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PREFACE
Lack of knowledge concerning left-handedness springs .
from the multiplicity of studies and contradictory nature
X of the findings on the various aspects of laterality,
rather than any insufficiency of material on the subject.
The absence of any single authoritative work and |
extensiveness of existing material make necessary for a
full appreciation of the problem a study more prolonged
than the average interested person is willing or able‘tq
meke. The present work, presenting as it does both an
attempt at critical evaluation of previous investigations
ﬁnd an original study of laterality characteristicsin a
group of normal children, will it is hoped satisfy a need
for a comprehensive report on the subject. The practical
problems confronting teachers and parents dealing with
left-handed children have been kept in the forefront through-
out, in the hope that the information contained herein may
make some contribution towards a better understanding of
- left-handedness and may even lead to a more toleramt attitude
towards the *sinister minority', to which the author herself

belongs.
Acknowledgment has been made of all printed sources

consulted. The author wishes to state her indebtedness to
all those who by their practical assistance, encouragement
and imvaluable advice have contributed to this study. From
the absence ofkindividual reference to thoée many friends
it should not be inferred that the author is any the less

conscious that without their assistance the work could never
have been completed. M.M.C
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CHAPTER I.

INTRODUCTION.

It is only when embarking upon an investigation of hand
preference that one realises the amount of data available on
the subject. Unfortunately, however, no sooner are supposed
faets obtained on such matters as the incidence of handedness,
its inheritance, eyedness and its connection with handedness,
the effect of these on education and so forth, than other
researeh findings are discovered completely at variance with
these 'facts'. For this reason it is unwise, if not actually
impossible, to state the authoritative finding on each aspect
without further qualification and clarification. The only
way of dealing adequately with the subject seems to be to make
a statement of the main investigations which have been carried
out, brief comments on the results and a critical analysis of
these. Bias inevitably creeps in - even with regard to
selection, but at least this approach reveals to the reader
that there are different points of view and contradiectory
statements, and does not involve the pretence that the stated
conclusion is the only one. The following chapters are,
therefore, an attempt to present a summary and critical
analysis of at least the more important investigations on
laterality preference. The aim has been to present sufficient
comment on each of the researches mentioned to enable the

reader to follow the argument without hzving to consult each

authority /
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authority cited. The remarks are, nevertheless, limited by
the necessity of doing justice to as many investigators as
possible. In spite of that, many of the studies have had to
be omittéd to keep the work within manageable proportions, the
necessity for such omissions being evident to anyone consulting
the biblirography.

Bias is inevitable in practically any study, no matter
how scientific it may appear, and if not in the actual treatment
of the data, then probably in the selection of these aspects to
be investigated and the relative importance to be ascribed to
the wvarious results. The human factor is present in all
studies, even in those of inanimate material, in the fallible
person of the investigator. It is present to an even greater
extent in studies of human behaviour, where one's own person-
ality and behaviour beecome inextrieably involved, making it a
delusion to believe oneself capable of objective, unbiassed
judgments on the behaviour of other human beings. Even
experimenters are guilty of seeing what they want to see, and
that only. Apart from being a psychological study, subject
to all the vagaries which that involves because of the very
nzture of the material, the topie here under consideration
inevitably suffers from a very clear-cut, but nevertheless

important, bias. All persons, investigators included, are

either /



-3-

either left- or right-handed; if left-handed, they are well
aware of the difficulties involved in having such a preference
in a right-handed society, and in belonging to a minority group
of not more than one-tenth of the population. While such
appreciation makes their interest in the subject understandable,
and makes them, in some ways, more suited to earry out such
investigations than others not so conscious of the difficulties,
their particular concern mskes it unlikely that they will
embark on a study which will show left-handedness to be an
oddify resulting from negativism or faulty training, or to be

a degenerate form of behaviour; mnot that they will consciously
distort the results, but thst they will tend to avoid such
aspects. Interest of right-handers in left-handedness is more
difficult to understand, probably more varied in its origin,

and ‘certainly less direct. The presence of a bias in one
direetion or the other is clearly seen in the reports of
investigations on handedness, and is evident from even a
cursory glance at the various books and articles‘on the subject,
where one can so often tell whether or not the investigator is
left-handed long before he admits it, since his whole approach
to discussion on the subject seems coloured by the fact.

There are obvious disadvantages in the physician suffering from
the disease he is studying, but so often the increzesed

understanding resulting is sufficient to outweigh these. It

is /
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is hoped, and is, in fact, pleaded in support of tke present
investigator, that the increased awareness and more intense
appreciation of the effects of being left-handed in & right-
handed world are sufficient to ecounterbalance the bias

inevitably resulting from being one of the 'sinister minority'.

The first part of this study, devoted as it is to an
analysis of the existing material on left-handedness, reveals
the erroneous nature of the widespread belief that few
investigations have been undertaken on the subject of hand
preference. A survey of the more important theories whieh
have been propounded in explanation of hand preference will
be followed in Chapter III by a discussion on the operation
of hereditary factors in the transmission of left-handedness.
The connection between hand dominance and the development of
speech is an important aspeet of the problem and will,
therefore, be discussed at some length, with special emphasis
on the studies on the relationship of left-handedness and
stuttering. Difficulties encountered in any attempt to
measure laterality preferences will then be discussed,
together with some suggestions concerning the relative merits
of the more widely used tests of the charscteristics. The
last few chapters of the first part of this study are concerned
with investigations on the connection betéeen left-handedness
and writing problems, including mirror-writing, and between

laterality /
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laterality preferences and reading diffieculties.

An investigation of the laterality characteristies found
in a normal group of school children, unselected with regard
to hand preference, is deseribed in the second part of this
work. The type and strength of hand, foot, ear, and eye
preferences found in this group have been studied, together
with the educationél implications of sueh preferences. It
was hoped that such a study might act as a corrective to the
numerous studies of abnormal children showing left-handedness.
Here, in contrast, the left-handed subjects have been tested
together with their right-handed fellows in the same class,
and a comparison made of their relative positions compared
with the right-handed subjects. The selection of sueh a
group has made”it possible to compare the results of the left-

*  hand writers with those who, though they use the right hand for

writing, are left-handed in other respects. Without testing
whole classes it is difficult to obtain a representative group
of those who have had their handedness changed, or who have
changed of their own volition. This difficuity was brought
out when, in the course of the present study, an attempt was
made to ascertain, not only the number of subjects tested whose
handedness had been changed, but also the total number in the
schools in which the testing took place. The discrepancies
between the numbers in different classes and schools were such
that they could only have been caused by incomplete or

inaccurate /
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inaecurate reporting. Since the method used ir the actual
study enabled the range of hand preference found in & normal
- group to be studied intensively, it was hoped that this would
overcome the difficulty mentioned above, though it would, of
necessity, result in an investigation on a very much less
extensive scale.

This is by no means the first study of the educational
implications of left-handedness, It is, however, the first
investigation which has taken into consideration the various
types of hand preference found in a normal population, and is,
further, intensive in character where others have been
extensive. This is its justification, together with the fact
that, since the classical studies of the subject, the whole
goeigl attitude to left-handedness has been undergoing a
gradual change from one of censure combined with fear and
distrust to something more akin to faint disapproval. " The
effect on the incidence of left-handédness of these changing
conditions seems, therefore, worth studying. Together with
the inereased incidence in apparent left-handedness, resulting
from the more tolerant attitude towards it, has appeared an
increased interest, amounting,in some instances, to concern,
particularly on the paft of parents whose children are left-
handed. Little assurance seems to be gained by visits to
teachers or to doctors, the natural recipients of such

troubles. /
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troubles,. Letters in the daily papers in the last year or
two, and queries on the radio, are an indication of this
growing interest and concern about left-handedness. Many of
the answers given, however, are misinformed, or contain long
disproved views on the subjeet, and are, frequently, merely
perpetrating the negative attitude to left-handedness whieh
has been common to most societies,

Even if it did nothing else, this study might reassure
some parénts by showing them that at least a few left-handers
have learned to read and write without any partieular
emotional upset. Incredible though it may seem, a not
inconsiderable number of parents have doubts about this
possibility, and are bewildered and perturbed when they find
that a child of theirs shows left-handed tendencies, their
very concern forming a breeding ground for instability and
emotional disturbance. Many instances are known to the writer
where, for example, the father says: 'Change him over', and
the mother says: 'Don't'; or where the teacher says: 'Change',
and the parents say: 'No', or frequently the reverse. A
child has sufficient emotional issues to face in the course of
his career without msking one of his preferénce for right or
left hand. Children have been taken from one school and sent
to another on this very issue. Where the parent or teacher
is himself left-handed, or has some relative or intimate

friend who is left-handed, his attitude seems more inclined to

be /
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be one of toleration; whereas, when it is his first
encounter with the phenomenon, he is more inclined to blame
it on mere stubbornness, and insist that it be changed.

The present concern about left-handedness, and desire for
some understanding of its various aspects,shown by parents and
others dealing with children, indicates the need for a spread
of information on the subject. The existence of such feelings
has been most forcibly brought to the notice of the present
"writer who, during the course of this study, has received a
number of letters both from parents of left-handed children
and from persons who are left-handed themselves, stating their
pleasure that a comprehensive study of the subject has at last
been undertaken, and, pleading, to guote one: 'that more faets
should be published to let people know that we are not a queer
and awkward lot'. The inaccessibility of existing material
is not the only difficulty; another is its inadequacy at the
present time, due, in part, to the faet that it was written
under conditions which have ceased to exist. The desire for,
and lack of, such information would seem to reveal the need
for some study such as the present one, presenting as it does
both an attempt at critical evaluation of existing material
and a new approach to the subject, which will, it is hoped,
be of some interest to those dealing with left-handers, and,

not least, to left-handers themselves.
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CHAPTER II

THEORIES ON THE CAUSE OF HAND PREFERERNCE.

THE PROBLEM

The basis for the use of the term 'hand preference' is
the faet that each person, thoﬁgh posseésing two hands, finds
that many operations carried out by man, even in primitive |
soeiety, involve the use of one 6nly. It is evident that in
the interests of efficiency a person is not likely to continue
to use one or other hand at random, but to choose one and train
it to become proficient in unimanual activities. The
puzzling point about this choice of one hand is that it would
be expected that mankind would either be equally divided
between left and right preference suggesting a chance selection,
or would be right- or left-handed without exception, and that
neither of these alternatives is confirmed by observation of
everyday activities. The great majority does use the right
hand, and in deference to the needs and desires of this
majority, society is built on the assumption that the right
hand will be seleected. This is evident in the construction
of tools, both household and industrial; dextrality being also
assumed in the instruction in manual skills and games. There
exists, however, a not insignificant minority, about one in ten
of the population, which displays left-handedness in all its

actions /
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actions in spite of its accompanying disadvantages. This
obviously provides a tempting field for investigators, many of
whom have studied this anomaly in order to explain its
oecurrence, Such attempts have led to studies of the nature
of hand preference and its consisteney, to a consideration of
the existence of a possible hereditary mechanism, and to
studies of the intelligence and temperament of left-handers in
order to find some explanation as to why they should evince‘a
preference for the left hand in spite of all expectations to
the eontrary.

Similar problems arise regarding eyedness and the
preferential use of one foot. The study of eyedness has
really developed out of investigations of handedness, since
dominance of one eye is not so evident to the casual observer,
nor does it, superfieially at least, appear to present such
problems, There are few important actions commonly performed
in which one eye only is used, our vision being predominantly
binoeular, and the fact that actually in binocular vision one
eye is dominant is not apparent on casual observation. The
percentages for right- and left-eyedness are not comparable
with those for handedness, right-eyedness being about twice as
eoﬁmon as 1éft-eyedness.

The preferential use of one foot is more evident in leisure

activities inyolving such actions as hopping and kicking, where

a/



-1]-

a similar trend to that in handedness is evident, the larger
proportion being right-footed and a smaller number left-footed,
though the preference is not so consistent as in handedness.

Why does there exist this small percentage of sinistrals?

EARLY INVESTIGATIONS

Kumerous indeed are the theories which have been
propounded to elucidate the mystery of the existence of this
sinister group. The existence of a small group of left-
handers has been noted by observers from earliest times,
references to this being present in the literature of most
countries, as, for example, in the 01d Testament (Judges XX,
verses 15-16), where mention is made of a group of left-handers
in the tribe of Benjamin who could sling stones with unusual |
aecuracy. This reference has, in fact, led some people to
suggest that present left-handers are descended from this tribe.
Actually the percentage which that group of left-handers
represented out of the total tribe is little different from the
percentage of left-handers found in the nineteenth-century
investigations. There is no suggestion that the whole tribe
was left-handed; +the very fact that the left-handedness of
these particular individuals was stressed indicates its unique
nature.

Though not of scientifie importance, it is certainly of
interest to note the type of context in which 'left' or

'left-handedness' is mentioned. 'Sinister' and 'gauche' are

so /
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so frequently used with unpleasant associations that oume is
inclined to forget that they both mean 'left'; while
'dexterity' im the seanse of skill is so inevitably associated
with right-handedness that there is an underlying feeling that
a left-hander will not merely be different but that he will
also be awkward or 'gauche', The evidence that something out
of the ordinary, unusual or inexplicable is regarded with
suspicion, and even fear, is to 5e seen throughout the history
of man, and the attitude of many to left-handedness is no
exeeption. Left-handedness seems to be.associated in the
minds of many with something unlucky. In some districts, for
example, it was regarded as an ill-omen to encounter a left-
handed person when setting off on a journey. Most districts
have among their dialect words some term of derision to
deseribe left-handers - 'southpaw', 'cack-handed' and 'corrie-
fister' being but a few examples of this, The word 'corrie-
fister', the Scots expression, is supposed to have originated
from the surname 'Kerr', which an ancient Scottish tradition

traces to a Dalriadiec king Kynach-Ker who was left-handed.l

1. D. Wilson, The Right Hand: Left-handedness.
London: Nature Series, The Macmillan Company., 1891.

It was only in the nineteenth century that serious

attempts were made to explain left-handedness. The earliest
theories /
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theories were rather directed towards accounting for the right
hand preference of the majo;ity, and tended to dismiss left-
handedness as the result of an accident, faulty training or
some abnormality in bodily structure. Explaining a right-
hand preference is not difficult but, unfortunately, the
theories which explain only this are inadequate when applied

to left-handedness. It is impossible here to do justice to
all the theories which have been propounded in explanation of
the phenomenon of hand preference, and mention will accordingly

be made only of the historically more important.

I. PRIMITIVE WARFARE THEORY

An intriguing explanation of right-handedness is the
Primitive Warfare Theory, whose upholders suggested that in
primitive warfare man held his stick or sword in his right
hand, in order to leave the left free to protect his heart.
Thomas Carlyle, the nineteenth-century philosopher, is
supposed to have been the originator of this theory when his
enforced use of his left hand in later life was necessitated
by disease in the right armn. This led him to consider the
reason for the right-hand preference of most men, and to
suggest that some peculiar advantage resulted from protection
of the heart by a shield held in the left hand, resulting in
the perpetuation of right-handedness partly by transmission of
the characteristic and partly by a process of natural selection

whereby /
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whereby left-handers became gradually extinet, since this
represented a less efficient form of defence.

This theory leaves more guestions unanswered than it
answers, and is of little more than historieal interest,
criticisms of it being obvious. In the first place, the
heart is not entirely on the left side; while injuries to
liver, for example, would prove equally fatal to primitive man;
and, finally, the theory does not explain the sinister minority
of left-handers who, so far as we‘know, still have their hearts

in the 'right' place.

II, THE MECHANICAL AND CENTRE OF GRAVITY THEORIES

These two theories are also attempts to explain handedness
on an anatomical basis. The Mechaniecal Theory was expounded
by Buchanan, a Professor in the University of Glasgow, who
claimed that immediately a child begins to use the limbs
together he becomes aware of a mechanical advantage possessed
by the right side. Right hand usage does, eccording to him,
lead to a greater development of the muscles on the right side,
but initially this results from a mechanical cause inherent in
the constitution of the human frame. He explained the
advantage claimed for the right side as resulting in part from
the position of the centre of gravity of the body. In his
first / |
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first paper in 18621 Buchanan dismissed left-handedness as
being of no consequence, and did not attempt to make his
theory account for its existence; but in his second paper, in

18772, he realised this omission and also modified his wviews

1. A.Buchanan, 'Mechanical Theory of the Predominance of the
Right Hand over the Left', Proceedings of the Philosophical
Society of Glasgow, vol.V, 1862, pp. 142-167.

2. A,Buchanan, 'On the Position of the Centre of Gravity in
Man, as Determining the Mechanical Relations of the Two
Sides of the Body Towards Each Other', Proceedings of the
Philosophical Society of Glasgow, vol.X, No.2, 17,
pp. 390-413.

eonsiderably. He emphasised further the importance of the
position of the centre of gravity, and went on to suggest that
in most people it lies in such a position that it enables them
to balance more effectively on the left foot, whieh means that
they thus become right-footed and thereafter, and as a
nee¢essary consequence, become right-handed. He suggested
that left-handedness could be explained by a displacement of
the centre of gravity in the opposite direction, while
ambidexterity would result when it was so placed that it did
not favour either foot. He did not continue and explain how
this would occur, nor prove that these differences did actually
exist in left-handed and ambidextrous persouns.

Inadequate though the theory is as an explanation of hand

preference, the work of Buchanan is worth consideration, since

it /
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it represents the views of a nineteenth-century physiologist
on the subject. Though part of his theory was the result of
experimentation, Buchanan was not guiltless of stating
generalisations from one or two instances he heppened to
observe, This tendency makes it difficult to separate the
valid from the invalid. From s comparative point of view it
is important to take account of these early studies, bearing
in mind that much of the discussion contained in them is,
~ nevertheless, mere speculation with no experimental basis, or
is based on everyday experiénee, a notoriously inaceurate

method of obtaining information.

ITI. EYE DOMINANCE
The suggestion made by Buehanan that footedness explains
handedness was followed by a suggestion by Parson that eye
dominance is the cause and handedness the effect. This theory
was based on the fact that in infancy nearly all voluntary
movement depends on vision, and it is according to Parson also
the greatest stimulus throughout life, He stated, further,
that:
Man has also developed certain dominant single faculties
such as speech and memory which cannot be classed as
belonging to either side of the body exelusively, but
rather to the organism as a whole. In a general way it
can be said that we find the neural areas which innervate
these highly complex single faeulties grouped in the same
- hemispheres that contain the centres controlling handed-

ness and eyedness. This affords the most direect and
speedy /
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speedy co-ordinﬁtion of sight impressions with intellect,
will and action-+.

1. B.S.Parson, Lefthandedness - A New Interpretation, p.24.
New York: The Macmillan Co., 1924,

In suggesting the connection mentioned above, Parson was
anticipating some of the more recent neurological findings on
the connection between handedness and brain dominance, but few
would agree with him that there is a elose connection between
handedness and eyedness, far less that eyedness actually
explains handedness, His theory certainly does not encounter
the difficulty found by others in explaining left-handedness,
sinece for him it results from left-eyedness, This is
obviously no more satisfactory, since he cannot explain why
some are left-eyed and some right-eyed. Two important
pbjections render Parson's theory untenable. First, crossed
dominance is extremely common, there being about half as many
people who have their dominant hand and eye on opposite sides
as there are people with them in accord. Some of these
exceptions could be explained away as resulting from an
enforced change of handedness, as Parson attempted to do, but
that would account only for those who are left-eyed and
right-handed, while one frequently finds left-handed persons
who are right-eyed. Second, it has been found that left-
handedness is as high among the congenitally blind as it is inmn
the normsl population.

Although /
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Although it is probably not true, as Parson suggested,
that all actions are hzmpered unless the dominant hand and eye
are on the same side of the body, there may be certain actions
whieh are facilitated by this, actions where hand-eye co-
ordination is of particular importance. This is merely
mentioned to suggest that though it is generally agreed that
handedness does not arise as an effeet of eyedness yet it is
possible that some of Parson's views about hand and eye

dominance may be of importance.

IV, CHANCE FACTORS

In most theories in this group the assumption has been
made that right-handedness is normal and that only the small
gfoup of left-handers requires explanation. Left-handedness
has, then, been explained as resulting from carelessness on
the part of the mother or nurse in the way the infant was
carried, or from bad training in childhood. Such theories,
or, rather, explanations of left-handedness, are aecepted by
many who completely overlook the faet that left-handedness in
many instances actually persists in spite of all attempts to
train, or enforce, right-handedness, and that it is unlikely,
therefore, to be explained by aecidental factors.

One cannot omit entirely consideration of such suggested
explanations of left-handedness, but sinee they are far from

adequate /
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'adequate theories, mention of their existence will suffice.

V. EDUCATION

The basis for this type of theory differs from the former
explanations in that they are based on the assumption of
right-handedness as normal and of left-handedness as abnormal,
or, at least, an exception; whereas advocates of education as
the explanation claim that naturally only a few people are
either strongly right- or left-handed, and that for the

majority right-handedness is largely the result of edueation.

This was the view of Wilsonl, who, being left-handed himself,

1. op. cit.

was not willing to dismiss the characteristic so lightly as
others had done. Unfortunately such a theory does not
explain why the swing has always started to the right in all
societies. It may be true, nevertheless, that only a small
number of right-handers are strongly biassed in that direction,
and that the preference of the remainder does result from the
fact that it is the accepted usage; in other words, many of
these might‘equally well have become left-handed had that been
desirable. It seems that one must accept Humphry's nice

distinetion /
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distinction that the superiority of the right hand is aeguired
through frequent use, but,'though the superiority is aequired,

the tendeney to aequire the superiority is natural'l.

1. G.M,Humphry, The Humsn Foot and the Human Hand, p.202.
Cambridge, England: Macmillan Co., 13861.

VI. LEFT-HANDEDNESS AS A FORM OF NEGATIVISM

This theory is based on the assumption that right-
handedness is the normal well-adjusted type of reaction, while
left-handedness is a revolt and completely at variance with
the best interests of the individual as a socially adjusted
person, since society is based on the assumption of right-
handedness. Allowing no physiological basis for left-
handedness, and dismissing any suggestion that some hereditary
mechanism may be at work in its transmission, it offers a
psyehological or a psycho-pathological explanation. Two
types of left-handedness were distinguished by Burtz, who
considered that though some cases might be explained as above,
others might result from a strong constitutional bias;

unlike Blau3 who maintained that all left-handedness can be so

2. C.Burt, The Backward Child, chapter X, London: University
of London Press Ltd., 1937.

3. A.Blau, The Master Hand, New York: The American
Orthopsychiatric Association Inc., 1946.

"explained, /
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expleined, as a neurotic symptom or form of negativism. |
He claimed that there is no innate basis for laterality and
that it is developed by training and education, and becomes a
habitual response as a result of social conditioning.
Sinistrality he explained as being the result of a deviation

in the learning process because of: (a) an inherent
deficiency, physical or mental, (b) faulty education, or (c)
emotional negativism. In support of this he pointed out that
it only occurs in a minority, 'but has relatively greater
incidence among males, mental defectives, delinguents, and

many psychiatric abnormals' L. It seems unwarranted, however,

1. op. cit. p.93

to deduce from abnormals, as Blau has done, the characteristics

I
1

of normal left-handers. It seems fairer to consider the
possibility, as did Brainz, that left-handedness in such

abnormal cases may be of quite another type from normal

2. R.Brain, 'Speech and Handedness; The Lancet, vol.CCXLIX,
No.2. 1945, pp. 837-841.

sinistrality. Failure to develop right dominance should not
be confused with left dominance though some tests may,

nevertheless, lead to such confusion because they class as

left-handed /
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left-handed all who are not right-handed.

VII. CEREBRAL DOMINANCE AND LEFT-HANDEDNESS

Some of the early investigators suggested a connection
between the relationship of the two sides of the brain and
the dominance of one hand, At first the belief was held
that some anatomical or physiological difference in structure
or functioning between the left and right hemispheres resulted%
in one hemisphere being dominant, and this led, in its turn, t&
left- or right-handedness, depending on which hemisphere was,
for example, the larger, had the better blood supply or had
some other characteristic. These views implied or assumed

that there was some absolute difference which led inevitably

to0 dominance of one side of the brain, a view which is doubted
by many neurologists now. It is actually difficult to tell
whether an arm becomes longer and more powerful as a result of
the use to which it has been put or whether the difference in
strength explains the fact that it was selected; while it is
even more difficult to decide similar questions with regard to
the differences in brain structure. It was actually suggested

1

by Wilson™ that the dominant side of the brain is heavier than

l. op. cit.

the /
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the non-dominant, and, in an attempt to prove that, he
awaited with some anxiety the death of a2 person of known
left-handedness. Upon examination of this men's brain he
found, as he had hoped, that the right side was heavier

than the left, Physiologists would now guestion any such
simple explanation. More recent investigations on the
subject appear to be much less definite and positive in their
pronouncements, and there seems to be a cautiousness in
attributing left-handedness to any one factor, either

anatomical or physiological.

There are two distinct questions which require to be
answered in order to provide a complete explanation of the
causation of left-handedness:- what is the cause of the
right-handedness of the majority, and how is hand dominance
acquired by each individual? The type of answer one gives
to the first guestion determines, to a great extent, one's
views on the second. If, for example, left- or right-
handedness is believed to arise from some difference in
physiological structure, then one will consider that genetic
factors play an important part in its transmission from.one
generation to the next, If, however, the view is taken
that left-handedness results from negativism, or accidental

factors, pre- or post-natal, then no further consideration

will /
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will be reguired zs, om that basis, both gquestions would be
explained, right-handedness being then normal and left-
handedness accounted for inm each individual in whom it occurs
as the result of some factor in kis individual development.
The next few chapters will be devoted to a study of the
most recent views on the causation of left-handedness, the
effect of left-handedness, and z consideration of the place

of hereditary factors in its transmission.
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CEHAPTER III.
THE INHERITANCZ OF LEPT-HANDEDRESS.

In the nineteenth century, studies of handedness usually
teaded to be philosophical treatises on the cause and nature of
right-handedness. Gradually it became apparent, however, that
the stumbling-block in the way of acceptance of these early
theories was the existence of left-handedness; in other words,
suchk theories as the Centre of Gravity, Mechanical and
Primitive Warfare Theories might have explained right-handedness
in man, had 211 men been, in fact, right-handed. The
fruitlessness of these attempts to explain the nature and eause
of handedness preference led to a change of emphasis, At the
beginning of this century psychologists abandoned, to some
extent, their armchair methods and concentrated their energies
on the measurement of handedness, a change which resulted in the
accumilation of a large volume of material on single tests,
batteries of tests and guestionnaires on hand dominance. The
early investigators had been inclined to emphasise the
accidental or acguired nature of right-handedness, As &
result of the actual testing there developed an awareness that
left-handedness was something more than an oddity in some people
which could be dismissed in the way still common with the

layman /



-26-

layman, or attributed to inefficient training. It was felt
that though right-handedness might, in some instances, be no
more than the result of training, the same explanation would
not suffice for left-handedness which rather persisted in spite
of training. This realisation emphasised the need for a
comprehensive explanation of the consistent minority of left-
handers, a need which brought the geneticists into the field
about the turn of the century.

To estimate the importance of these studies of the
inheritance of handedness, it is essential to place them in
their historical setting, since only then can one ascertain
how much information on the problems of testing handedness can
be assumed in each. | Some of the theories were evolved at =z
time when little study had been made on how to measure native
handedness., In some instances even the difficulties which
would be encountered in any such attempt were apparently
unrealised by the investigator, who selected, guite arbitrarily,
some criterion of handedness preference and assumed that his was
the only or the ideal method, or that other methods would have
given gimilar results, neither of whigh assumptions was
Justified. Advances in the measurement of handedness and in
the science of genetics in the past fifty years have rendered
the early studies of the inheritance of handedness of little
more than historical interest. Only if the early naive

attitude with regard to the measurement of handedness is present

in /
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in the more recent studies does it become a matter for some
concern, As a preliminary to discussing the various studies
of the inheritance of handedness, it may be well to mention
briefly the actual facts to be explained and the difficulties

likely to be experienced in any attempt to do so.

I. THE FACTS TO BE EXPLAINED

Any theory of the inheritance of handedness has to take
some account of the fact that one hand is preferred by most
humans for all manual tasks and that, while for most people the
preferred hand is the right, a small minority exhibit a
preference for the left, a preference which persists in spite
of the predominance of right-handed objects and in spite of a
deliberate pressure by the right-handed majority in society
towards conformity. Though some investigators have suggested
the possibility, no convincing proof has yet been advanced that
there has ever existed any society where left-handedness was the
rule and right-handedness the exception. Studies of
prehistorie relics and of historical records reveal both that
right-handedness has always been preferred by the majority and
that a sinister minority has also always existed. The faet
that preference for one hand is not evident immediately at
birth does not, as some have claimed, rule out the possibility

that hereditary faetors determine its nature. There appear to

be /
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be more left-handed males than females., An impression was

created by Buchananlvthat the reverse was true, but the wording

1. A,Buchanan, 'On the Position of the Centre of Gravity in Man,;
as Determining the Mechanical Relations of the Two Sides of |
the Body Towards Each Other', Proceedings of the Philoso- !

phical Society of Glasgow, vol.X, No.2, 1077, pPp.390-413.

of his paper reveals that he was only making an observation
from his everyday experience, an observation which neither he
nor others has substantiated. There may be no hereditary
basis for the preponderance of left-handed males found in the
studies but their existence should at least be considered and
explained by an adequate theory. Suech a preponderance among
males raises the interesting question of whether this is the
original distribution or whether it results from social
pressure. In short: Are more males than females born with a
tendeney to left-handedness, or is it that girls are more
willing to bow to convention, while boys are more inclined to

be independent, or stubborn?

II, DIFFICULTIES IN EXPLAINING THE FACTS

Many difficulties confront the geneticist who takes as his
study the inheritance of handedness in addition to all the
problems which faee any student of human inheritance. The
main difficultyis that, no matter what test of handedness he

uses, /
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uses, he will not find all the cases of left-handedness. No
society permits the normal functioning of the left hand; on
the contrary, all exert some pressure towards conformity, that
is, towards right-handedness. If the writing hand were one's
criterion, in 1860 about two per cent would have been classed
as left-handed, whereas it might now be seven per cent or less,
depending on the country under consideration. Even were some
other criterion used it would still be influenced by the extent
t0o which writing with the left hand was permitted. Different
activities are influenced to a varying degree by compulsion to
use the right hand for writing, but one cannot doubt that all
are influenced to some extent. Thus emerges the important
point, that one cannot measure left-handedness as such; left-
handedness, as we term it, is merely a functional conecept.

It is impossible to measure native left-handedness since
society's attitude distorts it at an early age, and the actual
amount uncovered depends on the test employed. Even the use
of a battery of tests does not necessarily produce a more
reliable measure of handedness since this may result, because
of left-preference in some relatively unimportant task, in
imputing left-handedness or the desire for suech to people who
might never have used the left hand for any important activity
even had society permitted it. Thus one may fall into another
trap if one is too avid in seizing on all instances of left-

preference and classing them as left-handed. This is a problem

encountered /
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lencountered by all who attempt to investigate left-handedness
and is not peculiar to the geneticist whose difficulties in this
connection are, bhowever, further increzsed by the fact mentioned
earlier, that percentages of apparent hand preference vary from
generation to generation. Many instances in the parental
generation in faet comparable to those in the offspring will not
be revealed, even using the same criterion of handedness for
both generations. The same initisl dominance may be led into
totally different channels by the different attitude of society
at an early stage, while temperamental factors will also have
an effect which will vary with society's attitude, being more
gignificant when the attitude against left-handedness is most "

severe, The problem for the geneticist is to obtain adequate, ?

satisfactory and comparable data for two or three generations,

sinece without that his studies are impossible. Some have
attempted to use the same measure of handedness for each
generation using, for example, a questionnaire or the writing-
hand, while others have employed a battery of tests or a single
test with the filial generation and a standard questionnaire or
series of guestions with the parental generation. It should
nevertheless be borne in mind that a negative reply to an
enquiry about left-handedness in a family is not proof of its
absence, but may indicate nothing more than lack of information.
If in each generation more and more prospective or native

left-handers /
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left-handers are permitted to use the left hand, which appears
likely, this will simplify the task of the geneticist who will
not then require t0 rely on admittedly fallible human memories
to ascertain whether a certain person desired at the age of
five to use the left hand but was prevented by the school
authorities from doing so. Unfortunately, since the pressure
towards right-handedness varies markedly from community to
community, distriect to district, and even family to family,
even within any one generation, one cannot estimate strength of
preference from the number of aetivities for whieh the left
hand is used, or rather, one cannot compare the relative
strength of the handedness of two individuals on such a
eriterion. This would only be valid if the conditions were
identical, which they never are.

These difficulties explain to a great extent the limita-
tions and deficiencies of the studies whieh have so far been
attémpted on the inheritance of handedness. It is to be hoped
that improved methods of testing, of gathering data and dealing %

with them, combined with the more tolerant attitude in soeiety

by allowing a freer development to left-handedness, may
faeilitate a comprehensive study adequate to explain all the

facts of the inheritance of handedness.

III. STUDIES OF THE INHERITANCE OF EANDEDNESS

The earliest studies were those of Jordan in 1911 and 1914
and /
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and of Ramaley in 1913. Ramaley claimed that Jordan's first
study was of little value as it was prior to the modern genetic
type of study, and consisted of selected pedigrees. Ramaley's
study of 610 parents and 1,130 childrenl, and Jordan's later
study in 1914, of 79 families2, led them both to the conclusion

1. F,Ramaley, 'Inheritance of Left-handedness', American
Naturalist, vol.XLVII, 1913, p.730.

2. H.E.Jordan, 'Hereditary Left-handedness, with a note on
Twinning', Journal of Genetics, No.4, 1914, pp.67-81.

that left-handedness is inherited and follows the laws of

mendelian hereditary. Ramaley claimed that it is a mendelian
recessive probably existing in about one-sixth of the populationl
The crucial point in this connection is that, were this true,
then a left-left mating should produce all left-handed children
and, as Chamberlain3 pointed out, Ramaley cited only two

families in which both parents were left-handed, and in one of

3. H.D.Chamberlain, 'The Inheritance of Left-handedness',
Journal of Heredity, vol.XIX, 1928, pp.557-559.

these not 31l the children were left-handed. Chamberlain used,
as his measure, not a gquestionnaire as used by Jordan, (Ramaley |
did not state his criterion), but the writing-hand, which
resulted in a smaller percentage of left-handers. He agreed

with the two earlier investigators in finding that left-handed-

‘ness was inherited as shown by the fact that its incidence was
considerably greater in those families where one or other of thef

parents /
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parents was left-handed than in those where both parents were
right-handed. He would not, on the other hand, agree that it
was a mendelisn recessive,

The most recent study was that carried out by Trankelll

1. A.Trankell, The Genetics of Left-handedness Paper read to
Thirteenth International Congress of Psychology in Stockholm,
1951 (Based on Chap.ll of VEnsterhfinthet hos Barn i
Skolaldern. Helsinfors: Mercators Tryckeri, 1950).

who advanced a theory of the inheritance of right-handedness as
a mendelian dominant. He then reviewed the earlier

investigations of Ramaley?, Chamberlain3 and Rife? and stated

2. Ramaley, op.cit.

3. Chamberlain, op.cit.

4, D.C.Rife, 'Handedness, with Speecial Reference to Twins',
Genetics, vol.XXV, 1940, pp.178-186.

that properly treated their results substantiated his own

theory. Trankell's study was carried out on 1094 children in

Stockholm, who were tested on his 'Impulse-Scale', while he
ascertained the handedness of the parental generation by a |
guestionnaire. His criticisms of these earlier studies are
ﬁorth noting. He claimed that both Ramaley and Chamberlain

failed to realise that individuals lacking the dominant factor

might be right-handed as a result of other causes, which meant

that these investigators were wrong in assuming that they could

determine the percentage of recessive homozygotes on their

arbitrary /
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arbitrary criteria. Trankell pointed out a further mistake in |
Chamberlain's data, where a number of families are included in |
the calculations, families which were drawn from a different
population to that under consideration, in actual fact obtained
in answer to a newspaper advertisement, inclusion of which
distorted Chamberlain's results. Trankell claimed to have
proved, and verified from these earlier investigations, that
right-handedness is a mendelian dominant; but, as he indicated,
this still necessitates an investigation into what happens in
the absence of the dominant factor, though he claimed for his
theory that it affords an explanation of the tradition of

right-handedness - as based on a biological fact.

IV. SEX DIFFERENCE IN HANDEDNESS

The evidence at present available indicates that the sex
différence in the incidence of hand preference is probably due
t0o environmental rather than hereditary factors. The

variations in the difference found by investigators suggests

this possibility. Jordan pointed out that in his 1914 study
he obtained a greater incidence of left-handed males than |
females, but that in his earlier studies he found an approximate
equality, and that the discrepancy he noted was not sufficiently
great to have significance as contradicting the geheral i
conclusion that males and females are equally 'susceptible' to

1eft-handednessl /
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left-handednessi, Wilson and Jones? also noted a sex

1. Jordan, op.cit.
2, P.T.Wilson and H.E.Jones, 'Left-handedness in Twins',
Genetics, vol.XVII, 1932, pp.560-5T71.

difference in favour of males, but stated that it was not great
enough to be reliable. At the present time there seems no
doubt of the greater incidence of left-handedness among boys.
In the writer's recent study of the writing-hand of about six
thousand Scottish children between five and twelve years of age
it was found that eight per cent of the boys were actually
writing with the left hand, and only six per cent of the girls,
These findings pave been confirmed in other recent studies.

No sufficient explanation of the sex difference has, as yet,
been presented, but it is at least possible that the difference

can be explained otherwise than in genetic terms.

V. TWINNING AND LEFT-HANDEDNESS

Though there seems to be general agreement that left-
handedness is more common among twins than among the single
born, there still remains a difference of opinion as to whether
it is more common in identical than in fraternal twins. I¢

has been suggested by Wilson and Jones3 that the discrepant
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results obtained on this subject may be explained, at least
partly, by a difference in method and criteria for handedness
or for determining identical twins used by the investigators.
In their study of 386 twins and 521 single born Wilson and
Jones found a higher incidence of left-handedness in the twins
(10.7-12 per cent) than in the single bormn (6.5 per cent), but
found no difference between the two types of twins.

Several hypotheses have been mentioned by Newman, Freeman

and Holzingerl in explanation of the excess of left-handedness

1., H.H.Newman, F.N.Freeman, and K.J.Holzinger, Twins: A Study

of Heredity and Environment, pp.12, 39-48. Chicago:
he University of Chicago Press, 1937.

in twins. They suggest as two possible alternatives either
that twinning and left-handedness may be genetically linked, or
that the pre-natal life of twins may predispose to left-handed-
ness more than does that of the single born. Though only a
very small percentage of left-handers are actually twins, it is
possible that the attempts to explain left-handedness in twins
may'be gsome guidance in determining the nature of handedness in
general, and for that reason it is worth considering the
relétive value of the hypotheses mentioned above. It has been

pointed out by Rife? that if left-handedness and twinning were

2. Rife, op.cit.

genetically /
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genetically linked, then one would expect to find a higher
percentage of left-handers among the non-twin members of the
families of twins than in families with no twins, which he did
not find in his investigation. The alternative suggestion was
that the excess may be explained by the pre-natal life of twins,
and, in particular, their crowded intra-uterine position, or by
variations in delivery, often found in multiple births.
Intra-uterine position is obviously different for twins and
affected by the very fact that there are two foeti. In this
connection it is worth noting that the excess of left-handedness
in twins does not result from pairs of twins being left-handed,
as might be expected were there a hereditary basis for the
increase; on the contrary, in most cases it affects only one
member of the pair. It was found by Wilson and Jones that
between 18 and 20.4 per cent of the twin pairs they examined
contained one left-handed member. This has been supported by
Rife who elaborated it further by showing that if one assumes
handedness to be a guantitative trait then the intermediate
persons will be cepable of being shifted either way by environ-
mental conditions, among which conditions he classed intra-
uterine position and crowding; this would account for one twin
becoming left-handed while the other is right-handed.

Strongly right- or left-handed individuals, on the other hand,
would not be capable of being so shifted. A further point in

support /
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support of this was Rife's finding that there wes moxre
left-handedness in the relatives of the intermediste twins
than among those who were strongly right-handed, A stuly wss

mede by Roost in order to investigate whether left-hsndedness

1. M,M,Roos, 'A Study of Some Factors entering into the
Determination of Handedness', Child Development, vol.VI,
No.2, 1935, pp.91-97.

is determined by foetal position. She found no connection
between the two and concluded that some hereditary mechznism
must operate to produce left-handedness. Since she did mot
meke a study of foetal position of twins her finding does nof
necessarily rule out the possibility that the excess of Leff-
handedness in twins may be explained, as Rife suggested, by
intermediates becoming left-handed due to the operstiocm of
environmental causes. Wilson and Jones pointed out thst moh
only are twins more crowded in the uterus, and, therefore, mors
restricted in their movements, but their actusl positiom at
birth is also considerably more varied than that of the single
born. The figures they quoted were as follows:- inm % per
cent of births the head is presented first, while im twims the
position is more varied, 31 per cent of individual twins deimg
presented breech first as compared with only 3 per cent of
single-born children.

It appears probable from the above investigation thet ome
does /
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does mot require gemetic factors to explain the excess of
left-bandedness in twins, and that, in fact, it is more readily
andé plausibly explained by the difference in environmental
factors. If, as suggeczted here, handedness is a quantitative
trait, the intermediates being capable of being shifted by
environmental factors, then such zan explanation might also
account for the isolzted instances of left-handedness which

appear in some families.

Genetic studies have revezled that the development of
hzndedness preference nazs 2 hereditary basis, in other words,
that one's chances of being left-hanced are greater if there
are instances of left-handedness in the family. Few would
deny, however, thzt factors other than genetic help to |
determine whether any particuler individugl will be right- or
left-handed, the zctual society in which one lives, and its
attitude to left-handedness, other environmental factors,
temperamentzl differences, and so on, all playing a part iﬁ
determining whether latent left-handedness will be cultivated
or suppressed. These factors will probably have their
greatest effect on the intermediates, assuming left-handedness
to be a gquantitative trait. These environmental variants,
resulting as they do in a considerable difference in the
degree of nstive left-preference which, in any one individual,
results in left-handedness, probably account for the slow
progress which has been made in arriving at an adequate and

satisfactory /
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satisfactory theory concerning the actual mechanism of
inheritance. The increase in apparent left-handedness inmn
the last generation, and also the fact that so many
institutions, schools and clinics make a note of the
handedness of entrants, should all assist the genetieists in
their attempts to determine the actual hereditary mechanism
at the base of hand preference.
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CEAPTER IV

DEVELORMEMEAL ASPECTS OF LATERALITY

I. EARLY STUDIES OF THE DEVELOPMENT CF HANDEDEESS

Studies of the development of handedmess withinm the
individual have been carried out by mamy psychelogistes in the
lzst hundred years. In some instances these have been
directed to providing support for a general theory or
particular school of psychology. Watsonl and his followers,

1., J.B.Watson, Psycholo from the Standpoint of a
Behgviourist, pp.241-2. Philadelphia: J.B.Lippincott Co.,
Tote

919.

for example, investigated the development of handedness in
young children and, as one would expect, favoured the view
that handedness is environmentally determined; while others
have been concerned with proving its hereditary basis., Some
of the studies have consisted merely of observation of the
handedness behaviour of a single child, either in controlled,
ox, more often, in uncontrolled situations. 1t is commonly
found that, especially in the early work, the observations
were msde and the report written by a parent or other
interested person, a2 circumstance which was obviously not
eonducive to impartial treatment of the results. The findings
off such investigations are limited in their usefulness, and

ars /
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are certainly not a suffieient basis for generalisations on E
the degree of handedness preference to be expected from |
ehildren of different ages. Such generalisations were both
unwarranted and dangerous, since the development of dominant
handedness is highly individual, the age at which it becomes
evidént varying considerably in different children, and is,
in addition, affected by wvarious factors not allowed for in
the early studies.

The pioneer attempts to investigate the early phases of
hand preference which included, among others, those of

Darwinl, Hall2 and Woolley3 have been followed more recently

1. C.Darwin, 'A Biographical Sketch of an Infant', Mind,
vol.IT, 1877, pp.285-294. :

2., G.S5.Hall, 'Notes on the Study of Infants', Pedagogical
Seminary, vol.I, 1891, pp.1l27-138.

3. H.@l.Woolley, 'The Development of Right-handedness in a
Normal Infant', Psychological KHeview, vol.XVII, 1910, p.37.

by controlled observations designed to determine the stages
in the growth of handedness in pre-school children generally.
1 he establishment of developmental clinics has given an

impetus to this research, as they enabled controlled studies

to be carried out, on large numbers of children, and by

impartial observers, precautions sadly lacking in the early

research on infant behaviour and development.

II. CONTROLLED SUUDIES /
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11, CONTROLLED STUDIES )
The most ambitious survey of the early faetors gfifectimg

handedness was that of Roosl who sought to discover whether

1. M.M.Roos, 'A Study of Some Fuctors entering iato the
Determination of Handedness', Child Jevelopment, vol.VI,
NO.Z, 1935, PP091—97'

handedness preference is determined by foetal position.
Various writers had previously suggested that left-hzndedness
is not inherited but caused by pre-natal environmental
conditions, either in the form of abnormal foetzl positiom or
abnormal delivery. Roos made a study of 486 cases, and
found no connection whatever between the dominant{ positiom of
the foetus or the birth position of the c¢hild andé lef{-
handedness, and felt it necessary to conclude thzi{ some
hereditary mechanism is at work in determining hzndedmess.

2 o

Travis< found that lack of dominance and retardsiiom of

certain reflexes, resulting in awkwardness, may be associmted

2. g.E.Travis, Speech Pathology. New York: D.Appleton-Cembury
0.,1931.

with speech disorders, and may be the result of patholoegiesl
intra-uterine conditions, or birth injury. He hsd, however,
no evidence to show that the normal development of left-
handedness is in any way associated with pathological piwre-
natal conditions, and thus his findings are accexrdiagly mot
necessarily at variance with those of Roos,

Gesell /
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Gesell has claimed that the tonic neck reflex, which is
evident in the normal infant up to the age of three months,
has predictive value in estimating laterality. He stated

that all infants at four weeks of age, 'when observed in a

free supine posture, spontaneously maintained the head
predominantly rotated to one side; 100 per cent likewise held
their arms in characteristic t.n.r. (Gtonic neck refleé}
attitudes'. This, he claimed, is followed by a month or two

of bi-lateral activity which then gives way to 'one-hand

reaching, one-handed manipulation, and hand-to-hand transfer,

and ultimately to well-defined dextrality or sinistrality'l.

Gesell and Ames? made a study of the development of handedness,(

1. L.Carmichael, Editor, Manual of Child Psychology, pp.308-9
New York: John Wiley & Sons, inc., 1946.

2. A.Gesell and L.B.Ames, 'The Development of Handedness',
Journal of Genetic Psychology, vol.ILXX, 1947, pp.l55-175.

and found that of nineteen ecases investigated, in fourteen the
tonic neck reflex was predictive of handedness. In four
instances left-handedness was correctly predicted by a
predominantly left tonic reflex. They claimed that emphatic
constitutional left-handedness is probébly correlated with a
strong infantile left tonic neck reflex. Gesell and Ames
undertook their study of the development of laterality within
an individual in order to find out how soon manifestations of
handedness become predictive. They felt this was necessary

because /
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because of the finding of Giesecke, which they quoted, that
there was evidence of transfers of dominance even in the
individual developmental history occurring at fairly definite
age levels. They agreed with her in finding that certain
periods in infancy are characterised by bilaterality or even
by considerable use of the non-dominant hand. By the age of
two years they found relatively clear-cut dominance in the

ma jority, and of the left hand in most of the others, but at

about two and a half years of age there was again a shift to

a period of bilaterality. These findings are of importance to

those dealing with pre-school children, revealing, as they do,
that predominant but transitory use of the left hand may be
found in children under two years of age without necessarily
implying left-handedness. ihis warning is timely as there is
at last appearing a more rational attitude of treating left-
handers; but, as usually happens with such swings in publiec
opinion, some are beginning to rush to the other extreme, and
to assume that if a child reaches once for something with his
left hand at the age of, say, six months, then he is left-
handed. By a2ll means the child should be left alone, but it
must not be assumed because he uses his left hand on a few
occasions that he is left-handed; +two factors should be
considered, first, the age of the child; and second, the
action in which he used the left hand. Hildreth! found that

l. G.Hildreth, 'Manual Dominance in Nursery School Children',
Journal of Genetic Psychology, vol.LXXII, 1948,pp.29-45.

that /
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that the acts most subject to training - for example, eating
with cutlery, throwing, and scribbling, show consistently more
right-handedness, and appear to become stereotyped from ‘
~ persistent usage earlier than untrained or seldom practised
acts. Even in a c¢liniec it is difficult to eliminate the
effects of training and imitation; it would appear, however,
‘that these factors do not govern entirely the development of
hand préference, although they may retard or accelerate its

development. ]

Generalisations on the development of handedness are,
ne#ertheless, limited in their agpplication, as there are wide
individual variations in the age at which dominant handedness !
is established; for whereas in some children it is found as
early as six or seven months, the behaviour of others up until i
school age is characterised by alternating use of the right andi
left hand. Ihere is apparently a close connection between the?
age at which dominance is evident and the degree of dominance; |
the earlier it appears, the stronger it is, or, according to ‘
Halverson,<the degree of fluctuation varies from one individuai}.‘i
to another and is inversely proportionate to the degree of

dominancfl. The inference is that to persuade a child to

1, A.Gesell et 2al, . The First Five Years of Life - A Guide :
to the Study of the Pre-school Child, p.92. lLondon: Methuen |
& Co.Ltd. |

write with his right hand may be more dangerous if the child |
has /
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has shown consistent left preference from an early age, for

not only is his dominance probably very strong but it has also
been established for a number of years before the interference
takes place; whereas if the child does not show definite right
or left dominance by four or five years of age, then his
dominance, even when established, will probably be less stable.
Gesell's results indicated that hand preference may be
established at an earlier age in boys than in girls, but he
found that in the majority of his subjects right preference had
been established by the age of eighteen months, and in 92 per
cent by the age of two years.

Gesell's studies at Yale Developmental Clinic, with all
its up-to—déte methods of recording, are probably the most
extensive and reliable investigations of handedness in the pre-
school child. Many other studies have been made, but one is
well advised to adopt a critical attitude, and to remember
Halverson's warning that:- 'The determination of handedness
in childhéod is at best a very complicated problem', and that
'*tests which place a premium on skill or precision-of movement
father than on frequency of use or amount of activity may be

most revealing for the early detection of handedness'L.

1. Ibid. p.93

Dennis made a study of the early laterality preferences of
two non-identiecal twins reared under a controlled regime from

36th /
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36th to the 428th day of life, and confirmed the specific
nature of early laterality preferences., He pointed out that
many studies have assumed that handedness is a general trait:-

It now seems that these explanations are in the
embarrassing situation of having explained 'facts'
which do not exist. For there is a wealth of
material to show that hand preference is dependent
upon the action which is Rerformed and the situation
in which it is performed.

1. W.Dennis, 'Laterality of Function in Early Infancy under
Controlled- Developmental Condltlons', Child bevelopment,
vol.vl, 1935, pp.242-252.

As this study was made of twins under a year and a half, and
as it was frequency of use rather than precision which was the ﬂ
criterion, this may well have been the more animal type of
handedness preference as differentiated from true human
dominance characterised by its dependence upon the dominance
of the contra-lateral side of the brain and associated with
speech development - a subject which is discussed in detail in

Chapter V. This suggestion gains weight from the finding of
Updegraff2 who made a study, by controlled observation and by

2. R.,Updegraff, 'Preferential Handedness in Young Children',
Journal of Exgerlmental Education, 1932, pp.134-139.

test, of a group of two year old children, and found that by
then definite preference had been established by most of the
children, a pretference which was the same for all unimanual

activities.

111 /
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111, DsVELOPMERT OF XYE DOMINANCE

1

Scheidemznn znd Zobinette™ carried out zn investigation

1, B.V.Scheidemznn znd G.=.20binette, 'Testing the Ocular
ﬁnm%nagce of Infants’', zsychological Clinic, vol.ZXI, 1932,
Pp.62-63.

to discover at wnat zge a2 child could successfully be tested
for eye-dominance, Trzey found that 2% zbout twenty-nine
months eye preference could be determined by the 'hole in

card’' method?, but that it was apt to be unsuccessful at the

2. Infrz, Chzpter VIII.

first attempts, though they pointed out that the 2ge varies

with different children. Castner> tested the hand and eye

3; Quoted in The Pirst Pive Years of Life, pp.96-T.

preferences of a group of children, first at three and later
at seven years of age, and of the sixteen children tested
twelve were consistent in their eye preference on the two
tests, while the greatest changes in laterality in that period }
occurred in handedness, with a considerable increase in the ‘
number of right-handed children and a corresponding decrease
in ambilaterality.

There is thus ample evidence to show that both hand and
eye /



-50-

eye preferences are established in almost all children prior
to school age; and to prove that it is untrue to say either
that the school writing situation is the first indication of
right-handedness in the majority, or that some form of
rebellion against school authority is an explanation of left-
handedness.
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CHAPTER V

PHYSIOLOGICAL ASPECTS OF DOMINANCE AND THE CONNECTION
BETWEEN SPEECH AND HANDEDNESS

In spite of all the investigations on handedness which
have been undertaken, our knowledge of the physiological basis
of that asymmetry is still limited. Psychélogists have
studied the problem of handedness with a view to securing a
procedure for measuring the trait accurately, and of discover-
ing whether left-handers are of lower mentality than right-
’handers; while biologists have considered its genetic aspects,
and educationists have concerned themselves with the problem of
whether left-handedness is an educational handicap. In
medicine attention has been paid to handedness, not so much as
a subject for investigation and research, but as a trait which
should be noted in clinical cases. Mention of handedness in
medical or neurological textbooks usually consists of casual
reference to the handedness of patients referred for brain
lesions, where a study is being made of the effect of such
lesions on speech. Seldom does any suggestion appear that
handedness preference is a complicated feature of behaviour,
and that any difficulty might be encountered in measuring it.
Usually the information provided is merely that the patient is
left- or right-handed, with no indication of how extreme the

preference is, whether it was ever changed, or even of the

procedure /
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proecedure: used: to ascertain. it..

L general, our knowledge of the plysiollogy of hand
preference: lass been derived from two sources: - either andimal
stuwdiess il whiich part of the brain was removed experimentally,
tor diseovexr the effeet of this on laterality preference; or
froar humear: studies obviously confined to those cases: where
bradil. lesions have been caused by an accident or tumour
neeessitating the surgical removal of a section of the braim.
Thee difficulty encountered so far in gaining information abows
thiee domdinanut side of the brain results from the fact that so
lowgs am the brain is working normally one cannot ascertaim fthe
ddminant side, and that it is only when the brain is affecied
byy ez lesion interfering with speech that one can learn thaf
thize affected side was the dominant one.

The: informetion on human handedness which can be deFived
fioar aningl’ studies is obviously limited. A great deal of
ot kiiowledge about the localisation of the various aresg im

thige vredn - has, nevertheless, teen gained from these studied.

IL. SHUDIESS OF HANDEDNESS IN ANIMALS.

Studde®s have been made of the 'handedness' of rats, by
TReaii //
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Tsai and Maurerl, Peterson2:3s4s Herren and Lindsley?, and

Milesen®, which have revealed that laterality preference is

L.S5.Tsai and S.Maurer, 'Right-handedness in White Rats',
Science, vol.LXXIT, 1930, pp.436-438.

G.M.Peterson, 'A Preliminary Report on Right- and Left-
handedness in the Rat', Journal of Comparative Psychology,
vol.XII, 1931, pp.243-50.
G.M.Peterson, 'The Influence of Cerebral Destructions upon
the Handedness of the Rat in the Latch Box', Journal of
Co%parative Psychology, vol.XXVI, 1938, pp.445-457.
G.M.Peterson, 'Changes in Handedness in the Rat by local
Application of Acetyl-choline to the Cerebral Cortex',
Journal of Comparative and Thysiological Psychology, vol.
LLL1l, 1949, pp.404-413.

R.Y.Herren and D.B.Lindsley, 'A Note Concerning Cerebral
Dominance in the Rat', Journal of Genetic Psychology, vol.
XLVII, 1935, pp.469-472.
R.Milesen, 'The Effect of Training upon the Handedness
Preference of the Rat in an Eating Activity', Psychological
Monographs, vol.XLIX No.l, 1937, pp.234-243.

not a purely human phenomenon. It is, of course, only in

human circumstances where fine discrimination in the operating

of tools facilitates the development of such skills as carving

of an intricate nature, and later writing, that the selection,

and consistent training,of one hand only becomes an advantage

and an economy of time and energy. An analysis of the

findings on rats is, nevertheless, interesting, revealing, as

it

does, certain points which are relevant to the study of the

human aspects of the problem, and removing certain

misconceptions on the subject.

The most important findings on handedness in rats are as

follows:

1. /
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1. There is such a thing as a preferred hand or paw.

2. The majority of the rats studied favoured the right
hand, and the minority the left, with 2 very small number
ambidextrous, or rather showing the same tendency to use either
hand.

3. The hand preference, though fairly consistent within
one activity, was normally not consistent from one activity to
another - for example, the rat might always prefer fthe right
hand in reaching for food, and yet show left preference in
undoing the latch in a puzzle-box.

4, The hand preference of rats could be reversed by
destruction of a certain part, or parts of the cerebral cortex
on the contra-lateral side to the preferred hand, or by the

administration of a drugl’z’; though Kirk's3results led him

1. Peterson, op.cit. 1938.

2. Peterson, ﬁp.cit. 1949.

3. Quoted in N.IL Munn, Handbook of Psychological Research on
the Rat, p.332, New York: Houghton Miffiin Co., 1950.

to suggest equipotentiality of the hemispheres in the control
of handedness.

Prom these results the following points arise:
l.4If hand preference is found as low in the evolutionary
scale as the rat, then it can not be dismissed lightly, nor
explained away as being due to chance, attention, social
custom or some such factor. If chance alone explained the

phenomenon, /
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phenomenon, this would not aceount for the faect that one rat
always reached out for food with, say, the right hand; since
reaching is not an activity needing for its performance any
fine discrimination, and, therefore, not one greatly
facilitated by the consistent use of one hand. PYurther, even
if it were in any way assisted by such a habit, one would then
expect to see a gradual elimination of alternating use of the
right and left hand, leading finally to the use of one to

speed up the reaction. That is not found; on the contrary,
consistent use of one hand is seen from the first trial. Thus
it would seem that the appearance of handedness preference is
not something arising solely from environmental factors.

2. Right-hand preference found in the majority of rats, as in
the majority of humans, disproves some of the early
explanations of hand preference, for example, the primitive
warfamre theory. Ambidexterity, or lack of consistency in the
choice of hand, appears to be rare in rats as in humans, unless
the definition is extended to include different hand preference
for various activities.

3. The fact that in rats hand preference is consistent only
within the field of one activity, points to a similar finding,
though in a less degree, in the preferences of young children.
Thus human asymmetrical behaviour, before writing impresses a

set /
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set pattern and necessitates a degree of skill with one hand
which carries over to other activities, bears some resemblance
to that of animals. This is true both from an evolutionary
standpoint and in the life of an individual. That this does
not entitle one to dismiss handedness as of little importance,
may be inferred from the following point.

4, Destruction of the cerebral cortex affected handedness
preference of the rats, as shown by Peterson, indicating that
there must be some physiological basis for the preference, and
should also serve as a warning against attempting to transfer
the handedness of a left-hander. Peterson's results show that
long before the development of speech, handedness was connected
with one side of the brain.

5. It appears that, provided we can generalise from the rat to
man, lateral dominance may be a more localised function of a
specific area of the brain, rather than something connected
with the whole of one hemisphere. This suggestion, which was

made by Jasper and Raneyl, was based on the finding of Peterson

1. H.H.Jasper and E.T.Raney, 'The Physiology of Lateral
Cerebral Dominance', Psychological Bulletin, vol.XXXIV, 1937
pp.151-165.

that right-handedness could be changed to left-handedness by a
circumseribed lesion in the contra-lateral precentral cortex,
and thet lesions in other areas did not affect the preference.

Some /
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Some disagreement remains among investigators, not as to
whether there is such a thing as 'hand' preference among the
higher animals, but as to whether it is similar in character
to that in man. Several writers, including Brain, as recently
as 1945, have suggested that in animals left and right prefer-
ence is fairly equally divided, and that human handedness is
closely linked with speech development, and, therefore, of
quite a different kind. Thus Brain suggested that right-
handedness is not an explanation of left-brainedness:

Is it not, on the other hand, more probably that it was
the appearance of a motor speech 'centre' in the left
hemisphere in man that made that the dominant hemisphere,
and the right hand the dominant hand, in contrast to the

ape, in which riﬁht— and left-handedness develop with
equal frequency?

l. R.Brain, 'Speech and Handedness', Lancet, vol.CCXLIX No.2,
1945’ p.84‘00

Roberts, in this connection, has suggested that:

It is not improbable that the infant passes through an
earlier, fleeting, simian phase in the same process of
growth by recapitulation. In this phase, rudimentary
random handedness may be detected. But true human
handedness occurs after the beginnings of speech, by
which it is directed and to whieh it is linked. In the
great majority of cases such handedness persists
throughout life, Its egsential quality is its

~determination by speech.

2. W.W.Roberts, 'The Interpretation of Some Disorders of
Speech', Journal of Mental Science, vol. XCV, 1949, p.567.

Details of the percentages of hand preference in animals are

difficult /
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difficult to secure, since most investigators have studied only
very small numbers, and thus percentages deduced from these are
likely to be unreliable, especially with the sampling methods
which had of necessity to be employed, For example, Finch
(quoted by Brain in support of his contention), tested only
thirty chimpanzees, and found handedness preferences in twenty-
five of them, left and right preferences being in fairly equal
proportions. The testing of thirty chimpanzees is in itself a
formidable underteking, yet it is not sufficient to justify
deducing handedness percentages for chimpanzees, far less for
enimals in general. g
One must bear in mind the possibility that real human
handedness preference is preceded by speech development, and
possibly determined by it, and that earlier handedness signs
are more transitory. This view would gain support from the

suggestion of Ortonl and others that children who begin to

o

1. S.T.0rton, Reading, Writing and Speech Problems in Children.
London: Chapman and Hall Ltd., 1937.

speak early, also early reveal very definite and stable hand ;
dominance - not necessarily for the right; whereas late

speaking often goes with lack of, or unstable, hand preference.

I

|
The development of speech in man, which has no place in the %

animal world, may mean that there is a considerable change in ﬁ
1
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the character of hand dominance in the process of evolution.
This should Serve as a warning that animal studies, though they
may reveal some facts which could not otherwise have been
discovered, have only limited application to the problem of
human handedness. For information on the other aspects of

the subject one must turn to the second source - the cliniecal

studies of patients suffering from brain lesions.

IT. THE DOMINANT HEMISPHERE AND THE PREFERRED HAND.
It is generally accepted that voluntary movements of the
arm or leg are initiated by forces in a particular area of the

contra-lateral side of the brain, and that damage to one side ;

of the brain causes paralysis of the 1limbs on the opposite
side of the body. It is also a widely recognised fact that
one side of the brain is dominant in speech functions, and
that this is generally the side of the brain contra-lateral to
the preferred hand. Like so many general statements, this is

open to criticism, and does not hold universzlly. It is

interesting, however, that our knowledge of the side of the
brain which is controlling speech can only be positive in

cases where there is a brain lesion, and even then, only when
this results in impairment of speech, and further, that in

such cases hand preference is a clue to the site of the lesion.
If a right-handed patient had his speech affected by an

accident /
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accident causing a brain lesion, the lesion was found to be

in the speech area on the left side of the brain, while in a
left-handed patient speech was only affected by a lesion in

the right side. This knowledge was used by the surgeon in
ascertaining where the damage was located, and it accounts for -
the fact that references to handedness are to be found in
neurological textbooks. This discovery of the close connec-
tion between the centres controlling speech and handedness, has
been used by psychologists combating the widespread attempts

to enforce a change of handedness in all fhose with a
preference for the left hand; it led also to the claim that
stuttering is caused by changed handedness (a subject which
will be discussed in the following chapter).

Most of our knowledge on the areas controlling speech and f
on their connection with handedness has been derived from
pathological cases, The restrietion to such cases has made
it very difficult to obtain many of the same type, as less than;
one in ten of patients with brain injury is likely to be left-
handed, and not a2ll of these will have their speech affected;
further, few cases which are the same even in other important
respects will have the lesion in exactly the same position or
of exactly the same magnitude. More recent studies have
necessitated the modification of some of the earlier extreme
statements on the subject of brain dominance and speech. Two

points on which the earlier statements have been modified are:

first, /



=61~

first, the statement that the area controlling speech is
always on the contra-lateral side to the preferred hand; and,
second, that the minor hemisphere is useless or completely

unused in speech funectioning. Chesher™ has stated that

1. E.C.Chesher, 'Some Observations concerning the Relation of
Handedness to the Language Mechanism', Bulletin of the

Neurological Institute of New York, No.IV, 1935, pp.556—562.'

though, in general, the speech area is on the opposite side to

the preferred hand, that in approximately six per cent it is

on the same side. Humphrey2 has suggested that the connection

2., M.E.Humphrey, 'Consistency of Hand Usage', British Journal
of Educational Psychology, vol.XXI, 1951, pp.214-225.

between speech and handedness is less clear-cut in the case of
left-handers, and that in some of these cases disturbance of
speech may occur as a result of a lesion in the appropriate
area of‘either hemisphere, It has been stated by Brock that:
'If the stock of the individual is strongly left-handed, his
right brain may be the dominant hemisphere, though he be

right-handed-3.

3. S.Brock, The Bagis of Clinical Neurology, p.219; Baltimore:
Williams and Wilkins Co., 1937.

It is possible that these right-handers who, according to

Brock, are also right-brained, may have not only left-

handedness in their 'stock', as he suggested, but may actually

be /
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be changed left-handers themselves. They may possibly have
a strong congenital tendency to left-handedness and right-
brainedness, and be people who would have been left-handed but
for society. Brock does not indicate how searching a test of
handedness was carried out on these exceptions, whether the
hand used for writing was the only criterion, or even whether
it is just an observation of his own not actually substantiated
by any investigation. It is accordingly open to doubt whether
in these cases the right-brainedness would be more adequately
accounted for, not by left-handedness in the stock, but by
latent left-handed tendencies in the actual individuals in
question. This may explain those who are right-brained and
appear right-handed, but there are also some who are left-
handed and also left-brained. As Nielson stated:

Chesher has shown that in about 6 per cent of persons,

the major hemisphere in language is ipsilateral to the

major hand. A lesion of the "wrong" side then causes

aphasia.... These cases are encountered frequently

enough so that one should never determine the side of

the lesion by the handedness claimed by the patient.

In some of these cases a well-meaning mentor has

converted a left-handed child to right-handedness at

80 early an age that the patient was unaware of it.

But this does not explain all the cases, because in

some of them the patient is right-handed and yet becomes

aphasic from a lesion on the right side.... 1t is

impossible to state certainly whether a given person is

right- or left-brained until a cerebral lesion with
aphasia occurs.l (underlining mine)

1. J.M.Nielson, A Textbook of Clinical Neurology, p.278.
New Yorks: Paul B. Hoeber Inc., 1944.

11T /
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III. CHANGED HANDEDNESS AND BRAIN DOMINANCE.

Studies have been underteken, not only to diagnose the
connection between brainedness and haﬁdedness, but also to
discover what happens when a child's hand preference is
altered. Though many of the statements in this second
connection are mere speculation, some are worth mentioning.

Blau stated that:

There is no doubt that after the first few years of
infanecy the dominant hemisphere takes on a unique
construction in comparison to the non-dominant lobe.

- The dominance trait soon becomes a firmly rooted
property.... It seems that the dominance decision
must be made at about the age of two, a natural
maturation boundary line between infancy and the pre-
school period.

1. A.Blau, The Master Hand, p.l1l70.

Many would disagree with Blau's views, since he claimed that
preferred laterality is not an inherited trait; nor would he
allow that dominance in any form is congenital. Moreover he
meintained that the evidence from aphasic patients has shown

that 'the neurological counterpart of dominance'? remains

2. Loc.cit.

changeable for several years, and probably even up to early
adolescence. These cases where, as a result of injury, the
language functions become transferred to the other hemisphere,

may be instances of the 'minor' hemisphere functioning, of

necessity, /
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necessity, because of the damage to the other which has
rendered it incapable of its functions, and may not,
strictly speaking, be as was assumed by Blau cases of a
change of major hemisphere. To illustrate that point:- a
person who uses the left hand because his right has been
amputated is not, in reality, left-handed in the sense of
having a preferred left hand - he has no alternative. It
is possibly dangerous to infer from these cases with brain
injury the normal development of dominance. Nielson
quoted a case of a boy who acquired left-handedness, because
of the loss of his right arm at the age of ten, which led to
a change to right-brainedness. In his case it appears that
the right brain did become completely dominant, though the
original major hemisphere was on the left. This was
confirmed by the fact that when, at the age of twenty-eight,
he received = blow which brought about a cyst whose site was
the right angular gyrus, the pressure caused aphasia. Thus
the left side did not take over the function when the right
was affected, even though it was originally the major side,
Nielson stated that there have been cases where left-handed
persons have been trained to write with the right hand and
have, as a result, developed a writing mechanism on the left
side of the brain, but that this usually leaves the right one
still capable offunctioning.

Roberts seemed to assume that handedness transfer was

only /
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only successful when the speech centre was also transferred,
and suggested that this was more likely to occur when the
change in handedness was close in time to the beginnings of
speech. If this is correct, it might explain those
instances where attempted change of handedness has been
accompanied by retardation in speech development. These '
mey be cases in which either the other hemisphere has not
taken over control, or has taken a long time to do so, which
would result in at least temporary confusion.

The early investigators seemed to imply that the
dominant hemisphere was larger than the other, but it now
seems that any difference in the two hemispheres is not
strictly anatomical. Some have now swung to the other

extreme, and claimed that any difference between the two

hemispheres is a result of the different uses to which they
have been put, as, for example, did Blau. Such a view does
not explain the fact that in some it is the right hemisphere
which does become dominant, while, in others, the left.
There may be a hereditary basis for the tendency of one side
to become dominant rather than the other, but the fact that
there is no structural difference maskes it possible for the
dominant hemisphere to be transferred without much
difficulty, especially in the early steges. Recovery in
cases of aphasia also depends on this ability to transfer

the /
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the functions of one hemisphere to the other. Nielson
pointed out that the characteristie of enforced use of the
minor hemisphere for speech is, at first, extremely rapid
fatigue; but he went on to say that patients could be
trained to comprehend well enough to get along in life, and
that the length of time required for the training would vary
with different patients, and depend also on their age and
general health.

Thus, the position of the dominent hemisphere may be
summed up by saying that it is generally the controlling one,
both with regard to speech and handedness; but that this is
not, so far as is known, due to any structural superiority
which it possesses over the minor hemisphere; which means,
of course, that loss of, or injury to, the major hemisphere
does not necessarily result in such permanent and
irreparable damage to speech as would occur were there any

structural difference to prevent a change-over.

IV. THE FUNCTION OF THE MINOR HEMISPHERE,

This aspect of dominance has importance in the study of
handedness because the attitude adopted by investigators has
coloured their views on handedness generally. Orton presents
an extreme example of this, since both his theory of
handedness, and the principles by which he direeted the
treatment /
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treatment of his clinical cases were pre-determined by his
view on the role of the minor hemisphere. He stated that:
‘one side of the brain is all important in the language

process and the other side either useless or unused'T. While

1. Orton, op. cit. p.27.

admitting that neither hemisphere is pre-destined at birth for
control by any structural superiority, and that if one is
damaged the other assumes control, he claimed that most
children do have a hereditary tendency to develop the
predominant use of either the right or the left hemisphere.
Orton's results were based on a study of the development of
speech in children, rather than on aphasic patients such as
were used in the earlier studies. He did, however, retain
the terms used to refer to the effects on functioning caused
by brain lesions, and apply them to abnormal development in
children. He preferred the term 'developmental' rather than
'congenital' used with aphasia to refer to these abnormalities
in children, and differentiated the following categories in
abnormal development in children:- developmental aphasisa
(speech), egraphia (special writing disability), apraxia
‘(abnormal clumsiness), and alexia (reading disability).

His use of these terms indicated that he considered them
comparable, at least in some respects, with aphasic patients.

Both /
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Both his use of these terms and the basic assumptions upon
-which his theory was based have been criticised widely by
Blau, Roberts, Brain and many others. The criticisms rest
on several asspects of the astudy in particulsr, snd it is
probably best to cite these together with the findings in
question, Blau criticised the actusl terms used by Orton
and pointed out thst the findings on adults who have had
speech, and later loat the power to use it, are in no way
comparable with cases of children who have not succeeded in
acquiring speech, He further pointed out that Orton's
comparison implies that there is in these children some brain
damage responsible for the delay comparable to that in adult
aphasics, and that he has no justification for assuming this.
While agreeing with Blau that it is stretching the term
'aphasia' too far to use it for an ability which & person

has never possessed and cannot therefore have lost, it is
worth noting that the recent electro-encephalographic studies
have revealed brain lesions in some cases of what Orton

would have called developmental apraxia, but what the layman
would term abnormsl clumsiness or gawkiness.

Nielson claimed that one of the great stumbling-blocks
in the way of comprehension of all the aspects of aphasia was
caused by ignoring the functions of the minor hemisphere.

He stated further that all hope of retraining aphasics
depends /
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depends on the functional capacity of the minor cerebral
hemisphere. This is obviously s criticism of Orton, who
regarded the minor hemisphere as 'useless or unused'.

Orton further developed his theory by stating that the
patterns laid down in the minor hemisphere are the mirror-
image of the used ones in the major hemisphere, and that

when complete dominance is not established these patterns

in the non-dominant hemisphere may interfere with
recognition. He had really worked in the opposite direction
and started with the observed fact that certain children have
difficulty in recognising symbols, a2nd in these cases are
inclined to confuse them with their mirror-image, for example,
migtake 'b' for 'd' or 'on' for 'no'. He observed that

some of these children had been changed from left-handedness,
while others had not achieved a dominant lead with either
hand, and to explain the connection between these two
observations he put forward his hypothesis that they are to
be explained by a confusion between the patterns in the two
hemispheres. His whole system was based on this assumption.
From this it followed that dominance should be acquired as
early as possible if it were not to interfere with the
development of speech and later with reading. This led him
to condemn any attempt to change the hand preference of
left-handers, as, according to his theory, this would lead to

confusion; /
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confusion; while it also led him to discourage any attempts
to achieve ambidexterity, or anything which might decrease
the gap between the dominant and the non-dominant
hemispheres. He summed up his views as follows:

The view here presented that many of the delays and
defects in development of the language function may
arise from a deviation in the process of establishing
unilateral brain superiority in individual areas,
while taking account of the hereditary facts, brings
with it the conviction that such disorders should
respond to specific training if we become sufficiently
keen in our diagnosis and if we prove ourselves clever
enough to devise the proper trainigg methods to meet
the needs of each particular case.

1. Orton, op.cit. p.200.

Por him the method of training included exercises to
inerease the skill and develop the exclusive use of the one
hand, right or left, depending on that for which the child
had the initial preference. This was used in cases of
delayed speech, reading backwardness, and also of stuttering.
Though Orton's statements on the reverse patterns in the
non-dominant hemisphere have been severely criticised, it is
generally agreed that late speaking, for example, is often
associated with lack of, or unstable preference. However,
Orton's suggestion that in these cases training of one hand
should be undertaken in order to assist the development of

. unilateral dominance, and his assumption that speech will

thereby be aided, have been contradicted by others, who have

suggested /
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suggested that he was mistaking a symptom for the cause,

and that the root of the trouble may be late development of
the speech nodes and lack of hemispheric dominance causing
speech retardation bringing in its wake lack of definite
handedness. Brain made this criticism, and pointed out that
cerebral dominance is not itself a function but is simply a
name for the fact that speech and allied functions are
located in the same hemisphere. He made an interesting
distinction in this connection:

The abnormal handedness which so often goes With
congenital speech disorders means in my view that
incomplete development of speech pathways has left
the child without normal hemisphere dominance on

either side - a condition incidintally guite different
from "natural" left-handedness.

1. Brain, op.cit. p.841.

Roberts also mentioned this when criticising the work of
Orton, and further suggested that in these cases 'the absence
of speech nodes' deprives the leading hand of the stimulus to
real dominanée,'and means that the 'margin of preference!

over the other hand must always be small.?

2. Roberts, op.cit.

It is interesting to note that lack of hand preference
can obviously not continue indefinitely, as the schoo}

situation necessitates the consistent use of one hand for

writing/



-72-

writing at least, and further, that hand will be the right
in the absence of a definite and strong preference for the

left. It is well to remember that use of the right hand

does not necessarily mean choice of the right; on the

contrary, it merely indicates absence of determination to use
the left. In these cases where use of the right hand is
merely indicative of lack of a preference for either, it is
probzble that the 'margin of preference', as indicated by
Roberts, is small; Dbut we must await further research before
we can say what 1s the exact effect of such a condition on
the learning capacity; though it does appear that these
children in the group stressed by Orton, that is, those
lacking in definite dominance, or as he called them, the
'Motor Intergrades', may have characteristic learning

troubles.

V. AMBIDEXTERITY AND RETARDED SPEECH.

In ambidextrous patients, the effects on speech caused
by a brain 1ésion are more difficult to prediet; +though, in
general, a unilateral lesion does not cause severe aphasia.
In some csses, howewver, it has been found that a lesion in
either hemisphere may cause damage, though it may not be so
severe or so lasting as would be expected from the site of
the lesion. These are possibly, acco:ding to Nielson, cases
of sinistrality for some functions and dextrality for others.

Mention /
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Mention has slready been made of Orton's finding that
delayed speech appears to be associated with lack of early
development of dominant handedness. Some investigators
have claimed that there is no such thing as true ambidexterity,
and that those we are inclined to call by that name are

merely instances of changed left-handers. Geselll claimed

1. L.Carmichael, Editor, Manual of Child Psychology, p.307.

that asymmetrical behaviour is the normal human mode of
adjustment, and that asymmetrical or ambidextrous behaviour
would be abnormal. However, there are instances where lack
of hand preference has been accompanied by lack of de