the study has shown the likelihood that the spina bifida
child entering school has delayed cognitive development which will
affect the acquisition of number and oTﬁer educational skilis the
teacher will rightly ask, "What can be done to materially help this

child?" The following suggestions may be of value.

(i) Exploitation of the environment.

The teacher of the young experientially deprived spina bifida

child needs to focus attention on the physical experiences which are
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considered to be pre-requisites for the development of number concepfts.
Although the extent to which concept formation can be accelerated

by providing such experience is uncertain it seems reasonable to
assume that a simulated natural environment is beneficial in laying
foundations forllafer skills. The spina bifida child needs fo be
exposed to the same kind of activities which are experienced by the
normal infant at home, in the street, in the park and in the early
days at schoo!. To this end the teacher and supporting staff should
initiate and devélop activities which will enable the child to gain
valuable first-hand expérience of movements involving positional
change ' such as backward, forward, up, down, on, out, over and under.
The playground, for example, particularly of the 'adventure' type,

can provide many of the learnfng experiences which are part of the
normal child's life. The momenta of the swing and the see-saw with
their maTheﬁaTicaI connotations are examples of physical learning
experiences in which with help, the spina bifida child can participate.
MovemenTslThrough tunnels by arm—propulsion, pulling up on climbing
frames and ropes are further experiences which may lead tc later
mathematical understanding. Although the extent to which conceptual
development is affected by language or fo what extent the former affects
the latter is uncertain, it i§ valuable 1o use these occasions as
vehicles for the encouragement of discussion, questioning and a general
exposure to appropriate language related tc the activities taking
place. One of the advantages of the special school is that help can

be elicited from occupational therapists and physiotherapists who
possess diagnostic and remedial expertise to help in this important
area and who, working as a team, can co-operate with the teacher

in maximising a systematic attack on particular difficulties related
to the child's educational as well as physical problems. .

Imaginative and creative play should be encouraged. [+ was
interesting to observe in the test situations that many of the children
expressed a desire to play with the apparatus used. This was particularly
noticeable in the situations concerned with the conservation of continuous
and discontinuous quantities and notions of measurement. The children

Thoroughly enjoyed pouring liquids into different shaped and sized
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containers and making necklaces with the coloured beads. They also
enjoyed sharing sweets, counters and buttons as between imaginary
companions.

Discussions with the staff concerned confirmed personal observations
that on entry into schoo! the young spina bifida child is initiatly
reluctant to participate in what might be termed 'messy'! activities
such as handling clay, finger painting and papier mache work, a.
reluctance which happily disappears later on. To what extent this
observation reflects the influence of time spent in ¢linical and
hospital situations is uncertain. In view of the great importance
attached by many scholars to 'play' in its broadest sense in the
development of educational skills, it is necessary for the tfeacher
to provide ample scope for these activities in the early stages of
the child's education. The sand and water tray, the Wendy House,
cooking, construction sets and also drama, music and rhythm are essential
activities which contribute to notions of number.

Play in the first instance needs to be essentially undirected
so that the child can manipulate objects with as much freedom as
possible leading on to more directed and purposeful activities. The
teacher must continue to provide a great number of experiences of
varying structures directed Toward.parTicular concepts ensuring
constantly that they match the individual's conceptual development.

A factor which inhibits learning is the failure to present concepts

to individual children in the right order. 1+ is necessary for the
teacher to recognize that even within one group of spina bifida children
there will be a variety of learning difficulties; consequently early
identification of those problems which need remedial measures is
necessary. With this information at hand it should be possible to

select from a variety of materials and techniques, those most appropriate.

It is aiso important that the child in the classroom situation
is encouraged to be as independent and self-reliant as possible so
that he can explore the environment of the teaching area for himself.
The general atmosphere of the classroom must be that which witl
extrinsically motivate the child, giving him a sense of adventure and

freedom and allowing him the opportunity to develop 'drive'.
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The teacher needs to exploit the environment in yet a wider sense
so that opportunities for fravel and discovery are encouraged. In
the main the spina bifida chiid will not have the opportunities for
travel and exploration to the same extent aﬁ his normal peer. Visits
to museums, zoos, ancient buildings, rivers, mountains and castles
provide enriching experience which can stimulate imagination and con-
versation and upon which valuable academic work can be based. Pursuits
such as sailing, canoeing, horse-riding, swimming, archery and other
competitive spor+s.are included in the activities of some special

schools and the educational environment is consequently enriched.

{(ii) Perceptual ability.

The teacher should be fully aware of possible perceptual problems,
frequently associated with neurological handicap, which will affect
the performance of the spina bifida child, This study supports previous
findings that spina bifida children, particularly those with shunts,
are perceptually immature, and it is therefore essential that this
particular problem area is diagnosed and remedial measures considered.
The problem can be either visual or motor or a combination of both and
can influence the child's analysis of words, recognition of letters,
mathematical symbols, spelling, reading, recognition and drawing of
geometrical and other shapes. The child may have great difficuity
in finding a particular word on a2 given page and may easily lose his
place. The writer observed in the study that some children for example
had anchoring problems in the tests of spontaneous correspondence;
there were frequent exclamations such as, "I have lost my place!" or
questions such as "Where did | start?" Early use of such a test as the
Marianne Frostig Test of Visual Perception enables the teacher to assess
a perceptual age for the child and can thus note particular difficulties
in the varying areas covered by the programme. Having ascertained
what the precise problem is, a remedial programme such as Frostig's
or one devised by the teacher can be used. Familiarity with Frostig's
work sheets may suggest the kind of activities which could be
prepared; making maps, diagrams, scaled drawings, detailed work

in nature study and art are examples of activities which will help
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the c¢child to concentrate, observe detail and to specifically apply

himself to tasks which need perceptual and spatial skills.

(iii) Language.

Exposure to appropriate mathematical vocabulary at all stages
of conceptual development should be encouraged. Such exposure can
take place in a variety of situations. It was observed in the study
that frequently the children used approximate language in answering
certain questions. Although these replies were sufficiently adequate
to convince the writer that the child understood the situation the
explanations were nevertheless immature. Appropriate mathematical
terms were rarely used; fér example, a circle was infrequently

referred to as such, words such as round or ring being preferred.

|t was also interesting to note the spontaneity with which many children
affirmed, "We must measure", despite a compiete inability to do so.

The teacher should be aware of the fine balance which exists between

the appropriateness of the language used and the child's cognitive state,
and to be sensitive to the issues involved. For example, the word

more was frequently used as a synonym for same as in "There are more

men and more seats", the child's intention being to convey the thought
that there was the same number of men as seats. It is slso desirable

to develop through . activity and discussion the notion that objects

may vary fn two dimensions simultaneously, that is, they can be tall

and fat or short and thin and that these dimensions can be combined

to form new categories. Furthermore, *the teacher should not assume
that the terms he uses are necessarily understood by the child. There
was evidence of this during the tests when words |ike share were not
comp lefely understood, the children being confent to distribute the
elements between the subjects of the test without the notion of

equality being applied.

(iv) Reading.

Since later on in school |ife the development of mathematical
skill depends upon reading and cbmprehension of the printed word the
findings in the study of overall reading retardation, despite an

encouraging move towards fluency at the latter end of schoo! |ife,
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poses another important problem to the teacher of the spina bifida
child. It follows that a child who finds difficulty in mastering
the symbols necessary for reading is likely also to have problems
with those appropriate to mathematics.

Although Piaget does not overtly support any established position
with respect to the teaching of reading other than to stress the
importance of motivation, his theories nevertheless sugges+ several
considerations whfch may assist the teacher of the spina bifida child.
Reading should be meaningful, in other words it Is necessary for
the child to have the relevant cognitive structure with which he
can relate meaning to & particular word. This Implies that the reading
materials organized by the teacher, even though this is a time-consuming
task, need to be appropriate to each individual child. Implicit in this
approach is the notion that spina bifida children, in common with their

peers, may be at different levels of readiness.

(v) Curriculum.

Of immediate and understandable concern to the teacher is
curriculum content; this is so in every +ype'of schoo!. Discussion
relating to core curriculum is of contemporary importance. The range
of ability even in a group of spina bifida children in one school can
be quite wide and therefore curriculum content whichris appropriate
for one is totally unsuited To another. Buckhardt (1977) echoes this
thought in that the curriculum should be a personal one which develops
with the student. He proceeds to remind his readers that core is
about the balanced mixture of skills needed to face everyday problems,
relating mathematics to the real! world.

There are however, general principles which apply to all. While
it is outside the remit of this study to outline suitable mathematical
curricula for spina bifida children, some practical points have emerged.
The most important point is, that by and large, no spina bifida child
is unable to learn some concepts and certain mathematical skills; for
example in matching, constructing a one-cne correspondence, recognizing

inequality, sorting and classifying objects into sets. An example of
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this in the study is an eleven year old very handicapped girt, with an
1.Q. of 51, with a shunt and high Pultibec score, who, al!though not
conserving even three years after the initial testing, was nevertheless
capable of seriating and did quite well in the classification tests.
I+ would ssem in the writer's vfew, a common mis—-conception that
mathematics for the spina bifida child is a futile and disappointing
occupation. This may be ftrue if the wrong topics are chosen, if the
approach is too formalistic or if the child's maturity is not considered.
Given the many rightful demands made upon the child's time in the
special school, it is most important to delineate which mathematical
skills are considered necessary for the child and then to structure
educational programmes consistent with his developing cognitive state.
There is a wealth of literature available which outlines approaches
to ha+hema+ics adopfed in primary schools, many of the suggested ideas
having been inspired by Piagetian theory. An example of such books
are those published by the Nuffield Mathematics Project in'+He late
sixties and early seventies, which with their emphasis upon activity
and discovery, are good examplés of an approach which would be of value
to many spina bifida children.

Traditiconally the secondary stage is viewed as a tTime during
which children begin to follow subject disciplines and are increasingly
expected, if not always able, to manifest abstract reasoning and critical
thinking. The study shows that some spina bifida children, fully
operational in Piagetian terms, are ready for +hfs level of academic
work. Some of these will benefit by a normal mathematical curriculum
which will prepare them for external examinations such as C.S.E. Several
children in the study have recently passed this examination and others
are currently studying for it+. As far as the remainder is concerned,
as for below average chitdren in normal secondary schools, there is
less agreement about curriculum content. One obvious priority is to
continue the process of acquiring basic‘numeracy ékiils as part of a
programme aimed at social competence and independence, culminating in
an intensive effort to prepare them for post-school demands. Elementary

mathematical attainments of a practical nature such as time-keeping,
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reading and preparing graphs, comparison of sizes, use of measures
and coping with money and allowances are examples of skills which will
assist spina bifida children even those who, by reason of the severity

of handicap will never be gainfuliy employed, to be socially competent.

2. Implications for the community.

Although the followling observations are not directly relevant to
the study, the development of mathematical skills has a bearing upon
the degree to which these young pecple can become integrated in a wider
community. During the next aecade a sizeable group of surviving spina
bifida children will have passed through school and joined adult
society. This number based upon Newman's (1978) estimation to the
author, of the current school spina bifida populé+ion, is likely to be
in excess of three thousand. Clearly soclety has a responsiblility -
to ensure +Ba+ these handicapped young people who have compensated so
well|l for their disabilities are given the opportunity to fulfil
their potential. - Many of these have undergone 'heroic surgery'
(Lorber's words, '1975) to correct gross deformities. 'Repeated fractures
and dislocated hip joints have necessitated frequent absences from
school.

Given therefore these obvious hindrances to sustained academic
study and the extent of their handicap, it is not surprising that
many spina bifida pupils are still educationally retarded by the time
they leave school and may not possess the mathematical skills considered
to be commensurate with social competence. |t is therefore particularily
desirable that opportunities are provided by The community for further
education for many of these pupils.

In an experimenf to integrate handicapped pupils inteo a local
College of Further Education on one day a week, the writer has observed
a marked spurt of academic and social in?ereéf which possibly has been
the outcome of mixing with the normal students. The range of subject
choices has permitted pupils to assess personal interests, discover
new ones and find satisfaction in areas of learning previously unrealized.

Active consideration must be given to means whereby the spina
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bifida student's lack of mobility can be alleviated. A student in

a wheel-chair may be scarcely handicapped at all in the educational
setting if the building is suifable. |f however the student finds
himself in a building which has two or three floors, narrow corridors
and no lift, then his handicap becomes a major disability.

Although it would be unrealistic to expect all the children in
this sample to find gainful employment there is nevertheless a sizeable
number who could be considered. Such young people need to be given
every opportunity to fulfill their potential and to this end, further
education, the problems of transport and the sui+abili+y of buildings
need to be considered by a caring community.

I+ does not require a great deal of imagination to see in the
changing pattern of industry both a threat to the marginally employable
and also a challenge. The innovations of modern technology such as
silicon chips, computers and calculators may contribute towards a
more optimistic employment future for many.

There will be those, who by reason of their extreme physical
handicap can only gainfully work from home, and then there will be
those who are severely mentally retarded as wel! as physically handicapped
that they will need community care. Tc be meaningful the quality
of this care should reflect the standard of stimulation and incentive
that the young person will have encountered during his school years.

I+ will be apparent that the implications for teacher and
community which the writer has discussed are by no means exhaustive
or Independent of each other. The implications are intended as a
framework for practical considerations related to the mathematical
education of spina bifida children. How far the issues discussed
will prove to be relevant to the questions in which the writer is

interested is a matter that experience and future research must decide.

C. Tentative observations.

It is inevitable in any study connected with handicapped children
that the person involved will become interested in broader issues

arising out of the investigation; the present writer is no exception.
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Although the following observations do not arise as a logical
consequence to this particular study, they are, in the writer's view
comp lementary to the broader implications concerned with the education

of spina bifida children. The writer therefore concludes :-

Since the early diagnosis of learning problems is vital, there is

an urgent need for nursery provision for the handicapped.

The present trend towards integraticn,as énvisaged in the Warnock
Report, is likely to be beneficial to the spina bifida child and

enlightening tfo the non-handicapped.

The degree of physical impairment is not exclusively related to
the level of adjustment achieved. 1n fact, the writer was surprised
to observe how relatively successful even the most handicapped children
with shunts were. Severity of physical handicap, although a significant
factor is not the primary determinant in the level of adaptation attained
by spina bifida children, ra+her_social and emotional factors are

crucial in the child's development.

Movement to a secondary-stage of education where the emphasis

tends to be more on subject matter than on the child himself, might

profitably be delayed until around thirteen years of age.

There is a high incidence of marital instability associated with
the parents of spina bifida children. This is another hazard for the
child since acceptance of and adaptation to the handicap by parents,
culminating in a sense of security, are important factors in the child's

adjustment. Constant community support is vital.

Incontinence is the great handicap. Concerted effort is needed
by parents and others to focus attention on-this problem assisting

the child towards self-management.

Close liaison between home, school, paediatric assessment unit
and para-medical services is essential. This co-operation across

the disciplines can provide a maximum and systematic attack on the
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difficulties of the pupii. This indicates a more complex design of
internal organization and a broadening of the approach fo include
not only specific remedial measures but the provision of reatistic

and appropriate goals.

The overall impression gained by the writer in both the study and
his experience is that spina bifida children with and without shunts
fully justify a positive, discriminatory and aggressive educational

and soclal policy in their favour.

D. Suggestions for further research.

Finally, the study has raised certain questions which require
further investigation.
(i) An investigation into the visual preferences of children
as they retate to number would be valuable. It is recognized
that preferences for colour, size and shape change with age;
at what stage of development does number, where involved,

assume priority over other attributes?

(i) Since Piaget's stage of Formal Operations is reached by able

children between 11 and I4, by average children at around 14,
and later, if at all, by the less able, what is the position
wi%h respect to the spina bifidas teen-ager? And as a
corollary to this gquestion; to what extent should teachers
in a secondary school use methods appropriate to children
who may be, and may continue to be for some time, at the
stage of concrete operations?

(iii) A considerable number of spina bifida young people have
left school, and more will be doing so in the near future.
I+ would be of practical value to ascertain how +hey.are

coping with the mathematical demands of real-life situations.

(1v) tn view of the motor-visual and spatial problems of spina

bifida children further study along Piagetian lines would
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be valuable, for example :-

(a)
(b}
(c)
(d)

Conservation of weight, length, and volume.
Stationary and mobile perspectives.
Spatial co-ordinates.

Euclidian and topological views of space.

It is hoped that this study with its implications and tentative

cbservations will confribute to a more accurate assessment of the

spina bifida child and in some way assist towards a ful! realization

of his potential.
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GLOSSARY.
Aetiology The science of the cause of disease.
Anal-sphincter mechanism Ring shaped muscle, contraction of which

closes the natural orifice of the anus.

Anencephaly A condition thought to be related to
spina bifida in which the bones of the skul
fail to fuse and the underlying brain tissue
is very abnormal.

Arnold-Chiari malformation An abnormal ity commonly found In association
with spina bifida in which the structures of
the lower brain stem and the cerebellum
herniate or protrude downwards through the
foramen magnum.

Atrophy Wasting of any part of the body, due to
degeneration of the cells from disuse, lack
of nourishment or of nerve supply.

Brain-stem A part of the brain near its base which
helps to control |ife-supporting functions
such as breathing and through which nerve
impulses from the body and sensory receptors
pass before being processed by the
cerebral lobes.

Catheter A fine hollow tube for removing or inserting
fluid into a bedy cavity or organ.

Caudal-end The end of the bundle of sacral and lumbar
' nerves with which the spinal cord terminates.

Cerebro-spinal fluid A clear fluid being produced continually
within the ventricles of the brain. After
circulating around the brain and spinal cord
it is reabsorbed into the biocod stream.
1ts function is to protect.the brain and
spinal cord from external shocks by provid-=
ing it with an agueous cushion, and to help
remove waste products from the brain.

Coccygeal Pertaining to or located in the region of
The coccyx, that is the caudal extremity
of the vertebral column.

Congenital Appiied to conditions existing at or before
birth.
Dysraphism A collective term describing malformations

affecting the mid-line tissues at the
lower back.
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Encephalocele A condition similtar to, but much less
common than spina bifida, where the
abnormality is at the back of the skull
rather than in the spine. It is also
called cranium bifidum.

Familial Affecting several members of cone family.

Foramen-magnum A hole in the base of the skul!l through
which nerves of the spinal column ascend
and descend from the brain.

Hydrocephalus A condition where too much cerebral-
spinal fuid is being produced relative
, to the system's ability to reabsorb it
intfo the blood stream. It occurs
frequently with myelomeningocele and
less often with meningocele.

Hydronephrosis A collection of urine in the pelvis or
the Kidney, resulting in atrophy of the
kidney structure, due to the constant
pressure of the fluid, unti! finally the
whole organ becomes one large cyst.

Lesion An injury, wound or morbid structural
change in an organ.

Lumbar Pertaining 1o the lcins.

Meninges ‘A name given to the membranes covering the
brain and the spinal cord which protect
and enclose it, and which carry, among
other things, the blood supply for the
nervous tissue.

Meningocele A protfrusion of the meninges through the
skull or spinal! column appearing as a
cyst filled with cerebro-spinal fluid.

Meningomyelocele A protrusion of the spinal cord and
meninges through a defect in the
vertebral column.

Myelocele Synonymous with meningomyelocele.
Myelomeningocele Synonymous with meningomyelocetle.
Neural-tube defect A term used to cover both spina bifida

and a few other rare related defects.

Polygenic A genetic factor which operates through
the action of a number of different genes
acting cumulatively rather than through
only one or two genes.

Posterior Placed at the back.
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Rachischisis

Sacral

Shunt

Sinus

Spina bifida cystica

Spina bifida occulta

Spina bifida

Valve

Ventricles
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The name of a type of valve used.

Spina bifida in its extreme form in which
the whole vertebral column is affected.

Relating to the sacrum which is a fri-
angular bone composed of five united
vertebrae, situated between the lowest
lumbar vertebra and the coccyx.

A device to control hydrocephalus. I+
consists of a thin plastic tube, one end

of which is placed in one of the cavities
within the brain where the cerebro-spinal
fluid is formed. This is called the
proximal catheter down which the fliuid flows
into a uni-directional valve mechanism
Through which the excess fluid is reabsorbed
into the blood stream.

A cavity in the bone.

A term covering both meningocele and
myelomeningocele where the meninges
protrude through the 'bifid' (split)
spina column forming a sac or cyst filled
with cerebro-spinal fluid.

A condition where the bones of the spine
(vertebrae) are split or 'bifid' at some
point but all the other underlying
structures are quite normal. There

may be no external change visible and
the defect may be unknown or it may be
marked by a hairy patch of skin or some
mark on the skin.

A defect in development of the vertebral
ceclumn. The condition often affects
sevaral vertebrae, and is most common in
the lumbar region.

Strictly that part of the shunt system
which controls the direction and rate of
flow of cerebro-spinal fluid. It is also
commonly used as synonymous with 'shunt?'.

Cavities within the brain around which
the nerve tissue is folded and which
secrete cerebro-spinal fluid.
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The following detalls which were taken from medical files give
examples of the degree of handicap of the children in the sample.
Although due to different medical administrative arrangements in each
of the local authorities it was not possible to have access to all
the relevant medical data, nevertheless discussion with the medical
and paramedical staff indicated that the details given below present

a fair picture of the degree of handicap throughout the sample.

Schoo! A.

“lb Spina bifida -~ meningomyelocele with multiple skeletal abnormalities-
apparent scoliosis - restricted neck movements - Perthe's disease
closure operation in both hips in infancy - born 1961.

Closure of lesicon 1963. 1.Q. 87,

2b Spina bifida - myelomeningocele with hydrocephalus - extensive
surgery to left hip - blind in one eye - born Valve
fitited 10.4.67 - ilea loop uretercstomy - below average |.Q.

3b Spina bifida - meningomyelocele — below knee calipers. Educational

psychologist's report - below average. Medical Officer's report -

tO Yo |5 points above average.

4b Spina bifida - meningocele with hydrocephalus - below knee
calipers and elbow crutches - meningocele closed on first day -

Spitz-Helter valve not fitted - average |.Q.
5b Spina bifida.

éb Spina bifida - myelomeningocele — hydrocephal ic - back repaired
on first day of life - valve fitted at three months - paraplegic
limited left hand function - slight defect in hearing - low

average |.Q.

7b Spina bifida - moderate hydrocephalus not requiring a valve -
low average [.Q. assessed by educational psychologist - average

[.Q. as assessed by medical officer.
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8b Spina bifida - meningocele -~ dislocated right hip - bilateral

talipes - operated upon at three to four weeks.

gb Spina bifida - meningocele - hydrocephalus -vaive fitted at
twenty months ~ paraplegic - epilepsy - above average |.Q.

as assessed by medical officer. |.Q. 70 by educational psychologist.

1Ob Spina bifida - meningomyelocele - bilateral talipes - paralysis

of left leg ~ congenital disloccated hip - average 1.Q.

b Spina bifida - meningomyelocele, repaired during first twenty-
four hours - arrested hydrocephalus -wears glasses to compensate

a squint - average |.Q.
|2b Spina bifida - meningomyelocele - hydrocephalus - average |.Q.

| 3b Spina bifida - meningomyelocele, operated on first day -
valve fitted at four months to arrest developing hydrocephalus.

good average [.0Q.

14b Spina bifida - meningomyelocste, repaired at birth - strabismus -

good average 1.Q.

15b Spina bifida - meningomyelocele, repaired at birth - hydrocephalus,

valve fitted in infancy but later removed - below average |.Q.

t6b Spina bifida - meningomyelocele, repaired at four months -

hydrocephalus with Spitz Holter valve - deformed ankle bones.

lg Spina bifida - meningomyelocele - gross kyphosis - hydrocephalus -
' bilateral ileal loops - completely flaccid legs - below average !.Q.
29 Spina bifida - meningomyelocele - hydrocephalus with valve -

has a squint - below average 1.Q.
3q Spina biftda - meningomyelocele - below average !.Q.

4q Spina bifida - meningomyelocele repaired in second week -
post-lateral talipes - deformity of right foot - tendency to
bilateral convergent squint - complete paralysis of both legs -

below average |.Q.
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Spina bifida - meningomyelocete repaired in second week -
post-lateral talipes - deformity of right foot - tendency to
bilateral convergent squint - complete paralysis of both

legs - below average |.Q.
Spina bifida, closed at twelve months - low average !.Q.

Spina bifida - meningomyelocele - hydrocephalus, valve fitted

but changed after one year - E.S.N. range of ability.

Spina bifida - meningomyelocele which was treated three hours
after birth - hydrocephalus with vatve fitted after six weeks -

visual loss - below average 1.Q.

Spina bifida - meningomyelocéle which was closed within first
twenty-four hours - hydrocephaltus with Spitz-Holter valve

fitted - epileptic - low average |.Q.

Spina bifida - meningomyelocele - hydrocephalus with Spitz-

Holter valve fitted - epileptic - low average 1.9Q.

Spina bifida -~ myelomeningocete - hydrocephalic with valve -

low average 1.Q.

Spina bifida - myelomeningocele — severe hydrocephalus with
Spitz-Holter valve which had been changed five times - below

average |.Q.
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Table 73
Classification of phvsical disability.
School A~~~ Schéot BT~ T School C School D
Ne. | 2 3 4 No. | 2 3 4 Ne. | 2 3 4 No. | 2 3 4
| X | X | x I X
2 X 2 X 2 X 2 X
3 X 3 X 3 X 3 X
4 X 4 X 4 X 4 X
5 X 5 X 5 X 5 X
6 X 6 X 6 X 6 X
7 X 7 X 7 X 7 X
8 X B X 8 X 8 X
9 X 9 X g X 9 X
|0 X 10 X 10 X 10 X
Il X 1] X Il X I X
12 X |2 X 12 X 12 X
13 X 13 X 13 X I3 X
14 X 14 X 14 X 14 X
15 X 15 X 15 X 15 X
16 X 16 X 16 X 16 X
17 X 17 X [7 X 17 X
18 X 18 X I8 X 18 X
19 X |9 X i9 X 19 X
20 X 20 X 20 X 20 X
21 X Z1 X 21 X 21 X
22 X 22 X 22 X 22 X
23 X 23 X 23 X 23 X
24 X 24 X 24 X 24 X
25 X 25 X 25 X 25 X
26 X 26 X 26 X 26 X
27 X 27 X 27 X 27 X
28 X 28 X 28 X
29 X 29 X
30 X
3] X
32 X
33 X
34 X
35 X
36 X
37 X
38 X
| = Minimal j’g i
2 = Moderate 4l ”
3 = Severe 42 X
4 = VYery severe 4% X
44 X
45 X

PN
L&)l
>
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Chronological age of sample. .

School A.

Subject C.A.

No.
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School B.
Subject C.A.
No.
I 14.9
2 13.5
3 13.4
4 12.9
5 Ii.7
6 1.6
7 10.7
8 10.0
9 9.9
i0 9.8
[ 9.
2 8.0
I3 9.0
4 8.8
15 7.9
16 7.5
17 7.2
18 6.9
19 6.9
20 6.8
21 6.8
22 6.0
23 5.8
24 5.7
25 5.6
26 5.4
27 5.2
Mean 8.8
s.d. 2.8

School C.

Subject C.A.

No.
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School D.
Subject C.A.
No.
i 16.0
2 16.0
3 6.0
4 i5.8
5 15.5
6 15.4
7 15.1
8 15.0
9 14.9
10 14.6
I 4.1
12 13.8
13 13.8
14 13.8
15 3.5
16 13.3
17 13.4
18 13.2
19 F3.1
20 13,1
21 12.6
22 12.5
23 12.5
24 1.9
25 1.8
26 1.7
27 (1.3
28 b1.0
29 10.9
30 10.7
31 10.7
32 10.3
33 10.3
34 10.2
35 0.1
36 9.7
37 9.6
38 8.9
39 8.5
40 7.3
41 6.9
42 6.7
43 6.7
44 6.0
45 5.8
46 5.3
Mean 1.7
s.d. 3.0



269

Tabie 75
Chronological age by schools. Boys.
Schédl A, School B. School C.
Subject C.A. Subject C.A. Subject C.A.
No.  yrs. No. yrs. No. yrs.
! 12.8 I 14.9 | i1.5
2 12.2 2 13.5 2 1.5
3 il.6 3 t3.4 3 1.4
4 .4 4 1.7 4 7.8
5 0.1 5 10.7 5 7.7
6 9.0 6 9.9 6 7.0
7 8.5 7 9.0 7 6.7
8 7.8 8 8.8 8 6.6
9 7.5 9 7.2 9 6.6
10 7.4 0 6.9 10 5.9
I 6.8 I 6.8 I 5.2
12 6.7 12 5.7 |12 5.1
13 6.2 13 5.6 Mean 7.7
14 6. I 14 5.4 s.d. 2.4
15 5.2 15 5.2
16 5.0 Mean 8.9
Mean 8.4 s.d, 3.2
s.d. 2.5
Table 76
Chronological age by schools. Girls.
I 15.5 I 12.9 I 13.7
2 It.3 2 1.6 2 15.7
3 9.8 3 0.0 3 1.2
4 9.0 4 9.8 4 9.4
5 8.9 5 9.1 5 8.7
6 8.0 6 9.0 6 8.6
7 8.0 7 7.9 7 8.4
8 7.8 8 7.5 8 7.2
9 7.8 9 6.9 9 7.0
10 5.5 10 6.8 10 6.6
H 5.2 i 6.0 I 5.9
12 5.0 12 5.8 12 5.5
Mean 8.5 Mean 8.6 13 ¢ 5.3
s.d. 2.9 s.d. 2.2 14 5.2
15 5.1
16 5.0
17 5.0
Mean 7.7
s.d. 2.8

School D.

Subject C.A.
NO. yrs.
| 16.5
2 6.0
3 15.8
4 15.5
5 14.9
6 13.8
7 13.8
8 13,3
9 13.2
10 13,1
|1 12.6
12 1.9
I3 P13
14 10.3
15 10.3
16 10.2
b7 8.9
i8 8.5
19 6.9
20 6.0
21 5.4
Mean 9.5
s.d. 3.3
I 6.0
2 15.4
3 5.1
4 15.0
5 14,6
6 14,1
7 3.8
8 13.5
9 13.4
10 13.1
Il 12.5
12 12.5
13 1.8
14 N
5 1.0
16 10.9
17 10.7
18 10.7
19 10,1
20 9.7
21 9.6
22 7.3

W 3IN NN
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Table 77

Chronological ages of whole sample.

Subject C.A. Subject C.A. Subject C.A. Subject C.A.

No. yrs. No. yrs. NG . yrs. No. yrs.
| 16.0 34 1i.8 67 9.0 100 6.7
2z 16.0 35 b1.7 68 8.9 101 6.7
3. 6.0 36 1.7 £9 8.9 102 6.6
4 15.8 37 F1.6 70 8.8 103 6.6
5 15.5 38 1.6 71 8.7 104 6.6
6 15.5 39 1.5 72 8.6 105 6.2
7 15.4 40 1.4 73 8.5 106 6.1
8 15.1 41 il.4 74 8.5 107 6.0
9 15.0 42 (1.4 75 8.4 | 08 6.0
10 14.9 43 1.3 76 8.0 109 5.9
I 14,9 44 1.3 77 8.0 110 5.9
12 (4.6 45 11.2 78 7.9 Il 5.8
13 4.1 46 1.0 79 7.8 112 5.8
14 13.8 47 10.9 80 7.8 13 5.7
5 15.8 48 10.7 81 7.8 114 5.6
16 13.8 49 {0.7 82 7.8 15 5.5
17 13.7 50 10.7 83 7.7 116 5.5
I8 13.5 51 1C.3 84 7.5 117 5.3
19 13.5 52 10.3 85 7.5 118 5.3
20 13.4 53 10.2 86 7.4 P19 5.3
21~ 3.4 54 10. 1 87 7.3 |20 5.2
22 3.3 55 10.1 88 7.2 |21 5.2
23 13.2 56 10.0 89 7.2 |22 5.2
24 13,1 57 9.9 90 7.0 123 5.2
25 13,1 58 9.8 91 7.0 | 24 5.2
26 12.9 59 9.8 92 6.9 125 5.1
27 2.8 60 9.7 93 6.9 126 5.1
28 12.7 &l 9.6 94 6.9 127 5.0
29 12.6 62 9.4 95 6.8 |28 5.0
30 i2.5 63 9.1 96 6.8 29 5.0
3] 12.5 64 9.0 97 6.8 130 5.0
32 12.2 65 9.0 98 6.7
33 1.9 66 9.0 99 6.7

Mean = 9.5 years; s.d. 3.2 Range 5.0 to 16.0 years.
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Table 78

ChronologicalAges of whole sample (Boys).

Subject C.A. Subject C.A. Subject C.A. Subject C.A.
No. (yrs.) No. {yrs.) No. (yrs.) No. (yrs.
| 6.0 17 1.9 33 8.9 49 6.7
2 16.0 18 1.7 34 8.8 50 6.6
3 15.8 19 1.6 35 8.5 51 6.6
4 15.5 20 .5 36 8.5 52 6.2
5 14,9 21 be.4 37 7.8 53 6.1
6 14.9 22 1.4 38 7.8 54 6.0
7 13.8 23 [i.4 39 7.7 55 5.9
8 13.8 24 1.3 40 7.5 56 5.7
9 3.5 25 10.7 41 7.4 57 5.6
10 3.4 26 10.3 42 7.2 58 5.4
I 13.3 27 10.3 43 7.0 59 5.4
12 13.2 28 10.2 44 6.9 60 5.2
13 3.1 29 10.1 45 6.9 61 5.2
14 12.8 30 9.9 46 6.8 62 5.2
15 12.6 31 9.0 47 6.8 63 5.1
6 12.2 32 9.0 48 6.7 64 5.0
Mean = 9.5 years, s.d., 3.3 years. Range 5.0 - 16.0 years.
Table /9
Chronological Ages of whole sample (Girls).
I 16.0 18 1.7 35 9.0 52 6.7
2 15.5 19 1.6 36 8.9 53 6.6
3 15.4 20 (1.3 37 8.7 54 6.0
4 5.1 21 1.2 38 8.6 55 5.9
5 5.0 22 1.0 39 8.4 56 5.8
6 14.6 23 10.9 40 8.0 57 5.8
7 4. 24 10.7 41 8.0 58 5.5
8 13.8 25 10.7 42 7.9 59 5.5
9 13.7 26 10. 1 43 7.8 60 5.3
10 13.5 27 10.0 44 7.8 6l 5.2
Il 13.4 28 9.8 45 7.5 62 5.2
12 E3.1 29 9.8 46 7.3 63 5.1
I3 12.9 30 9.7 47 7.2 64 5.0
14 12.7 31 9.6 48 7.0 65 5.0
15 2.5 32 9.4 49 6.9 66 5.0
16 12.5 33 9.1 50 6.8
|7 1.8 34 9.0 51 6.7

Mean = 9.5 years, s.d., 3.2 years. Range 5.0 - 16.0 years.
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Table 80

Chronological ages - Groups according to shunt.

Without shunt. With shunt.

No Boys No Girls No Boys No, Girls
i 16.0 I 15.5 | 15.8 i 16.0
2 16.0 2 15.4 2 14.9 2 15.0
3 5.5 3 15.1 3 14.9 3 14.6
4 13.5 4 b, 1 4 13.8 4 13.8
5 13.4 5 13.7 5 13.8 5 3.5
6 12.8 6 9.8 6 13.4 6 13.4
7 12.6 7 9.4 7 13.2 7 3.1
8 1.6 8 5.0 8 i3, 8 12.9
g 1C0.1 9 9.0 9 12.2 9 12.7
10 9.0 10 8.9 10 1.9 10 12.5
Bl 8.9 I 8.0 I 1.7 Il 2.5
12 8.8 12 7.0 |12 1.5 12 1.8
13 8.5 13 6.7 |13 il.5 13 1.7
| 4 7.8 14 6.0 | 4 bl.4 |4 .6
15 7.4 15 5.5 |5 [1.4 I5 1.3
16 6.8 16 5.0 16 .3 16 1.2
17 6.8 |7 10.7 b7 [+.0
18 6.7 Mean = .9 18 10.3 I8 10.9
19 6.6 s5.d. = 3.7 19 10.3 19 10.7

20 6.1 20 0.2 20 (0.7

21 5.3 21 G.9 21 0.1

22 5.2 22 3.0 22 (0.0

23 5.2 23 8.5 23 9.8

24 5.0 24 7.8 24 9.7

25 7.7 25 9.6
Mean = 8.7 26 7.5 26 9.1
27 7.2 27 8.7
s-d. = 5.8 28 7.0 28 8.6
29 6.9 29 8.4
30 6.9 30 8.0
31 6.7 3| 7.9
32 6.6 32 7.8
33 6.2 33 7.8
34 6.0 34 7.5
35 5.9 35 7.3
36 5.7 36 7.2
37 5.6 37 6.9
38 5.3 38 6.8
39 5.0 39 6.7
40 5.0 40 6.6
41 5.9

Mean = 9.6 47 5.8
s.d. = 3.2 43 5.8
44 5.5

45 5.3

46 5.2

47 5.2

48 5.0

49 5.0

50 5.0

N O
— I
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Table 81

Year of birth.

Girls

Whole sample.

A B C D Total

A B C D Total

Year School
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Table 82

Chronoclogical ages

Number of children in each age group by schools.

School B

School A

Total

Girls Total Boys Girls

Boys

rou
5.0- 5.9

Age

6.0- 6.9
7.0-

7.9

8.0- 8.9

9.0- 9.9
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Table 82 continued.

School C School D
Age grou Boys Girls Total Boys Girls Total
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Table 83

Chronological ages.
Number of children in each age group - whole sample.

Age Group Boys Girls Alt
5.0- 5.9 10 12 22
6.0- 6.9 I 6 17
7.0- 7.9 7 7 14
8.0- 8.9 4 6 10
9.0~ 9.9 3 8 P
10.0-10.9 5 5 10
[1.0-11.9 8 6 14
12.0~12.9 3 4 7
13.0~13,9 7 5 12
14.0~-14.9 2 z 4
15.0.15.9 2 4 6
16.0-16.9 2 a 3

4 65 130

‘Table 84

‘Chronological age. School Department.

Dept. n. m. C.A. 5.4,
Infants 53 6.3 0.9
Juniers 45 0.1 : 1.2

Secondary 32 14.0 b.2
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Table 85

Intel |l igance - Means and standard deviations (By schools).

School A. Schoo! B. School C. School D.

Subject 1.Q. Subject I.Q. Subject 1.Q. Subject |.0Q.
! 74 i 78 f 110 | 79
2 96 2 63 2 85 2 132
3 71 3 73 3 97 3 84
4 80 4 63 4 89 4 79
5 a7 5 53 5 30 5 110
6 51 6 58 6 71 6 56
7 82 7 53 7 92 7 90
8 75 B 93 8 70 8 83
9 88 9 53 9 74 9 83
10 88 10 48 10 63 10 82
I 80 0l 78 1 8l il 86
|2 93 {2 78 12 78 i2 83
13 87 13 80 13 104 I3 64
14 64 |4 BO 14 112 |4 67
15 79 |5 78 15 88 {5 &l
16 71 6 48 16 80 16 100
{7 75 |7 53 17 80 17 109
18 70 18 53 18 56 18 88
|9 90 19 80 19 89 19 47
20 99 20 78 20 80 20 86
21 92 21 70 21 99 21 83
22 110 22 53 22 85 22 80
23 o 23 94 23 100 23 62
24 30 24 95 24 84 24 93
25 69 25 105 25 100 25 78
26 92 26 72 26 0} 26 87
27 78 27 70 27 96 27 77
28 75 28 80 28 77
29 115 29 80

Mean = 83.| Mean = 70.4 Mean = 87.9 g? gz
s.d 13.4 s.d. = 15.8 s.d. = 14.2 32 70
33 58

34 82

35 gl

36 85

37 102

28 79

39 80

40 69

4] 75

42 100

43 66

44 64

45 87

46 46

Mean = 80.
d.f. = 16.4



Table 86
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Intfelligence - whole sample (Boys)

Subject 1.Q. Subject 1.Q. Subject 1.0Q. Subject |.0Q.
b 132 17 93 33 79 49 80
2 84 18 53 34 BO 50 89
3 79 19 80 35 80 51 56
4 110 20 83 36 93 52 HIO
5 83 21 89 37 81 53 10
6 78 27 90 38 75 54 64
7 B3 23 97 39 78 55 80
8 67 24 77 40 70 56 105
9 63 25 53 41 90 57 72
10 73 26 70 42 53 58 15

I 109 27 58 43 88 59 53
{2 88 28 82 44 85 60 69
3 47 29 82 45 80 61 70
4 96 30 53 46 99 62 {00
|5 83 31 88 47 78 63 1Ol
16 71 32 78 48 92 64 75

Mean = 81.6

s.d. = |6.9

Table 87

Intetligence - whole sample (Girls)

I 79 18 87 35 88 52 66
2 74 19 58 36 80 53 78
3 56 20 51 37 70 54 94
4 Q0 21 71 38 74 55 99
5 83 22 77 39 63 56 87
6 82 23 80 40 87 57 95
7 86 24 59 4] 64 58 g0
8 64 25 86 42 78 59 85
g {0 26 9l 43 79 60 100
i0 61 27 93 44 71 6l 97
E 100 28 75 45 48 62 84
12 86 29 48 46 69 63 96
i3 63 30 85 47 93 64 80
14 85 31 102 48 112 65 78
15 80 32 9z 49 53 (]3] 115
16 62 33 78 50 70
[7 78 34 78 51 100
Mean = 80.|
s.d. = 15.2
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Table 88

Intelligence (whole sample).

Subject 1.Q. Subject 1.Q. Subject 1.0. Subject 1.Q. Subject 1.0Q.

| 19 27 96 53 82 79 79 105 b0
2 132 28 85 54 82 80 81 106 110
3 84 29 83 55 a1 8l 71 107 64
4 79 30 80 56 a3 82 75 108 53
5 HO 31 62 57 53 83 78 109 80
6 74 32 71 58 75 84 48 L0 99
7 56 33 93 59 48 85 70 PHL 87
8 S0 24 78 60 85 86 90 112 94
9 83 35 87 61 102 87 69 13 95
10 83 36 53 62 92 88 g3 114 105
H 78 37 58 63 78 89 53 15 . 90
12 82 38 80 64 78 90 (12 F16 85
I3 86 39 83 65 88 9l 88 17 115
4 83 40 89 66 88 92 53 118 100
15 64 41 90 67 80 93 85 119 72
16 67 42 97 68 79 94 80 120 69
17 110 43 77 69 80 85 99 121 92
18 61 44 51 70 80 96 78 t22 70
19 63 45 71 71 70 97 70 123 84
20 73 46 77 72 74 98 100 124 100
21 100 47 80 73 80 39 66 i25 101
22 109 48 53 74 93 100 92 126 96
23 88 49 59 75 63 101 80 127 80
24 47 50 86 76 87 102 78 128 78
25 86 51 70 77 64 103 56 129 75
26 63 52 58 78 78 104 89 130 15
Mean = 80.9
s.d. = 16.0 Range = 47 - |32
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Table 89
Intel ligence.
Without shunt. With shunt.
Subject 1.Q. Subject 1.Q. Subject [.Q. Subject 1.Q. Subject 1.0Q.
2 132 69 80 | 79 44 51 87 69
3 84 70 80 4 79 45 71 88 93
5 110 74 93 9 83 46 77 89 53
6 74 76 87 10 83 47 80 9| 83
7 56 82 75 il 78 48 53 92 53
8 80 86 S0 12 82 49 59 a3 75
I3 86 90 112 14 83 50 86 94 80
17 110 95 99 15 64 51 70 97 70
19 63 96 78 16 67 52 58 98 100
20 73 99 66 18 6l 53 a2 101 80
27 g6 i00 92 21 100 55 9l 102 78
29 83 }04 89 22 109 56 93 103 56
38 80 106 HO 23 88 57 53 105 PO
54 82 108 94 24 47 59 48 107 64
58 75 116 85 25 86 60 85 109 80
62 Q2 117 15 26 63 6l 102 110 99
64 80 122 70 28 85 63 78 I 87
66 88 124 100 30 80 65 88 112 95
67 78 125 101 31 62 71 70 113 105
68 79 126 g6 32 71 72 74 14 72
33 93 73 80 115 90
34 78 75 63 (18 GO
35 87 17 64 ] 53
36 53 78 78 120 69
37 58 79 79 121 a2
39 83 80 8l 123 84
40 89 81 71 127 80
4] 90 83 78 128 78
42 97 g4 48 129 75
43 77 85 70 | 30 115
Range = 56 ~ 132 Range = 47 - 115
Mean = 88.1 Mean = 7.7
s.d. = 5.4 s.d. = 5.3
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Table 90

intel ligence.

1.9, Boys Girls Total Percentage

Between 40-49 | 2 3 2.3
50-59 7 5 |2 9.2
60-69 4 8 12 9.2
70-79 16 15 31 23.8
80-89 19 18 37 28.5
90-99 8 Il 19 14.6
{00~109 4 4 8 6.2
110-119 4 3 7 5.4
120-129 0 0 0 0
130-139 1 0 | 0.8

64 66 | 30

Tabie 91

Intel ligence (by schools)

School A School B School C School D

wn)
—

40- 49
50- 59
60- 69
70~ 79
80- 89
90- 99
[Q0-109
110-119
120-129
130-139
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L.A

H.S
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CODE FOR PULTIBEC RATINGS.

= Physical

= Upper limbs
= lower limbs
= Toilet

= Intelligence
= Behaviour

= Eyes

= Communication, hearing and speech

= Right

= left

= Right hand
= Right arm
= Left hand
= Left arm

= Hearing and speech
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Pultibec Scale.
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Summary of means and standard deviations.

A B C D
m. s.d. m. s.d. m. s.d. m. s.d.

Boys 31.5 8.4 33.9 5.2 31.3 7.0 33.3 6.3
Girls 33.4 6.4 33.4 8.1 30.8 6.9 35.6 5.3
All 32.4 7.4 33.7 6.5 30.3 6.8 34.5 5.8
Table 93
Fultibec Scale. Means and standard deviations. Shunts and non-shunts.

Without shunt With shunt

m. s.d. m. s.d.
Boys 30.1 5.6 34.0 7.0
Girls 29.1 6.8 34.6 6.2
All 29.7 6.0 34.3 6.5
Table 94
Pultibec Scale. Whole sample.

Boys Girls All
m. 5.d. m. s.d. m. s.d.
32.6 6.7 33.2 6.7 32.9 6.7

Table 95
Puitibec Scate. Schoo! depariments.

Infants Junior Secondary

m. s.d. m. s.d. m. s.d.
Boys 32.8 7.6 31.6 5.4 33.5 6.8
Girls 32.4 6.9 32.3 6.5 36.0 6.6
All 32.6 7.3 31.9 5.9 34.7 6.7
Table 96
Pultibec Scale. Means of scores.

P U L T [ B E C
School R.H. R.A. L.H. L.A. R, L. R. L. H. S§.
A 81 4] 43.5 41.5 44 114 1ie 120 84 70 51 46 28 29
B 9l 35 35 37 37 136 136 86 97 79 43 41 42 4|
c 65 52.5 45.5 49.5 45.5 101 10l 118 87 72 38 38 31 29
D 136 80 66 74 62 225 225 58 143 125 102 (07 46 46

373 208.5% 190 202 88.5 576 578 482 411 346 234 232 147 145
m. 2.9 1.6 1.5 1.6 .4 4,4 4.5 3.7 3.2 2.7 1.81.8 1.F 1.1
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Table 97

School A.

Fultibec Ratings.

Total

No.

LA R.L

LH

RH

37

29
45
28
26
42

34
27
37
23

30
25
26
36
34
36
22
22
25

48
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3.5
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2
6
6
6
6
6

1.5 33
33
45
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5
.5
5

21
22
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25
26
27
28
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Table 98

School B.

Pultibec Ratings.

Total

No.

LH LA R.L

RA

RH

34
30
31

29
36
30
40
26

4 4
4 4
55
4 4

55

39
51

3

30
29
27
32
46
36
39
33
32
34
47
24
30
3)

34
28

2
21
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Table 99

School C.

Pultibec Ratings.

Total

No.

L

37

26
34

35
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34
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33
29

24

42

23
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2 2.5 2.5 2.5 2.5 33
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100

Table

School D.

Pultibec Ratings.

Total

RA  LH LA R.L

RH

35

24

41

25

24

42
34

39

42

40
29
27

4]

33
37
35
37
31
34
42

29

27

39

38
37
31

42
41

27

23
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APPENDIX B.

Visua! illustrations of all tests.

Contents: Page

Example page of Raven's Coloured Progressive Matrices 287

" " " English Picture Vocabulary Test 288
" " " Crichton Vocabulary Scale 289
Il lustration of Bender-Gestalt figures 280

Word List of Burt's Word Reading Test (1974 Revision) 29|

List of Piagetian tests 292

Reproductions of Piagetian tests 293-308
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Zxamovle from Raven's Coloured Progressive Matrices.

Ag 5
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cxample from inmlish Picture Vocabulary Scale

26
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Crichton Vocabulary Scale.

N_——_.————-——-———
QO v O O~ O Bk~ W N —

QO Ww o ~N O ;B WwWN

Set |.

Cap
Tomato
frock
rest
patch
damp
loaf
cruel -
afraid
blaze
near
battle
rage
disturb
unhappy
perfume
ache
view
receive

continue

21.
22.
23,
24.
25.
26.
27.
28.
29.
30.
31,
32.
33,
34,
35,
36.
37.
38.
39.

startie
connect
stubborn
provide
squabbie
shrivel
malaria
schooner
resemb lance
brag
anonymous
liberty
mingle
fascinated
courteous
prosper
elevate
Thrive
precise

verify

Set 2.

. bed

2. garden
3. dog

4. house
hurry

6. parcel
7. lock

8. warm

9. funny
0. small

1T thief
2. search
13, sob

l4. wvanish
I5. echo
6. rescue
7. entrance
18. dawn
19. reply
20. release

cargo
effort
slender
vacant
triumph
applaud
progress
select
reveal
chasm
Tornado
fatigue
interpret
reluctant
arduous
variable
subdue
irksome
chastise

inevitable
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Bender Gestalt Figures.
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to is up he at
for my sun one of
big some his or an
went boys that girl water
just day wet pot things
no told love now sad
nurse carry quickly  village scramble
journey terror return twisted shelves
beware  explorer known projecting tongue
serious domineer obtain belief luncheon
emergency events steadiness nourishment fringe
formulate scarcely universal commenced  overwhelmed
circumstances  destiny urge labourers exhausted
trudging refrigerator melodrama  encyclopaedia apprehend
motionless ultimate atmosphere reputation binocular
economy theory humanity philosopher contemptuous
autobiography excessively champagne terminclogy perambulating
efficiency unique perpetual mercenary glycerine
influential atrocious fatigue exorbitant physician
microscopical contagion renown hypocritical fallacious
phlegmatic melancholy palpable eccentricity constitutionally
alienate phthisis poignancy ingratiating subtlety
THE BURT WORD READING TEST (1974 REVISION)
NAME SCORE
SCHOOL READING AGE
MENTAL AGE
DATE OF TEST AGE (IF KNOWN)
DATE OF BIRTH EXAMINER'S INITIALS
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Photographs of Piagetian Tests.

Test la Provoked correspondence (one static set).
" b Provoked correspondence (two moveable sets)
" 2a Correspondence between several sets.
" 2b Multiple correspondence.
" 3a Spontanecus correspondence. Reproduction

of figures.

" 3b Spontaneous correspondence. Single rows.
"4 Development of the notion of measurement,
" b5a Equating of quantities (unequal sets).

" 5b Equating of quantities (equal sets).

"6 Conservation of continuous quantities.
"7 Conservation of discontinuous quantity.

" 8 Relations between parts and wholes.

"9 Seriation.

"0 Ordination and cardination.

"o Inclusion.
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TEST 1B PROVOKED CORRESPONDENCE.

) ‘ e
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TEST 2A CORRESPONDENCE BETWEEN SEVERAL SETS.

13808 Yyuuwww i
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TEST 2B MULTIPLE CORRESPONDENCE

{a) One to one correspondence between 'n' sets.
() Two to one correspondence.
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TEST 3A SPONTANEOUS CORRESPONDENCE

Reproduction of Figures.

|
- seoescesse
sooscsese

e ey
Y
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TEST 3B SPONTANEOUS CORRESPONDENCE - SINGLE ROWS.

&

) >

Note:.the following sub tests are similar but using counters and buttons ),
instead of pennies. .
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TEST 4 DEVELOPMENT OF THE NOTION OF MEASUREMENT.

7 |

50000000089
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TEST 5A EQUATING OF QUANTITIES - UNEQUAL SETS.
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TEST 5B EQUATING OF QUANTITIES - EQUAL SETS.
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TEST 5B EQUATING OF QUANTITIES - EQUAL SETS.
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TEST 6 CONSERVATION OF CONTINUOUS QUANTITY.
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TEST 7 CONSERVATION OF DISCONTINUOUS QUANTITY.
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TEST 8 RELATIONS BETWEEN PARTS AND WHOLES.
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TEST 9 SERIATION.




TEST

306

10 ORDINATION AND CARDINATION
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INCLUSION

11

TEST
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TEST 11 INCLUSION
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APPENDIX C.

Details of resul+s in standardized tests.

Contents:

Raven's Coloured Progressive Matrices
Engiish Picture Vocabulary Test
Crichton Vocabulary Scale

Bender Gestalt Visuo-Motor Test
Iindividual error scores on each card

Comparison of error scores with norms
Summary of types of errors

Summary of reading resul¥s

Table
101-103
104-107
t08-11]1
H2=-119
120-131
| 32-136
137-141

Fage

310-312

313-315

316-318

319-329

330-335

336-340

341-345
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Table 101
Raven's Coloured Progressive Matrices, By schools.

School A Schoeol B School C School D

Sub,. Raw Sub. Raw Sub. Raw . Sub. Raw
No. Score No. Score No. Score No. Score

1 18 1 28 i 32 1 28

2 34 2 20 2 17 2 25

3 32 3 18 3 20 3 23

4 26 4 13 4 18 L 3L

5 27 5 21 5 20 5 33

6 21 6 14 6 28 6 21

7 20 ? 8 7 17 7 20

8 19 8 16 8 13 8 21

9 23 9 11 9 16 9 32

10 24 10 8 10 13 10 20

11 15 11 16 11 14 11 28

12 19 12 17 12 13 12 22

13 20 13 7 13 14 13 22

14 11 14 16 14 16 14 21

15 11 15 20 15 17 15 12

16 9 16 7 16 17 16 29

17 21 17 11 17 20 17 36

18 16 18 13 18 15 18 23

19 14 19 13 19 17 19 17

20 11 20 14 20 10 20 23

21 10 21 0 21 9 21 30

22 21 22 5 22 12 22 28

23 15 23 13 23 15 23 16

24 14 24 8 2k 15 2 19

25 10 25 13 25 14 25 25

26 9 26 9 26 14 26 21

27 11 27 8 27 14 27 19

28 6 28 14 28 24

n 17.4 n 12,3 13 » 2

s.d. 7. s.d. 5.8 m. 16.1 31 1h

: s.d. 4.7 32 23

3% 18

3l 16

35 16

36 23

37 21

38 19

39 24

4o 19

4 6

Lo 20

43 17

Ly 8

b5 15

4e 14

m., 21.8
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Table,
Raven's Coloured Progressive Matrices. Whole sample.

311

No. Score No. Score No. Score No. Score No. Score
1 28 27 34 53 16 79 11 105 21
2 35 28 17 s 20 8o 14 106 15
3 23 29 30 55 16 " 81 9 107 8
4 2l 30 28 56 16 g2 21 108 13
5 33 31 16 57 11 8z 13 109 10
6 18 32 32 58 19 84 7 110 9
? 21 33 19 59 8 .8 16 111 15
8 20 325 60 23 86 14 112 8
9 21 35 21 61 21 87 19 113 13

10 22 3% 21 62 17 88 14 114 9

11 28 37 14 63 16 89 11 115 14

12 20 38 26 64 7 9 16 116 12

13 28 39 20 65 23 91 17 117 1h

14 32 Lo 18 66 24 92 13 118 15

15 22 Ly 20 67 17 93 6 119 5

16 21 e 27 68 19 gk 13 120 10

17 32 4z 19 69 15 95 11 121 9

18 12 by 21 720 16 96 1k 122 8

19 20 Ls 28 71 13 97 0 123 15

20 18 Le 24 72 16 98 20 124 14

21 29 4o 21 73 24 99 17 125 1k

22 36 L8 8 74 19 100 10 126 14

2% 23 by 19 75 13 101 17 127 14

2h 17 50 14 76 20 102 17 128 11

25 23 51 23 77 11 103 20 129 6

26 13 52 18 728 20 104 15 130 13

m. 7.7
s.d. 7.1
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Table 103
Raven's Coloured Progressive Matrices. Boys and girls.
Girls.
Sub. Raw Sub. Raw Sub. Raw Sub. Raw
No. Score No. Score No. Score No. Score
1 28 18 21 35 2k 52 17
2 18 19 14 26 15 53 20
3 21 20 21 %7 13 54 13
4 20 21 28 38 16 55 9
5 21 22 oh 29 13 56 15
6 20 23 21 Lo 20 57 8
7 28 24 19 41 11 58 14
8 22 25 1k 42 20 59 12
9 32 26 16 43 11 60 15
10 12 27 16 Lh 9 61 11
11 29 28 19 4s 7 62 15
12 23 29 8 46 19 63 14
13 13 20 23 47 14 64 14
14 17 %1 21 48 16 65 11
15 28 32 17 4g 13 66 13
16 16 33 16 50 0 ’
17 25 34 7 51 20
Boys.
1 35 17 19 35 19 49 17
2 23 18 21 24 16 . 50 17
3 3k 19 26 25 24 51 15
4 33 20 20 %6 19 52 21
5 32 21 18 37 14 53 15
6 28 22 20 38 21 54 8
7 32 23 27 39 13 55 10
8 21 2k 19 4o 16 56 13
9 20 25 8 Ly 14 57 9
10 18 26 23 Lo 11 58 14
11 36 27 18 43 17 59 5
12 23 28 16 i 6 60 10
13 17 29 20 45 13 61 8
14 2 30 11 46 11 62 14
15 20 31 23 7 14 63 14
16 32 32 17 438 10 64 6
Boys m. 18.6 Girls m. 16.9

s.d. 7.8 s.d. 6.1
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Table 104
English Picture Vocabulary Test. By schools.

School A School B School C School D

Sub. Raw Sub. Raw Sub. Raw Sub. Raw
No. Score No. Score No. Score No. Score

1 96 1 102 1 99 1 93

2 84 2 61 2 77 2 121

3 85 3 56 3 87 3 116

4 99 b 59 4 78 b 98

5 83 5 61 5 73 5 116

6 40 6 1 6 81 6 Sk

7 57 7 52 7 57 7 95

8 60 8 67 8 30 8 103

9 65 9 26 9 Lo 9 111

10 61 10 26 10 27 10 113

11 50 11 63 11 Ly 11 52

12 63 12 68 12 L1 12 91

13 57 13 bz 13 50 13 73

14 49 14 37 14 22 ih4 4o

15 59 15 61 15 63 15 53

16 5k 16 38 16 55 16 104

17 43 17 34 17 27 17 117

18 49 18 ) 18 2h 18 77

19 56 19 20 19 34 19 19

20 54 20 Ly 20 30 20 78

21 54 21 36 21 50 21 76

22 50 22 6 22 20 22 75

23 52 23 . 38 23 30 23 62

24 42 24 Lty 24 25 24 102

25 17 25 59 25 9 25 45

26 18 26 20 26 30 26 59

27 21 27 20 27 32 27 59

28 8 28 15 28 61

29 56 29 52

30 33

m. 54.3 m, 45.3 m. 45.0 31 52

s.d. 22.2 s.d. 19.9 s.d. 23.7 gg ;Z

24 66

35 50

26 48

37 70

38 64

29 L

Lo Ly

41 12

42 U6

43 10

Ly 9

45 28

T 72

m. 67.1
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Table 105

English Picture Vocabulary Test. Whole sample.

No. Score No. Score No. Score No. Score No. Score
1 93 27 84 5% 66 79 43 105 50
2 121 28 77 54 57 80 44 106 52
3 116 29 76 55 50 81 59 107 9
L 98 30 75 56 67 82 54 108 38
5 116 3 62 57 36 83 W 109 30
6 96 32 85 58 60 8L 28 110 50
2 54 33 102 59 26 85 4g 111 28
8 95 45 60 48 86 56 112 44
9 103 35 59 61 70 87 Lh 113 57

10 111 36 61 62 57 88 50 114 20

11 102 37 A 63 63 89 34 115 42

12 113 38 99 6 43 90 22 116 20

13 52 39 87 65 65 9T 63 117 72

14 91 4o 78 66 61 92 42 118 320

15 73 B 73 67 68 93 12 119 6

16 40 42 83 68 64 ok 20 120 21

17 99 43 59 69 50 95 4 121 8

i8 53 by Lo 70 37 96 L4i 122 20

19 61 45 81 71 30 97 0 123 25

20 56 Le 61 72 4o 98 L6 124 9

21 104 47 52 73 41 99 10 125 30

22 117 48 52 7h 63 100 Sk 126 32

23 77 kg 33 75 27 101 55 127 15

24 21 50 52 76 57 102 34 1286 17

25 78 51 74 77 49 103 27 129 18

26 59 52 54 78 61 o4 24 130 56

= 54,9
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Table 106

English Picture Vocabulary Test (Girls)

Subject Raw Subject Raw Subject Raw Subject Raw
No. Score No. Score No. Score No. Score
| 93 18 59 35 61 52 10
2 g6 1 31 36 50 53 27
3 54 20 40 37 30 54 38
4 95 21 8| 38 40 55 50
5 {03 22 6l 39 27 56 28
6 i3 23 52 40 57 57 44
7 52 24 33 41 49 58 42
8 73 25 52 42 61 59 20
g 99 26 50 43 59 60 30
10 53 27 67 44 54 61 18
I 104 28 60 45 38 62 25
2 78 29 26 46 44 63 32
13 59 30 48 47 50 - 64 15
14 77 31 70 48 22 65 2!
'5 75 32 57 49 42 66 56
'6 62 33 63 50 0
|7 45 34 43 51 46
Table 07

English Picture Vocabulary Test (Boys)

| 121 17 102 33 64 49 55
2 1é 18 6l 34 37 50 34
3 98 19 99 35 41 51 24
4 116 20 87 36 63 52 50
5 [11 21 78 37 44 53 52
6 102 22 73 38 43 54 S
7 gl 23 83 39 41 55 30
8 40 24 5% 40, 49 56 57
g 61 25 52 41 56 57 20
tO 56 26 74 42 34 58 72
I b7 27 54 43 63 59 &
12 77 28 66 44 12 60 V7
I3 21 29 57 45 20 61 20
14 84 30 36 46 54 62 9
15 76 31 65 47 44 63 30
16 85 32 68 48 54 64 8
Girls m. D52.2 Boys m. 57.7

s.d. 23.3 s.d. 29.9
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Table 108

Crichton Vocabulary Scale. Schools.

School A. School B. School C. School D.

No. Raw No. Raw No. Raw No. Raw
score score score score

I 56 ! 54 | 66 ! 47

2 43 2 33 2 35 2 79

3 48 3 34 3 55 3 73

4 59 4 25 4 55 4 72

5 56 5 26 5 65 5 77

6 9 6 t8 6 51 6 46

7 31 7 1 7 37 7 62

8 30 8 32 8 21 8 69

9 35 9 g 9 20 9 73

10 36 10 3 o] 21 o] 71

I 33 H 33 i 25 I 50

12 45 12 34 12 31 12 66

I3 28 i3 17 |3 21 3 46

|4 31 |4 17 t4 22 t4 32

I5 32 5 22 5 31 5 49

16 27 16 3 16 30 16 74

17 26 b7 7 i7 21 |7 78

I8 29 i8 42 18 21 18 58

(9 31 i9 13 1S 18 19 26

20 |7 20 18 20 17 20 49

21 20 21 i0 21 40 21 8

22 22 22 18 22 19 22 55

23 29 23 15 23 |5 23 47

24 |8 24 18 24 18 24 73

25 |7 25 35 25 19 25 28

26 15 26 12 26 21 26 50

27 I 27 6 27 21 27 45

28 0 28 14 28 30

29 22 29 40

30 24

m. 29.8 m. 20.0 m. 29.7 31 32

22 35

s.d. 14.3 s.d. 12.0 s.d. 15.6 33 34

34 42

35 44

36 35

37 51

38 39

29 33

40 33

4) 13

42 28

43 19

44 '5

45 t5

46 37

m. 46.3
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Table 109

Crichton Vocabulary Scaie. Whole sample.

SN RS SN RS SN RS SN RS SN
i 47 27 43 53 42 79 26 {05
2 79 Z8 35 54 3} 80 25 106
3 13 29 38 55 44 8| 32 tO7
4 72 30 55 56 32 82 27 108
5 77 31 47 57 9 83 31 109
6 56 32 48 58 30 84 3 10
7 46 33 73 59 3 85 29 P11
8 62 24 28 60 35 86 31 112
g 69 35 50 61 51 87 35 113

10 73 36 26 62 37 88 21 it4

il 54 37 18 63 33 89 7 115

12 71 38 59 64 17 90 22 e

13 50 39 55 65 35 9| 31 17

14 66 40 55 66 36 . 92 16 118

15 46 41 65 67 34 93 13 1i9

16 32 42 56 68 39 94 13 120
17 66 43 45 69 33 95 17 121
8 49 44 9 70 17 36 18 |22
9 33 45 51 71 21 97 10 123

20 34 46 30 72 30 a8 28 124

21 74 47 40 73 33 99 |9 125

22 78 48 1] 74 45 100 20 126

23 58 49 24 75 21 101 30 127

24 26 50 32 76 28 {02 i8 128

25 49 51 35 77 31 103 21 |29

26 25 52 34 78 22 104 21 | 30

SN = Subject No. m. = 33.6
RS = Raw score. s.d. = 18.6

RS

22
29
15
15
17
40
15
18
35
12
I8
19
37
15
i8
I

18
19
21

21

i4
|7
I5
22



Table 110

Crichton Vocabulary Scale (Boys).
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Subject Raw

Subject Raw

Subject Raw

Subject Raw

No. score No. score No. score No. score
I 79 |7 73 33 39 49 30
2 73 18 26 34 |7 50 i8
3 72 19 59 35 33 51 Z1
4 77 20 55 36 45 52 22
5 73 21 55 37 25 53 29
6 54 22 65 38 26 54 15
7 66 23 56 39 23 55 17
8 32 24 45 a0 29 56 35
9 33 25 | 44 31 57 12
10 34 26 35 42 7 58 37

i 78 27 34 43 31 59 '8

12 58 28 42 44 i3 60 17

13 26 29 3 45 13 &l 6

i4 43 30 9 46 i7 62 |9

15 38 31 35 47 18 63 21

16 48 32 34 48 20 64 0

Table |}

Crichton Vocabulary Scale (Girls).
I 47 I8 50 35 36 52 19
2 56 i9 18 36 33 53 2|
3 - 46 20 9 37 21 54 I5
4 62 21 51 38 30 55 40
5 69 22 30 39 21 56 I5
5] 71 23 40 40 28 57 18
7 50 24 24 41 31 58 I8
8 46 25 32 42 22 59 19
9 71 26 44 ‘43 32 60 15

8] 73 27 32 44 27 6! 15
I 74 28 30 45 3 62 18
|2 49 29 3 46 33 63 21

13 25 30 35 47 21 64 14

14 35 31 51 48 22 65 {1l

15 55 3z 37 49 16 66 22

16 47 33 33 50 10
17 28 34 17 5| 28

Boys m. 35.3 Girls m. 31.9
s.d. 20.3 s.d. 16.8
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Table 112

School A.

Bender Gestalt (error scores).

BOYS

Card

17

16

'th

13 14

23 456 7889 10 11 12

!

Error

a

0
0
0

0

00 00 000 000 00 0 O

00

2

0

0

000 0O 00 0 O

000

00 00

0
0

0oo0 i

000 i
000
0

000
000

00 0O

00 0O
00 0O
00 0O

0

o
0

-

0

O 00 0O O

|

7

00090
00

00
00
000

00

000
I
000

000

11

33 275 Il

6

Total 6 6 8 4

GIRLS.

0

0

0 600 000 0 00 O
00 00 0 00 O

00

0
0

0 00 [
00 00

2
3

000

000

000
000
Q00

i 00
000
000

o0 CO0
00 00
I 0 00

0

b
6

[
Qo0
0|
000

I

|

I O 100
01 00 001
t O I 00
01 00
(| [

00 0

3

6

044 3 59 2 8

S

4

Total 5 3 6 4
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Table I'l2 continued

School A.

Bender Gestait (error scores).

BOYS..

Card

Zlé 22 25 24 25

tg9 20

I8b

Error

10

2

4

Total

{0.7, s.d = 8.3 for Cards A to 8.

Boys' mean error score

GIRLS.

COoOO0OC OO0 —0O00 —

2

Total

7.8 for Cards A to 8.

»

s.d.

F

12.1

Girls'mean error score
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i7b
00 0 O
00 0 O
I o 0 O

I% 16

13 14
00
1 0
00

School B.
10 11 I2b
00 0 O
I 0 0 O
00
00

322
789
000
000
000

|
|
|

0

56
000
000
000
00

l

4
0

A
aIb 253
0o 01
0 00

I 0O 00
I 0 O
00 00

Bender Gestalt (error scores).

BOYS.
Error

Table 114
No.

Card

[V & U —
CO0O0O — — — —
COO0 O — — — -
O lllllll
O = =0 = = — —
O =00 — — — —
— 0 00 —0 -~ —
OO 00— — — —
O - - - - - o —
OC—-—00 — — — —
— 0O == =00 —
O == — -0 — -

9 10 10 10
00 O

8 10
01
00

4
= 9.7 for cards A to 8.
I 0O 0O O

79 1

0

6 11 4
0o
i

7.1, s.d.,
0

0
0

666
|
I

01 01
00 00
[
[
|
|
|
0
[
00

108 710
Boys' mean error score

GIRLS.

000
[
! 0
! 0
000 000 00
0 i 0

00

36 610

8

4
for cards A to 8.

37
= 8.6

4873
16.4, s.d.

726

68 66

Girls'mean error score =
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Table |14 continued .

School B.

Bender Gestalt {error scores).

BOYS.

Card

2Ib 22 23 24 25

19 20

I8b

Error

lIOO lllllll
_— e () = e mm e e = e
—_ — 0 = — = e —_——_—— -
|||||| OII]]
— 000 ~———— — — —
Illl.lo lllllll
C—-—00—-——-0—-00 —
OO0 —=—0——— —

10

[0 11
[, s.d.

10

= 9.7 for cards A to 8.

17.

Boys'mean error score

GIRLS.

COO0 -0 -0 — — — O —
—_—_ 0 - =0 - = - -0 -
— 0 Q= =0 —— — — —
— e () e e o e e — e
OO0 —-—0—0—— —0 —

OO —=——00——0 —
OO0 -0 -0 ———0 —
Om =0 000 —-—0—0OC

12

6

4

Totals

16.4, s.d., = 8.6 for cards A to 8.

Girls mean error score
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Table 115

Bender Gestal+t {(error scores.) School B.

Card A

Error |

456 7809 T2 R 4 I3 14

253

No.

a
000

d

0

0

000 000 0

000 |

000

000
000

c1agao
| 000
o101

0

t

— 0 -0 - — 0000 —-—0O~=0 — —
OO0 —-—DO0O0O0O0OO0O0O0OOOO0 —

— 0~ O — — = O — — - —— - — — — —

OO0 —-——-00—-———0———0 — —
IIIII CO0O0 - 00O QOOOOQO —
OO0 -—-0OOCOC0QOOOQ ~ —
IIIIII O = =00 — = = == — —
C00000D0O—-—00Q ————0 — —

—— 0 -0 0 -00O0—-0—-—000O0 —
OO0 —-00—-0—-—0—-—0—-0—0 —
O————0-0000—-—0—-000 —

— 0 -0 - 00 =00 — = = — = — —
0CO0O—-—0—-——=-0—-—0—-—0—-00C0O0 —
CO—-—0—-——00 ——==0O — — — — —

— 0 -0 - —00—-—0Q00 —— == — —

N WO~ OO —NM g IO~ —N
|||||||||| NN

23
24
25
26
27

0

00

PO 10O

12

20

10

{0

12

15

15

Totals

8

16

19

|6

16
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Table 115continued.

School!l B.

Bender Gestalt (error scores).

21 22 253 24 25

18 19 20

17

15 16

Error

No.

a

8

a
0 000

0

00 O

00 O O

00 0 0 00 0O O

0 000

0

16 O |

000
60O

00 0 O

St e s — e m— — g — ey g mam pm—

00 C ©
0
i
'
!
|
'
|
I
0
1
l
{

25
26
27

23

18

16

17

16

12

Totals

22

22

10 14

16 20

8.

s.d.

m = 16.3,
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Scheol C.

Bender Gestalt (error scores)
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Table

Bender Gestalt (error scores)
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Table 12|

Bender Gestalt (error scores)

School B

Chron.Apge. Norm,

Error Scores
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Table 122

Bender Gestalt (error scores).

School C.

Subject No. Error Score Chron. Age (yrs) B.G. norm for age Difference

I | 13.7 0 - |
2 8 12.7 0 -8
3 | 1.5 0.5 -0.5
4 I3 1.4 0.5 -12.5
5 6 1.4 0.6 -5.4
6 2 1.2 0.8 -1.2
7 ] 9.4 1.6 +0.6
8 |3 B.7 2.2 -10.8
9 15 8.6 2.3 ~-12.7
10 I3 B.4 2.8 -10.2
I 8 7.8 4.1 -3.9
12 14 7.7 4.3 -9.7
i3 19 7.2 4.8 -14.2
14 8 7.0 4.8 -3.2
t5 13 7.0 4,8 -8.2
6 20 6.7 5.7 -14.3
17 21 6.6 6.1 -14.9
i8 P7 6.6 6.1 -10.9
19 [5 6.6 6.1 -8.9
20 {9 5.9 8.7 =10.3
21 14 5.9 8.7 -5.3
22 14 5.5 9.8 -4.2
23 19 5.3 1.3 -7.7
24 24 5.2 (2.1 -11.9
25 I8 5.2 i2.1 -5.9
26 16 5.1 i3.6 -2.4
27 16 5.1 13.6 -2.4
28 23 5.0 13.6 -9.4
29 i7 5.0 13.6 -3.4
Mean = [3.4 Mean = 7.7
s.d. = 6.5 s.d. = 2.6
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Table 123

Bender Gestalt (error scores).

School D.

Subject No. Error Score Chron. Age (yrs) B.G. norm for age Difference

| 3 16.0 0 -3

2 0 16.0 0 0

3 2 16.0 0 -2

4 0] 15.8 0] 0]

5 7 15.5 ] -7

6 7 15.4 0 -7

7 7 15. | 0] -7

8 7 15.0 0 -7

9 4 4.9 0 -4
10 7 4.6 0 -7
il 6 f4.1 ¢] -6
12 z 13.8 0 -2
I3 6 13.8 0] -i6
14 17 13.8 0 -12
I5 7 13.5 0 -7
6 | 13.4 0 - |
|17 | 13.3 0 -
18 5 13.2 0 -5
19 15 13.1 0] -5
20 2 13.1 0 -2
21 2 t2.6 0] -2
22 | 12.5 0 -
23 10 12.5 0O -10
24 Z 1.9 0.1 - 1.9
25 6 i1.8 0.2 - 5.8
26 I tr.7 0.3 -10.7
27 5 it.3 0.7 - 4.3
28 6 il.C .0 - 5.0
29 3 10.9 .1 - 1.9
30 i7 10.7 .3 -15.7
31 4 10.7 b.3 - 2.7
32 6 0.3 1.5 - 4,5
33 6 10.3 1.5 - 4.5
34 I i0.2 1.6 - 9.4
35 4 10.1 1.6 - 2.4
36 7 9.7 1.6 - 5.4
37 4 9.6 1.6 - 2.4
8 18 8.9 1.9 -16.1
39 7 8.5 2.5 -14.5
40 4 7.3 4.7 + 0.7
41 30 6.9 5.1 -24.9
42 i3 6.7 5.7 - 7.3
43 20 6.7 5.7 -14.3
44 23 6.0 8.4 -14.6
45 13 5.8 8.9 - 4,1
46 Meéé = 7.9 2.3 Mean LII?.? * 0.3

$kB. = 6.6 $.D. = 3.0
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mble 124 . BENDER GESTALY {error score)

Bender Gestalt (error acorea) ; I_ab_[e_@_
R ! School B
School A Boys —_—
Boys
B. G. liorm '
Subject Wo. Error Score Chron. Ame Ixror ocore Differencs Subject o Error Score Chron. Age B.G. norm Difference
: Error Score !
1 1 12,8 ’ 0 -1 ,
2 10 12,2 0 =10 : 1 2 4.9 0 - 2.0
3 1 1,6 o =1 ! 2 4 13.5 Q - 4.0
4 5 10.4 1.5 =3.6 i 3 7 13.4 0 - 7.0
3 k] 10.1 1.5 -1.5 : 4 19 11.7 0.2 -18.8
& 6 9.0 1.5 4.5 i 5 19 10.7 1.2 -17.8
7 2 8.5 2.6 +0,.6 . 6 23 9.9 1.5 -21.5
8 9 7.5 b,3 -4, i 7 4 9.0 1.5 - 2.5
9 13 7.5 4.9 =8.1 : 8 8 8.8 1.9 - 6.1
10 1 7alt 5.0 =6.0 ; 9 23 7.2 5.1 =17.9
11 17 6.8 5,7 =113 10 23 6.9 5.5 -17.5
12 12 6.7 5.8 6.2 11 15 6.8 5.7 -9.3
13 7 6.2 7.5 -3.5 . 12 30 6.4 6.6 ~23.4
# 7% 6.1 7.9 6.1 : 13 24 5.7 9.3 -14.7
15 28 5.0 1, -13.7 : 14 26 5.6 9.7 -16.3
16 28 5.0 14,3 =13,7 i 15 30 5.2 12.6 -17.4
5chool D TABLT | 27
Bays* ANTER GUSTLT {error scoresa}
IABLE | 24 TeoaD "
- Eo20R SCORES 3.6. orm Difference:
HRDER GESTALT !ERROB. SCOREI Subject No. . C. . error score
1 o 1£.0 o o]
Schapl C 2 2 1.0 Q -2
Boya 3. 0 15.8 o o
h 7 15.5 o -7
Subject No. Error Scors Chron., Age B.5. Norm. Diffarence 2 '2' ii"'g . g - :
Fiy:l Error . -
fresss)  Ecmor Soome 7 12 13.8 0 212
1 1 1.5 0. -0.6 1 13.3 o -1
2 13 . 11.5 o.: -12.6 g 5 1.2 o -5
3 6 11.4 0.5 -5.5 10 15 2.1 o -15
4 & 7.8 4.3 3.7 il 2 12.6 o -2
5 14 7.7 4.5 -5.5 12 2 11.9 o -2
) 13 7.0 5.3 -1.7 13 5 11.3 n.b - b
1 0 6.7 5.8 -14.2 14 6 10.2 1.4 - b6
8 17 6.6 6.0 -11.0 15 6 10.3 1.4 - b6 i
9 15 6.6 6.0 - 3.0 15 n 16.2 1.5 - 9.5
10 19 5.9 B.& -10.4 17 18 8.9 1.7 «16.3
11 18 5.2 12.6 5.4 ig ;g 23 ;2 : -1:.; :
12 16 . . -1, . o -h5
3.0 14.3 1.7 20 23 £.0 [ 17
’ 21 11 5.3 11.7 + 0.7
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. Table 129 I
M iz 8 ' . Bender Gestalt {error scores)
BIHDER GLS:ALT (error scores)
School B t
SCUOCL & ' ©ogirls H
CIRS
T
. G. N £ diff
Subiect No Frror Ccore Crron. Are E.G.lorm for ige Difference Subject No. Error Score Chron Age B.G. Norm for age srence :
1’ 11 12,8 0 ~11 ;
2 10 11.6 0 -10 .
1 z 1545 o -3 3 8 10,0 1.3 -6.5 i
2 11 11.3 [«] =11 4 21 9.8 1.8 ~19.4 |
3 3 g2 1.6 - 1.4 ! s 11 9.1 1.8 -2,2
L 7 9.0 1.8 - 5.2 | P 18 2.0 1.8 -18.2 |
[ 5 8.9 1.9 -3 7 0 7.8 3.7 -5.3 i
6 5 £.0 3.6 - T 8 23 7.5 4.2 -18.8 |
? 18 8.0 3.6 =144 1 9 23 6.9 5.3° =-17.7 i
2 12 7. 3.2 - ?.k 10 25 6.8 8.7 -19.3 !
9 18 7.8 3.8 -14,2 11 5 8.0 8.8 +3.6 i
10 15 5.5 9.3 - S 12 22 5.8 8.9 -13,1 [
11 27 5.2 1.5 -15.5 . i
12 21 S0 13.0 - & School D Table, 131
Table 130 ) . Qirls . Bender Gestalt {error scores)
Bendaer Gestalt (error score)
Subiect R° Error Score  Chron. Age (years) B.G. Norm for age Difference
1 T 6.0 0 -3
School € 2 7 5.4 o} -7
3 5 15.1 [+] -5
Girls & 7 15.0 o -7
5 7 .6 0 -7
6 6 1&.; 0 -6
: 4 3. . [V} =1
Subject No, Error score Chron. Age (yrs.) B.G. Norm for 2ge Difference g g 1;.5 5] - g
: 9 1 3.3 0 -1
3 : 13.7 ° -1 0 2 3.1 o -2
2 : 12,7 o -8 " 1 12.5 o -1
1.2 ¢ -2 12 10 12.5 0 -10
4 1 9.4 1.7 - 0.7 13 & 11.8 0 -6
3 13 8,7 2.2 -10.8 14 11 1.7 I\] =11
6 15 8,6 2.3 -12.7 15 6 1.0 I] -6
7 13 B.4 2.7 -10,3 1% 3 10.9 0.3 - 2.7
: 1: ;: :.3 ' -1;-: 17 17 10.7 0.7 -16.3
- -4 =% 18 b 10.7 0.7 - 33
10 2 &.4 6.6 -14.4 ‘a9 6 0.1 b s33
n 14 5.9 8,6 - 8.2 : 20 7 9.7 s - 5.k
12 14 5.5 5.3 - 4.7 o H 9.6 1.9 - 2.3
13 19 5.3 11,4 - 7.8 52 4 7.3 4.3 . 0.3
14 24 5.2 11,8 -12.5 b 3 6.7 P _ €2
18 16 5.0 13.0 - 3.0 S 20 €.7 b2 13.8
18 23 5.0 13.0 -10,0 5 13 58 §.9 o
5,0 13.0 - 4,0 2 > : : = e
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Table 132
Bender Gestalt (error scores). School A.
Distortion of shape.
Boys (n=16) Girls (n=12) All (n=46)
Card error scores g error scores % error scores
A la 6 37.5 5 41.6 i 39.2
Ib 6 37.5 3 25.0 9 32.1
| 6 37.5 4 33.3 10 35.7
3 6 37.5 3 25.0 9 32.1
5 7 43,7 3 25.0 o] 35.7
6 a 4 25.0 z2 6.7 6 21.4
& b 2 12.5 2 16.7 4 4.3
7 a 4 25.0 5 41,7 9 32. 1
7 b 11 68.7 12 100.0 23 82.1
3 10 62.5 8 66.7 I8 64,3
62 38.7 47 39,2 109 38.9
Rotation.
A 8 50.0 6 50.0 4 50.0
| 3 18.7 | 8.3 4 14.3
2 2 12.5 0 0 2 7.1
3 Il 68.7 5 41,7 16 57.1
4 8 50.0 8 66.7 16 57.1
5 5 3.2 8 66,7 13 46.4
7 8 50.0 8 66.7 i6 57.1
8 3 i8.7 2 16.7 5 7.8
48 37.5 38 39.6 86 38.4
Integration.
A 8 50.0 6 50.0 14 50.0
2 2 12.5 0 0] 2 7.1
3 a i1 68.7 S 75.0 20 71.4
3 b 2 12.5 2 16.7 4 14.3
4 7 43.7 6 50.0 I3 46.4
5 a 2 12.5 3 25.0 5 17.8
5 b | 6.2 4 33,3 5 17.8
6 3 18.7 4 33,3 7 25.0
7 9 56.2 8 66.7 |7 60.7
45 31.2 42 38.9 87 34.5
Perseveration.
I 3 18.7 5 41.7 8 28.6
2 5 31.2 4 33.3 9 32.1
6 8 50.0 7 58.3 5 53.6
|6 33.3 |16 44 .4 32 38. |
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Table 133
Bender Gestalt (error scores). School B.
Distortion of shape.
Boys (n=15) Girls (n=t2) All (=27)
Card error scores % error scores y error scores %
A a 10 66.7 6 50.0 16 59.3
" b 8 53.3 8 66.7 16 59.3
| 6 40.0 7 58.3 13 48. |
3 7 46,7 3 25.0 10 37.0
5 9 60.0 3 25.0 |2 44 .4
6 a 8 53,3 4 33.3 |2 44 .4
" b 5 33.3 6 50.0 [ 40.7
a 10 66.7 6 50.0 16 59.3
" b I 73.3 I 9.7 22 8{.5
8 I 73.3 12 100.0 23 85.2
85 56.7 66 55.0 151 56.0
Rotation.
A 7 46.7 6 50.0 I3 48.1
I 6 40.0 2 6.7 8 29.6
2 6 40.0 4 33.3 10 37.0
3 9 60.0 7 58.3 16 59.3
4 8 53.3 4 33.3 12 44 .4
5 10 66.7 6 50.0 16 59.3
7 10 66.7 9 75.0 |9 70.4
8 6 40.0 6 50.0 |2 44 .4
62 51.7 44 45.8 106 49, |
Integration.
A IO 66.7 6 50.0 |6 59.3
2 Il 73.3 8 66.7 19 70.4
3 a Il 73.3 9 75.0 20 74.1
" b 4 26.7 [ 8.3 5 18.5
4 10 66.7 8 66.7 |8 66.7
5 a 10 66.7 6 50.0 |6 59.3
) 10 66.7 10 83.3 20 74.1
6 I 73.3 6 50.0 |7 63.0
7 |13 86.7 9 75,0 22 Bl.5
90 66.7 63 58.3 153 63.0
Perseveration.
| 6 40.0 6 50.0 12 44 .4
2 4 26.7 3 25.0 7 26.0
6 10 66.7 4 33.3 14 51.8
20 44 .4 13 36. | 33 40.7
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Table |34

Bender Gestalt (error scores). School C.

Distortion of shape.

Boys {(n=12) Girls (n=17) All (n=46)
Card error scores error scores 4 error scores %
A a 7 58.3 [0 58.8 |7 58.6
" b 8 66.7 9 52.9 17 58.6
I 3 25.0 4 23.5 7 24.1
3 3 25.0 5 29.4 8 27.6
5 10 83.3 Il 64.7 21 72.4
6 a 5 41.7 5 29.4 10 34.5
" b 2 16.7 6 35.3 8 27.6
7 a 7 58.3 8 47,1 15 51.7
" b I 91.7 15 88.2 26 89.6
8 - 91.7 4 - 82.3 25 86.2
67 55.8 87 51.2 | 54 53.1
Rotation.
A 7 58.3 i1 64.7 18 62.1
! 4 33.3 2 1t.8 6 20.7
2 0 0 2 1.8 2 6.9
3 6 50.0 i 64.7 17 58.6
4 3 25.0 10 58.8 I3 44,8
5 5 41.7 I 64,7 |6 55.2
7 2 16.7 6 35.3 8 27.6
8 5 41.7 5 29.4 10 34.5
32 33.3 58 42.6 90 38.8
Integration.
A 9 75.0 I 64.7 20 69.0
2 5 41.7 9 52.9 14 48.3
3 a 7 58.3 Il 64.7 18 62. |
" b 3 25.0 I 5.9 4 13.8
4 10 83.3 11 64.7 21 72.4
5 a 9 75.0 10 58.8 19 65.5
" b 4 33.3 6 35.3 10 34.5
6 4 33.3 5 29.4 9 31.0
7 10 83.3 I 64.7 21 72.4
61 56.5 75 49.0 136 52.1
Perseveration.
I i 16.7 5 29.4 7 24|
2 f 8.3 i 5.9 2 6.9
6 4 33.3 7 41.2 Il 38.0
7 19.4 13 25.5 20 23.0
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Table |35

Bender Gestalt {(Error scores). School D.

Distortion of shape.

Boys (n=21) Girls (n=25) All (n=46)
Card error scores % ervor scores % error scores 3
A a 7 33.3 8 32.0 15 32.6
" b 7 33.3 [ 44.0 |8 39.1
| 3 14.3 5 20.0 8 17.4
3 6 28.6 10 40.0 |6 34.8
5 6 28.6 5 20.0 1 24.0
6 a 7 33.3 4 16.0 Il 24.0
" b 5 23.8 | 4.0 6 13.0
a 10 47.6 4 [6.0 14 30.4
b b5 71.4 18 72.0 33 71.7
8 i0 47.6 15 60.0 25 54,3
76 36.2 8l 32.4 157 34 .1
Rotation.
A 7 33.3 4 16.0 [ 24.0
I 5 23.8 2 8.0 7 15,2
2 4 19.0 2 8.0 6 13.0
3 5 23.8 6 24.0 [ 24.0
4 7 33,3 9 36.0 16 34.8
5 9 42.9 |2 48.0 21 45.7
7 5 " 23.8 4 16.0 9 19.6
8 4 19.0 4 16.0 8 7.4
46 27.4 43 21.5 89 24.2
lnTegrafion.
A 4 ig9.0 7 28.0 [ 24.0
2 4 19.0 2 8.0 6 i3.0
3a 4 19.0 6 24.0 10 21,7
" b ! 4.8 0 0 | 2.2
4 8 38. | 8 32.0 16 34.8
5 a 7 33.3 5 20.0 |12 26,1
" b I 4.8 2 8.0 3 6.5
6 3 4.3 3 2.0 6 13.0
7 10 47.6 10 40.0 20 43.5
42 22.2 43 19.1 85 20.5
Perseveration.
I i 4.8 } 4.0 2 4.3
2 | 4.8 3 2.0 4 8.7
6 7 33,3 7 28.0 |4 30.4
9 4,3 I 4.7 20 4.5




Table 136

Bender Gestalt.

340

Boys (n=64) Girls (n=66) All (n=130)

Total Total Total

error error error

scores. g SCOres. 2 SCOres %

Distortion of shape.
Card
Aa 30 46,9 29 44.0 59 45.0
Ab 29 45.3 31 47.0 60 46,1
| 8 28.1 20 30.3 38 29.2
3 22 34.4 21 31.8 " 43 33,1
5 32 50.0 22 33.3 54 41.5
6a 24 37.5 = 22.7 39 30.0
6b 4 21.9 |5 22.7 29 22.3
7a 31 48.4 23 34.8 54 41.5
b 48 75.0 56 84.8 104 80.0
8 42 65.6 49 74.2 g 70.0
Total 290 45,3 281 42.6 571 43.9
Rotation.
A 29 45,3 27 40.9 56 43,1
| 18 28, 7 10.6 25 19.2
2 |2 18.7 - B 12.1 20 15.4
3 31 48.4 29 44.0 60 46, |
4 26 40.6 31 47.0 57 43.8
5 29 45.3 37 56. 1 66 50.8
7 25 3G, 27 40.9 52 40.0
8 I8 28.1 17 25.7 35 26.9
Total 188 36.7 183 34.7 371 35.7
Integration.
A 31 48.4 30 45.4 61 47.0
2 22 34.4 19 28.8 4] 3.5
3a 33 51.6 35 53.0 68 52.3
3b 10 15.6 4 6.1 14 10.8
4 35 54.7 33 50.0 68 52.3
5a 28 43,7 24 36.4 52 40.0
5b 16 25.0 22 33.3 38 729.2
6 Z1 32.8 |8 27.3 39 30.0
7 42 65.6 38 57.6 80 61.5
Total 238 4]1.3 223 37.5 45| 39.4
Perseveration.

I |2 18.7 V7 25.8 29 22.3
2 I 17.2 I 6.7 22 16.9
6 29 45.3 25 37.9 54 41.5
Total 52 27. | 53 26.8 105 26.9
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Table 137
Reading.
School A,
No. Raw Chron. Read.
score age age
| 100 15.5 |2.0%
2 92 12.8 12.0%
3 79 12.2 1.0
4 84 1.6 [1.5
5 102 1.4 12.0%
6 0 1.3 5.0 N.R.
7 75 (0.1 10.6
8 22 9.8 6.2
9 94 9.0 12.0*
10 20 9.0 6.2
Fl 4 8.9 5.3
|2 4 8.5 5.3
13 10 8.0 5.6
14 9 8.0 5.6
15 27 7.8 6.3
16 7 7.8 5.5
17 42 7.8 7.5
|18 2 7.5 5.3
19 4 7.4 5.3
20 12 6.8 5.6
2| 10 6.7 5.6
22 35 6.2 6.9
23 6 6.1 5.4
24 0 5.5 5.0 N.R.
25 0 5.2 5.0 N.R.
26 0 5.2 5.0 N.R.
27 0 5.0 5.0 N.R.
28 0 5.0 5.0 N.R.
m. = 30.0
s.d.= 36.8 *¥ = Fluent
N.R. = Non - reader.

School B.
No. Raw Chron. Read.
score age age.
[ 100 14.9 [2.0%
2 7 13.5 5.5
3 41 13.4 7.4
4 25 12.9 6.4
5 0 1.7 5.0
6 O 1.6 5.6
7 53 0.7 8.5
8 69 10.0 10.0
°] 0 9.9 5.0
[0 0 9.8 5.0
bl 22 9.1 6.2
12 63 9.0 9.5
13 0 9.0 5.0
| 4 55 8.8 8.7
15 35 7.9 6.9
16 0 7.5 5.0
b7 C 7.2 5.0
18 ¢ 6.9 5.0
|19 0 6.9 5.0
20 G 6.8 5.0
21 0 6.8 5.0
22 0 6.4 5.0
23 Il 6.0 5.6
24 0 5.8 5.0
25 0 5.7 5.0
26 0 5.6 5.0
27 0 5.2 5.0
m. =18.2
s.d.=27.7

ZEZEZ=ZZ2 2=
O 00 000D

Z2 Z2 =z Z

a0 D0
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Table 138

Reading.

School €.
No. Raw Chron. Read.
score age age

I 71 13.7 0.2
2 41 12.7 7.4
3 30 1.5 6.6
4 74 1.5 10.5
5 83 I't.4 1.3
6 42 1.2 7.5
7 7 9.4 5.5
8 3 8.7 5.3
9 0 8.6 5.0
10 o 8.4 5.0
I 8 7.8 5.5
{2 23 7.7 6.3
13 51 7.2 8.3
14 8 7.0 5.5
15 2 7.0 5.3
16 0 6.7 5.0
|7 0 6.6 5.0
18 0 6.6 5.0
9 0 6.6 5.0
20 O 5.9 5.0
21 3 5.9 5.3
22 0 5.5 5.0
23 0 5.3 5.0
24 0 5.2 5.0
25 0 5.2 5.0
26 G 5.1 5.0
27 0 5.1 5.0
28 0 5.0 5.0
29 0] 5.0 5.0

m. 15.4

s.d. 25.5

= Fluent
N.R. = Non-reader.

Z Z2ZZ =2
A 0V BT

=z 2 2 Z =22 =ZZ

Ry

A 0300300 TX

Schocl D.
No Raw Chron. Read.
score age age

I 105 16.0 12.0 ¥
2 HO 16.0 t2.0 *
3 18 16.0 6.1

4 100 15.8 12.0 ¥
5 108 {5.5 2.0 %
6 85 15.4 1.6

7 104 15.1 12.0 ¥
8 100 15.0 {2.0 *
9 9| 14.9 12.0 *
10 96 i4.6 2.0 ¥
Il 105 14, {2.0 ¥
|2 93 13.8 12.0 *
I3 15 13.8 5.9
4 17 13.8 6.0
15 73 3.5 10.5
16 100 13.5 2.0
|7 HO t3.4 2.0
18 95 3.2 2.0
19 0 13.1 5.0
20 71 13.1 10.2
21 41 12.6 7.4
22 71 12.5 10.2
23 44 i2.5 7.7
24 91 1.9 12.0 ¥
25 11 [1.8 5.7
26 i6 1.7 5.9
27 33 1.3 6.9
28 31 V.0 6.7
29 22 10.9 6.2
30 0 10.7 5.0
31 427 0.7 7.5
32 g 0.3 5.6
33 IS5 10.3 5.9
34 51 10.2 B.3
35 75 10, | 10.6
36 36 9.7 7.0
37 67 9.6 9.9
38 45 8.9 7.7
39 34 8.5 6.9
40 21 7.3 6.2
41 40 6.9 7.2
42 4 6.7. 5.3
43 0 6.7 5.0 N.
44 0 6.0 5.0 N.
45 3 5.8 5.3
46 2 5.3 5.2

m = 52.2

s.d.

N
(Xe)
(o)}

Z Kk % X%

0
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.Ré&ading (whole sample).
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No. R.3. C.A. R.A
I 105 16.0 12.0%
2 110 16.0 12.0%
3 18 (6.0 6.1
4 1C0 15.8 12.0%
5 108 15.5 12.0%
6 100 15.5 12.0%
7 85 15.4 1.7
8 104 15,1 |2.0%
9 100 15.0 12.0%
i0 91 (4.9 12.0%
1 100 14.9 |2.0%
12 96 14.6 12,0%
I3 105 4.1 12.0%
i4 93 13.8 12.0%
15 ] 3.8 5.9
16 17 15.8 6.0
17 71 13.7 iC.3
18 73 13.5 10.5
19 6 13.5 5.4
20 41 3.4 7.5
2} 100 135.4 12.0%
22 HO 13.3 12.0%
23 95 13.2 12.0%
24 0 13,1 5.0 N.R
25 71 3.1 10.3
26 23 12.9 6.3
27 92 12.8 12.0%
28 4| 12.7 7.5
29 41 12.6 7.5
30 71 12.5 10.3
31 44 12.5 7.7
32 79 1212 1.1
33 Q1 f1.9 12.0%
34 H 11.8 5.7
35 16 il.7 5.9
36 0 1.7 5.0 N.R.
37 10 1.6 5.6
38 84 11.6 1.6
39 30 il1.5 6.7
40 74 1.4 10.6
41 83 bl .4 1.5
42 102’ it.4 12.0%
43 33 1.3 6.9
44 0 1.3 5.0 N.R
45 42 1.3 7.6
46 3] 11.0 6.9

No. R.S. C.A R.A

47 22 10.9 6.3

48 53 f0.7 8.5

49 0 0.7 2.0 N.R.
50 42 10.7 7.6

51 9 10.3 5.6

52 15 10.3 5.9

53 51 10.2 B.3

54 74 0.} 10.6

55 75 10.1 10.7

56 69 10.0 1.0,

57 0 9.9 5.0 N.R.
58 22 9.8 6.3

59 0 9.8 5.0 N.R
60 36 9.7 7.2

6l 67 9.6 9.9

62 7 9.4 5.5

63 22 9.1 6.3

64 0 9.0 5.0 N.R.
65 94 2.0 [2.0%

66 22 9.0 6.3

67 63 9.0 9.5

68 45 8.9 7.9

69 4 8.9 5.3

70 55 8.8 8.7

71 3 8.7 5.3

72 0 8.6 5.0 N.R.
73 34 8.5 7.0

74 4 8.5 5.3

75 0 8.4 5.0 N.R
76 10 8.0 5.6

77 1O 8.0 5.6

78 35 7.9 .

79 41 7.9 ;'%

80 8 7.8 5.5

8l 27 7.8 6.6

82 7 7.8 5.5

83 23 1.7 6.3

84 0 7.5 5.0 N.R.
85 2 7.5 5.3

86 4 7.4 5.3

87 21 7.3 6.2

88 51 7.2 8.3

89 0] 7.2 5.0 N.R.
90 8 7.0 5.5

gl 2 7.0 5.3

92 0 6.9 5.0 N.R.
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Table I39con+inuea.

Reading (whole sample).

C.A. R.A.

R.S.

No.

R.S. C.A. R.A.

No.

5.0 N.R.
5.0 N.R..

5.7
5.6
5.6
5.5

5

7.3

6.9

6.9

5.0 N.R.

5.7

6.8

5.0 N.R.

5.0 N.R.

6.8
6.8

6.7

5.0 N.R.

5

.5

5.0 N.R.

5.3
5.3

5.3

5.0 N.R.

6.7
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98
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Table |40

Reading (all boys).

8.5

5.6

.3

53

25

110

26
27

|8
100

5
51

28
29

74

5.0 N.R,
[2.0%

9.9
g.0
9.0

8.9

30

94
63

31
32
33

108

9l

100

93
|17
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7.8
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45

o
=

M~ O MM M N O N
oo A T i Ve BT O U To T T
WWINOOMSIN g NO
QW W M P~ P~~~
Nt T 0O =M N O N
LA <+ N
SN O~ DO0O — N M
MMM M N N S s s s

o [n

= =

* X * *
N OO0 CInoy OO~
NN NSO NN —
00

< M N — o N OO
MM N Y —
— OO N —O — O
< — O o~ o w

6.9 7.
6.9

37

44

6.7

30
74
83

102
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6.7
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33

24
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Table 140continued.

{all boys).

Reading

R.S. C.A. R.A.

No.

R.S. C.A. R.A.

No.

6.0 N.R.

5.2

5.6
5.3
5.3
5.2
5.2
5.2

5.

57
58
59

5.0 N.R.

6.7

49
50
51

4.0 N.R.

6.6
6.6

5.0 N.R.

5.0 N.R.
6.9

5.0 N.R.

60
61

6.2

35

52
53
54

5.0 N.R.
5.0 N.R.

5.0 N.R.

|
6.0
5.9

5.

62
63
64

5.0 N.R.

5.0 N.R.
5.0 N.R.

5.0 N.R. f

5.0 N.R.

55

5.0

5

56

Table 141

Reading (all girls}.

5.0 N.R.

6.2
5.

9.0
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8.9

34
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22

36
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38
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5.6

5
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35
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7.0
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)
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5.0 N.R.

63

36
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5.0
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6.2
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22
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APPENDIX D.

Original working tally sheets.

Contents: ‘ Table

Page
Tally sheets indicating subjects'
stages in the Piagetian Tests 1-10
{By schools and sex). 142-1586 347-370

Tally sheets of correct or in-
correct responses on Test ||

(Class Inclusion). |57 371=-374
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School D ...
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TQL\Q 142 continued
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Provokent Correspondence .
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Table 147 continued -
Sponfaneovs Correspondence
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Test 5A. Equating of quantities. Unequal sets.
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TARLE (A2
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Table 152 continued.
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APPENDIX E.

Summary of all scores.

Contents Table

Weighted scores on Piagetian tests - boys

n 1 1" - " 1 gi rl S

Summary of raw scores on all standardized
tests, including 1.Q. and Piagetian tfests

School A - all

11 "

- boys

- girls

n B8 - all

- boys

- girls

- boys

- girls

- boys

- girls

16l
162

163

164

165

166
167

168

{69

170

170

172

173

174

376
377

378

379

380

381
382

383

384

385

386

387-388

389

390
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[
- r§ Summary of Weighted Scores on Piagetian Tests
= o Standardised Test Scores and Pultibec Ratings

:é E; E p School A

o o w 8 8 School & o
3 - . M =] 9] + @
L 5§ % %9 3 5 & PIAGETIAN TESTS 2
g = oe o= 5 B§ < | z
@ & B o oM @ R .0 28 24 2B 3A 3B 4 SA S8 6 7 8 9 10 11 IQ &
17 18 96 56 100 3 97 6 10 6 4 12 12 4 4 10 6 8 2 9 4 15 7?4 37
2 34 84 43 92 1 63 1 1 2 5 12 6 2 8 5 2 4 1 1 4 15 96 29
3 32 8 48 79 10 82 7 9 5 L 12 12 0 4 10 0 7 1 8 3 18 71 45
L 26 99 59+ 84 1 10 8 10 6 6 12 12 & 4 10 6 8 2 9 4 13 80 28
5 27 8% 56 102. 5 108 8 10 6 6 12 12 &4 8 10 6 8 2 12 4 23 97 26
6 21 4o 9 0 12 14 . © 0 0 2 0 17 0 1 10 0 0 7 2 12 5 k2
7 20 57 3 75 3 5 1 o} 1 i 12 11 0 5 5 0 0 1 10 4 12 82 34
8 19 60 30 22 2 W1 0 o} 0 4 12 6 0 2 5 0 0 1 7 4 1 75 27
9 23 65 35 94 6 102 & 10 6 5 11 12 3 8 10 6 & 2 9 4 17 88 37
10 24 61 36 20 7 98 6 9 6 5 12 12 4 L 10 6 8 2 10 4 18 88 23
1 15 50 33 L 5 o9 5 10 3 L 12 12 4 5 10 4 8 1 9 4 16 80 25
12 19 63 45 L. 2 95 % 10 6 5 12 6 4 8 10 6 8 14 9 4 4 93 25
13 20 57 28 10 5 64 0 3 L 5 8 12 © s 10 0 & 1 8 4 19 87 26
% 11 49 3 g 20 37 3 0 -1 0O 9 5 0 3 5 0 & 1 3 3 12 64 36
15 11 59 32 27 12 33 4 -4 2 2 0 6 0 2 5101 5 1 9 79 34
16 g9 54 27 7 19 20 1 -0 0 L 2 6 0 17 1.0 01 3 1 16 71 36
17 - 29 43 26 42 10 " 3 0 3 5 12 6 0 5 5 001 9 2 17 75 22
18 16 .49 29 2 13 51 4 5 3 3 3 5 0 17 10 1 8 1 6 1 4k 70 21
B b 56 3 4 11 78 6 10 b 1 g 10 2 2 7 6 8 1 8 4 13 90 25
20 11 5% 17 0 12 18 # 1 o 1 1 6 1 0 3 5 0 01 8 & 20 99 48
21 10 S4 20 10 12 46 1 3 3 2 8 6 0 4 5 0 0 1 9 & 15 92 29
22 21 50 22 3 11 50 1 0 1 5 12 6 1 5 5 0 41 1 8 4 11 110 22
23 15 52 29 6 1% 22 4 4 1 2 2 1 0 1 170 0 0 7 2 19 110 33
24 b 42 18 0 15 7 0 0 1 2 0 0 0 0 170 001 2 0 6 90 39
25 10 17 17 0 27 1 0 o} 0 0 0 0 0 0 O 0 0 0 0O 1 1 69 35
26 g 18 15 0 26 2 0 0 0 0 0 0O O 0 0O 0 0 0 1 1 8§ 92 4o
27 11 21 1M 0 21 0 o} 0 0 o) o} 0 O 0 0 00 0O O 0 13 78 36
28 6 8 o0 0 27 1 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 75 43

Overall Subject No.
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Table |64

Summary of weighted scores on Piagetian Tests,

Standardised Test scores and Pultibe¢ ratings

School A  boys
o S
. B 2
. 3 i & 2
=3 . g 3 &
-+ E= =] o 8 —
S 7 2 4 £ 5 % | -
E o a:- _L_E T E En < PIAGETIAN TESTS _ ? ::1 &
d & mw S 8 & £ 14 1B 24 28 3A 3B 4 54 5B 6 7 8 9 10 11 19 & 3
1 3% 8 43 92 1 63 1 1 2 5 12 6 2 8 5 2 4 1 10 4 18 96, 29 27
2 32 8 48 79 10 82 7 9 5 4 12 12 0 4 10 0 7 1 8 3 18 71 45 32
3 26 99 59 8 1 10t 8 10 6 6 12 12 4 & 10 6 8 2 9 4 13 80 28 38
4 27 83 56 102 5 108 8 10 6 6 12 12 4 8 10 6 8 2 12 4 2% 97 28 42
5 20 57 3 75 3 51 1 0 t 1 12 11 0 S5 5 0 0 1 10 4 12 82 34 54
6 23 65 35 94 6 102 8 10 6 5 11 12 3 8 10 6 8 2 9 4 17 88 37 65
7 19 63 &5 y 2 95 6 10 6 5 12 6 & 8 10 6 8 1 9 4 14 93 25 74
8 21 43 2 42 10 51 3 0 3 5 12 6 0 5 5 0 0 1 g 2 17 75 22 82
9 16 49 29 2 13 51 4 5 3 3 3 5 0 1 10 1 8 1 6 1 4 70 21 85
10 14 56 31 4 11 78 6 10 4 1 9 10 2 2 7 6 8 1 8 4 13 g0 25 86
11 11 54 17 12 18 31 1 o0 1 1 6 1 0 3 5 0 0 1 8 4 20 99 48 95
12 10 54 20 10 12 46 1 3 3 2 8 6 0 & 5 0 0 1 9 &4 15 92 29 100
13 21 50 22 35 11 50 1 0 1t 5 12 6 1 5 5 0 1 1 8 4 11 110 22 105
14 15 52 29 6 14 22 4 1 t 2 2 1 0 1 1 0 0 O 7 2 19 110 33 106
15 10 17 17 0 27 1 ¢ 0 0 0O 0 00 0 0 0 0 0 0 1 3 69 35 120
16 6 8 0 0 27 1 0 0 0 O O 0O O OO0 0 O 0 1 0 75 43 129
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Table

165

Summary of weighted scores on Piagetian Tesis

Standardised test scores and Pultibec ratings

- School A ... girls
: .
& [¢]
[+] =
14} +
+ ) [+
= I g s
- . =) e = Fe)
S A a8 _ - A 2

4] . O] 5 e P;A GETIAN TESTS o A o

4o B4 () ppar} [+ Q ~
O o] L] [ = £~ + = fe) ~
@ = =3 w) o [ [ -4 ' o
) [} . . ke o &O » I
2 53 % % § § S 3 2
o om M@ o M m o JA 1B 280 2B 3A 3B 4 58 5B 6 7 8 9 10 11 1Q Ah O
1 18 96 5 w00 3 97 6 10 6 4 12 12 4 4 10 6 8 2 9 4 15 74 37 6
2 21 W 9 0 12 14 o © ©0 2 ¢ 1 0 1 1 O O 0 7 2 12 51 42 44
2019 60 % 22 2 W1 o o0 o 412 6 0 2 5 0 0 1 7 4 14 975 27 58
L 24 61 36 20 7 98 6 9 6 5 12 12 4 4 10 6 8 2 10 L 18 88 23 66
5 15 50 33 4 5 91 5 10 3 4 12 12 4 5 10 4 8 1 9 4 16 8 25 69
6 20 57 28 w0 S 64 o % 4 5 8 12 0 5 10 o 4L 1 8 4 19 8 26 76
7 11 4 3 9 20 3% 3 O i1 0 9 5 0 3 5 0 & 1 3 3 12 64 26 77
8 11 59 32 27 12 3% 4 4 2 2 0 6 O 2 5 1 0 1 5 1 9 79 34 79
9 g9 54 27 7 19 20 1 O 0O 4 2 6 ¢ 1 1 0o ©0 1 3 1 16 71 36 81
10 14 42 18 015 ? ¢ O 1 2 O O © 0 1 o o0 1 2 0 6 90 39 115
11 9 18 15 0O 26 2 o0 O o ©0 0 0 0 0o 0 o0 0 0.1 1 8& g2 122
12 11 21 11 02 0o 0 o0 0 0 0 0O 0 0O 0 0 0 0 0 0 13 78 36 128
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Subject No.
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Bender Gestalt

= & b

19
10
20

23
21
12

18

22

22
a

22
16
24
28

0o
24
26
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TABLE |66
Summary of Weighted Scores on Piagetian Tests,
Standardised Test Scores and Pultibec ratings

School B

FrageTiaN TESTS

(Overall)
A
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Toble 168

Summary_of weighted scores on Fagehan lesks,

shandardiged Test Scores and Rlhbee Ratings
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- Table |69 =
d Summary of weighted scores on Piagetian tests, +
= Y % Standardised Test Scores and Pultibec ratings. N
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28 1b 15 14 0 23 1 0 0 o 0 0 0 0 0 0O 0 0 O 1 o0 13 80 43 127
29 13 sS6 22 0 17 & 0 0 O 0O 0 0O 0 1 1L 0 0 © L 0 7 115 23 130
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Summary of weighted scores on Piagetian Tests,
Standardised Test scores and Pullibec ratings
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TABLE 171

Summary of weighted scores on Piagetian Tests,
Standardised Test Scores and Pultibec ratinas.

School C... Girls
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STANDARDISED TESTS AND PULTIBEC RATINGS

TABLE

172

SUMMARY OF
WEIGHTED SCORES IN PIAGETIAN TESTS,
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Wei%:*ed scores” on Nagetian tests,
Standlavdized Test scoes ard Ritibec cabings .

&choal D... bhays

389

: s i .

75; . '\: o “ E" J’;’- % — fagznan TESTs . u
o~ c : - i w £ .

'_:'."’ %’ °>-: 2. g "5 -§ WiB2n 28 24 38 4 & & o6 7 ¥ 9 o U g, '.:g
v & W v oo @ & o ‘ sl
! 3 a1 79 1o O 108 Sweg b 12 w2 & % 10 6 3 2 #2132 24
2 23 hé 73 18 2 -10R 8 106 6 2 N2 & . ¥ o & ¥ 212 4 27 Sl s
3 34 98 72 400 © 94 8 16 &6 12 1A 4 g o0 4w g ©° I ¥ 3 79 2§
4 33 ne 77 08 7 w08 € w b & 12 N ux & o & § 2 2, o« &9 o 2
5 32 #y- 72 Q1 & 46 g 0 b & A 40 4m o w6 € 2 A 4 29 83 &2
& 32 97 1A e3 2 187 8 10 b6 & 12 11 T o b & A A n 29 83 3z

7 21 o 32 17 12 85 8 10 6 % o 1o 2 & 9 o - g8 4 /o 67 33

8 3 W7 7% ne 1 o6 & o b b M2 & g o 5 & a2 u # a3 109 3

q 23 77 5% 25 & oo & w & & N4 % &6 10 4 g 2 EE B wo
1o 17 19 2 o 1§ i, o6 o606 o6 e o o o o o © o I 22 47 x2

11 30 76 K14 at 2 163 & w0 & & 12 2 & . 0 . g & 2 % a9 83 29

12 19 12 73 9y 2 w8 & o & b i 2 % & to & 8 a 13 e R 3 33
13 19 2 w5 33 £ 99 8 106 6 12 fo 2 7 00 . & 2 0 a4 R 7 37
s 28 7% 35 9 6 74+ 6 9 56w 3 % 7 2 o # o 12 & 27 70 27

1< 19 S4 34 IS B w2 6 € 33 7 1+ o 2 ¢ o © e 8 4  I2 58 3¢9

1% 16 66 42§11l Bp € 106 442 lo o 4 9 o € 2 & 3 29 g2 38

17 9 Eu 39 45 18 79 &€ 3T 6 4 @& o 0 s 1w 3 g t &8 T 29 79 3

% amw 4] 33 4 17 70 6 9 6 w2 1] © & % o o 1 & 3 29 go 27

14 G 12 13 46 3o ! &6 ©6 o6 o0 o o 5 © ©6 o o © ! o g5  3/.
20 g 9 5 ¢ 23 2 ¢ & o © o e o o o o . © ] 2 64 k2,
2) 1 72 37 2 N 28 7 1 2 31 1 o 4 ®© © | o0 3 2 22 1y 27



390

School D

Girls

SUMMARY OF WEIGHTED SCORES IN PIAGETION TESTS

TABLE |74

STANDARDISED TEST SCORES AND PULTIBEC SCORE
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APPENDIX F.

Details of results in Piagetian Tests.

Contents: Table Page

Summary of Piagetian scores on all subtests.

whole sample. 175 392-397
Summary of success in Piagetian tests (%)

Whole sample 176 398
Boys 177 399
Girls 178 400

By schools 179 401

Summary of % success in individual
Piagetian tests. 180 402

Means and s.ds of Plagetian weighted scorés
One-year age groups. 181 403

% means and s.ds of Piagetian weighted
scores. One-year age groups. 182 "

Means, s.ds and percentages of Piagetian
weighted scores. Two-year age groups. 183 "

Number of instances at each stage.
Seondary, Junior and Infant. | 84 404

Piagetian tests and menta! age
Two-year age groups 185 405

One-year age groups 186 "
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Summary of individuals welghted scores on a!l subtests

Table 175

(Whote sample).

of Piagetian number tesis.

SECONDARY .
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12345
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1A
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23

.No.

Yrs.
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2

6.0+
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. 222222
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3
4
5
6
7
8
9
10

2272
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222222

oI
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222 |
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2272

t 22
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211221
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2222

2222272
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201
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14.0+

222 2.

212221

221
222

2222

1000

222222

2222
1222
2222

12
E

212222
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222222
222222

222

222

1122

222222

222
2272

22272

12222
- 222222

112222
222222
222222
222222
222221

P
222

2

22222
22122

2222

22

2222

000000

21
22
201

222222

22222 222

2222

101001

1
222
222
222
000
222

10100
22222
22222
22222
000CGO
22222
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222222
222222

.21

222222
222222

222
222

22 2222
2222

23
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22222

222221

2

000000 0OO0OOCGOOCO

222222
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2272

0000

222

2222 .

25

L T T T O
222222
222222
222222
222222

000 101

1 00
01000
22222
22222
22222
20000

26 0000 O
27

12.0+

122

110 221
222 222
222
2272

00O
2222
2222

221222
222222

C 2

28
29

222.

222

2222

30
31

000000 .

22221
222222

2
2

202

0010

222222

1.2

1222 12222 2

32

JUNIOR.

222222

222222

2222
201

222

222272
22222
22222

33 22272
34

1.0+

212222,
222222

Pl

222 222222
222222

I 222
2222

222

222
cO01I
000

35

121100
2111

01
2272
22

00000
22222
22222
22222
22222
22222
222122

222222

0

00QO
2222

37

222222
222222
222222
222222
222222
222222

222
222
222
22

38

222222

1.

2222
22272

39
2222

40
4]

2222272

222

t 2222

222

2222272

222
222

2222

42
43

222

22122

222

2222

22222 022 22

2222

46
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Table 175 continued

Summary of weighted score on each subtest of main Piagetian

(Whcle sample in chronological age order.)

Tests.

10

5B

5A

Test.

t 23 4 ' | 23456 2

23

2345

| 2 34 I

2

Subtest.

No.

Yrs.

222222 22

2
2
2
0
2
2

22272
22272
22272
22272
22272
2222
2222
2222
22272
22272
22272
22272

222
2272
222
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2272
222

22222
22222
22222

2222
2222

P22
22
22

4 22

2
3

16.0+

272

2222272
222222

22
22
22
22

22272
2222

222222
2222272

2221

00000
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Table |75continued.
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Table | 7%continued.
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Tablel75continued.
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Tablet75 continued.
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Table 176

Summary of percentage

394 .
success in Piagetian tests

{In age groups}.

S.N. A.G. W.S. ¢ S.N A.G. W.S. % S.N. A.G. W.S5. %
| 16.0+ 106 98.I| 47 10,0+ 95 88.0 | 92 6.0+ 7 6.
2 " 108 100 48 " 0 0 93 " f 0.
3 " 108 100 49 " 46  42.6 | 94 " 2 b,

50 " 55 5.0} 95 " 31 28.

4 15.0+ g4 87.0 51 " 74 68.5 96 " 15 |3,
5 " i08 00 52 " 42  38.9 | 97 " 7 6
5 " 97 89.8 53 " 84 77.8 98 " 37 34
7 " 88 81.5 | 54 " 51 47.2 { 99 " 0 0
8 " 84 77.8 55 " 38 35.2 | 100 " 46 42,
9 n (06 98.1 56 " 9l 84.3 |10l " 48 44
102 " 6 14,

10 4.0+ 106 98.| 57 9.0+ | 0.9 1103 " 8 7
bl " 99 91.7 58 " 41 38.0 | 104 " 36 33.
12 " 74 68.5 | 59 " 0 0 105 " 50 46.
|3 " 107 99.| 60 " 88 81.5 106 " 22 20.

61 " 93  86.1 | 107 " 2 |

14 13.0+ 107 99.I 62 " 89 82.4 |108 " 0 0
15 " 84 77.8 63 " 78 72.2
16 " 85 78.7 64 " 95 88.0 | 109 5.0% 13 12,
7 " 105 97.2 65 " 102 94.4 {110 " 12 1.
18 " 52 48.1 66 " 98 90.7 {11! " 10 9.

s " 102 94.4 67 " 4 13.0 1112 " 60 55

20 " 40 37.0 113 " 7 6.

21 " 108 100 68 8.0+ 79 73,1 {14 " 78 72.

22 " {06 98.1 69 " gl 84.3 1115 " 7 6.

23 " 100 92.6 70 " 84 77.8 116 " 16 4.

24 " ! 0.9 71 " 72 66.7 |17 " 25 23,

25 " 87 80.6 72 " 52 48.1 118 " 25 23.

73 " 70 64.8 |119 " I 0.

26 12,0+ 25 23,1 74 " 95 88.0 [120 " I 0.

27 " 63 58.3 75 " 8 7.4 1121 " 2 }

28 " 93 86. | 76 " 64 59.3 [122 " 0 0

29 " t03 95.3 | 77 " 37 34.3 [123 " 40 37

30 " 99 91.7 124 " 3 2.

31 " 36 33.3 78 7.0+ 56 51.8 |125 " 18 6.

32 " 82 76.0 | 79 " 33 30.6 |126 " 27  25.

80 " 72 66.7 {127 n { 0.

33 1.0+ 108 100 8l n 20 18.5 |128 " 0 O

34 " 91 84,2 82 " 51 47.2 1129 " | 0.

35 " 97 89.8 83 " 26 24.1 {130 " 6 5.

36 " "36  33.3 84 " 4 3.7

37 " 27 25.0 85 " 51 47.2

38 " 101 93.5 | 86 " 78 72.2

39 n 105 97.2 87 " 39 36. 1|

40 " 103 95.4 88 " 31 28.7

4| " 94 87.0 89 " 43  39.8

42 " 108 100 90 " 53 49.1

43 " 9% 91.7 9l " 47 43.5

44 " 14 13.0

45 " 108 100

46 " 66 61.1

N.B.  S.N Subject No. W.S. = Weighted score A.G. = Age group.

;D\-D\D——CDU'II\JU'I.LHLH—O [ Y Y A L o) [WEERY ) Ve I e s BV BN 1}
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Table 177

Summary of percentage success in
age group (boys).

Piagetian Tests and in

- A .
No. g?gup Weéggigd 4
! 16.0+ 106 g8, |
2 " 108 100.0
3 15.0+ 94 87.0
4 " 108 100
5 14.0+ 106 98, |
6 " 99 91.7
7 13.0+ 107 99, |
8 " 85 78.7
9 " 102 94 .4
10 " 40 37.0
11 " 106 98. |
| 2 " 100 92.6
[3 n | 0.9
| 4 12.0+ 63 58,3
15 " 103 95.3
6 " 82 76.0
17 I1.0+ 108 OO
18 " 36 33.3
io " | O} 93.5
20 " |05 97.2
21 " 103 95.4
22 " 94 87.0
23 " |08 {00
24 " 99 9.7
25 [0.0+ 0 O
26 " 74 68.5
27 " 42 38.9
28 " 84 77.8
29 " 51 47.2
320 9.0+ | 0.9
31 " 102 94,4

32 " 14 15.0

vo. B8, YeloBled

33 8.0+ 79 75.1
34 " 84 77.8
35 " 70 64.8
36 " 95 88.0
37 7.0+ 72 66.7
38 " 51 47.2
39 " 26 24,1
40 " 51 47.2
41 " 78 72.2
42 " 43 39.8
43 " 47 43.5
44 6.0+ ! 0.9
45 " 2 1.8
46 " 31 28.7
47 " £5 i5.9
48 " 46 42.6
49 " 48 44.4
50 " 8 7.4
51 " 36 33.3
52 " 50 46.53
53 M 22 20.4
54 " 2 |.8
55 5.0+ I3 12.0
56 " 7 6.5
57 " 78 72.2
58 " 25 23.1
59 " | 0.9
60 " I 0.9
6l " 0 0

62 " 3 2.8
63 " 18 16.7
64 " | 0.9
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Table 178

Summary of percentage success in
in age groups (girls}.

Piagetian tests and

No. Sﬁgup weé Bigd %
[ 6.0+ 106 98.1
2 5.0+ 97 89.8
3 " 88 81.5
4 " 84 77.8
5 " L06 98.1
6 14.0+ 74 68.5
7 n 107 99, |
8 13.0+ 84 77.8
9 " 105 97.2
10 " 52 48. 1
il " 108 100
12 n 87 80.6
13 12.0+ 25 23.1
14 " 93 86. |
15 n 99 91.7
16 n 36 33,3

|7 1.0+ gi 84.72

18 " g7 89.8

19 " 27 25.0

20 " |4 13.0

21 " |08 100

22 " 66 6l.|

23 10.0+ 95 88.0

24 n 46 42.6

25 n 55 51.0

26 n 38 35.2

27 " 9} 84.3

28 9.0+ 4 38.0

29 n 0 0]

30 n 88 81.5

31 " 93 86.1

32 " 8¢ 82.4

33 " 78 72.2

. 34 " 95 88.0

35 " 98 90.7

Weighted

No. S?qu store )
36 8.0+ Sl 84.3
37 " 72 66.7
38 n 52 48. |
39 n 8 7.4
40 n 64 59.3
4| " 37 34.3
42 7.0+ 56 51.8
43 " 33 30.6
44 " 20 18.5
45 " 4 3.7
46 " 39 36. |
47 " 31 28.7
48 " 53 49, |
49 6.0+ 7 6.5
50 " 7 6.5
51 " 37 34,3
52 " 0 0

53 " 16 14.8
54 " G 6]

55 5.0+ 12 I
56 " 6] 9.3
57 " 60 55.5
58 " 7 6.5
59 " |6 14.8
60 " 25 23.1
61 " z {.8
62 " 40 37.0
63 " 27 25.0
64 " 1 0.9
65 " 0 0

66 " 6 5.5



Table!79 aot",

Percentage success in Piagetian Tests {by school and sex).
BOYS. '

Test School A. School B, . School C. Schoo!l D.
[A . 34.4 ! 33,3 . 37.5 75.0
.18 : 36.2 33.3 35.0 73.3
2A 33.3 1 0 R 33.3 76.2
2B 41.7 20.0 4.7 _ 63.5
3A 61.5 . 53,3 - :47.2 - 74.6
3B 35,4 28.9 25.0 ' 6l.1
4 . 25.0 - .. 10.0 8.3 .. - 47.6
SA 29.7 - 8.3 25.0 . 54.8
58 40.0 . 28.0 26.7 X 62.9
6 . 31.2 20.0 25.0 . - 46.0.°
7 37.5 33.3 33.3 " 66.7
8 18.7 - 13.3 16.7 . 52,4
9 40.6 20.0 31.9 .- 62.7
10 . 68.7 26.7 4.7 73.8
H . 46.1 . 45,7 60.6 S A 9
GIRLS. o
1A 12,5 16.7 41,2 64.0
I8 23.3 . 21.7 . 35.3 ~ 64.8
2A 9.4  25.0 . 29.4 - 66.7
28 30.5 . 19.4 T 33.3 - 72.0.
3A - 40.3 26.4 46. 1 78.0
38 33.3 16.7 22.5 41.3
4 25.0 12.5 17.6 - 34.0
5A° 8.3 2.1 22.1 44.0
58 33.3 16.7 24.7 . 20.8
6 22.2 . 5.5 23.5 © 32,0
7 27.1 8.3 29.4 - 65.0
8 16.7 8.3 17.6 . 24.0
9 23.6 16.7 30.4 - 55.3
10 . 45.8 29.2 41.2 . 64.0
H 45.4. 5.4 53.7 71.4
ALL.
IA 25.0 . 25.9 39.6 .- 69.0
1B 30.7 28.1 35.2 68.7
2A 27.4 - 28.4 31.0 71.0
2B . 36.9 19.7 . 36.8 " 68.1
3A 52.4 - 30,2 46.5 . " 76.4
3B 34.5 23.4 23.6 - 50.4
4 25.0 .1 3.8 40.2
5A 20.5 21.3 23.3 . 48.9
58 371 23.0 25.5 40.0
6 :27.4 13.6 24.1 .38.4
7 33.0 21.8 31.0 65.8
8 17.9 1.1 . 17.2 37.0
-9 33,3 18.5 3l.0 . 58.7
10 *58.9 27.8 - 41.4 68.5
I 45.8 48.3 56.6 75.3



Table |80

Summary of percentage success in Piagetian Tests.

402

Test
A
IB
2A
7B
3A
3B
4
5A

5B

Boys (n = 64)

48.0

47.5

46.9

43.7

56.5

40.4

25.8

32.0

42.2

32.3

45.3

28.1

41.4

55.4

59.9

Girls (n= 66)

40.

41

40.

44,

53.

30,

24.

24,

23,

23.

38,

i8.

36.

48.

58.

.8

All

(

n

130

44,

44.

43.

a4,

55.

35.

25.

28.

32.

27.

4] .

23.

38.

51,

59.
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Table 18|

Means, s.ds. of Piagefian weighted scores. One-year age group.

Age (yrs.) n. m. s.d.
16 3 107.3 1.2
|5 6 96.2 9.6
|4 4 ' 96.5 15.4
|3 12 76.7 35.9
2 7 71.6 31.1
b 14 . 82.6 32.9
10 10 57.6 29.1
9 Il 62.9 42.0
8 10 65.2 26.7
7 14 43, | 19.8
6 17 22.7 20. |
5 22 3.3 18. I
Table 182

Means, s.ds. pércéntagé sucécess in Piagetian tests. One-year age group.

16 3 99,4 I
15 6 89. 1 8.9
14 4 89.3 14.3
13 12 71.0 33,2
12 7 66.3 28.8
I 14 76.5 30.5
10 10 53,3 26.9
9 1l 58.2 38.9
8 10 60.4 24.7
7 14 39.9 18.3
6 17 21.0 18.6
5 © 22 12.3 16.7
Table 183

Plagefian weighted scores expressed as percentages. Two-year age groups.

Raw score

Age (yrs.} n. m. s.d. mean %
15 and 16 9 99.9 G.4 92.5
13 " 14 16 81.7 32.7 75.7
" 2 21 79.0 32.0 73,1

9 " 10 21 60.4 35.6 55.9
7" 8 24 52.3 25.0 48.4 -
5 " 6 39 17.4 19.4 6.1}



Table 184 404

Number of instances at each stage.

Secondary Boys (n=16) Secondary Girls (n=16) Ail Secondary (n=32)

Stage Stage Stage
I 2 3 I 2 3 I 2 3
Test IA 7 6 51 10 8 46 |7 14 97
iB |12 4 64 L 8 61 23 2 125
2A 4 7 37 5 3 40 9 10 77
2B 4 9 35 I 10 37 5 19 72
3A 6 6 84 0 13 83 6 19 167
3B 9 16 71 26 19 51 35 35 122
4 8 5 19 8 Il 13 16 16 32
5A 7 17 40 [ 31 32 8 48 72
5B 10 6 64 i9 12 49 29 I8 HE3
6 16 3 29 19 6 23 35 g 52
7 10 | 53 8 6 50 18 7 103
8 3 3 10 6 3 7 9 6 17
9 8 18 70 7 16 73 t5 34 143
0 2 4 26 3 3 26 5 7 52
Total 106 105 653 124 149 591 230 254 | 244
Junior Boys (n=20) Junior Girls (n=25 Atl-Junior {n=45)
Test A 2 13 55 43 5 42 55 28 97
B |18 10 72 48 10 67 66 20 139
2A g 9 42 27 13 35 36 22 77
ZB 13 13 34 16 24 35 29 37 69
3A |4 10 96 25 32 93 39 42 189
3B 21 26 73 45 40 65 66 66 138
4 16 [0 14 24 8 8 40 |18 32
5A 14 29 37 23 42 35 37 71 72
5B 23 5 62 25 36 64 48 51 |26
& 32 2 26 42 13 20 74 15 46
7 24 4 52 32 14 54 56 18 |06
8 5 7 8 13 8 4 18 15 |2
9 14 35 71 33 65 52 47 100 123
10 5 5 30 6 13 3] I 18 6l
Total 220 188 672 402 333 615 622 521 1287
Infant Boys (n=28) Infant Girls (n=25) All Infants (n=58)
Test A 64 31 |7 62 27 Il 126 58 28
IB 100 24 16 99 20 6 199 44 22
2A 49 25 10 60 10 5 109 35 |5
28 50 18 16 49 I 15 99 29 31
3A 93 34 41 94 22 34 87 56 75
3B 105 52 | t00 48 2 205 100 13
4 45 [ 0 46 3 ! 9l 14 |
5A 66 43 3 63 32 5 129 75 8
5B 78 48 14 92 32 [ 170 80 15
6 75 2 7 74 I 0 149 3 7
7 93 3 16 97 3 0 190 6 16
8 20 8 0 20 5 0 40 13 0
9 73 76 19 73 61 16 146 137 35
10 22 |18 16 22 20 8 44 38 24
Total 933 393 186 951 295 104 1884 688 290
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Table 185

Piagetian Tests. Mental age and operativity.

Two-year age groups.

Age n. m. 1.Q. m. C.A. m. M.A. 4 operativity.
15 and 16 yrs. 9 -87.4 iI5.6 i3.6 92.5
3 " 14 " i6 80.0 13.8 1.0 75.86
" 2 " 21 * 77.3 1.9 9.2 55.9
9 " o " 21 77.2 9.9 7.6 55.9
7 " 8 " 24 77.3 7.9 5.6 48.4
5 " & " 39 85.8 5.9 5.1 1. |
Table 186

Piagetian tests. Mental age and operativity.

One-year age groups.

16 years 3 98.3 16.0 15.7 99.4
15 " 6 82.0 15.4 12.6 85.0
14 " 4 82.2 14.6 12.0 89.4
I3 " 12 79.2 13.5 10.7 71.0
1z " 7 77.1 12.2 9.4 66.3
n 14 . 77.4 b1.5 8.9 76.5
to " 10 75.4 0.4 7.8 53.3
g " I 78.8 9.4 7.4 58.2
g " 10 77.0 8.5 6.5 60.4
7 " 14 77.5 7.5 5.8 39.9
6 " 17 82.6 6.6 5.5 21.0 .
5 " 22 88.2 5.4 4.8 12.3
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APPENDIX G.

Detalls of results of the second testing of school A.

Contents

Summary of weighted scores on first and
second testing (fests 1A - 10)

Boys
Girls

Summary of above (raw scores, percentages
and results of Test || (Class inclusion.)

Taltly sheet of second testing - Test Il

Summary of first and second reading tests

Table

187

188

89

190

(el

407-408

409-410

411

412

413
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Table 187

(First and second testings

Weighted scores on Piagetian tests.

after three-year period).

N.B.

Schoo!l A.

First figure indicates weighted score on first test and

second figure the weighted score on second test,

BOYS.

3B
I 23456

1B 2A 2B 3A
| 2345 I 234

1A

Test

26

1 23

253

i 234

Subtest

Subject

No.

2222272
222222

221

0

01000 |

22222

1 000
2222

222222

2272

222
2

222222
222222

222222

2
222

2

| 2222
222272

12272
2222
2222
2222
22272

2

222222

222

222222
2222272
222222

2222272

222 2272
222
2272

22222
22222

3

222222

222
2272

2222272

222272

4

222222

222 222 2222272
00

0

22222
00000
22222

2222

! 222222 | 22222
222222

0

000
2222

5

222222

222
22

222
222
222

2222272
222222

122222
I

222222

22222
22222

2222

6

2272
22

22722

2222272

222
222

22222
22222
00000

0222

7

222222

2222272
|

222
22

22272

222222
2222272

01 01

I 200
2222

8

2222272

222
02

0

222

22222

0

I

|
22

22272

2222272

2221

|

2

12211

22222
2221272
00000

2202253

0

2072
2272

22
2222
0010

10

222222
010000
222222

222222

2272
00

222222

00

222 222
020
2272

22222
01 01

0222

2121

F000
2222
I 000
22272

12

222222

2222272

2
0

22
0

22222

! 220 222222
222

00000
22222

I3

22222

2222272

222
00

000 100000
222222 [

0

020
2272
0GCo

Il 0000 |

14

00O 000000 000000
000100

00000
006000
00000
20000

0000

15

000000
000000

000
00O

oo

0000
0000

000000
222221

000
000

i6

Co0O0O0O0O

0000
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Table 187 continued

(Second testing of School A children after three-

Piagetian tests.
year period.

BOYS

10

58
| 2345

5A
| 234

Test

2

I 2345686

il

| 234

1 23

2

Subtest
Sub ject

No.

12 22

2221

2020

02 2222 22222 01

22 2222 22222 222 2222 2 222222 22

22

22222 000 2212

20 21

00

12 22222 222 2222 2 222222 22

272

22222 222 2222 2 2221 |

|

22 2222 22222 222 2222 2 222222 22

22

22 2222 22222 222 2222 2 222222 22

22 2222 22222 222 2222 2 222222 22

|2 22

2221

00000 000 0000 |

20 2222 222272 222 2222 2 222222 22

00 2|

I 22

2222 22222 222 2222 2 22211

22 22272 22222 222 2222 2 222222 22

2

I

0
2

22211
222222

22 2222 22222 222 2222

22 2222 22222 222 2222 2

02

22 2222 22222 222 2222 2 222222 22

22211

000 0COCO |

2

I
I
I
}
I
l

100 2222

[

I 000 |

00

2

221221

2222

222 22272

[

2210

0

!
20 2222 22222 222 2222

0

222222 272

22

222222 22

2221

000 0000

t OO0
10 2222 22222 222 2222

00

000 00O |

22222 222 2222 2 222222 22

12

00

000 00O I

22 2222 22222 222 2222 2 222222 22

22

3

0
222222 22

f000 OCI10O00 OO0 OOQ0O00 0O 221

00

14

2

(I

100 |

00 0000 0O0OOO0OC0C 000 Q0000 O

00

0

I

| CO0OCOO0O

/200 00000C 000 0000 0O 21
00 000CGO0 O0OOQO0O0OO0 0OOOQ 0O0O0 0O OO0OOO0QO0O

15

1 000

0
2

16

00 00000 000 0O0QO0O0 O 221001

00
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188

Table

{Second testing of School A after three-year period.)

Piagetian tests.

GIRLS.

3B

3A

2B

2A

]

LA

“Test

3 1 23456 | 2345686

2

23

| 2345 [

| 2 34

SubtesT

Sub ject

No.

2222272

222222

|

2
2272

22222 222

22
22272

222222 222222

222

22222

2

001 000
000000

000000
210122

0
0

000
000

0000 000O0O0
00000

2

GoO0O0

222222

2

o000 00000 000

3

2222272

22222 222 222 2227222

1222

221 222222 2222272
2222272

222
2272

22212
222272

272
22272

222222

222

222222
22272272

2222272
222222

2
222

222

22222
22222

2

2222

222222

1221

|

i

0000 001 22

6

Transferred to normal school.

000 22121
222 222222

00 I
22

002 0o0occCaQ0
22222

7

I

22

0000060

020
222

222222

000000

60000 000 220 000000
22

I 000

9

222222

22222712

000000

020 000000

2272

00

f

0000 00000
2

10

222222

2222272

221 2

I 02|

000000 000000

000
222

000

222

00000
222272

0Cc0O0

2 222222

22221

2222

C0oc000 O00O0O0O0O0

0occ 000
0

00

00000

0000

12

000000

222212

000O00O I

0000
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Table 188 continued.

(Second testing of School A children after three-year

Piagetian tests.

period.

GIRLS.
Test

10

58
12345

5A
1 234

| 23456 2

| 234

23

2

Subfest
Subject

No.

22

22222 222 2222 2 2221

22 2222 22222 222 2222 2 222222 22

Vol
2.

2

o

l0C0O 01000 OO0 0000 O 221
2

00
00 21

I
!

2
2

0C000 000 D000

22

222222 22

000 00QO0

!

0o 20060

22222 222 2222 2 221221

|0 2222 22222 222 2222

2

22

22 2222 22222 222 2222 2 222222 22

[

2

22

22222 222 2222 2 222222 22

12 22222 000

22211

22 20+t+2 22222 022 2222

22 22721

00

1 20

[

Transferred to normal school.

00

2

| 210000 |

I 000 2200
I 100

0

I

7

16 2221

100 O

I

100 0000
000 00O 21l

100
1 202
| 000

cOo

I 22

22

fot

00

000 01

0000 O00 0000

00

I 22

0000 00

000 0000 2221
!

00 00GO 00000 OO0 0000

1c 2

I

0 221 2

10

21222 222 2222 222112 22

00-0000 00000 000 0O0OO0OO0 O

0

2

l0GCO00O0

2

|

22211

t

100 22222 222 2222

0

00 0000 00000 000 0000 O 000000 OO

00

|2

22

00000 000 0000 O 221



Table 189

41t

Summary of performances on Piagetian Tests.

School A.

First and second testing after three year interval.

No. Tests IA o 10 Test I
weighted score % score
| 97 89.8 15
2 63 58.3 15
3 82 75.9 18
4 101 93,5 13
5 108 t00 23
6 14 I3 {2
7 51 47.2 12
8 4] 38 14
9 102 _94.4 17
10 98 90.7 18
Il N 84.3 16
i2 95 88 14
13 64 59.3 19
14 37 34.3 12
I5 33 30.6 9
16 20 18.5 16
17 51 47.2 17
8 51 47.2 4
19 78 72,2 I3
20 31 28.7 20
yd| 46 42.6 15
22 . 50 46.3 I
23 22 20.4 19
24 7 6.5 6
25 I 0.9 |
26 2 .8 8
27 0 0 13
28 | 0.9 0
m. "51.3. 13.2
s.d. 35.7 5.8

Test 1A fo 10 Test 11|
weighted score § score &
108 t00 deceased
108 100 29 100
106 98.1 29 100
108 100 29 Jol¢)
108 100 29 100
28 25.9 22 75.
107 99.1 19 65.
103 95.4 29 100
108 100 19 65.
108 10C 17 58.
107 99.1 19 65.
107 99.1 29 t 00
transferred
76 70.4 13 44,
" 76 70.4 17 58.
69 63.9 29 100
108 100 25 86.
77 71.3 23 21,
105 97:2 17 58.
102 94.4 22 75.
100 92.6 28 96.
108 F0l0) 28 96.
71 65.7 18 62.
90 83.3 21 72.
9 8.3 16 55.
94 87.0 29 100
30 27.8 15 51.
27 25.0 20 69.
86.9 22.7
30.0 5.5



School A (2nd.restmq afiev ijears.)
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Table 190 _
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Tabte 191

Reading (Three year comparison.)

1974 (Ist testing)

No. R.S. C.A. R.A.
| 100 15.5 12.0%
2 92 12.8 12.0%
3 79 12.2 . 111
4 84 1.6 11.8
5 102 1.4 12.0%
6 .0 11.3 . 5.0 N.R.
7 75 10. 1 10.8°
8 22 9.8 6.3
9 94 9.0 12.0%
10 20 9.0 6.2
I 4 8.9 5.4
12 4 8.5 5.4
13 10 8.0 5.7
14 9 8.0 - 5.7
I15 27 7.8 6.7
16 7 7.8 5.6
17 42 7.8 7.7
18 2 7.5 . 5.3
9 4 7.4 5.4
20 12 6.8 5.9
21 10 6.7 5.7
22 35 6.2 7.1
23 6 6.1 5.5
24 0 5.5 5.0 N.R.
25 0 5.0 5.0 N.R.
26 0 5.0 5.0 N.R.
27 o 5.0 5.0 N.R.
28 . ¢} 5.0 5.0N.R

No. of fluent readers (i.e. with
reading age above 12.0 yearsl)= 4

No. of non-readers (including five-
year olds) = 6 °

"

1
oo

Mean R.A.
Mean C.A. =

1977 (2nd testing).

R.S. C.A. R.A.
106 18.5 12.0%
105 15.8 12.0%
100 . 15.2 12.0%
101 14.6 12.0%
108 14.4  12.0%
5 14.3 6.0
.94 I13.1 . 12.0%
65 12.8 9.8
106 - 12.0 ~.12.0%
72 12.0 ° . 10.3
51 11.9 8.3
94 © 11,5 12.0%
55 I1.0 8.7
85 11.0 1.7
48 10.8 8.1
32 10.8 6.9
88 10.8 12.0%
42 10.5 7.6
40  10.4 7.6
- 59 9.8 9.1
46 9.7 7.9
76 9.2 10.9
46 9.1 7.9
75 8.5 10.7
. 8.0 5.3
70 8.0 10.2
60 ‘8.0 9.2
25 8.0 6.4

_ No; of f[uenf readers

No. of non-readers

Mean R.A.
_ Mean C.A.

9.7
Fo3

years, s.d. 2.
years, s.d.

L}
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APPENDIX H.

Test 3A. Spontaneous Correspondence.

Contents:

Tally sheet of original responses indicating
number, shape and colour.

School A

Summary of responses

Analysis of responses

Percentage summary of responses in one-year
groups.

Table

192

193

194

195

196

197

198

Page

415

416

417

418

419

420

42|



0
0

Total

2 3 4 5 b

Colour

0 X X X X X X
0 X X X X X X
o/ / /17

Total

2 3 4 5 6

Shape

415
B X X X X X X

6 X X X X X X
6 X X X X X X

Total

2 3 4 5 b6

Number
/0
VAR A A A A

VA A A

No.

Test 3A - Spontaneous Correspondence.
2

SCHOOL A - BOYS.

Table 192
Subtest |
Sub ject

— MO N — — — M WY — MM ﬁ OO — O M WO — O NN
HOBC G XX N N X N N XX r~ N N T
MO XX X X X N N XXX h~y e 20O N 2 N N ™
DO X XXM N N X X [Ea T e
e T T N N o XXX N XN N
DCm e 2 X X N N S XX ™~ o XX X N e X
b e T . G © XXX N N N
O MO NO <N OO NI — |4| OO — N WO Iy N
b i N - N t~ R N T N
DB 2O X N X XX I} PN N O X
P . O L N e N O b i N
PO N N X e e S X X o)) PN N X N ™
DNt S X N T S S e X o HKome XK XK X S X XX
O YOOW-—-0OOWw—00 w OO OO OOMnOo
OO N S X N XX X XX o XN N N S N X X
N TN TN N e X X X XX o NN N T e X XX
T T N O o R L
T A S e X X X N XX - T N T 4
e e e S T X X X XX m B N T T - -
T T RN N X XX XXX o OO N e X XX
[} .
@ D
TN OO0 - NN S InY mm|23456789m

3
45
88

b X/ / /7 X X
0O X X X X X X 0 X / / /J X X

0 X X X X x /
6 6 6 6 6 7 37 3 6 7 7 6 4 33 7 7 8 9 7 7

X X X X X X
XX X X X X

I
Overall
Totais 16 16 17 16 16 16 97 12 15 13 12 13 9 74 1714 18 t4 || |4

12
Totals
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416

Table!193

Test 3A - Spontaneous Correspondence.

SCHOOL B - BOYS

Total Shape Total Colour Total
2 3 4 5 6

Number
2 3 4 5 6

Z 3 4 5 6

Subtest |

Subject
No.

OO0 o«

XX XX

KX X X

~ K X~

e

>

X

=< N = ™M

X~ X

- N

XX

~ 3w~

e

KX X~

O O WO

N X

e L X

TN TN

T T T

e

T e el

— N ™M <t

o/ /1 /7 7

6

X X X X X X 0 X X X X X X

owMMm —MO T —O
S X X X X X
o XX X XK X X X
Mo XX X~ X x|
Mo XX X X X
B P 2 X XX
Mo X X s X S X X
CWOUNMMOM—<MNO
Mo X X X X X X X
Mo XX XXX XX
e . T N N
3 X L X L X XX
DO N N O X X
DM T XX N ™ XX
COVWVWINOO—-NOO
X//XXXX/NX
MmN XX X X X X
FKome s XK XX X
MmN X X X X XX
oG e XXX XX
Bl L L XXX XX

O M~ OO — N M N0

7 8 7 8 6 642 6-9 7 8 4 438 7 6 7 7 3 4 34

Jotals

GIRLS

~ X
~ ~
~ ~
~ ~
~~
~ ~

O

N

LT ™

o~
/,W/
~
N~
o —
x X
> x
> X
> X
>xox

>~

4X X X X X X 0
OX X X

5 X / / 7/ / X

A S A

O MY D

MK NS

Ko~

P

Ko™~

e e e

X

<t =— O

R

e

~ X ™~

X~

R ™~

X X X X X X

XX~

< WO O

!

TN

>N

X X X
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Shape Total
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Total

2 3 4 5 6

Number

Test 3A - Spontaneous Correspondence.
No.

SCHOOL C - BOYS.

Tabte 194
Subtest |
Subject
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Totals 10 12 1]
Overal |
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Total
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Test 3A - Spontaneous Correspondence.

SCHOOL O - BOYS.

Total

2 3 4 5 &
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Table 196
Test 3A - Spontanecus Correspondence (Summary of responses).
BOYS.
Number Total Shape Total Colour Total
Subtest | 2 3 4 5 6 i 2 3 4 5 6 | 2 3 4 5 6
Scheol
A 0101 1010 960 9 9 6 S 7 541 10 7100 5 4 7 45
B 7 8 7 8 6 642 6 9 7 8 4 438 7 6 7 7 3 4 34
C [ 91112 91062 5 5 6 7 7 33310 5 9 8 5 7 44
D 19 18 18 18 19 1BlLiIG 1012 12 14 12 {1 71 13 8 9 5 8 7 50
Total 47 45 47 48 44 43 274'3035 31 34 30 23 18340 26 35 25 20 25 171
GIRLS.
A 6 6 6 6 6 737 3 6 7 7 6 433 7 7 8 9 7 7 45
B 7 4 5 4 4 529 4 6 6 4 6 430 5°7 6 6 6 5 35
C 01211 9 91859 714 91010 95 9 6 6 4 6 4 35
D 23 2323232424140 1918 1516 17 1297 14 810 7 8 7 54
Total 46 45 45 42 43 44 265 3344 37 37 39 2921935 28 30 26 27 23 169
ALL.
A 16 16 17 16 16 16 97 12 t5 13 121’3 9 7417 14 18 t4 |1 14 88
B 4 1212 121011 71 10151312128 6812 31313 9 9 69
C 21 21 2221 18 18 121 12 19 15 7 (7129219 11 1512 {1 11 79
iD- 42 41 41 41 43 42 250 29 30 27 30 292316827 12 19 12 16 14 104
Total 93 90 92 90 87 87 539 63 79 68 7t 7152480275 54 65 51 47 48 340




Tablel 97

420

Test 3A - Spontaneous Correspondence. Analysis of responses.

BOYS GIRLS
Number only Number only
School Number n. y School * Number n. %
A 6 16 37.5 A 3 |12 25.0
B | |5 6.7 B 0 12, 0
C | |12 8.3 C 2 ) 1.8
D 6 21 28.6 D 7 25 28.0
Totals |4 64 21.9 Totals 12 66 18.2
BOYS GIRLS
Number and shape Number and shape
A ! 16 6.25 A [ |12 8.3
B 4 15 26.7 B 3 |2 25.0
C 3 12 25.0 C 3 |7 17.6
0 I 21 52.4 D 15 25 60.0
Totals 19 64 29.7 Totals 22 66 33,3
BOYS ‘ GIRLS
Number and colour Number and colour
A 3 16 18.7 A Z |2 16.7
B 2 15 13.3 B 3 |2 25.0
C 4 [2 33.3 C 3 b7 17.6
b 7 21 33.3 D 9 25 36.0
Totals 16 64 25.0 Totals 17 66 25.7
BOYS . GIRLS
Number, colour and shape Number, colour and shape.
A 2 16 12.5 A 2 |12 16,7
B 2 15 i3.3 B I |2 8.3
C 2 - 12 . 6.7 C [ 17 5.9
D 7° 21 33.3 D 8 25 32.0
Totals I3 64 20.3 Totals 12 66 18.2
WHOLE SAMPLE.
n. 7
-
Number only 26 20.0
Number and shape 41 31.5
Number and colour 33 25.4
Number, colour and 25 19.2

shape
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TablelS8

Test 3A - Spontaneous Correspondence. Percentage sunmary of responses.,

GIRLS

C.A. Years Number % Shape % Coflour %
5.0 to 6.0 26.9 50.0 43.6
6.1 " 7.0 41,7 36. 1 19.4
7.1 8.0 64.6 56.2 62.5
8.1 " 9.0 75.0 52.8 33.3
g.1 " 10.0 76.2 54.8 21.4
0.1 "™ 11.0 100.0 6.7 i6.7
V.l 12,0 63.3 63.3 43,3
2.1 " 13,0 75.0 83.3 54,2
13,1 " 14.0 {00.0 60.0 53.3
4.1 " 15.0 100.0 72.2 77.8
15.1 " 16.0 100.C 70.8 66.7
BOYS
5.0" 6.0 22.7 33.3 31.8
6.1 " 7.0 53.0 a45.4 48.5
T.00" 8.0 83.3 44,4 27.8
8.1 " 9.0 [00.0 52.8 47,2
9.1 " 10.0 0] 0 0
o0 " 11.0 68.7 46,7 40,0
flr.r " 12.0 95.8 43,7 66.7
fz.1 " 13.0 100.0 33.3 33.3
(3,1 " 14.0 85.7 76.2 38.1
(4.1 " 15.0 100.0 91.7 66.7
15,1 " 16,0 {00.0 58.3 37.5
ALL.
5.0" 6.0 . 25.0 47.4 38.2
6.1 " 7.0 49.0 42.1 38,72
7.00" 8.0 72.6 51.2 47.6
g.p " 9.0 87.5 52.8 40.3
g, " 10.0 66.7 47.9 18.7
Q.1 " 1.0 86.7 4.7 728.3
Li.1 " 12.0 83.3 51.3 57.7
(2.1 ™ 13.0 85.7 61.9 45,2
3.1 " 4.0 a1.7 69.4 44 .4
4,1 " 15,0 100.0 80.0 73.3
5.1 " 16.0 [0C.0 64.6 52. 1
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APPENDIX |.

Photostat of computor sheets.

Confen+s; Table

(i) Raw scores on all tests, C.A., 1.0.,
means and s.ds.

(ii) Pearson corretation and partial
correlation.

Whole sample [99-202
All boys 203-205
All girls 206-208
All with shunts 209-21|

All without shunts 212a-213

423-427

428-430

431-433

434-437

438-440
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3160 2%
4L 15,4 3L
5 15.5 33
4 15,5 13
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9 15.0 24
W 14,9 32
1t 15,0 28
12 14'._(\ 20
15 169 28
14 13 8§ 32
1% 128 22
16 13,8 21
17 137 32
18 13.5% 12
1% 13,5 20
20 13. 4 18
21 15,4 29
22 133 36
23 15,2 2%
26793 .1 17
25 159 P4
26 12.9 13
27 1¢.8 34
28 12.7 17
&% 12,6 3
30 12,5 28
31 12,5 14
32 12,2 32
3% 11,8 19
36 118 25
3 11,7 24
36 15,7 21
37 11 .8 14
3% 11 .6 26
39 1158 20
40 11,4 1R
&1 14 4 20
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8 11,0 24
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Table 199 continued( All pupils.)
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Table 199 continued (All pupils).

107 4.7 17 5% 30 0 20 48 4 6 3 4 11 5 0 4 2 0 0 0 6 3 14 80 24
1pe 4.6 20 27 21 0 2i 14 v 0 0 1 5 2 0 0 0 0 0 0 S 1 17 78 35
103 6.6 15 24 21 0 15 10 L n o0 0 0 2 0 0 0 0 0 6 1 10 56 45
106 6.6 17 34 18 ¢ 17 38 v ? 1 3 70 6 0 A 5 ] ] 0 3 2 29 B9 34
105 6.2 21 59 22 35 11 50 1 n 1 5 12 4 1 5 5 0 1 1 8 4 11 110 22
106 6.1 15 Sz 9 6 14 22 4 4 1 2 2 1 0 * 1 VI 0 7 2 19 110 33
107 6.0 8 Yy 15 0 25 0 u ' 0 n n ] 0 0 0 0 0 0 90 0 2 64 42
108 6.0 13 3z 15 11 7 69 b 10 5 5 .12 2 34 2 0 0 0 7 2 12 94 24
v 5.9 10 30 17 g 19 13 1 0 0 2 n 0 0 4 0 0 0 0 5 1 B 80 39,
170 5.9 9 50 40 3 14 12 v W] 0 0 0 ¢ 2 1 0 v} 0 0 5 4 15 99 34
111 5.8 15 23 15 3 13 10 i | 1 6 6. 0 0 2 0 6 0 0 0 1 ] 87 41
112 5.8 8 44 18 0 22 7 1 0 o 0 0 0 0 3 0 0 0 0 2 1 18 95 30
113 5.7 13 57 35 6 26 78 B 19 6 4 ? 10 2 2 9 & 8 1 6 2 13 105 31
< 116 5.6 9 29 12 ¢ 26 1 v 0 0 0 0 6 0o 0 0 0 1 0 0 0 12 72 34
115 %5 14 42 18 6 15 4 ] 0 1 2 ] 0 0 0 1 0 0 1 2 0 6 ¢0 39
e £.5 12 20. 19 0 14 16 v 1 0 4] 0 6 0 0 2 0 1 0 5 1 0 85 30
117 5.3 14 72 37 2 11 25 4 4 2 3 9 1 0 4 ] 0 1 0 3 2 22 115 27
138 5.3 15 . 30 15 o 19 25 1 1 ] 4 2 3 0 .0 2 0 0 0 8 3. 26 100 24
"e s.3_ 5 __6_ 18__0_28 ¢ ¢ "o 0__o 0 __ 0 0 _0_ 0 0.0 0 0 0 1% 53 47
120 5.2 10 17 "7 G 27 j y 0 0 0} .0 0 0 0 0 0 0 0 0 1777 3 &9 33
121 5.2 9 13 15 0 26 2 v 0 0 0 A 0 0 0 ] n. 0 0 1 1 8 92 40
122 5.2 8 20 3 ¢ 78 0 u -0 /] V) 0 0 f 0 - 0 0 0 0 0 0 ¢ 70 25
123 5.2 15 25 18 D o4 40 5 4 0 0 9 6 0 4 3 0 1 1 6 1 4 84 33
126 5.2 14 . ] 19 ¢ 18 3 1 a 0 .0 n 0 0 0 0 0 0 0 1 1 7 100 33
12% 5.1 14 30 21 0 16 18 b 3] 3 )} 1 ¢ Iy} 3 0 0 0 0 4 K 11 101 29
126 S 1 1% 32 0 60 16 27 ¢ 0o 2 3 6 0 2 s o 0 0 4 2 9 96 23
1¢¢ 5.0 14 15 14 0 23 + v ) 0 o 0 n 0 0 0 0 0 0 1 0 13 80 43
128 5.0 11 21 11 o 21 0 v ) 0 0 0 0 0 0 0 0 0 0 0 0 13 78 36
129 5.0 6 8 0 0 27 1 ] n 0 0 0 0 0 n 0 0 0 ] 0 1 0 75 43
130 -5.0 13 56 22 O 17 ] ¢ 0 0 0 0 0 ] 1 1 0 Q 0 4 0 7 115 22

Table 200 means and s.ds. whole sample.
MEAN 9.5 17,7 54,9 33.6 32,1 1.5 56.4 4.3 5,1 3.2 3.4 7.5 5,8 1.¢3.8 5.0 1.9 3,6 0,7 6,8 2,6 16,2 8p,9 32.9

S1Dv 3.2 7.1 26.8 18.6 36,8 7.8 38,¢ 3.4 4.6 2.6 2.3 5.4 4.9 1.7 2,9 4,1 2,5 3,8 0,8 4.0 1,5 8.1 16,0 6.7

*ponutiuod g6l 2149BL

S| idnd 11V

YA




Table 201. All pupils.

“10Z =l19el

e

PEARSON CORRELATION CDEFFICIENTS -
o

1.00 S

0.69 1,00 . it

0.76¢ 0.¢3 1,00 . I

0.77 0.76 0,89 1.00

p.74 0.6 0,76 0.79 1.60
~0.69 =0.74 =0,74 -0,74 -0.64 1,00
0.69 0.rS 0,78 0,80 0,60 -0, 8V
0.%9 0.062 0,48 0,71 0.56 =065
0,64 0.63 0,67 0.71 0,56 =067
0,65 0,07 O0.71 0.73 0.61 =¢. 21
0.66 Q.72 0,73 0.74 0Q,63 =u ?v
6.06 0.09 0,46 0.67 0.62 =0,76
13 0.59 0,67 0,45 0.67 0,560 =u_é5
14 0.57 0.58 0.s5 (.69 0.58 =0 60
15 0.60 Q.71 0G,7%v (.74 0.67 =074
16 0.56 0.93 0,62 (.62 0.51 =v_6¢
17 0.54 0.8 Q.65 0.6% 0,54 -0, 5Y
18 0.66 0,63 0.8% 0,73 0.63 ~u, 67
19 0.55 0.%6 0.49 0.65 0.60 ~U.54
20 0.67 0.7S 0,78 0.77 0.66 =v 8v
21 0.56 0,62 0,47 0.67 0,57 =U_ 75
2¢ 0,50 Q.37 0.58 0,61 0,45 =V,5>
23 =0,459 0.49 0,34 0.36 0,27 =y, 28
24 8,11 =018 =0,14 =-0.12 =0,03 G.2> -

.88 1.00

.91 0.93 1,00

.93 0.90 0,92 1,00

ARG 0,78 0,76 0,83 1,00

LR6 0n.72 6,74 0.30 o0.80 1.00

LR?7 0.7V 0,77 0,78 0.67 0,73 1.u0

L?7 6442 0,69 0.70 0.61 0.7 0.58 1._00

A% 0LAS 0,66 Q.75 O.76 0,80 0.64 0.70 1.a0

0.70 0,76 0.77 0,67 0,71 0,00 0,57 0,42 1,00

7% 0.A% 0.74 0.71 0:f6 0,53 0.9 0.76 0.41 0.70 1.00

A9 N.RT O 0.8s 0.87 0.71 0.8%  0.75 o./% 0.49 0,76 0.77 1.0V

.7 G.5% 0.63 0.65 0.55 .58 0.76 0.0 0.0 (.75 0.70 v.6¥ 1.00

A8 Q.74 0,75 0,82 079 (.81 0,70 0.68 0_R2 .69 0.60 U745 0.6 1.00

L9 0462 0,65 Q.72 071 0.76 0,44 0,81 0.75 0,62 0.5 U.6> 0.7 0,80 1,00
0 ]
a 0
h]

_.
OO NG WA
FAY

at -
~n -

.42 0.56 0,52 0,60 0.66 0,60 0..7 0.49 0.42 0.48 0.43 V.48 0.45 0.62 0.56 1.00
L3 6027 0,19 0,25 0.30 0.24 0.21 0.50 0.38 0.21 0.31 0.2¢ 0.26 0.33 0.3 0.%0 1.00
.22 ~0.,16 =0,13 +«0.15 =0.22 =0.26 =0,2% =0_%4 *0.25 =0,1% ~0.,13 =V, 1< =0 0% =0,.23 =0,22 =0.13 =0.49 1,00
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Table 202. All pupils.
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=N

Lbo
.43
49
YA

20

52
(57

34
39

9
45
b
.91
F

L]

.33
Rt
-1

>3

40
56
.69
.36

1.400
0.74
0,46
=045
0.54
0.44
0.36
0,u4
0,LR
0.x36
0,39
0.40
0.50
0,%6
0,43
0,39
0.50
0.56
0.L7
0.35
0.43
=0.34

3

1,00
0.52
-0.45
0,58
0.51
0.44
0,49
0.51
0.37
0,41
0.47
0.54
0.36
0.50
0.46
0.43
0.54
0.47
0.40
0.67
0.3

A

AGR EXCLUDED

1.00
~0,27
0,37
.24
011?
0,26
0.29
0,29
0,29
0.29
0,43
0,18
0,26
0,27
0,34
.33
0.30
0,14
0.49
"0-16

5

1.0V
~0.6¢ 1 00
=J, 41 U_R1
=0 41 0. 84
=G _4f 0_88
~j,6¢ Q.72
=0.58 (.76
-U.41 0_A0
=y, b4 0 6%
=y 57 0.7
v 3¥ 0. 79
"y 3D [ _AD
~v, 317 0 _Ro
=y, 20 0. 44
-G, 6¢. 0.77
-9,61 0.68
-y 3 0.44
=y.4B 0.52
V.46 =0, 44

& 7

1.00
6.90
0,85
N, 64
0.54
0.55
0.43
0.47
n,56
0,55
0.70
0,39
0,59
Q.45
0,38
0460
“0.27

8

1.00
0,86
0,00
0,56
0,62
0,514
0,45
0,63
0,60
0.7¢
0,43
0,57
0,47
¢, 3n
0.32
=0.27

9

1,00
9.70
0.66
0.61
0.53
0,60
0.45
0,57
0,77
0.46
0,68
0.58
0.42
0441

=0.29

10

1,00
0.66
0,67
0,38
0,50
0.49
0,45
0,49
.31
0,64
0,55
n.51
0.47

1.00
0.57
0.32
0,68
0,55
0,28
0,46
0,35
0.67
.64
0,42
0.38

"0.58 =0,63

11

12

1.00
0,36
0.44
0.3k
0.5%
.70
[
0.52
0.7
0.24

(=3 = I Y= e ngi = B o =7}

-0.37 =0,

13

14

.00
0,44
0.42
Q.50
(1A
n.70
0.63
0.46
0.85
=0.%%

15

1,00
0.57
¢.63
0.64
0.51
0.45
0,28
0.32
=0 .30

16

P00

¢,65 1.0V
0.5 U,5¢
0,39 U, 5%
0.35 U, 4f
0,29 v, 25
0,43 v, 38
0,22 =U, 206
17 18

1.00
G.48
0,39
0.24
0.37

1.00
0,790
0,44
0,52

—

1,00
0,40
0,49

=0.18 »0.41 =0,33

19

20

21

202 °|qeg

1.60
0,40
-0, 21

2z

"s|1dnd |y

1,00
=0.48

23

Ly

1,00
24



Table 203.

ALL BOYS
. 1 23 A 5 & 7 8 9 15 11 12 13 44 45 16 17 18 1% 20 21 22 23 24
1 16,0 35, 121, 79, 110, 0. 108, B, 0. &, 6. 12, 12, 4., 8, 10. 6, 8, 2,12, &, 29,132, 2¢
216 0 23, 1146, 73 18, 2. 108, 8,10, 6,6 & 12,12, 4, 8,40, 6, 8, 2, 12, 4 29, B4, &1,
3 95,8 34, 98, 72, 100, n, 96¢, B, 0, 6, 6,12, %2, 4, 8, 0, &, B, 0,12, &, 21, 70 25,
4155 3% 136, 7, 108 7,108, 8,10, &, 6,12, 12, &, 8, 16C, 6, 8, 2,12, & 29, 110, 24,
5149 32 1v1, 73, 91, 4, 106, B, 10, 6, 6,12 10, 4, 8,10, 6, B8, 2, t2, &, 29, B3 42,
6 14 9 28, 102, 54, 100, 2. 99, 8,10, S, 6, 10,12, &, S5, 10, 6,6 8 2 9 & 14 78 34,
713 8 32 91, 6bA, Y5 z,107, B 40, &, & 12,11, &, 8,10, 6, 8, 2 12, &, 29, 83, 34,
8 13,8 29, Lo, 32, 17 12, ES, B 40, 6, 4 10, 0, 2, S5, %, 0, B 4, B, 4 10, 67, 33,
2135 20 61, 33, 7 L, 96, 8 qp &, S 12, %2, 0, &, 10, 6, B, 2,10, 3, 16, 63 35,
10 13_64 18, 56, 34, 4%, 7,40, 4, 2. 3%, 3 11, 5, 1, 1, S, 0, o0, 0, &, 1, 14 73 I3,
1% 132 3&_ 117, 78 110, 1, 106, B8, 10, o, 6 12 12, 4, 8,110, 5, 8, 2,11, & 29 10?7 31,
12 13,2 23, 77, 58, %%, 5. %00, 8, 10, 6, &, 11,11, &, 6,10, 4, B, 2 12, &, 6 17, 8B 4n,
1313517 17, 19, 26, G, %5, 1, 0., ©, o0, O, O, O, O, Q: O, O, o0, O, O, 1, 28, &7, 42,
14 12,8 34, B4, w3 ¥z 9, 63, 4, 1, 2, 5 12, 6, 2, 8, 5 2, 4 1, 30, & 18 96 2%,
15 12,6 3g, 76, S8 41, 2, t0%, B, 10, 6, 6_ 12, 41, 2, 8,10, 4,6 B, 2, 12 4, 29, 83, 29,
16 12,2 32, 85, &8, *Y_ 1o, R2, 7, 9 5, 4 12, 12, ¢, 4,10, 0, 7, 1. 8, 3, 18 71 45,
17 11,9 19, 102, 73, 91, 2. 108, B, 10, 6, &_ 12, 12, &, 8,10, &, B, 2 12, &, 29 93 33,
18 1+, 7 29, 61, 26, 0, 19, 36, &, S, 1, 2, S5, 6, 0, 0. 5, 0, 0. @, 7, 1, 18 53 34,
1% 11.6 24, 99, 5S¢, &8¢, 1. 101. B. 10. 6, 6, 12. 12. 4. 4. t0. &, B8, 2, 9. 4. 13, B80. 28,
20 11,5 20, &7, 55, Ilo, 1. 105, 8, 10, 6, 5,12, 12. 4, &, 10, 6, 6, 2,12, 4, 26 B3 27,
27 11,4 18, 7B 55, 74, 13, 103, B, 10, 6, 6_ 12,12, 2, t, 0, 6, 6,6 2. 12, &, 18 89 27,
22 11,4 20, 73, 65, B3 6. 9¢, 8,10, 5. & 12,12, 2, &, B, L, 6, 1,12, &, 24 Vo, 23,
25 11,4 27, B3, 56, 102, S, 1né., 8. 10, 6, 6, 12,12, 4, 8, 10, 6, 8, 2,12, &, 23, 97, 228,
24 11,3 19, 59, 45, 33, 5. 99, 8, 10. 6., 6. 12, 10. 2., 7.0, &, 8, 2,40, 4. 29, V7, 137,
2% t0.7 B, 52. 1% 53, 26, 0, 0, 0. ©0. 0, 0. 0. 0. O+ 0. 0, 0, 0. 0., 0. 4, 53, 40
26 10,3 23, P4, 35, 9, 6. L. 6. 9. 5. 6. 12, 3. 4. T. 2. 0. 4. Q. 12. 4. 2T, Tg. 27
27 10,3 48, 54, 34, 15, 6, 42. b, B, 3, 3, ., %Y, 0, 2. 0, 0, 0, 0, 8, &, 12, 58, 39,
28 10,2 16, 66, 42, 51, 11, 84, B, 10. 6. 4, %2, 10. 0. 4. 9. o0, B. 2, 8, 3, 29, 82, 38,
29 10.1 20 57, 34 75, 3. 051, 1, 0. 1. 1,12, 11, 0. S« 5. 0., 0. 1. 10. 4, 12, 82, 3,
30 9.9 11, 36, e, Q 23, ' ¢. o0, 0. 0. O, 0, 0. 0. 0. 0. 0. 0., 0. 0, &, 53, 39,
31 9.0 23, 65, 3%, 94 6. 102, &, 10. 6. S. 1%, %2, 3, 8,10, 6, 8,6 2, 9, &, 17, BB, 137,
32 9,0 17, 4B, 34, €3 L, 95, 8,10, 4. S.12., %2, 3, 5,10, 0, 8, 1,11, 4, 16, 7?8, 39,
33 8.9 19, 64, 39, 45, 18, 77, 6., 3, 6, &, 12,10, O, 5. 10, ¥, B, 1, B, 3 29, 79 3¢,
3. 8,8 16, 37, 17, 55, .8, B4, 8. 40, 5, S5, %1, 10. 2, 7. ?, 1, B, 4., 8, 3, 14, 8p, 27,
35 8.5 24, 41, 33 36, 17, 70, 6, 9 6 & 12,11, 0, 4, B 0, o, v, & 3 2% 8y 27,
36 8.5 19, 63, &S O, 2. 95, 8,710, 6, 5,12, 6, &, 8,10, & B 1, ¥ &, 14 93 25,
37 7.8 14 L4, 25, 8 R 72, 8., 9. 6, 4_ 140, 6, 2, 1, 7, 5, 6, 0. 8, 2, 28, 81, 32,
38 7.8 29, 43 26, 42, 40, 51, 3, o, 3, S5_ %2, 6, 0, S, 5, 0, 0, 1, %, 2, 1?7, 7?5 22,
3% 7.7 13, 41, 51 d3 14, 26, 2, 0, 0, &, 5, &, 0, 1. .4, 0, 0, O, 4, 2, 19 TB 24,
b0 7.5 18, 49, 29, 27 13, S1, &, S. 33 3, 5, ¢, 1,10, 1, & 1. 6, 1, 4, To, 21,
419 7.4 14 56, 3%, 4 11 78, 6. 10, 4, 1. 9,10, 2, 2. 7, 6,6 8, 1, 8, &, 13 9o, 25,
42 7.2 A, 34, 7. 0 2z, 43, 4, 5. &4 %, B, 5, 0, 3 3, 0, 0. 1. 6, 1, 18, 53 38,
43 7.0 17, 63, 34, 2, 13, 4/, 5, & 3 3 8, 2, 2, 5, 5 1, 1, 0. 7, 1, 7, 88, 39,
4 69 6, 12, 13, 40 30, 1, 0, o0, ¢, ¢, 0, 0, 0, O, 0, 0, 0, 0, 0, 1, ¢, 85, 31,
4 6.9 13, 20, 13, 0, 22, 2, 0, o0, o, O, 0. 0, O. 0., O, 0Q, 0. 0. O, 2, 9, B8p, 33,
46 6 B 1y, 54, 17, 92, 18, 31, 1, 0o, 1, 1, &, 1, 0, 3, 5, 0, o0, 1, 8,6 4,6 20, 99 48,
&7 6.8 14, 44, 18, 0, 16, 15, o, O, %, 2, 0, 0, &, 1. b, 0, 1, O, 2, 2, 11, 78, 132,
48 6.7 10, 54, 20, f0, 12, 46, 4, 3 3 2 B 4, 0, 4, 5 0, 0, 1, ¥, 4, 15 92 29,
&% 6.7 17, 55, 3o, 0. 20, 48, &, 6. 3. 4 31, S5, o0, &, 2, 0, 0, O, &, 3, 14 80, 24,
50 6,6 15, 24, 21, 6. 1S, 16, 1, o, o0, O, O, O, 2, 0. @, O, o0, 0, 6, .4, 10, 56 4S5,

¢0Z-etqel

‘shoq ||y
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Table 203 continued. All boys.

50 6.6 17,
52 4.2 21,
53 6,1 15,
54 &.0 8,
55 5.9 10,
56 5,7 13,
5Y 5.6 9.
58 5.3 14,
59 5.3 5,
60 5,2 16,
41 5.2 . 8,
62 5.2 14,
63 5.1 14,
64 5.0 &,
MEAN 9.5
5TOv 3.3

34,
50.
52.
9.
30.
57,
20,
72,
6,
17,
20,
?,
30,
.8

18,
22,
29,
15,
17,
35,
12.
37,
18,
17.

6,
19,
21,

0,

Table 204 (boys)

PEARSON CORRELATION COEFFICIENTS

PWN = O Q0O W -

JEERE G S )

1.00
0.5%
]
0,76
0./9
=0 .65
0,69
0,57
0,64
0,68
g, 02
0.64
0,31
0,52
0.58
0,54
0,49
0.70
0,49
6,67
0,53
0,47
0,23
0.26

3

1,00

0,57 1,00
v, 86 0,86
0,57 0,79
0,69 «0,65
0,75 ¢,7”
0,61 0,40
0,65 0. 62
0,69 0.68
0.6 0,64
0,66 0,60
U, AD 0,52
D,69 0,52
0,66 0,62
0,66 0,91
0,58 a,s3
0,66 0,69
0,48 0,64
0,76 0,72
0,55 0,m
6,53 0,49
0,19 0.19

0,09 =0,02

2

3

1.00
0.83
=0.70
¢.74
3,64
0,69
¢.7%
0.69
0.67
0,56
0.58
0.70
0.54
0,57
G.73
0,58
0.74
0.64
0.54
0,24
.92

1.00
-N,65
0,69
0,57
0,58
0.54
.61
0,51
B 46
0.53
0.66
[
0,50
0.65
0.50
0,67
0,53
0,51
0.14
0.4

v, 17, 38,
5, 11, S0,
6, 14, 2¢.
0. 23. 0.
0, 19, 13,
0, 24, T4,
0., 24, 1.
2. 11, 285,
0, 28, 0.
0. 27. 1.
n., 28, O,
0, 18, 3,
0, 16, 13,
o, 27, 1,

1.00
-u,80
0,59
-y, 67
=3.73
=J.,79
-0.74
-0,59
.60
“L.70
=J,.49
=0,56
“U.68
=0, 41
-0,73
0,70
-U,51
V.22

v, 21

é

18,6 57.7 35.3 35.7 11.9 57.%

1.00
0.86
0.90
n.91
6.79
0.R4e
0.80
0.76
0.7%9
0.82
0.78
0.89
0.66
0,84
0.75
0.61
0.24

O OOO N PO ao
- = aw s e s

OCOoOGCoOO=-2 OO0 N
« s 8 om e s s e a
CWOOOON OO A 2o

« a

-
(=]
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12, 6,
2, 1.
0, 0.
0. 0.
2, 10,
9, 0.
1, 1,
o, 0,
., 0,
0. 0,
o, 0,
1, 0.
0, o,

4, 5,
5, 5.
1. 1.
0. 0.
4 0.
2. 9.
0. 0.
4, 0.
o, 0,
0. 0.
0. 0.
0. O,

0.

0.

0,

OCOO0COCOO0 o0

6.6 5.3 3.4 3.3 7.6 6.3 1.5 4.0 5.5 2.

1.00
0.94
0.836
0.75
0.72
0.57
0.57
0.59
0.63
0.67
n.73
0,66
0.49
0.%6
0.53
g.22

~0.12 ~0.04

4

3

1,00
- 0,91
0,74
0,74
0,68
0,66
0.62
0.72
0,73
0.45
0,352
0,75
0,60
6,50
0.17

1.00
0.82
0.79
G,65
0,70
0.73
0,70
0,70
0.86
0,53
0,81
0,70
0,60
0,20

0,04 =0.0N

9

10

1.00

T 0,69

0,56
0.78
0.64
0.50
0.73
0,44
0.75
0.7
0,55
6.18

1,00
0,52
0.50
.93
0,64
0.67
6,67
0.57
¢.52
0.35
0,10

7.8 29,9 20,3 38,8 8,5 39,7 3,3 4,6 2.52,35,1 4.9 1,7 304,226

1,60
0,66
0.53
.74
6,73
¢,58
0,64
0,58
v,52
0,23

0. 0.
1. 1.
0. 0.
6. 0.
6. 0.
Bl 1!
1. 0.
1. 0,
0, 0,
o, @,
0. o0,
0. 0.
0. 0.
o, ¢0.

3.8 6,8 7.0 2.7

3.8 0,8 4,21,4

1.00
0,55
0.54
n,é49
0,4k
0,76
0,63
0.60
0,28

O P SOOO WO MO G
- * % = = 3 @

*« & 2 & 3 = =

1,00
Q.67
D,K8
0,61
0.61
J.55
0.40
0,08

a * W w4 = o=

ki =S O =ONON=ONN N

- 4 & = * a =

1.00
0.73
062
.54
.48
6.9
0.23%

0,16 =0,15 =0 10 =0,18 =3,13 =, 02

12

.13

14

15

16

17

29, a9,
11, 110,
19, 1190,

. B4,
. 80,

13, 105,
12, 72,
22, 115,

. 69,
. 70,
. 100,
101,
.75

17,1 81.46

8,6 16,9

1,00
0,59
u,77
0.65
V.51
9,15

-(J.DE -

148

34,
22.
33,
42,
39.
31!
34,
a7,

35,
28,
33,
9.
43,

32.6

SO Do O
» s e o e
[*3
[=-)

19

1.00
6.74
0,60
G,.26

20

1.00
0.58
0,22

21

r0Z pue ¢0Z Bl9el

1.00
0,28
~0,16 =0,12 =0,13 =0.55

22

1,60

23

YA

1.00

24
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Table 205 (boys)

PARTIAL CORRELATIONS: AGE EXCLUDED

[ [P IPT S R R ey
SONEX NN AN 2OOD W WN

L RNN
W

1,00
0,23
0,41
0,20
r0, 51
0,58
0,42
0.4k
0l 48
v, 50
0,46
0,43
Q0,27
0 48
6,50
¢, 41
0,42
a,27
U.ﬁo
g 34
v, 35
0.2z
-0, 31

2

1,00
0.47
0,69

«0,33
0.3%
0.31%
h,28
N, %6
0,33
0,24
0.24
0,24
0,33
0,19
¢.2%9
0,34
D.47
043
0,37
0.24
0.55

-0,33

3

1.00
0.58
=0.,4%
0.5
0.43
U, 4
0,44
0043
2,37
0,30
U, 54
03
.23
9,35
0.473
V.47
949
0,43
0.3
7.65
-0,28

4

1.00
(.28
0338
0.23
0,16
n.24
0. 2s
0,23
0,10
0.22
039
9.01
0.21
n.22
0,22
050
0.2
0,29
0,54
~0.11

5

1.00
“G.64
-u. 36
-U.te
-0, 51
-l 85
-0,54
-9, 39
-0, 40
-0,52
-0,3?
-4, 37
~0, 41
=9,13
-G53
-0,55
-0, 39
-0.,50

0,52

[

1.00
n.ré
n.82
0.8%%
0,64
0,72
0.72
0,65
0,46
0.73
0.70
0,78
0.52
0,70
0.62
.44
0.5%
“n, 43

7

1.00
0,71
0,79
0,62
9,57
0.63
0,39
0,39
0,47
0.54
0.65
0,25
9,51
0,36
0,36
0,63

-0,24

8

Gl NN VW LR D YD
Or WO W OO

1,00
0, o8
0,34
0,¢8
0_%8
0.357
0,43
n,44
0,13
0, 4
6,50
6,52
0,49

1,00
0,43
0,34
0,65
0,45
0,28
0.50

0,20
0.55
0.57
0.37

0,44

~0.27 =0.45

11

12

. 0,26
=0, 34
I

113

1,00
9,51
0,35
0,66
1,61
0,44
G,46
0,61
0.37
0,82

1.00
.34
n.37
0,49
0,23

n.s2
0,53

0,45
.51

0,28 ~0,43

14

15

1,00
0,55
0.51
0.47
9.13¢9
0.37
0.20
0,25
=0.34 =

14

1.00

0.62 1,00
N3¢ 0,40
0.32 0.56
0.30 9,44
0.219 0,28
Q.40 VU, ,&8
0,17 ~v, 29
17 14

1.00
0.37
6.23
6.1?
0,32

1.00
0,61

0,43
0,57

0,17 =0,47

19

20

1.00"

0,45
0,42
=0,31

21

1,00
0,45
-0,.30

22

'60C @2iqel

‘shog

1.00
"0.%3

23
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Table 206.
ALL GIRLS
1 2 3 4 5 s 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2% 22 23 24
1 16,0 28, 93, 47, 305, 3. 1a6. B, ¢n, 6, 6, 12, 12, &, 8. 10, &, B8, 2.12, &, 29, 79, 3%,
2 15,5 18, %6, 56, 100, 3. 097, 6,10, 6, 4, 12,12, &, 4, %0, &, 8, 2, 9, 4, 15, 74, 37,
15,4 21, 5S4, A&, BY 7, 88, 8,410, &, &, 9_ 15, 2., &, T, 3, 8. 1,12, 2, 28, s&,6 &2,
4 15,1 20, 95, 62, 104, 5. A4, B, 50, 6, 6,12, 2, 3, 8, 2. 3, B. 0, 12. 4, 26, %0. 34,
5 15,0 2%, 103, 6%, 100, 7. 106, B, 40, 6, & 12, %2, &, 7, 9, 6, B, 2,12, &, A7, B3, 39,
6 14,6 20, 115, 9. Y&, 7. T4, b, 40, 6, 6,12, 2, 0, 4, 0, 0, 8, 2,12, 4, 21, B2, 4S5,
T 14,7 28, S2. 5p. 0%, 6. 107, 8, 10, 6, 6, 12, 12, &, B, 10, 5, 8., 2, 2. 4, 2B, B&, 4%,
8 13,8 22, 73, &4, 15, 16, 34, B, 0, 6, 6, 12, B, 0, & %, 0, 7. 0,11, 3, 17, 64, 34,
9 13,7 32, 99, &4, 71, 1, 104, 8, 9 5, 6, 12,12, &, 7,10, 6, 8, 2,12, &, 22,110, 20,
10 93,5 12, 53, 49, 73, T, S22, 4, S5, 4, 4 12, 0, 2. 4. 0, O, &, 0, P, 4 146, 64, 41,
11 13.4 29 404, VL. 400, 1. 108. B, 10. 6. 6. 12,12, &, B, 10, 6, 8, 2,12, &, 29, 100. 33,
12 13,1 23, 78, 49, 71, 2. A7, B,10. 6, 6,12, ¥, 0., 4. 10. 4, 7. 0. B, 3,5 17, 86, 4o
13 12.9 13, 59, 25, 2%, 11, 25, 6. 2. 0, 2. &, 4. 0., 2. &, O, 0., O, 2. 1. 1, 63, 29,
14 92.7 17, 77, 35, 1, B, ?3. 8, 40. 6, 6. 12, ¥, 2, 3. 9, 5., 8, 2. 11, 2. 22 85, 34
15 12.5 28, V5. 355 7y, 1. 99, B. 40, 6. 6. 12. 12. 0. 8. 10. 3, 8. 1. 1. &, 16, B0, 27.
16 12,5 16, 62, 47, 46, 10. 36, 1. 2. 4, &, 10, 0. 2. 6. 0. O, 0, ©. 5. 2. 19, 62, &y,
17 19.8 25 L5, 28, 11, 6. %1, 7, 10. 6, 5,12, 11 4, 4, %0, &, 7, 1, 8, &, 29, 78, 37,
18 11,7 29 9. Sn. 16, 11, 97. B. 10. 4. 6, 12.12. 4. S, 10. &, . B, 2. 7. 3, 2%, 87, 35,
19 11,6 14, 31, 18, 19, 10. 27. 9. 0. 0. 2. T. &, 0. 2+ 5. 0. 0. 0. 4. 1. 10. 58, 3g,
20 11,3 21, 4p 9, 0. 12, 14, 0. 0. 0. 2., 0. 1., 0. 1. ¥. O, 0. 0. 7. 2. 12, 51, 42,
21 11,2 28, 81, 59, 42, 2,108, 8,10, 6, 6, 12,12, 4, 8,10, o6, 8, 2,12, 4, 18 71, 34,
22 11,0 24, b1, 39, 31, &, 66, 8,49, &, S5 12, 1. 0. 3, 3. 0. 8, 0. 9, 3, 1%, 7, 13y,
23 10,9 21, 52, 4o, 22, 3, 93, 6,10, 6, 6 12,12, 2, 8,10, v, 8, 4, € & 22, B0, 3¢
24 10,7 19, 33, 24, v, 17, 46, 4, 2. 2, 2, 9%, 5., 0. 6. 9, 0, O, O, 8, 2, 11, 59, &2,
25 10,7 14, 52, 32, 42, L, 55, 0. 4. 4, &, 12, 1, 4. B, 0. 0., 8, 0. 9, &, 24, 88, 29,
26 10.% 16, S0, 44, 75, 4, 38, 2, 1. o, &, 9, S5, O, &, 5, ©, 0, 0, 3, 3,6 26, 91, 37,
2? 10,0 14, &7, 3$2, o9, R, 91, B, 10. 4. &, 11,12, &, 4,10, 3, 8, v, 8, 2, 29, 93, 24,
28 9.8 19 6g, 30, 22, 2, &1, 0., O, O, A, 12, 6, @0, 2, 5, 0, 0. 1. T, &, 146, 75, 27,
29 9,8 8. 2?5, 3, o, 21, ¢, 0. 6. 0, 0O, O, O, ©, 0. 0. O, 0. 0. 0. 0, 2, &8, 51,
30 9.7 23, 4B, 35, 36, v, B8, 8, 10, 6, 6, B, 1, &, B, B, 6, 8, 0. 11, &, 24, 85, ¥
31 9.6 24, 70, 51, 67, &, 93, B, 16, 6, &, 12, %%, 2. &, S5, 4, B_ 0, 9. &, 14, 102, 30,
32 9_6 1:7. 5?_ 37' ?. 1, RY, 8_ 10, 6, 6. 11, b, 'R B, 3, s, 8, 1, 10, 4, 2?‘ 92. 26,
35 9,1 16, 63, 33 22 12, 78, A, B_ S, ¥, T, 12, 2. 4,10, &, 3. 2.0, 4, 21, 7B, 3,
34 9.0 7, &3, 17, 5. 18, 7, 0. 0. 0. 0. 0. 0. ©. 0. 0. O, 0. 1. &, 2, 13, B0, 29.
35 9.0 24, &1, 34, 20, 7. 94, &, 9. 6. 5,12, 12, L. 4,0, 6, B, 2. 10, 4, 18, BB, 23,
36 8.9 15, Sp, 33, . 5. 9y, S, qn. 3. 4, 12, 12, 4, 5,10, 4, 8, 1. 9, 4, 16 8g, 25,
37 8,7 13, 3¢, 21, 5. 13, 72, B, 40, 4, 3,12, %2, 0. 1. ¥, &, & 9o, 1, 2, b,  To, 34,
38. 8,6 16, &0, 30, o, 15, 52, 8,10, 4, 5, 6, 5. 0, 1, &, 2, o, O, 2, 3, 27, v 35,
39 8.4 13, 27, 21, 0, 13, 8. Y., 0. 0, 1, %, 0, 0, 2, 0, 0, o0, O, 3, o0, 13, 63, 25,
40 B8 o 20, 57, 2&, 10, 5, A4, O, 3, 4, S5 B 42, 0, 5,10, 0, 4. 1, 8, & 1%, 87,6 26,
41 Bo 11,- 49, 3y, 9. 2o, 37, 3, 90, 1, O, ¥, S, o, 3, 5 o0, &, 1 3, 3 12, o6& 36,
42 7,9 20, 6%, 22, 35 9 568, 4, 0, S5, & 4%, 6, 0, 5., 5, 0, 1, o0, P, &, 25, V8, 32,
&3 7.8 19, 59. 32, 27, 12, 33, &, &, 2, 2,. 0. 6. 0. 2+ 5, V. 0. 1. 5. 1, . 7R, 34,
44 7.8 9. 54, 27, ¥, 1%, 26, t. O, 0. 4. 2, 6, 0, t. 1, 0, O. ¥. 3, %1, 16, 71, ‘38,
«5 7.5 7, 38, 3. o, 22, 4. ©0, 0. 0. @&, 0O, O, 0, 0. 0, 0, 0, 0. O, 4, 6, 4B, 46,
46 7.3 19, &, 33, 21, 4, 8%, 4, &, 1. 3, 7, 6, 0, 2. 5, 0., O0. 0. 5, 2, 20, &9, 29,
47 7,2 14, 50, 21, 51, 19, ¥, 0. 0. 0. 0. %2, 1, 0. 8., 2. 0. 0. 1. 5. 2. 24, 93, 20.
48 7.0 16, 22, 22, B, 8, S3. 5. 5, 4, 5,12, 2, 0, 4. 2, 0, 0. 0., 9. 6, 15, 112, 26,
9 6.9 13, L2, 16, 0, 23, 7, 2. 1. o0, ¥, O, O, O. ©0. O, O, 0. O. 3, O, 8, 53, 39,
50 &,8 o, 36, tn, O, 24, 7, 4. O, 0, 2, 0, 0. 0. 0. 0. 0. 0., 0. ©. 1, 18, 7o, 3,
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Table 206 continued. (Girls).

51
52
33
Sh
55
56
57
S8
59

60
61

62
63
64
65
66
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a 4 4 = & = 8
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20, &6, 28, 4,
17, 10, 19, 0,
20, 27, 41, o,
13, 38, 15, 11,
9, 50, ¢4o0, 3,
15, 28, 15, 3.
8, 44, 18, o,
14, &2, 18, 0O,
12, 20, 19, 0,
15, 30, 15. 0.
$, 18, 15, 0,
15, 25, 13, o0,
16, 32, 21, 0,
e, 15, 16, a,
11, 21, %1, 0,
13, 56, 22, 0

MEAN 9.5 16,9 52,2 31

sTov 3,2 6.4

Table 207 (Girls}

23,3 16,8

PEARSON CORRELATION COEFFICIENTS

— s
p

-
LN

th
15
16
17
13
19
20

2%

22
23
24

OGN G WA

1,00
0.79
0,78
6.78
.70

-0.73

S 0,70

0,61
0,64
0!62
0.66
0.84
0,08
0.63
0.61
0.58
0,59
0,63
0.62
0.66
0.56
0,53
0.03
»0,04

4

1,00
0,82
0,82

1,00
0,91
0,74
=0 81
0,84
5,75
0.7
a.74
0.83
0.73
n,76
)
0.79
6,70
n,7¢2
0,71
0.?2
0,83
h,73
0'6‘
0,45
=0.,23

3

1,00
V0,74
-0.78
0,33
0,74
9,73
0.74
0.81
0168
0,75
Q.73
0.77
0.48
0.77
n!?‘s
2.71
0,79
0,70
0.85
Qeda
v0.23%

4

13,
20,
21,

7!
14"
13]
22,

95

14"
19,
26,
24,
6.
23,
21,
17,

37,
'
14,
60,
12,
10,
?l
7,
16,
25!'
2,
40,
27,
1.
0.
&,
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-
S OO PO = A0 0 A0 0 W
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9 28,7 11,3 50,% 4,0 4,8 2,9

1,00

-0.65"

0 69
0.56
0,54
.57
0.55
0.64
n.71
.64
n.s4d
0.58
n.58
0,61
0.68
0.65
0,61
0,41
0.36

»0,17-

5

1,00
-0, 82
-0,72
~0,68
'0.?1
-0,79
-u,77
0,72
V.73
-0,79
0,66
“U,62
~0,67
0,66
.0066
0,80
-y,58
-y, 34

1.00
6,91
n,oz
n.95
6.9
0.88
0.94
60.77
0.86
0.90
0,80
¢.89
0.6
0.91
0.83
0,64
0.37

1,00
6,93

0+94-

0.82
0.73
0.82
nlﬁa
0.71
0.77
0.71
0.85
0.7
0.80
0l69
0.59
0.32

v,29 =0,31 =0,2/

6

?

8

1,007

0-93
Ol?9
0.74
0,85
0.72
0.79
0.79
0.74
0.87
0.73
G.78
0.70
0,54
0.20
=0,23

2

34,7 T2 38,0 3.6 4,6.2.6

. *

« & * % = & =

» 8w * e

S OONOGS HFONG QRO O
CSOOSWUONOCS ©C HfONVMO C

3.4 7,45,31,23,6%,51,73.3

2,3 5.6 4,8 1,7 2,8 4.9 2,; 3,7

1.90
0.56
0.81
0.71
0.85
0.78
0.68
0.74&
n,73
n,86
0.76
0,67
0,37

0,41

11

0.

3.
0.

[+ -
-

Q.
G,

¢,

“1.00
0,35
0.58
0.83
¢.78
0.55
0,65
¢. 7
0,88
0,81
0,64
6,28

“¢,35

12

0. ‘I
6. D0«
0. 0.
3l ‘l
2' 1
o' 2'
0. 3.
0. 0.
0. 0.
0. 0.
0- 0.
0. &4,
¢, 2.
G O
0. [+
0, 1.

1.00
.63
0.77
0.48
0./3
.43
0.85
n,a2
0,76
0,57
0.3
*0. 31

13

= OOVHO N N OSOQONO QO

* & w9 a e o s =

1.00
0.74
0,61
0,748
0,73
¢.62
0,71
0,64
0,68
0'35

Q.
0.

DO A0 A0 OO0 OO0
® ® - a w a @ = 4 = % a » 3

(=2
-

1.00
0,49
0.66
0,69
0.75
n,Bé
0,82
0,64
0.7

0,19 *0.30

14

15

a v » = & @

O = O 0 VI NSO WDBIN WO N
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OO0 0 O0OA 0000000

0,6 6,
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1.00
0.72
¢.8¢
0.87
¢.74
0.64
0.5% ¢
0,32
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52,5 16,8 80,2 33,2
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78,
113,

28,

31,
35,
26,
34,
&1,
30.
39,
3n,
24,
4n,
33,
23,
&3,
36,
22,

9 1.5 7,515.2 6.7

1.00
0,80
n.78
0,66
0,590
0.45
0.358

=0.24 =n.22

16

47

1,00
D78
0,72
0,65
0,46
V.28
“0.23

18

1'00
0.75
0.71
0.5
0.34

19

1,00
0,86
Ny
0.38
“0.14 =0.30

v

1,00
0,5%
0.49
=0.32

21

1,00
0,32
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Table 208

(Girls)

PARTIAL CORRELATIONS.

-
S DO VP W

1
12
13
14
15
16
17
18
19
20
21
22
23
24

1,00
0,54
0,52
0,46

w050
0,46
0,31
0,26
0,34
0.5%
0,48
0,40
U, 34
0,56
¢, 31
0. 21
0,26
v,28
3,49
0,48
0,37
0,558

-0, 36

2

1.00
0,77
0.44
=0,58
N.65
0,55
O.4b
n.52
-1
n,48
n,5%
0,55
0,62
0,50
a,52
N.45
0,49
0.86
n,57
0.43
h,a67
=0,32

3

AGE EXCLUDED

1.00

6,48 1,00
=0,49 =0 30
Q.65 0,39
D.58 n, 22
0,48 0,17
0,55 0,25
9.62 0,35
¢.318 0,35
0,50 0,45
0,60 0,35
0,59 0,45
0,45 0.30
0.619 ©,28
0.4% 0.30
9,66 0,45
3.58 0,34
0.52 0,37
0.47 0,07
0.7 0,48
=0,31 =0,20

4 b

1,00

~0,62 4,00
«0,50 0,85
=0,40 0,86
-0.48 0,92
~y,b0 0,83
~0,62 0 RO
=045 0,AR9
=u,50 0,59
0,64 0,77
“0.43 0.85
=0.34 0.47
“0.41 0.81
“0,38 .78
=0,7% 0.84
0,69 0.74
~0,33 ¢o.44
~U,46 0.48
9,38 =0,40

é 7

1,00
0,89
0,91
0,69
0,55
0.70
0,47
0,54
0,465
0,55
0.75
0.53

0,66 "

0.53
0,40
6.37
-0,31

8

1,00
0. 89
0,66
0.57
0.73
0.53
0,50

0,67

0,59
0.78
.55

0,61

0,54
0,31
0.24

9

1,00
0,73
0,69
0,78
0,50
6,63
0,76
6.583
0.78
0.63
0,70
0,64
0,44
0,35

=0,27 =0,34

10

1,00
0,74
0,29
0,71
0.65
0,28
0.43
0.52
0.78
0.7
0,47
0.34
-G,42

12

1,00
0,36
0,61
0.8¢2
0,56
0.71
0.74
0.64
0,63
0.35
0,38
=0,38

13

1,00
0,57
u,38
U, 68
0,58
U,38
¢,50
i,45
0.19
U,43
0,21

14

1,00
0,52
0,47
n.50
0,59
0,77
0.73
0.46
n,57

“0.35

15

1.00

0.58 1,00
0.7 0.68
0.87 0.65
0.42 D044
0.53 0.&40
0.3 n.20
0,37 0,45
3,26 =0.25
16 1?

1.00
V.64
0.5
0,47
0,19
0,34
~0.26

18

1.00

0.8 1.00
0.56 0,79
0.27 0.45
0.41 0.48
~0.15 =0,36
19 20

1,00
0.36
0,56
=0,36

21

1.00
0,38

=0.,12 0,43

22

"80¢ ®lqel

STa19

1,00

23

¢er

1,00
24




Table 209

ALL WITH SHUNTS .
1 2 3 4 5 6 708 9 4p 11 12 13 14 95 16 17 48 1% 20 21 22 23 24
196,00 28, 93, 47, 105, 3, 106, 8, 10, 6, 6, 12, %2, 4, 8,10, &, 8,6 2, 12, 4, 29, 7%, 35,
2158 34, 98, 72,100, o, %4, B, 490, 6,6 6 12,12, 4, 8, 0, &, B, 0,612, 4,6 2%, 79 23,
3 15,0 29, 103, &9, 100, 7. 106, B, 10, 6, 6, 12,42, &, 7. 9, &, B, 2,12, 4, 17, 83, 39
4149 320111, ?3. Y1 4, 106, B, a0, 6 6_12 10, 4, 8,10, 6, B, 2,12, 4, 29, 83, 42,
5 149 28, 102, 54, 100, 2, 9%, 8,40. S8, 6,110,112, 4. 5,10, 6, 8, 2, 9, 4 4 T8 34,
6 14,6 20 115, 77, 98, 7. T4, B 10, 6, 6 112, 2, 0, &, 0, 0, 8, 2,12 4 21, B2 45,
7 158 32, 91, 68,6 93 2. 107, 8,10, 6, 6, 12, 41, &, 8,10, &, 8, 2 12, 4, 29, 83, 36,
8 13,8 22. 73, k6, 15 16 34, B8 10, 6 6 12, 8, o0, 4, 9, 0, 7, 0, 11, 3, 17, 64, 34,
$ 13 8 21, 4o, 32 17 12  B5. 8, 49 6, 4 1o, f0, 2, 5, %, 6 o0, B8, 1, B 4 0, &7, 33,
$0 135 12, 53, w9 73 v, 52, 4, 5. 4,6 &_ 12, o0, 2, &, 0, 0, 4. 0, 9, A&, 6, 61, 41,
11 13,429 04, T4 100, 1. 108, B, 19, 6, 6 12,12, &, 8,10, 6, 8 2 12, 4 2% 190, 33,
12 13,3 3¢ 117, 78, 110, 1. 106, 8,10, 6. 6, %2 12, 4, 8,10, 5, 8, 2,1, 4, 29 109, - 3,
13 13,2 2%, 7?7, 58, 95 5 100, 8, %0. 6, & 11, 1%, 4, 6,10, &, 8, 2 12, 4, 17 BB, Lo,
16 15,1 1?7, 19, 26, 0 15, 1, 0, ¢. ©, ©, 0, 0, 0, 0, O, ©, 0o, O, @, 6 %, 2B, &7, 42,
15 13,1 23 78, &% 71, 2. 87, 8,10, 6, 6 12, %, 0, &, 10, 4, P o, B 3 17 B& 4p,
16 12,9 13 59 25 25 11, 25, 0, e, o0, 2 & 6, 0, 2, & 0, 0, 0, 2, 1, 11, 63 29
17 92,7 17, 77, 35 41, B 93, B 49, 6 6 12, 9, 2, 3, 9 5, 8 2,11, 2, 22, 85 38
18 12,5 28, 5, 55, 71, 1. 99, B8, 1p. &, 6, 12,12, o, 8,10, 3, 8, 1,11, & 18 80, 27,
19 12.5 16, 62 47, 44, 10, 36, 1, 2, 4, 4 10, 0., 2, 4. 0, 0. 0. 0, 3, 2, 9, 62, 41,
20 12,2 32. 85, 48, 9 19, 82, 7, 9, 5, 4 12,12, 0, 4,10, 0, 7, 1, 8, 3, 18 7 45,
2y 11,9 19 102, 73, Y1, 2,108, 8,10, 6, 6 12,12, 4, 8,10, 6, 8, 2,612, 4, 29 93, 33,
22 11,8 25 45, 28, 11, 6. 91, 7.0, &, 3,012,494, 4, 4,10, &, 7, 4, B, & 2% 7B, 37,
23 11.7 29, 59, Sp. 16. 411, 97, 8,19, 6, 6, 12,12, &, S, 10, 4, 8, 2 7 3, 29 87 35,
26 11.7 2%, 61, 26. 0. 19, b, & 5, 1. 2, 5 .6, 9o, o0, S, 0, 0. 0. 7, 1, 18, 53 3¢,
25 11,6 14, 31, 1B, 10, 10, 27, 0, 0. 0. 2, 7, 6, o, 2, S5, 0, o, o0, &, 1, 10, 58, 30,
26 11.5 20, 87, 55 30. 1,105, 8, 10 6 5 12,12, 4 & 10, 4, 6 2 12, & 26 B3 27,
27 11.4 18] 7B, 55 74. 43 103, B, 10, 6, 6 12,12, 2, 7,10, &, 6, 2, 12, 4, 18 89 27,
28 11 4 20, 73, 65 83’ 6. 94, 8 99, S5, 6. 12 40, 2, 6, 8 L& 1 12 4 26 9p 23,
29 14,6 27, 83 56, 102, 5 108, 8, 10. 6, 6, 12,12, 4, 8, 10, 6, B8, 2,12, 4, 23 97 28,
30 11,3 19, 59 45 33, 5. 99, 8,40, 6, 6 12 10, 2, 7,10, 4, 8, 2 10, 4, 2%, 77, 37,
31113 29, 40, 9. 6. 1z, 1%, 0, o0, ©, 2, 0, 1, 0, 1, 1, 0, 0. 0, 7. 2, 12, 51 42,
32 11.2 28, B, 59, 42. 2. 108, 8, 4p. 6 6 12,12, 4, 8,10, 6, 8, 2,12, 4, 18, 71 36,
33 11.0 24, 61, 3¢, 31. 6. 66, 8 qp. & 5 12, 1, o, 3, 3, 0, 8, o, 9 3, 49 77 31,
3416,9 21, 52, 4o, <2, 3, 95, 6, 10, 6, 6,12, 12. 2, 8,10, %, 8, 1, 9, 4 22, 8o, 34,
35 10,7 8, S2, 11, S5 29, ¢, ¢, o, o, o, o, o, o, 0, ¢, O, 0, O, O, O, 53, 40,
36 90,7 49, 33, 24, 0. V7, &5, 1, 2z, 2, 2, %, S, 0. 6, %, 0, 0. 0, B, 2, 11, 59, 42,
37 10,7 14, 52, 32, 42, &, 55, 0, 1, 4, 4,12, 3, 4, 8, 0, 0, B, o0, 9, &, 26, 86, 29,
38 19.3 23, T4, 35, 9. 6, Y4, 6, 9. 5 6 4z, 3., 4, T, 2, 0. &, 0.12. 4, 27, 70. 27,
39 19.3 48, 54, 34, 415, 6, 42, 6., & 3. 3, 7, 1. Q. 2« 0. 0. Q. 0. B, 4. 92, 58, 139,
4o 10.2 16, 66, 4z, 51, 11. B4, B, 90. 6. &, 12. 10. 0. & %, 0. B, 2. 8, 3, 29, B82. 38,
41 10,9 16, 50, e, 75, 4, 38, 2. 1. 0. 6. . 5. 0. &. S, 0, 0. 0. 3, 3, 26, 91. 37,
42 10.0 16, 67. 32, 69, A, 91, 8., 10. 6, 4. 11, 12. &, 4. 10, 3. B, 1, B, 2, 21. 93, 26,
&3 9.9 t4. 36, 9, 0., 23, 1. 0, ¢. 0. O, 0. 0. 0. 0. 0. 0. 0. 0. 0. 0, 4, 53, 19,
44 9.8 8. 26. 3. o, 21. 0. 0, 0. 6. 0. 0. 0. 0., 0+ 0. 0. 0. 0. 0. 0. 2, 48, 51,
5 9.7 23, «B, 35, 36, 7. 88, 8, 40. 6. 6, &, 1. &, B, 8, &, B, 0. 11. &, 246, B85, Iy,
46 9.6 21. 70. 51, 67, L., 95, 8, 10, 4. &4, 12.11. 2. 8. 5. 4, B, 0. V. 4, 14, 102. 30.
&7 9.1 16, 63, 3%, 22. 12, 8, 4&. 8, 5. 3, 7, 12. 2. 4. 10, &, 3, 2. 90, &, 21, 7B, 34,
“8 9.p 23, 65. 35, %4, 6, 102, 8, 10. 6, 5,11, 12. 3, 8. t0. 6. B, 2. %, &, 17, 88, 37,
4% 8.7 13, 30. 21. 3, 93, 72. B, 10. 4. 3,12, 12. 0. 1. 9, by &, 0. 1. 2. 6, 70. 34,
50 8.6 16, 40, 30. 0, 15, S2. 8,40, 4, S, 6. 5. 0. 1, 6, 2, 0. 6. 2. 3, 27. e, 35,
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Table 209 continuaed. (All with shunts,)

59 8,5 24, 41, 33, 34, 17, To., 6, 9, 6, &, 12,11, 0. 4. 8, 0, 0. 1. 6, 3, 29,
52 8.4 13, 27, 21, 0. 13, 8, 1. 0. 0. 1. t. 0. 0. FE 0. [ Q. g. 3. 0, 13,
53 8.0 11, 4%, 34, %, 20. 3. 3, 0. 1. O, 9. S5, 0. 3. S5, 0, 4, 1, 3, 3, 12,
56 7.9 20, 61, 22. 35, 9. S8, 4, 0. S5, 6,13, 6, 0, 5. 5, 0, 1. 0. ¥, 4, 25,
5 7.B 19, 5%, 32, 27, 12. 33. &, &, 2. 2. 0. 6. 0. 2. 5. 1. 0. . 5, 1. 9,
36 7.8 14, 44, 25, &, e 72, 8, 9, &, &, %0, 6, 2. 1. Y. 3, 6, 0. 8, 2, 28,
57 7.8 9, S4, 27, 7, 19, 20. 1, 0. 0. A, 2, 6, 0. 1. 1, 0., 0. 1. 3, 1., 186,
S8 ¥ T 13, 41, 3, 23, 14, 26, 2, 0, 0, 6, 5, 4, 0, 1, 4, 0, O, 0, & 2,119,
59 7,5 7, 38. 3, 0, 22, . 0, 0, 0, 0, 0, ¢, 0, 0, O, 0, 0, O, O, &, &,
60 7.5 16, 4% 29, 2, %3, 51, &4, 5 3 3 3 5. 0, 1,90, 1, 8, 1, & 1, 4,
6y 7.3 19, L&, 33 20, 4, X9, &, &4, 37, 6, 0, 2. 5, 0, 0, 0, 5,6 2, 20,
82 7,2.16, 50, &1, S1, 19 31, o0, O, 0, 0,672, 1, 0, &, 2, O, 0, 4, 5, 2, 24,
63 7.2 41, 34, 7. O, 22. 43, &, 5. &, 3. 8 5 9, 3, 30, 0, 1, 6, 1, 18,
64 7.0 17, 63, 31, 2. 13, 47, S, 4, 3, 3, B, 2. 2. 5, 5, 1, 1. 0. T. 1. 17,
65 &9 13, 42, %6, O, 23, 7, 2, 1, 0. 1. 0, O, O, 0. O, O, O. o0. 3, 0, 8,
66 6.9 &, 12, 13, 4, 3o, 1, o, ©, 0. O, O, O, ¢, 0. O, O, O, ©. O, 1, O,
67 6,9 13 20, 3, 0,6 22, & o0, O, O, O, 0, O, O, 0, 0, ©, O, 0, 0, 2, ¥
8 6.8 ) 36, 10, o, 24, 7. [ 0, 0, 2, 0, 0, Q. [ 0, Q, 0. g, 0, 1. 18,
89 6.7 20, 46, 28, &, 3, 37, 6, 3 2, 4 9 0, 0, 4, 0, O, 0, 0, 7, 2, 26,
70 6,7 17, 55, 3g. 0, 20. 48, &, 6, 3 4_11, S, 0, 4, 2, 0, O, 0, 6, 3 14,
71 6,6 20, 27, 23, 0, 21, 14, o0, o, o, 1, 5, 2, 0, 0. O, 0, 0. o0, 5, 1, 17,
2 6,6 15, 24, 29, 0, 15. 10. 1. 6. 0. 0. 0. Q. 2. Q. 0. 0. 0. 0. 6. 1, 10.
73 6,2 24 So. 22, 3%, 14, Su. 1. 0. %. S.12. 6, 1, 5, 5., 0. 1. 4. B, & 1,
7% 6,0 8 9., 15, 0. 23, 0. 0. 0. §. 0. 0. O+, O, Q. 0. 0. 0. 0. 0. 0. 2,
75 5.9 19, 30. 17, 0, 9. 13. 1, 0. 0. 2. 0. 0. 0. 6. 0., 6. 0. 0. 5. 1, 4,
76 5.9 50. 4o, 3, 14, 12.- 0., 0. 0. 0. O, 0. 2, t. 0. O, ©. 0., 5., &, 15,
77 5.8 15, 28, 5, 3, 13, 0. 1, t,-1, 6, 4, @9, 0, 2. 0. 6, O, 0. O, V. 9,
78 5.8 B, 44, 18 0. 22. 7. ¢, o, ©o. 0, 0., 0. 0. 3. 0. 0, 0. ©0. 2., 1. 18,
¥ 5.7 13, 57, 35, 0, 24, T8, 8, 40. 6, &,  2,10. 2. 2. %, &6, 8, 1, 6, 2,. 135,
80 5.6 @ 20, 12, 0. 26, 7. 0. o0, 0. O, ©, 0. 0. 0. O, 0. 1. Q. 0, 0. ¢,
B1 5,5 14, 42, 18, 0, 15, 7, 0.. 0. .1. 2, 0, 0. 0. O+ *, O, O. 1. 2, 0. B,
82 5.3 5, 3p, 15, 0, 19, 25, 1., 1. 1, &, 2, 3, 0. 0. 2. 0, 0. 0. 8, 3, 26,
8% 53 5, 4, 18, 0, 28. 0. O, 0. 0. 0. O. 0. 0. 0+ 0. O« 0. 0. 0. G. 11,
84 5.2 19, 17, 17, 0., 27. 1. 0. 0. 0.:0. 0., 0. 0+ 0¢ 0. 0. 0. 0. ©O. 1, 3,
85 5.2 9, 18, 5, 0, 26, 2. 0. O. Q. @. O, O, O« O+ O, 0. O, 0. 1. 1, B,
86 5.2 15, 25, 18, 0. 24, 40, 5, 4, o0, 0. 9, b6, 0. 4, 3, 0. 1. 1. 6. 1, 4,
67 s 14, 15 1%, 0 23 1, 0, 0, 0, ©, O, 0, G, @ O, 0, @, 0, 1, 0, 13,
88 50 M, 20, -m1, ¢, -1, 0, 0, O, 0, O, O, 0, 0. O, O, 0, 0, 0, O, 0, 13,
89 S50 6,6 8 6, o, 27 %, 0, O, o, O, O, ©, O, 0. Q¢, O, 0. o0, O, 1, O,
90 5.0 13, 56 2, 0, 17, 6, 0. 0, 0. O, O, 0, 0. 1. 1, 0, 0, 0, &, O, T,

MEAN 9,5 17,2 53,4 33,0 31,2 12.8 50.% 4.2 5,0 3.0 5,3 7,0 5.4 1.2 3.5 4.6 1,7 3,4 0.6 6,5 2.4 16,7

STOV 3,9 7.1 26,2 18.8°36,2 B0 38,¥ 3,4 4,627 235149163 043246370,84,21,5 8,3
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Table 211.

All

with shunts.

PARTIAL CORRELATIONS,

1,00
0.47
0,49
v,33
-0053
©,58
0,47
047
0,47
0.51
0.50
047
034
0.52
0,43
0,37
0.37
0.2
0.60
0,43
0,40
0.48
«0,30

2

1,00
0.75
0.60
-0, 49
0.60
0,52
0,47
0,50
0.55
0.43
0,45
0,42
0.53
0,38
0,47
0,45
0.54
0.64
n.4S
0.36
0.66

0,34

3

1.00

0o63’

=0,5%
.64
0,55
0_52
2,54
0,56
0,47
0,48
0,48
0,59
0,39
0,51
0,50
0,50
0,62
0,52
0,43
0,60

=0.31

&

AGE EXCLUDED

1.00

=0,61 1,00
~0,44 0,85
=U,41 0,86
~0,47 0,88
0,66 0,72
=0,5% 0.76
-0,38 0,82
U, 44 0,62
=0,57 0.72
=0,38 0.79
=0,41 0,70
0,62 0,79
-0,22 0,65
«0,59 0,77
0,55 o0.67
=0.46 0.49
0,52 ¢.63
0.37 =0.39
6 7

1,00
0.04
0.R6
0,67
0,63
0,68
0,39
6,46
.68
0,5%
0.73
0.47
0,63
0.51%

T0.4Y

0.7
fO.ZB

8

1,00
0,89
0,63
0.61
0.7
0.42
0,45
0,70
0.61

0,74

0.48
0,61

0151
0,37,

0.46

1.00
g.71
0.6%
0,67
6,52
0,59
0,68
0,59
0.78
0.50
0.70
0,60
0,46
0,51

4,00
0,066
0,52
0,35
0,58
0,20
0,22
0,%2
0,33
0.66
0.60
0,31
0,37

=0.27 =0.27 -0.37

9

10

\h

1.00
0,57
.31
0,74
8,53
0,30
0,51
0.35
0,65
0.63
0,49
0.4%
=0.43

12

1,00
0,39
0,48
0.8%
0.60
0.59
0,64
0.50
U5
0,31
0,47

1,00
0.58
0,36
0.66
0,55
0,45
0.53

U, 45

0.36
0,49

=0.37 0,20

13

14

1,00
0,45
0,47
0,50
B.L4
6,71
0,62
0,43
0,89
-0.41

15

1.00
0,60
0,63
0,61
0,50
0,40
0.32
0,62

~0,29

16

1,00

6.61 1,00

6,57 0,53 1.00

0,43 0,57 p0.47 1,00
0.36 0,47 0.34 0,66
0.26 0,26 0.28 0,48
6.52 0,56 0.45 0,57

“0.16 =0,246 =0.12 =0,43

17

18

19

20

1,00
0,45
0.50
-0,32

21

1,00
0,43

112 B1qey

"syunys

1,00

=0.,32 0,49

22

23

Ley

1.00
24

R T T —




Table 212.

ALL WITHQUT SHUNTS
1 2 3 . 5 F 7 8 9 90 11 12 13 14 %5 16 17 98 19 20 21 22 23
1 16,0 35, 121, 79, 110, 0. 108. 8, 10, 6, 6,12, 192, &, B, 10, 6. B, 2,12, &, 29, 132,
2 16,0 23, 118, 73, 18, 2. 108, 8, 10, 6, 6, 42, 12. &. 8, 10, 6. B, 2.12, 4, 29, Bs,
3 95,5 33 116, 77, 108, 7. 108, 8, 10, 6, 6, 12, 12. 4, B8, 10. &, B, 2,12, &, 29, 110.
4 15,5 18, 98, 356, 100, 3. 97. 6, 10, 6, &, 12. 12, 4, 4. 10, 6, B, 2. 9, 4, 15, T4,
5 95,4 29, 54, 46, B85, 7. B4, B, 1q0. 6, 6, 9,410, 2, 4. 7, 3, B, 1, %2, 2, 28, 56,
6 15,1 20. 95, 62, 1064, 5. B84, B, 10. 6. 6,12, 2. 3, B, 2, 3. 8, 0. 12. 4, 20, 99,
7 44,1 28, 52, S0, 105, 6. to7. B, 0. &, &_ 42,12, &, 8. 40, S5, 8, 2,12, &, 28, 8p,
B8 13,7 32, %9, &8s, T, 1, 105. 8., 9, 5, 6,12, 42, &, 7. 10, 6., 8, 2,12, 4, 22, 110.
13,5 206. 61, 33, 7. 4 96. &, 1p, 6. S, 12, 12. Q0. b, %0, 6, B, 2, 10, 3, 14, 63,
10 13.4 18, S6. 34, 44, 7. 40, &, 2. 3, 3,11, 5. 1. 1. 5. 0. 9. 0. 4., 1, 14, 73,
11 12.8 34, B4, 43, 92, 1., 63. 1., 1, 2. S,12., 6. 2, 8. S5, 2. 4., 1.10, &, 18, e,
12 12,6 3p. 7o, 38, 41, 2, 103, B, 0. &, &, 12,11, 2. B.10, 4, 8. 2,12, &, 29, B3,
13 99,6 26, %9, 59, B4, 1, 101, B, 10, 6, 6, 12,12, 4. 4. 10. 6, B, 2, ¥, &, 13, 8p.
14 10,1 206. 57, 31, 75, T, 51, 4, 0. 1..71.12, %1, 0. S, S5. 0. 0. 1.110. &, 12, 82,
1S 9.8 49, 6o, 3p, 22, 2. &1, 0, 0, 0, &, 12, 6, 0, 2. 5., 0, 0. . T, 4, 16, 75,
16 9.4 17, 57, 37, 7, 1 89, 8, 4p0. 6. 6, 11, &, 4, B, 3, 6. B, 1.10. 4, 27, 92,
17 9.0 7, &3, 17, 0, 18 7, 0, 0. 6. ©, 0, 0, @&, 0, O, 0, -6, 1, &, 2 13 3¢,
486 9 p 24, 6y, 38 20 7, 98, 6, 9. &, 5 12,12, 4, 4, 10, 6, 8, 2 10 4, 18 383,
19 9.9 47, 6B, 34, 63, 4, 95, B 40 6 5 12,12, 3, 5,10, 0, & 1,1, 4 16 78,
20 8.9 19, 64, 3%, 45 18, 79, 6, 3. 6, & 12,10, o, 5. 10, 3, 8, 1, B 3 29 79,
21 8.9 15. Sp, 33, 4. 5. 91, 5,40, 5. 6 42,12, 4, 5,19, &, 8, 1, 9 4, 16, B0,
22 8.8 16, 37, 17, 55 8, B4, 8,49, 5 3 11,10, 2, 7. 7, 1, 8, 9, 8 3, 11, @8y
23 B,5 1%, 63, 45, 4. 2. 95, 6, 1p. 6, 5 12, 6, 4, &, 40, 6, 8, 1, P & 14 03,
24 8 g 20. 57, 28, 10, 5. 64, 0. 3. &, S5, B, 42, o, 5.10, 0, &, 1, B, 4, ¥ BT,
25 7.8 21, &3, 26, 42, 16. S1. 3. 0. 3. 5,12, 6, 0, 5. 5 0. 0. 1., 9, 2, 17, 75,
26 7.4 A4, 56, 31, &, 11, 7B, 6, 14, & 1, 9,40, 2, 2. 7, 6, 8B 1, B8 &, 13 9g.
27 7.0 16, 2z, 22, 8., &, S8, 6, 5 &4, 5,12, 2, 0, 4, 2, 0, O, 0. U, &, 15, 112,
28 4.8 11, S&, 17, 12, 18, 31, 1, o, 1, 1, &6, 1, 90, 3, 5 0, o, 1, 8 & 20, 99,
29 6.8 14, 44 3B 0, 16 15, 0o, 0. %, 2, 0, O, 2, 1. & O 1, 0, 2, 2, 1M, 78
3¢ 6.7 %7. 10, 19, 0. 2, o6, 0, 0, 0, 0, ©, O, 0, 0, 0, O, 0, 0, ¢, 0, & B8
31 6.7 10, 5S¢, 20, 10, 12, 46, 1, 3. 3. 2 8 6, 9, 4, 5 0, 0 1, % 6 15 92
32 6_6 17_ SI._ ‘IE. 0' 1?; 36, 0, ,2. 1. 3. 10. 6-_ [ &, 5. 0' [ Q. 3_ Z. 29‘. 89_
33 6.1 15, Sz, 29, 6. 14 22, Ak, %, 1, 2, 2, 1, 0, t. 1, 0, o, 0, 7, 2, 19, 110,
34 6.0 13, 38, 15, 11, ?. 60, B, 10. 5. 5,12, 2, 3. 4. 2, 0. 0. 0. 7. 2, 12, 94,
3% 5.5 32, 20, 19. 0. 6. 16, O, 4, 0. 0. O, &, O, 6. 2, O, 4, 0. 5, 1. 0, B85,
36 5.3 14, 72, 37, 2. 11, 25. T. 1., 2. 3. % 1. 0. 4« O, 0, 1, 0., 3, 2, 22, 115,
37 5,2 &, 20, 6, 0. 28, 0. 0, o, 0, ¢. 0, 0@, 0., O, ©0, 0, 0. O, O, O, 9, 7¢0.
38 5.2 14, 9. 19, 6. 18, 3. 1, o, 0. 0., 0, 0, 0., 0. 0. 0, 0. 0. 1. 1. 7. 100,
39 S.1 Y4, 30, 21. 0, 16, 16, &, 0. 3. 0. 1. 0. 0, 3. 0, O, 0. O, & S5, 11, 10%,
40 5.1 14, 32, v, 0, 16, 27. 2. O, t. ¥, 3, &6, 0. 2. 5. 0. 0. 0. 4, 2. 9, 96,

MEAN 9.6 18,9 58,3 35,0 34,1 8.9 &2, 5.2 3.5 3,4 8,6 6.7 1,6 4,3 5,8 2.34,10,97.83.017.6 88,1%

F
.
w

STOV 3.6 6.9 28,1 18,2 38,7 6.8 36,1 3,3 4.6 2,4 2,2 4,8 4,7 9,7 2,7 3,82,73,90,83,51,3 7,715,
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Table 212 continued. All

without shunts.

PEAHSON CORRELATION COEFFICIENTS

D N0 N N -

1,00
0.73 1.00
0.7 0,70 1,00
0,64 0,78 0,94 1,00
0.79 0,72 0,67 0,73 1,00
=0.48 0,67 =0,68 =0,67 =0, 54
0. .74 0,69 0,73 0,76 0 62
6.56 0,47 0.56 0,64 0,47
0,61 0,45 .55 0,62 0,40
0.64 0,54 0,62 0,67 0.53
0.69 0,72 0,67 0,70 0.57
0,63 0,60 0,58 0,55 0,57
0.60 0,617 0.58 0.% 0.53
0.6 US55 Q.64 0,71 0,53
0.619 0,70 0,67 0,68 0,59
0,41 0,61 0,62 0,60 0,47
0.67 0,60 0,67 0.76 0.43
0,67 0,57 0,64 0,70 0,53
0,70 0,66 0,70 0,66 0 5&
0,76 0,66 0,71 0,71 0.66
0,47 0,48 0,64 0,55 0.43
0.58 0,56 0.4% 0.63 0.46
0,09 0,25 0,27 0.28 0,06
0.22 =0.13 =0,00 0.02 0.16
1 2 3 4 5

1,00
-0, 79
-0,59
0,66
~0.65
-0,79
~,78
0,64
-0,65
0,72
-0,62
-0,58
0,61
-0,62
-,80
0,72
0,38
0,10

1,00
0.81%
0.%0
0.9
0.85
0.85
0.83
0n.7%9
0,81
0.86
0.83
0.9
0.80
0.89
0.74
0.60
0.03

1,00
0.87
0.88
Ol?z
0.5v
0.49
0.48
0.64
0,50
0.68
0.76
0,50
0.68
0,45
0.52
0.16

¢.16 =0.07 =0.08

6

4

8

1.00
0.89
0.72
0.67
0.65
0.83
0.65

0,67

0.80
0.88
0,62
0.72
0,56
0.44
0.00

-0.07

9

1.00
0.8
.73
0,65
0,72
0.74
0.7
0,75
0,85
0,64
0,78
0.60
0.57
0.03

=0.06

10

1.00

0.50 1,00
n.%0 0,69
0.7 0,56
0.%0 0.74
0,96 0,72
0.91 0,56
0.69 0,61
0,60 0,62
0,80 0.82
0.60 0.7
0.68 0.52
0,49 ~0.04

*0.72 *0.10

T

12

1,00

0.53
0,56
6,92
0.65
6.75
0,81
0.72
0.61
0,39

-0.12

*0,.08

13

1,00
0.64
0,60
0,79
0,78
0,60
0,61
0.53
0.40
0,12

«0,09

14

1,00

0,60 1,00
6,59 0,69
0,68 0,78
0,59 0,82
0,80 0,70
0,72 0,65
0,70 0,45
0,27 =0,10

18

-0.06 =0.03

16

1,00
0.86 1,00
0,78 0,72
0.63 .71
0.56 0,59
0,46 0,51
0.07 =0.07
=0,08.=U,03
17 18

1,00
0.73
0.66
0.46
=0.04
0.02

19

1.00
0,79
0,62
0.11
0.05

20

1,00
0,48
0,28
=0.03

21

=
_'.
=
Q
c
._'.
n
=
=
3
_f.
w
1,00
0,24 1,00
0.22 =0.¢8
22 23
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1.00
24
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Table 213.

All

without shunts.

PARTIAL CORRELATIONS, AGE EXCLUDED

[ R e e R
OVENOGNF WK ODOO0ER~NGWM - UWN

NN RN
W N

1.00
0.30
0,46
0,35
0,34
0.5
0.10
0,0
0,14
045
026
0,32
2,19
0,47
0,31
0,22
0,15
0,30
0,26
0 26
0 24
0,46
w0 43

2

1,00
0.74
0.13

*0.33
0.35
n.za
0.1%
0,25
0.29
0,16
0.2
0,33
0,38
0,30
0.32
0,24
0,33
0,31
0.51
0,33
0.56

-0.30

3

1,00
0!19
-0.2%
0.36
0,37
0,23
0,31
0,32
0,04
0,19
0,46
0,38
0,21
0,49
0,3¢
0,19
0.32
0,3

0,47
~0,3%

3

1
OO D Do D -

<

[+ 3

DO O
A e
[P
_o =

=0.01
-0, 22
0.00
-0,04
0.18
0,11
-0 00
0.22
0,03

5

1,00
0,59 1.00
~0,34 0.79
0,42 0.8é4
-0,39 0,85
-}, 60 0,70
-y ,62 0.72
0,40 0.72
*Q.40 0,64
-0,52 0,68
-),35 0,76
=0,24 0.47
“0,28 0.82
“0.,28 0,59
=0,61 0.75
(.63 0.67
0,03 0,630
0,23 0.15
0,43 =0.,35
] ?

1.00
0.80
0.83
0.56
0,37
0D.24
0.52
0,46
0.2‘
0050
0.63
0'19
0,47

0,26 -

0,29
0.26

1.00
0,81
0.53
0047
0.45
0.73
0,4t
0.47
0,66
0,80
0,34
0.50
0,39
0,13
0,07

«0.25 =0,27

8

9

1,00
0.67
0.55
0,43
0.5¢4
0,58
0.52
0,56
0,74
0,36
0,59
0.45
0.32
0.114

-0,27

10

1,00
0,51
0,29
0,58
0,55
0.23
0,33
0.31
0,68
0.60
0,24
0.03
-0, 31

12

1.00
0.26
0,31
0.87
0.42
0,59
0.69
0.5¢0
0.40
0.906
-0.08
-0.,27

13

1,00
0,42
0.36
0,64
0,62
0.30
U,30
0,35
0.06
0,23
-0,29

14

1.00
0.36
6.3
0,47
0.28
B.65
0.62
0.53
0,41
-0.25

15

1,00
0,49
G.6%
0,70
0,48
0,52
0.15
«0,06
-0,21

14

1.00
0,75
0.58
0.27
0.38
0.1¢
0.18
0,32

17

1.00
V.48
0,43
V.43
0.20
-0, 0%

1.00
.44
0.53
0.09
0.04

=0.24 0,20

18

10

1,00
0.76
0,34
0,27

.00
0.29
0,36

“0.17 =0.15

20

21

1.00
0,37
0.%1

*SIuUnys 1noylim

‘el 9iqel

(R

1.00
=0,27

23

Orv

1:60
24
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APPENDIX J.

Statistical analyses.

Contents

Keys to multivariate analysis variables
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Key 1o multivariate analysis :— Variables,

b Raven's C.P.M.
2 E.P.V.T.

3. C.V.S.

4 Reading 7

5 Bender Gestalft.

Piagetian Tests.

6 A
7 I8
8. 2A
9 2B
10 3A
bl 3B
|12, 4
3. 5A
14. 5B
i5. 6
16 7
17. 8
18. 9
20. 10
21. 1.Q.

22, Pultibec
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Table 214

Multivariate analysis. Boys and girlis.

Test ! 2 3 4 5 6 7 8 9 10 H
Means 17.7 54.9 33;6 32.1 1l1.6 4.3 5.1 3.2 3.4 7.5 5.8
Boys t8.6 57.7 35.3 36.7 11.9 4.6 5.3 3.4 3.3 7.6 6.3
Girls 16.9 52.2 31.9 28.7 1.3 4.0 4.8 2.9 3.4 7.4 5.3
Test 12 I3 14 15 16 b7 18 o 20 21 22
Means .4 38 5.0 1. 3.6 0.7 6.8 2.6 16.9 80.9 32.9
Boys 1.5 4.0 5.5 2.1 3.8 0.8 7.0 2.7 17.1 8l.6 32.6
Girls .2 3.6 4.5 .7 3.3 0.6 6.5 2.6 16:8 80.2 33.2
2

Cht™= 19,92, d.f. 22 ot significant. When variable 22 (Pultibec)excluded

1]

Chi2= 18.34, d.f. 2l not significant.
As above but with 1.Q. (variable 2!) excluded

Chi2= 18.34,d.f.

21 not significant.

When variables 2! (1.Q) and 22 (Pultibec) excluded
Chi%= 18.27, d.f. = 20 not significant.

Table 215

Multivariate analysis. Shunts and non-shunts.

- Test [ 2 3 4 5 6 7 8 9 10 11

Means 7.7 54.9 33.6 32.! 11.6 4.3 5.1 3.2 3.3 7.5 5.8

Shunts 17.2 53.4 33.0 31.2 12.8 4.2 5.0 3.0 3.2 7.0 5.4
Non—

shunts 18.9 58.3 35.0 34.| 8.9 4,5 5.2 35 3,6 B.6 6.7
Test 12 I3 4 I5 16 17 18 19 20 21 22
Means 1.4 3.8 5.0 1.8 3.6 0.7 6.7 2.6 6.9 80.9 32.9

- Shunts 1.2 3.5 4.6 .6 3.4 0.6 6.3 2.4 16.7 77.7 34.3
Non-

shunts 1.7 4.3 5.9 2.3 4.1 0.9 7.8 3.0 17.2 88.1 29.7

Chi2= 42.4, d.f. 22 p < .0l
When variabtes 21 (1.Q.) and 22 (Pultibec) excluded, ch12= 20.1, d.f.20 n.s,
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Table 216

Multivariate analysis.

Piagetian tests.

With and without shunts.

Test IA . IB 2A 2B 3A 38 4 5A
Means 4.3 5.1 3.2 3.3 7.5 5.8 1.4 3.8
Shunt 4.2 50 3.0 3.2 7.0 5.4 1.2 3.5
No shunt 4.5 5.2 3.5 3.6 8.6 6.7 1.7 4.3

Test 58 6 7 8 9 10 ¥

- Means 5.0 1.8 3.6 0.7 6.7 2.6 16.9
Shunt 4.6 1.6 3.4 0.6 6.3 2.4 16.7
No shunt 5.9 2.3 4.1 0.9 7.8 3.0 _"|7.€

Chiz = 19,7 d.f. = 15 a.s. /\}

_ o -

Table 217
Multivariate analysis.
Piagetian Tests. Boys and Girls. _

Test IA IB 2A 28 3A 3B 4 5A
Means 4.3 5.1 3.2 3.4 7.5 5.8 |.4 3.8
Boys 4.6 5.3 3.4 3.3 7.6 6.3 1.5 4.0
Girls 4.0 4.8 2.9 3.4 7.4 5.3 1.3 3.6

Test 5B 6 7 8 9 10 I}
Means 5.0 1.9 3.6 0.7 6.8 2.6 16.9
Boys 55 2.1 58 0.8 7.0 2.7 17.1
Girls 4.5 1.7 3.3 0.6 6.5 2.5 16.8

chi? = 12.06  d.f. - not significant.
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Table 218

Difference between means {(i. test).
Boys (n = 64) and Girls ( n = 66).

Raven's Bender Piag- Pulti-
C.P.M, E.P.V.T. C.V.S. Reading GBestalt etian 1.0. bec.
TC= 1.38 1.19 1.03 .08 10.652 1.04 0.5 0.5l

Tabie 219

Difference between means (f. test).
Boys and Girls - Individual Piagetian tests.

1A 18 2A 8 A 38 4 A
?C= 1.03 0.62 b. 14 0.25 0.227 .175 1.001 0.786
58 6 7 8 g 1 n
+c= i.374 .928 0.759 - 1.428 0.703 0.791 0.212
Tabte 220

Difference between means(¥. tests).
With and without shunts. o o

Raven's T ) Bender Piag- Pulti-
C.P.M, E.P.V.T. C.V.S. Reading Gestalt etian 1.9Q. bec.

t = 1.28 0.937 0.573 0.4027  2.86%* 1.59 3.8 3.93%%

Table 221

Difference between means (1. test).
Individual Piagetian tests - with and without shunts.

1A 1B 2A 8. 3A B 4 5A
+C= 0.474 0.228 I.054 -0.709 1.72 i.438 1.262 1.4
58 [ 7 8 2 o
+c= 1;595 i.209 0.959 i.98% 2.118%. 2.314*% 0,467

Note t. required for sig. at 5% = 1.98 at 1% = 2.58.
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Table 222

Correlation Co-efficients.

Piagetian Tests with |.Q. (One-year age groups}.

Age n. Correlation Significance
16 yrs. 3 0.57 n.s.
Is " 6 0.53 n.s.
4 " 4 0.27 n.s.
13 " 12 0.77 .0l
2 " 7 0.60 n.s.
" 14 0.87 .01
o " 10 0.59 n.s.
g " I 0.80 .0l
g " o 0.79 .0l
7" 14 0.48 n.s.
6 " 17 0.66 .0l
5 " 22 0.46 .05
Table 223

Correlation Coefficient. Piagetian tests with 1.Q. (Two-year age groups.)

15 and 16 9 0.51 n.s.
12 " 14 16 0.58 .05
"oz 21 0.50 .05
9 " 10 2) 0.52 .05
7 " 8 24 0.40 .05
5 " 6 39 0.43 .0l
Table 224

Corretation Coefficient. Piagetian tests with 1.0Q.

School Department.

lepartment n. Correlation. Significance.
Secondary 32 0.6 .0}
Juniors 45 0.75 .0l
Infants 53 0.29 Ol
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Table 225

English Picture Vocabulary Test. One-year age groups.

Age Mean C.A. Mean raw score. s.d. Mean Voc. age.
16 yrs. 16.0 110 14.9 17.9
15 " 15.4 93.7 20.9 13.4
4 " 14.6 94.5 - 28.7 13.5
13 " 13.5 72.3 28.2 i0.2
2 " 12.6 74.0 10.0 0.4
e 1.5 68.5 21.4 9.8
to " 10.4 55.7 1.4 7.9
g " 9.4 54.3 14.2 7.5
g " 8.5 45.8 13.0 6.6
7 " 7.5 47.0 1.4 6.8
6 " 6.6 35.7 16. 1 5.5
5 " 5.4 29.5 17.4 5.1
Table 276

English Picture Vocabulary Test. Two-year age groups.

I58& 16 yrs. 15.6 99.1 19.9 14.8
138 14 " 13.8 77.9 29.1 .
& 12 " 1.9 70.3 18.3 9.9
g& 10 " 9.9 55.0 12.6 7.9
74 8 " 7.9 46.5 .8 6.6
584 6 " 5.9 32.2 16.9 5.2
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Table 227

Crichton Vocabulary Scale. One-year age groups.

i
IR

Mean m.raw m.vocab.

Age C.A. score s.d. age.
t6 yrs. 16.0 66.3 17.0 12.7
I5 " 15.4 63.7 1.4 i2.5
g 14.6 62.0 1.7 12.0
Iz " 13.5 50.9 17.6 10.6
j2 " 12.6 41.6 9.9 9.6
" 1.5 44.3 18.9 10.0
o " 0.4 32.5 9.6 8.4
g " 9.4 29,1 13.9 7.8
g " 8.5 29.8 8.6 7.9
7" 7.5 24.3 9.1 6.9

6 " 6.6 19.1 5.7 6.0

5 U 5.4 18.5 9.2 - 5.9
Table 228

Crichton Vocabulary Scale. Two-year age groups.

15 & 16 yrs.  15.6 64.6 12.5 12.5
138 14 ™ 13.8 53.7 16.7 10.9
&z " 1.9 43.4 16.2 9.8
9 & 10 " 9.9 30.7 1.9 8.
74 8 " 7.9 26.6 9.1 7.4
58 6 " 5.9 18.8 7.8 6.0
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Comparison of Vocabulary ages with norm.

One-year age groups.

Age (yrs.)

16
15
14
3
|2
1
10

9

oGy ~J 0

Table 230

Perceptual age.

E.P.V.T. C.V.S.

Raw score Voc. age. Raw score voc. agei
110 17.9 66.3 13.5
93.7 13.2 63.7 13.0
94.5 13.4 63.0 12.5
72.3 10.1 50.9 10.5
74.0 10.5 41.6 9.5
68.5 9.9 44.3 0.0
55.7 7.9 32.5 8.5
54.3 7.5 29. | 8.0
45.8 6.7 29.8 8.0
47.0 6.9 24.3 7.0
35.7 5.5 19.1 6.0
29.5 5.1 8.5 6.0

Two-year groups.

Age (yrs.)
15 and 16
i3 " 14
" 12
g " 0
7" ]
5 " 6
Table 23|

Perceptual age.

Bender Gestalt

a.

0
2
.3
7
3
5

B Oy Oy

years

(approx.)

One-year age groups.

b6
15
14
13
12
1
10

9

U

O

EL N RS BRE B0 L B 0 A T o AT &) BN N |
M N OWU OWoo OO

.5 years

tr

"

"

t

"

"

1"

1"

"

" {approx.)
r 1"

Raven's C.P.M.

10,
10.
9.

oo -

O
U =) W By - Oy 0 N

7
6.
5

0 ] ] ] O WD

(approx.)
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Table 232

Comparison of mean chronological ages with mean of Bender
Gestalt error scores.

BOYS.
School No. Mean error s.d. Mean s.d. Mean of normal
scores C.A. - error scores for C.A.

A 16 10.7 8.3 8.3 2.5 3.3

B 15 17.1 9.8 9.0 3.2 1.5

C 12 13.3 5.7 7.7 2.4 4.9

D 21 8.5 8.2 1.8 3.3 bol
ALL. 64 Fr.9 8.7 9.5 3.3 1.5
GIRLS.

A |12 12.1 7.8 8.5 2.9 2.4

B 12 5.5 7.1 8.6 2.2 2.4

C 17 13.4 7.3 7.7 2.8 4.3

D 25 7.4 5.1 1.7 2.9 1.0
ALL. 66 1.2 7.2 9.3 3.3 b.5
BOYS AND GIRLS.

A 28 .3 8.0 8.4 2.7 2.7

B 27 16.4 8.6 8.8 2.7 2.0

C 29 13.4 6.5 7.7 2.6 4.3

D 46 7.9 6.6 1.7 3.0 1.3
ALL. 130 Ih.6 7.9 9.5 3.2 1.6
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Table 233
Reading.

Means and standard deviations of raw scores and reading
ages in one-year age groups.

Mean Reading

Raw score age

Age n. m. s.d. (years)

16 yrs. 3 77.7 51.7 10.9

15 " 6 99.5 7.8 12.0 fluent
4 " 4 98.0 5.9 12.0 fluent
13 " 12 57.7 39.8 9.0

1z " 7 56. 1 24.5 8.9

" 14 43,4 36. 1 7.6

o " 10 41.1 28. | 7.4

9 " I 30.1 3.7 6.6

g " 10 16.4 20.4 6.0

7" 14 (6.4 6.9 6.0

6 " |7 6.9 12.3 5.5

5 " 22 0.4 1.0 5.0

Table 234

Reading ages. School Department.

m. reading

Dept. n. m. C.A. s.d, age.

Infants 53 6.3 0.9 6.4

Juniors 45 10. 1 1.2 6.8

Seniors 32 14.0 1.2 10.4

Infants 5 -7 Juniors 8 - 11 Seniars 12 - 16

Table 235

Reading. Two-year groups. n. raw m. reading

Age m. C.A. score s.d. age.

15 & 16 yrs. 15.6 92.2 28.7 312.0
iI38& 14 " 13.8 67.8 38.6 9.9
&1z " 1.9 47.6 32.7 8.0
g&1o0 ™ 9.9 35.3 29.8 6.9
7& 8 " 7.9 6.4 i8.0 < 6.4
584 6 " 5.9 3.2 8.7 < 6.4
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Table 236. -

Reading {Age groups above 9 yrs. of age.)

Non- Needing rem-
Age n. readers. edial help. Acceptable®  Fluent**
16 yrs. 3 0 | 0 2
I5 " 6 0 0 0 6
t4 " 4 0 0 0 4
13 " |12 | 4 3 4
12 " 7 0 5 ! f
e 14 2 7 3 2
o " 10 1 6 3 0
o " 1l 3 _5 2 !
67 7 28 t2 20
Percentage 10.4 41.8 17.9 29.9
¥ less than | year's retardation.
** > than reading age of 12.0 years.
Table 237.
Reading. With and without shunts {(over 9 vears of age).
Non- Needing remedial
readers programme. Satisfactory Fluent.
With shunt 5 24 5 12
% 10.9 © 52,1 10.9 26. 1
Without
shunt 2 8 3 8

A 9.5 38. 1 14.3 38. |






