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3 PREAMBLE .:i ¥

The "Think-Tank" . .

om

At the outset of the Workshop (of which this volume is the record), it .-}_::.?-::

was pointed out that the Workshop itself was, in current parlance, a sort of Sadae

transient "Think-tank"”, meaning an establishment or institute temporarily {\'-':-r:

housing the "thinkers'"-the participants. It is interesting that this ,:‘;: Q

expression evolved from the term "think-tank" signifying head or cranium.
This quotation can be taken as an example of the earlier meaning:

"eee & roscoe said: “Whr-r-rang!” and a lead pill split the ozone past
my noggin... Neon lights exploded inside my think-tank ..Kane Fewster was on
the floor. There was a bullet hole through his think-tank." (Perelman,
1951).

The original meaning could also be associated with the Workshop. The
theme might be encapsulated by the question: what models of cerebral
organization i{nside the "think-tank" can be inferred from measures of
individual differences in hemispheric specialization?

Since the earlier usage evolved, much of relevance to the Workshop has
occurred in the Neurosciences and related fields, but it could be argued
that among these, together with a greatly increased knowledge of cerebral
dominance, the development of the computer and the parallel appreciation

that human cognitive processes may be mimicked by it, may have been among J
the most relevant. It could be speculated, perhaps, that the extension of
the meaning of "Think-tank" has in some way, symbolised these developments. ———
Origin of the Workshop R N
NN
; This volume has its origin in a NATO Advanced Research Workshop on L et
‘ "“Individual Differences in Hemispheric Specialization" held in Maratea, Q' %
Italy in October, 1984. 5':;;?_
The concept of the Workshop, in turn, sprang from a Round Table ' --::::_‘
entitled "Hemispheric Specialization and Lateral Asymmetries in the EEG" ;-\."’;'.:{.
given under the auspices of the Second European Winter Confcrence on Brain r"."::‘ 4
Research, in Chamonix, France, in March 1982. The papers emanating from the ’a:" A
Round Table vere later published as a Special Issue of Biological Psychology !( -
(Glass, 1984). The earlier Round Table was divided into two sections, cne Vo the
dealing with normal lateralizatior of cognitive function and psycho- :ﬁ:::-::
physiological studies and the other concerned with EEG asymmetries as signs ‘f\,\:,}\t’
of disturbed la-erality in psychiatric disorders. Insofar, as the plan of 5"';""_.\."'
the Workshop followed that of the Round Table, although {t brosdened and MaAN
extended the plan which the Round Table adopted, the contents of the ® {
Workshop and Round Table correspond. After an initial sectiosn in which the -,:-.-‘-,i ;v]
issues are defined, this volume is divided into three sections, dealing with :-f,-:ﬁ_"-,
the normal brain, and corresponding to the first part of the Round Table. ;}:.,-"3:::
The first of these three sections deals with individual differences {in t{i,ﬁj\
hemispheric specialization from the viewpoint of cerebiil anatomical and .'a"aﬂ'.#?}
circulatory asymmetries (although the emphasis is upon hemispheric !rv-v:
specialization related to individual differences in the anatomy of the :\-‘*_.,:._-:.
corpus callosum). The second section covers hemispheric specialization in -f},-::,::-:
respect of electrophysiological ssymmetries largely, but not exclusively, in :--::-._.\:1
relation to asymmetries in the EEG alpha rhythm. The third section covers AT,
behavioural indices of cerebral orientation, in respect to lateral RAIR Y
asymmetries in visual and tactile stimuli and divided field studies. The . ¢
R e Lt i Lo
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second part of this volume which covers psychopathological and psychiatric
aspects of individual differences in hemispheric specialization, corresponds
to the second section of the Round Table,

Theme of Workshop

The original theme of the Workshop was to have encompassed the theme of
the Round Table, to include not only EEG alpha and evoked potential (VER,
CNV, event-related potential studies) measures of lateral asymmetry in
relation to hemispheric specialization but also the cross-comparison of
these with other measures of assessment of hemispheric specialization
including imaging asymmetry techniques such as Positron Emission Tomography
(PET) (Raichle, 1985), blood flow studies such as those of Lassen, Ingvar
and Skinhoj (1978) and Gur and Reivich (1980), and Gur and Gur (this vo'ume)
clinical and neurological evidence of laterslization, together with the
behavioural perceptual techniques of dichotic listening (Kimura, 1967) and
divided field studies (Beaumont, 1982). The aim, with a methodological
emphasis was to cross-compare the results of assessment of laterality by
these techniques in individuals in specific clusters such as gender and
handedness groups and in clusters encountered in psychiatry and
psychopathology.

Hovever, valuable such a methodologically based comparison of different
techniques might be, it would not have had the conceptual value appropriate
for a NATO workshop, so0 a new theme was evolved. In the formulation of the
new theme much was owed to the insight of my colleague Dr. S. R. Butler who
drew attention to e concept formulated by Segalowitz. The problem of
individual variation in lateralization had been highlighted by Segalowitz
and Bryden (1983) who emphasized the importance of individual differences in
cerebral lateralization for cognitive function. Evidence from brain
imagery, cerebral blood flow patterns of distribution, divided field studies
and dichotic listening studies together with clinical examination of the
effects of lateralized lesions indicated that the pattern of functional
specialization for language was not consistent across individuals. Some of
the differences were correlated with handedness some with gender, although
not to a sufficient extent to account for them all. Thus the same
"ingredients" (i.e. methods of laterality assessment) could be used as for
the earlier formulation of the Workshop theme, but with a significant shift
of emphasis from the purely methodological to that of a fresh but related
concept, that of individual differences in hemispheric specialization. The
cnncept of individual differences in language lateralization or functional
specialization was broadened to include together with the conventional
cognitive functions of the "left" hemisphere, the cognitive fuuctions of the
"right" hemisphere (Bogen, 1969), encapsulated in the term "hemispheric
specialization", that 1s, in individual differences in the cognitive
specialization of both cerebral hemispheres, including its variation in
gender and handedness groups among other factors and in effect comparing
different methods of laterality assessment.

Thus, the proposal for the Workshop was redrafted extensively drawing
on the originel concept of individual differences in language lateralization
(Segalowitz and Bryden, 1933, and Segalowitz, see this volume) to include
not only language but other lateralizable functions of both left and right
hemispheres. The basic idea in the original proposal of a comparison of the
different methods of assessment of hemispheric specialization in clusters of
individuals {.e. gender end handedness, familial laterality groups,
developmental groups and, of course, psychiatric and psychopathological
groups was retained and was implicit in the new context.
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"Crossed Aphasia" and Associated Factors

The problem of individual differences in hemispheric specialization had
emerged in the study of task-related EEGC alpha asymmetries in different
groups of normal subjects, specifically gender and familial handedness
groups (Glass, Butler and Carter, 1984; Butler, 1984). But, to retrace the
steps, it was an important and challenging problem, generally, potentially
apparent since the time of Broca (1865). Indeed as early as the end of the
nineteenth century Bramwell (1899) used the term "crossed aphasia” to
describe individucl patients who differed from or were exceptions to Broca’s
generalization that, uniformly, the left hemisphere was specialized for
language and that aphasia or dysphasia rarely or never occurred after a
lesion of the right hemisphere. ‘"Crossed aphasia" in both dextrals and
sinistrals (setting aside discussion of the setiology) was defined as
aphasia or dysphasia occurring as the result of a cerebral lesion which was
ipsilatersl not contralateral to the preferred hand. It was encountered in
sinistral as well as dextral patients. Thus, in both right and especially
in left handers there is long established clinical evidence of individual
differences in language lateralization (reversed dominance) (Zangwill,
1982). This conclusion is supported by evidence derived from the use of
other techniques for assessing lateralization. Right handers, in a sample
of normal subjects, showed greater suppression of EEG slpha rhythm over the
left hemisphere when performing mental arithmetic, but left handers almost
no alpha asymmetry, suggesting that the verbal-symbolic cerebral function of
left handers was more strongly lateralized than that of right handers
(Butler and Glass, 1974) or that a greater proportion of left handed than
right handers had reversal of dominance (see Butler and Glass, this volume;
and Marshall this volume, in regard to graded versus discrete effects of 5
laterali.ation). The conclusion regarding individual differences is
supported by evidence derived from earlier behavioural assessment of
lateralization. For example, in dichotic listening studies, Satz,

i Achenbach, Pattishall and Fennell (1965) showed that left and right ear
difference scores were twice as large for dextrals as sinistrals.
Sinistrals showed no LVF superiority for recognising dot patterns (Harcum

"y
oo o

and Dyer, 1962) and no differences between sides to a unilateral auditory
stimulus (Provins and Jeeves 1975). °
5 N
! The effects of familial laterality on cerebral dominance have also been : f:*tﬁk
1 investigated. Recovery from sphasia, for example, was faster if there were ' ;};\:?
left handed relatives (Zangwill, 1960). Sinistrals with left handed {;jtji
relatives developed speech disorders with equal frequency after either left }:a?a?
or right sides lesions, sinistrals with only dextral relatives tended to '; e
develop aphasia after only left sided lesions (Hecaen and Sauguet, 1971).

RVF superiority for verbal material was reduced in non-familial sinistral
right handers. A left handed relative reduced the probability of a left ear
superiority for the recognition of verbal material in right handers (Satz,
Achenbach and Fennell, 1967) and left handers (Zurif and Bryden, 1969).

R

&
7

Thus, a close sinistral relative increases the probadbility of weak or even ®
reversed lateralisation of cerebral function. McKeever and VanDeventer &R
(1977) had shown a familial laterality effect in left handed subjects in *i\:biﬁ
that left handers with left handed relatives produced a significant right :::}\. :.',~
visual field superiority for tachistoscopically presented verbal material, t’:’ﬁéﬁ
indicating a left hemisphere dominance for language, which left handed a:ij S
subjects without left handed relatives did not. No such familial laterality VIV
effect was found in right handers, however. Using dichotic listening g%;t;fé
studies, Lishman and McMeekan (1977) found that a family history of ANENOE
sinistrality among left handers was associated with smaller ear difference :fjﬁjﬂj
scores, indicating reduced lateralisation or bilateral representation of *{ftfnq
language, equally in left dominant and right cerebrally dominant left ':_':\,','a
handers. e Rt
S
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AIMS OF THE WORKSHOP

Therefore, it must be appreciated that, to attempt to define the aims
of the Workshop in terms of the elucidation of the role of individual
differences in hemispheric specialization, there would appear to be a single
key issue. This appears to be that the lateral asymmetry of human cerebral
function is describable at one extreme in terms of the variation in
cognitive strategies employing one heaisphere rather than the other from one
individual to another, or, from task to task performed by a single
individual and the intr'nsic "absolute" functional identity of the
hemispheres, what is termed the dynamic process model versus the fixed
structure model (see Gruzelier, this volume; Cohen, 1982). It is worth
clarifying the distinction between a fixed structure model of cerebral
asyometry and a gross morphological feature of cerebral asymmetry, for
example, that between left and right plana temporales. A gross
morphological asymmetry can only be one component of the fixed structural
model, as Marshall, (this volume) points out, the relationship between size
and hemispheric specislization or local gross cerebral asymmetry is inferred
from an assumptive relationship between size and proficiency.

The models of hemispheric specialization that we shall consider have
been categorised (Cohen, 1982) as either absolute or relative fixed
structure models where a given cognitive function is completely lateralized
to one hemisphere and relative models in which a given function is performed
preferentially, hetter, or more efficently, by one hemisphere than the
other.

Unti{l relatively recently, the possibility of individual variation in
hemispheric specialization had been regarded as stumbling-block in the
assessment of human cerebral functional organization. This has happened
because, as Segalowitz has pointed out, (Segalowitz and Bryden, 1983;
Segalowitz, see this volume), the analytical techniques for determining
lateralizable functions have been limited.

Analyses currently employed have not in general permitted us to
distinguish variation due to differences in individual hemispheric
specialization, related to expected biological or experiential variability
from the unavoidable errors of measurement made in the various types of
assessment of laterality in these individual subjects. Taking a specific
example, although one which is not necessarily the most familiar, in
measuring EEG alpha asymmetry during mental arithmetic, suppression being
greater over the more active hemisphere, the amplitude of the alpha rhythm
then, is lower during calculation over the left side of the brain in right-
handers. However, analyses currently employed have not allowed us to
distinguish variation in asymmetry of the slpha rhythm, due to differences
in individual hemispheric specialization or even individual differences in
hemispheric usage or utilization from unavoidable errors of measurement made
in the electrophysiological and other types of assessment of cerebral
laterality. Bryden (1982), for example, has pointed to the existence of
factors which may be unrelated to the lateralization of language function or
even to hemispheric specialization and which may cause lateralization of the
perceptual measures of asymmetry in dichotic listening studies and in
divided field studies (split field tachistoscopy), factors such as
variation in strategies used to perform the tasks and attentional biases
which may contribute, it is suggested, to the variability in measurement of
lateralization. One could add another source of viriance which might simply
be that due to asymmetries of function in the primary receptor organs or
their centripetal connections, which cannot always be controlled for
satisfactorily. These are valid points, for, as Cohen (1982) has pointed
out, a model of hemisphere asymmetry is essentially a neurological model.
This has the consequences that the model must incorporate all the relevant
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features of the actual brain, even if this merely entails attempting to
design procedures for rejection of sensory and motor asymmetries, among
other features, into the proposed experiments.

The inflation of the error of measurement by the biological variation
of individuals has been an apparent stumbling block, because it has tended
almost outweigh the main outline of the '"generalised" case, that the left
hemisphere is specialized for language and the right for visuospatial
function. Now that these main outlines have, apparently by consensus,
received clarification by the experimental efforts of the past decades and
because of the relative measure of agreement reached by perceptual,
clinical-neurological and "realtime'" (including EEG and evoked response)
indices of cerebral orientation, it may be profitable to take stock, as
attempted in this volume and to study the factors affecting variation in
hemispheric specialization between individuals. At the same time, it must
be borne in mind that such individual differences or variation may well tend
to undermine such generalisations concerning cerebral functional
organisation that have cost so much to achieve. Although Popper (1972) has
stated that the function of experimental test or trial can only result in
the disproof, not the proof of hypotheses, it is a paradox that no prizes
are of fered for negative results. Yet it may be that in this volume we are
approaching the point of dissolution of the paradigm where consensus give
way to dissensus (Laudan, 1984) and a fresh paradigm may emerge. To quote
Schofield (this volume) in the context of individual differences in bimanual
response to lateralized stimuli and referring to gender differences.

"It is one thing to find that males and females choose, possibly as set
by unnoticed situational influence, prior experience, or experimenter
reactivity, different task strategies, either linguistic or non-linguistic,
and quite another to propose that there are functional brain differences
between males and females'.

Factors such as handedness, familial laterality, gender, developmental
experience, literacy, diversity in the cognitive strategies adopted in
problem solving may each contribute to this individual variation. Indeed,
it would not be surprising if one method of assessing specialization 1is
more appropriate to a particular factor than to another. It was, at the
outset of the Workshop, the aim (or hope) that by the cross-comparison of
the various asymmetry measures, it should have been possible to develop
guidelines and future strategies for teasing-out the relative contributions
of those factors affecting cerebral orientation. The reader will be able to
ascertain how far this hope has been fulfilled, bearing in mind some of the
caveats that have already been put forward. Nevertheless, to quote
Segalowitz and Bryden (1982): "The field of experimental neuropsychology
has not advanced beyond the stage where errcr of measurement and individual
differences in brain organisation can remain confounded". The reverse side
of the coin is that the extent of non-pathological individual differences in
cerebral orientation may be far greater than was once suspected.

This need to find out at a fundamental level more about variacion in
the functional asymmetry of the human brain must obviously be relevant to
understanding how the brain "works', which in turn is of importance in
fields as diverse as computer science and psychiatry. In computer science,
for example, accounts of lateralized function have sparked off an important
and fruitful area of investigation in current artificial intelligence
studies of visual perception.

However, it 1s to be hoped that these fields have, in turn, and will
continue themselves to contribute to the understanding of cerebral function.
Psychiatry and psychopathology are dealt with in the last Section of this
volume. Computer science, for example, through artificial intelligence (or
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cognition) may have much to contribute., Marr (1982) has recently provoked
us to ask through his modular concept of localization, what {s it exactly
that we consider is being lateralized? For example, the "shading" of a
three-dimeusional object gives rise to the perception of its solidarity.
Each of these factors is what Marr terms a module, that 1ic, "tree
recognition" and three-dimensional viewing of the tree itself are each, in
cerebral terms, a separate module. Does this provide us with a clue as to
the way in which lateralization or hemispheric specialization proceeds?

BRIEF OVERVIEW

It will be helpful, in view of the foregoing discussion of the aims of
the Workshop, to consider, in the light of this discussion, the
contributions to this volume, to ascertain whether in the time intervening
since the Workshop there has been a development of views .owards a change in
the theoretical stance of the contributors.

However, although three of the twenty three chapters were not in fact
presented at the Workshop, these contributors were invited to attend hut,
in the event, were unable to participate at Maratea. Their chapters, are,
however, relevant to the theme of the volume. The delay ensuing in
publishing the volume after the Workshop is to some extent valuable in that
the views expressed at the Workshop have thereby been considered and
matured. On the other hand, the chapters are, in some cases less up-to-date
than otherwise they might have seen. In some instances, the delays have
been due to the tardiness of 8 few contributors and editorial flexibility
which did not disallow this! On the other hand, the delays have also been
due to the decision taken at the Workshop itself to referee the chapters
independently. This has been done in nearly all chepters and, hopefully,
has improved the quality of the contributions, tut has deluyed their
publication.

Defining the Issues

An attempt has been made to define the issues in the discussion of the
theme and the aims of the Workshop, in this Introduction, and this 1is the
aim of the first Section.

In the first chapter, Segalowitz defines what appears to be a central
problem for the Workshop, that is, the possible confounding of biological
d.fferences in brain asynmetry with variation in the measurement of
asymmetry itself, whether by perceptual, neurological or clinical and "real
time" measures of cerebral orientation. Consideration is given to the
factors which contribute variance to lateralization scores, whether or not
these factors relate to hemispheric specialization. The issue is whother
these variables correspond to variables other than those of the commonly
considered individual differences: for example, attentional tias and
hemispheric activation are considered. To resolve some of thz2se problems, a
method of statistical analysis is developed which allows for variation {n

“lateralization, and this i{s illustrated by a repeated measures study on

visual half-field data and with single secision EEG alpha asymmetries:
intersubject variation in asymuetry, whatever the source, can bhe isolated.

The issues considered by Marshall, initially, is concerned wiih what he
terms the duality hypothesis. He draws an important distinction between
hypotheses that propose a difference between the functional capacity of left
and right hemispheres, and the concept of cerebral duality, th * one
hemisphere can function independently of the other, almost to Lhe extent of
mental duality. These two hypothesas are evaluated critically and
separatrliy and the concept of hemispheric specialization is contrasted with
the ccncept of focal specialization, localization, between and within
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hemispheres, not a duality of functional, lateralization but the concept of
a multiplicity of loci is emphasized.

The chapter by Annett summarises issues concerned with hemispheric
specialization, related to her well-known Right Shift theory of handedness,
based on analysis of her extensive left- and right- hand preference and
skill data (Annett, 1985). Individual differences in hemispheric
specialization are hypothesised to depend on a gene (the RS gene) which may
be present in single or double doses and which may promote the early control
of speech by the left hemisphere. A bias to right handedness is secondary.
In the absence of the gene, there is a chance bias to either left or right
hemisphere or either hand preference, but in this case slight cultural
pressure and other factors, may cause a tendency towards right handedness.
It follows that testable predictions concerning hemispheric specialization
can be formulated in respect of sinistral tendencies among individuals and
their relatives and in respect to gender, as well as hyptheses specifying
the consequences for improved interhemispheric cooperation in the absence of
the double RS gene.

Marshall’s second chapter reises an issue germane to any discussion of
individual differences in hemispheric specialization, that of whether
lateralization can be considered a graded or a discrete characteristic.
Consideration of this problem, is essential to the study of individual
differences in lateralization. A metric is developed over which gradation
of lateralization can be measured to correspond to, or be compared to,
expirically derived measures of laterality, but, of course, it must be
remeabered that, overall, within a given group, the main metric will also be
contributed to by individual variation, and this could in theory occur as a
graded effect even if lateralization in the individual cases making up the
group were discrete, not graded.

Individual differences in Cerebral Anatomical Asymm: y and Circulatory
Asymmetry

Witelson and Kigar have addressed the problem of individual differences
in anatomical asymmetry not directly in relation to hemispheric
specialization, but to a related field, that of individual variation in the
morphology of the corpus callosum, that broad and extensive band of
myelinated fibres which link left and right hemispheres. A review of the
considerable literature which includes methodological considerations,
reveals variation in callosal morphology between handedness and age groups
and which i{s consistent across diverse studies. Earlier studies which
showed increased callosal thickness in schizophrenia are not supported by
later work, although interactions with gender and handedness are
possibilities. Such findings in regard to callosal topography may provide
an anatomical substrate for individual differences in hemispheric
specialization, although it is not yet clear, of course, how such
differences could be incorporated in a fixed structure model of cerebral
.dominance. It must be remembered, as Marshall (this volume) has pointed out
that it is an assumption, although a plausible one, that a larger cerebral
neurostructure is evidence of greater functional proficiency.

Gur and Gur summarise their findings in relation to individual
differences in the direction and degree of hemispheric specialization,
Studies during cognitive function have been made in brain damaged and left-
and right-handed normal subjects. Employing not only perceptual methods of
laterality assessment, dichotic listening and split field tachistoscopic
techniques, but also regional blood flow measures using 133-Xenon inhalation
techniques and local cerebral glucose metabolism studies with Positron
Esission Tomography (PET), both of the latter techniques showing lateralized
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activity during standardised lateralization tasks. Also, the neuro-imaging
studies have been used in the study of emotion and affect and have shown
individual difference effects in regard to handedness and gender. The main
focus of the results is on regioral blood flow studies, however.

Individual Differences in Electrophysiological Asymmetries

Butler and Glass, in their chapter, review data on individual
differences in EEG alpha asymmetries during cognitive tasks designed to
engage either left or right hemispheres. Such asymmetries have already been
shown to be associated with cognitive processes and not due to asymmetric
motor or sensory loading (Butler & Glass, 1985). The results are
interpreted using the assumption that suppress.on of alpha rhythm over
homotopic areas of one hemisphere compared with the other is an indication
of the activation of that hemisph-re. Thus, this indicates a relative
increase in the utilization of that hemisphere during specific coguitive
task performance. On this basis, individual differences in EEG slpha
asyametry involving handedness and gender groups are interpreted in terms
not of a fixed structure model of hemispheric specializaton, a model for
which the results do not provide support, but a more labile, dynamic process
of interhemispheric functional organisation, which even perhaps, in part,
involves cognitive strategy differences between groups. An example of this
lability, the possible influence of dynamic processes and f cognitive
style, an investigation of the effect of a potential conversant on EEG alpha
asymmetries is presented (Butler, Glass and Fisher, 1986).

Flor-Henry, Koles and Reddon, in their chapter, report on the analysis
of the EEG from an eight-electrode montage in 57 males and 56 females, all
right handed, whose ages ranged from 18 to 59. Recordings were made during
various cognitive tasks. Measures were made of EEG power, phase and
coherence. The details of this normative data are recorded in the
appendices to the chapter. EEG differences were found between males and
females, consistent with cognitive differences. The ageing brain in EEG
asymmetry terms was found to approximate more to the female pattern of
cerebral organization, than to the male, with EEG signs of a right

hemisphere preponderance.

Ray, in his chapter, has summarised work in his laboratory which has
been directed towards understanding how individual differences occur in
psychophysiological measures (especially the EEG alpha rhythm) of coganitive
and emotional processes. He points out the basic, pioneering approach of
early EEG research into the alpha rhythm in his field. He then reviews
task-related EEG alpha asymmetry measures of hemispheric lateralization,
especially in relation to gender differences. However, the possibility of
there being apparently unresolved methodological {ssues still complicating the
interpretation of EEG alpha asymmetries has led him to propose other lines
of research. The investigation of factors such as emotionality, direction
of attention, intake and rejection-tasks (the former requiring the use of
external information, the latter not requiring it) on the asymmetry of EEG
-alpha activity are described. Finally, in regard to the possibility that
individual differences in personality outside those of gender and handedness
pight influence hemispheric specislization, an EEG study in alpha rhythm and
other frequency bands of the introversion/extraversion dimension is
described. Among other effects, these preliminary findings showed the
importance of the resting EEG "baseline'" condition in this field.

Molfese and Molfese, in their chapter, describe the use of the auditory
evoked response (AER) {in studying the development of language and {ts
interrelationship with hemispheric specializaiton at different ages. The
technique is described in a study in which the brain“s electrical response
over left and right hemispheres to speech and non-speech syllables is
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recorded at birth. The results at birth especfally from the left hemisphere
can be used to predict accurately performance on two language tests in 3-
year-olds. Although the individual differences here studied were those of
age or development and speech proficiency, it is considered that the
electrophysiological parameters do not indicate lateralization as the sole
factor involved.

Rockstroh and Lutzenberger describe experiments with event-related slow
brain potentials to provide evidence for hemisphere-specific processing in
anhedonic subjects. These subjects are characterised by s marked defect in
pleasure capacity, a personality trait which has for long been sssociated
with schizophrenia. Results of Contingent Negative Variation (CNV) and
post-imperative slow potential (SP) studies indicated significantly greater
post-imperative negativity (PINV) in anhedonics than in controls, over the
left precentral region. Although a similar effect can be seen normally
(Butler, Glass and Heffner, 1981). This, together with other evidence
suggests greater compensatory left hemisphere activation in the anhedonic
group, to counteract for attentional and preparatory deficits in the group.

Elbert and Birbaumer describe experiments to investigate hemispheric
interaction in smokers and non-samokers, using cigarettes with differing
nicotine concentrations, They presented tactile stimuli to both hands, the
left requiring pattern discrimination, the right simple enumeration. The
slow potentials (CNV's) recorded during task-performance showed a task-
dependent asymmetry which developed earlier with nicotine. This, and
biofeedback evidence suggests that nicotine either interacts asymmetrically
with right hemisphere arousal or facilitates interchange between
hemispheres. Smokers with nicotine, were better adapted as a group, to
switching between hemispheres, but without nicotine were less well adapted
to switching.

Puente and Peacock describe, in their chapter, an EEG interval
histogram .cnalysis (using half-wave duration) from occipital sites (O] and
02) in brain damaged and non-brain damaged schizophrenics and patients with
affective disorders, in EEG's recorded while subjects rested, and performed
multiplications and solved geometric problems. Relatively slow right
hemisphere activity is reported for the schizophrenic group during the
geometrical task. This and other evidence suggests, it {s emphasised, the
dynamic nature of the hemispheric dysfunction in schizophrenia.

Individual Differences in Behavioral ndices of Cerebral Orientation

Young, Bion and McWeeny report, in their chapter, on a series of
experiments involving right-handed children, in which stimuli (chiefly face
recognition and dot enumeration) were presented to left and right visual
fields and left and right hands respectively, to deteruine age and gender
differences in lateral asymmetries. No developmental changes in the size of
asynmetries are reported but gender differences in asymmetry across age
proved to be stable. However, as these gender differences could be induced

,or eliminated by small procedural changes, the model of variation in

functional asymmetry in male or female brains is not well-supported, but,
instead, the concept of a gender difference in subjects” reliance on, or use
of, lateralized cognitive processes is affirmed. Possibly, these processes
could either be under vcluntary control, or, what is considered to be more
likely, procedurally determined or material-specific.

Schofield has provided, in his chapter, an extensive critical review of
divided field studies of cerebral lateralization using manual reaction time
to dots and flashes of light, studies in which an attempt has been made to
measure interhemispheric t-ansmission times. Inconsistencies in the
reported findings could be explained by failure to take into account
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individual differences in processing strategy in relation to hemispheric 2-.w
specialization. A simple reaction time experiment in children is reported .

snd thoroughly analyzed, in which bimanual responses to bilateral stimull is

h
22

related to btimanual responses to unilateral stimuli. Gender differences ‘a ey
laterality to unilateral presentations are reduced to factors which may a.';)- X
represent individual hemispheric differences in processing strategies. Hand

differences (fasthand, slowhand) in reaction time and other measures are ‘g

-

suggested to relate not to the hemisphere of initial visual projection but >
the hemisphere in which the response is initiated.

0"Connell, Tucker and Scott present, in their chapter, a self-report
scale designed to measure accurately the constructs of emoftional and

cognitive self-control, set in the context of individusi differences in Y
lateralized cognitive style. The methodological and theoretical problems :4-:: ::
encountered are discussed in respect of hemispheric activation particularly )xj-'fc'-
in relation to direction of eye movement studies. Self-regulation and o
emotional factors either traits or states are involved in the dynamic .'_:-\.:‘-'3.'

determination of asymmetric brain activation and, therefore, of cognitive

style which is not seen as synonymous with hemispheric specialization. !;_-J.

Following discussion of the self-report scale, the proposition that an :J-ti".-

anterior-posterior dimension of cerebral organization may be at least as .::u h

important when considering activation and arousal as a “hemispheric” :i'g&
..

dimension, i{s put forward.

Weber and Bradshaw’s contribution is devoted to a critical examination

of the evidence for Levy’s revised hypothesis (Levy, 1982) and is a MO
rejoinder to it. The hypothesis is, of course, that the preferred writing ol
hand and, especially in left handed writers, hand posture; that is, whether N :‘::—:::r:'_"
‘ the position of the hand in writing is inverted or normal, is an indication i’i’fh

of the direction of lateralization of cerebral function or hemispheric

specialization. This problem and the associated question of ipsilateral L

motor control has received a great deal of experimental investigation. ::'.‘j o

; Weber and Bradshaw make the point of general relevance, perhaps, based on Q:C:E:
] Levy’s assertion of possible differences in educational methods, that if gy
; hand posture is a "cultural” phenomenon (Levy, 1982) then it is less likely :'.;{".(
to be an "important correlate of neurological organization". In general, B

they claim to find little clear evidence to link writing posture with the :-‘;'.p‘\

g w NS

lateralization of cerebral function.

Asymmetries in Psychopathology and Individual Differences

Gruzelier, in his first chapter, fully develops the concept of ‘
individual differences in lateralization of cerebral function applying to ... —
the normal and pathological brain. He extends its scope from the widely ety
accepted forms of individual differences in hemispheric specialization, ‘h”-
gender and handedness, to consideration of other differences. This he does '_' )
by enlarging the concept of hemispheric specialization beyond an exclusively b-‘ f

structural model of lateralization to a combined structural and dynamic

process modei (Cohen, 1982). Evidence is presented from a variety of T
conditions in both the normal and pathological brain. Assessment is mainly sﬁw.:x::
through asymmetries in the rate of habituation of electrodermal responses '\{:.(-,).
and non-specific electrodermal responses. Thus, a contribution is made ‘-:\j-\.‘;
towards specifying the role of dynamic process asymmetries, with reference :*:-':-'
to individual differences not only in gender and handedness but individual sty

differences in cases where hemispheric activation, in particular, may be a ’{ ;
factor. NN
BANESS
Miran and Miran, in a wide-ranging contribution, gathe- evidence from a NN
variety of sources, to place what appears to be an increasingly appreciated ::j
flexibility of lateralization of cerebral function in the context of an Aty
integrated, homeostatic brain model, which they would argue is more ) .
N
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realistic than other models. They draw on supporting but circumstantial
evidence from "hardwired" perceptual and motor systems; go on to cousider
several lateralized, including cognitive, functions in the same framework
and adduce evolutionary and developmental dimensions to their theory. They
rcgard the homeostatic brain model as providing a model, based on
hemispheric specialization for understanding individual differences. They
propose that psychopathological conditions may be caused by a disruption of
homeostatic systems rather than site-specific deficits.

Cromwell, in his chapter, focuses provocatively on schizophrenia in
relation to hemispheric specialization. He emphasises the role of
hemispheric advantage, not of absolute hemispheric specialization, and a
sequential, dvnamic rather than a static concept of cerebral lateralization.
A model of schizophrenia is put forward in which the processing of
information is conceptualised as flowing from right to left hemisphere prior
to verbal or other responses. Left hemisphere hyperarousal is seen as a
secondary phenomenon, resulting from "faulty" information being transferred
to it, derived from an earlier, "preattentional' stage dysfunction in the

right hemisphere.

Gruzelier, in his second contribution, reviews the role of the
interhemispheric disconnection hypothesis stemming from experimental
disconnection (Sperry, 1964) and clinical callosotomy (Bogen and Vogel,
1962) in schizophrenia in the context of hemispheric specialization. Two
initial influences on the concept of disturbed interhemispheric integration
are described, that of left sided temporal lobe epileptic foci associated
with schizophrenia (Flor-Henry, 1969) and that of the enlarged corpus
callosum in schizophrenia (Rosenthal and Bigelow, 1972; however, see
Witelson and Kigar, this volume)., From this stanupoint, the evidence for :
disordered interhemispheric transfer is reviewed not on the basis of
‘ callosal agenesis or callosal section, but of faulty transmission such as
¢ might be involved by a reduced signal-to-noise ratio (Butler, 1979).
Evidence from auditory processing sources, haptic tasks involving
interhemispheric transfer, visual processes (divided field studies) and
somatosencory evoked potentials in schizophrenic patients are summarised.
The conclusion appears to be that although a consistent pattern of results
has emerged across studies, evidence is against the concept of frank,
functional disconnection as an aetiological factor. For example, a g
lateralized deficit could also give rise to defective interhemispheric
transfer. More questions than answers are said to emerge from the results
and the heuristic value of the callosal theory in future investigation of
the schizophrenic brain is emphasised.

S ol coan. o

e

Miran and Miran, in their second, penetrating contribution, focus on i:iﬁbﬁ
the role of {ntrahemispheric and interhemispheric communication in it
schizophrenia. They propose that typical schizophrenic deficits in :kiﬁpﬁ
cognition and perception can be interpreted as breakdowns in internal :t:;:;a

communication within a homeostatic brain. Studies of left and right °
heaispheric dysfunction and callosal dysfunction in schizophrenia are
-evaluated and frontal lobe dysfunction (which has produced negative

L

oll
-“.:,‘/
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findings) and deficits in parietal and occipital function are considered. ;h\dbﬂ
Schizophrenia is regarded as a dysfunction of the homeos:atic brain and }F

A
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implications for its assessment and treatment are examined. In conclusion,
a number of points are made in relation to the homeostatic brain model and
hemispheric specialization, but it is emphasised that to consider merely the

KGN IR
over- or under- activation of a dominant hemisphere is too simplistic. }ﬁrﬂﬁs
Schizophrenia, in terms of psychopathology, ie considered to be a breakdown :}}ﬁ:}ﬂ
in both intra- and interhemispheric feedback systems. qﬁtxﬁﬁ

STty

Serafetinides, in his chapter linking cerebral laterality and
psychopathological disorders, has recalled his earlier evidence for
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{ agressive behaviour in young, male temporal lobe ¢pileptics, the majority (]
having a left dominant hemisphere focus, and he reviews subsequent C&{"‘J
supporting evidence that assaultive psychopathological disorders are tﬁ' o
associated with communication difficulties. It is concluded that the role s:-. :
of the verbal hemisphere in control of agressive impulses is considerable N
and that & similar sequence of dysfunction may hold for other hemisphere s‘.
specific impairments. The need for constant redefinition of such testable o
R formulations of brain-behavinur relations is emphasised. R
AR
CONCLUSIONS :\t:t;&'\
It is hardly feasible to attain a complete synthesis of the ‘
contributions to this volume and it would certainly be foolhardy to claim to
have done go. It is also difficult to represent a contributor’s views with &7._ o
much semblance of accuracy, but in spite of this it was felt worth risking f.'p_.. \
possible misrepresentation, if some form of synthesis were to be achieved. ;::Q’:
The reader must judge whether this goal has been gained. ;:' < A
A common thread can be discerned and appears to run through those ®
chapters in which what appears the central problem of the Workshop is by
addressed. These chapters are to be found in each Section but perhaps \.'_',-\.."_\:;
especially in the Psychopathology Section. There appears to be a detectable :a:.h}_}:
gradient shift in the paradigm concerning hemispheric specialization. This S""-ﬁ‘-,.
shift was perhaps just apparent at the time of the Workshop and has since ;&f;f
been consolidated in these contributions. There is a tendency for a move [}
towards a greater lability in the concept of hemispheric specialization, Q:-ﬁj-.f
particularly in the area of individual gender and handedness but also in ENTALL
e other less well-studied sreas of individual difference. The move is in a SHAGH
‘ direction away from a fixed structure model towards one based on hemispheric N
o usage and activation. There is a growing realisation thai there are factors “‘_;“'
affecting the measurement of lateralization other than those purely of [}
henispheric or language lateralization, between those individuals making up ; -5
. the commonly acknowledged groups of gender and handedness. The measures of ;:,a\ ‘\v.
f laterality are the perceptual/behavioural, and the '"real-time" indices of Aot
] orientation, the electrophysiological asymmetries and brain imagery. These }:&::
i measures may contrast with, and, have to be reconciled, with the data Qﬁs N
: regarding individual differences in hemispheric specialization derived from )
| clinical/neurological sources. -"":j
. AT
The paradigm has shifted, in the last decade, from perhaps a simple '.-‘::-f:-_::
"“black and white" model of cerebral dominance (which, of course, was never ~_';‘-}'\:.‘
held in totality!) which had been essentially unchanged from the nineteenth :{:':'_ .
centucy, but with the more recent acknowledgement of the importance of right ‘ =
hemisphere function. It was based on and invigorated by the split-brain : a'i'
; work of Bogen and Vogel and Sperry and Gazzaniga (1970). It has now moved .x::%_, \
| towvards the formulation of a more complex model, less simplistic, perhaps, :?Qf\,i :
but hopefully nearer "reality" in which differences in strategy may play f. W
their role as part of a dynamic process in cerebral asymmetry. Strategy RE&@'
: differences (Butler & Glass, this volume) as a basis for individual »
differences are not the whole component of the dynamic process (Gruzelier, CI.:J,'.', -
: ‘this volume). Possibly, further insight be sought into dynamic processes of ALY
i hemispheric specialization by following-up the study of performance \:;1'_4-:&
! indicators in relation to task-related EEG alpha asymmetries, as predictors s_(;.j-.
" of lateralized task performance (Furst, 1976, for right hemisphere tasks; I,
; Glass and Butler, 1977, for left hemisphere tasks). This change in the »
: paradigm is reflected in the application of hemispheric specialization to A
' psychopathology and psychiatry (See Gruzelier and Miran and Miran, this :a"a::c‘
; volume). .ﬁﬁ-{:
e
It has been emphasised, however, and this should be taken as a warning ;:'{,':\‘:
that the "best" hypothesis, a combined structural and dynamic model of ; " r
LR |
32'5;-:1;53
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hemispheric specialization (Cohen, 1982) is, perhaps paradoxically, least :}:;{1
effective in forming predictions that can be tested experimentally. Also f-.p":'-'.r}
unpredictable results are too easily explained by it. Its heuristic value \.ﬁ-..:C
,‘ is limited by its underdetermination (See Laudan, 1984). '-'.-_':P
s 2
) An example of a less than fixed model of specialization is that "_' -
: involving differences of cognitive style, described as "a disposition to .:q.ji-
B adopt a particular processing strategy which effectively changes the g,
k' cognitive demands of the task" (Cohen). Fixed structure and dynamic models .‘Q"«.
are not mutually exclusive, in fact they could be mutually dependent in a ::s S
"real"” brain. A functional asymmetry, that is, a dynamic process, must be 2
combined with an underlying structural asymmetry (which is not necessarily :.,.
# the same s a gross anatouical arymmetry, of the type of the asymmetrical oy,
2 planum temporale). Unless, of course, the structure model 1s like a 20 ,
standard set of "pigeon holes”, which are uniform in structure but have '%-
- different objects or messages inside them. To extend this analogy, let us "': c;
W,

imagine two structurally identical microprocessors (PC's, or personal

computers), side-by-side, representing left and right cerebral hemispheres, e
with cables interlinking inputs and outputs to represent the corpus BN
callosum. It is possible for these computers to work together with }\i\f_\
different operating systems, CP/M, MS-DOS, for example. Perhaps, each “i‘w‘
microprocessor could support different languages, Fortran, Basic, for d
example and which in turn could also support quite different functional > 0 :‘i
g categories of software, let us say, a Wordprocessing program in one computer - .
: and a Graphics program, in the other, for example. It is possible, in fact, \j'-.
t for the two microprocessors to have different structures and still be :.uti::
b | functionally linked by the cable if their software is compatible, or can be R r.:’,‘. a,
L - made compatible. It 1s difficult to know how such an information processing Q.r\‘ >
. model or analogy, could be commensurate with those current theories of WAt
! cerebral organization seeking to account for laterality findings and which I
of form the theme underlying the Workshop and its proceedings. Would it be a 'ff':
i . fixed structure asymmetry? A dynamic process asymmetry? A function of ::,'-:'f::,
P ] cognitive style or strategy? A verbal or visuospatial dichotomy? A :.f"}:: :,
TE holistic or analytical process? It is interesting to speculate how, for .'.;-qu.
P f example, a heterarchical concept of hemispheric specialization could be made AV
. to fit such a model. 1Ir is difficult to ascertain where in current models o
of hemispheric specialization such an analogy could be fitted or at what .‘ "::'4-*
LA

1 level. Intuitively, one feels that any such theories should be compatible
g with an information processing model of this type, however simplistic it may

e

.
-
[

PR
.l ..'.y
'y

; appear initially. Alte-ra:ively, we should consider how current models ',-.'-j;'-
could be reconciled wit}t such an analogy to give us more insight into alel
hemispheric specializarios in the "real” brain. There are difficulties here R
which have not yet been \ackled "head-on", but 1f they are may represent a t"'.r‘
vay forvard into individual differences in hemispheric specialization. ;:5;"\ )
" rarnd
The final question we must ask is, wvhat we consider is being physically t;:{f
lateralized vhen we say, for example, that "language" is lateralized to the :‘.:‘ %
" left hemisphere or visuospatial function is lateralized to the right
; -hemisphere? Will this reduce to an asymmetry of neurotransmitter substances .j-’,ﬁ-.
(Reynolds, 1984), for example? When we are in a position to answer this :.-::r:
' ! question we will be in a position to understand better the basis for Sy
d individual differences in hemispheric specialization and to evaluate their .‘:}..':
: significance. ﬁ"é
& ACKNOWLEDGEMENT PR
v, -t 'f:'
3 Thanks are due to the NATO Scientific Affairs Division for their ~:‘_‘:-.":~:
generous support without which the Workshop would not have been possible, N
and also to the Wellcome Foundation for their additional help with the Aln e
project.
' ::*j.‘-:x
oy .

D L T T A T PSP
R A B e S N N AT e e L e e

adall o Kol o




8, 20 0 i B0 8.0 80 A6 4,0 0.5 B0 ¢ po@ g0 80 A2 202 20 a'e o g 9 S8 Ba® ot e "a82 M0 - -
1

14 '~5}$ :

()

My thanks must be expressed to the late Dr. M. di Lullo, formerly ===
Director of the ARW Programme for his support and are also due to Dr. Tilo -:)\4-_
and Mrs Barbara Kester for help in organizing the Workshop. Mr Guzzardi and :\:.'-g..
his staff of the Hotel Villa del Mare at Maratea, Italy ably looked after -::.):.,
the participants during the meeting. ;};’Q}'

-~ am deeply indebted to my colleague Dr. Stuart R. Butler for e
stimulating and helpful discussion before, during and after the Workshop and \f,-:.i '
also to Dr. Joseph E. Bogen for helpful discussion some years ago, and to :.-:‘_.-'
Profeisor Dietrich Lehmann for earlier discussion leading to the initial .\::.\-f:
suggestion of the Workshop and its later formulation. The support of :'.: Ny
Professor J.J.T. Owen for allowing the facilities of the Department of RN

Anatomy, University of Birmingham to be used for preparation of the text is

greatly appreciated. Mr Roland A. Hill is thanked for help in organization, {;.r:.r:
preparation and support. Also the editorial support of Madeleine Carter of :4.':-.5.
Plenum Publishing Company Limited is gratefully acknowledged. I am t::-';{:
particularly grateful to Sue Burton and Claire Hundley for their patient and (i{tl. 3
P e

unremitting work in prncessing the entire text of the volume.

The following are thanked for refereeing the chapters or for advice and

assistance with refereeing: M. Annett, S.R. Butler, D. Carroll, J.H wLomd
Gruzelier, L.J., Harris, D.H. Ingvar, M.A. Jeeves, J.C. Marshall, M. i :xf
Moscovitch, R. Obrecht, M.A.J. 0°Callaghan, K.P.0°Conno~, D.J. Parker, P, £f:
Prior, S. Segalowitz, J.C. Shaw and D.M. Tucker. ﬁ:f
Especial thanks are due to the Organizing Committee, Professor Pierre ::1':4'.
Flor-Henry and Dr. Michael Miran and I am deeply grateful to the -_'"\)
participants for their stimulating contributions. ;\::-\."
S
Preparation for publication of the chapters in this volume has been ;\f;"
made possible by Contract Number DA7 A45-85-M0184 from the U.S. Army
Research Inst{tute for the Behavioral and Social Sciences through its e
European Science Coordination Office in London, England. The opinions ;-_\.f:-
expressed are those of the authors and do not necessarily represent those of A
the U.S. Army. In this counection, Dr. Michael Kaplan, Chief, European ot
Science Coordination Office, Army Research. Institute is thanked for his a‘;&
patient support.
TR
LA
A
\\- -'\J
s‘;.“:\}}
=
r:?.'g:
A. Glass, oy .,'{.
University of Birmingham ad )
P -,“
REFERENCES ’._._X)‘::
Annett, M. (1985). Left, Right, Hand and Brain: The Right Shift Theory. m
NN
London: Lawrence Erlbaum. EAASE
Beaumont, J.G. (1982). (Ed). Divided Visual Field Studies of Cerebral Ry
Organization. London: Academic Press. - AN
.p.‘Q. ‘-'
Bogen, J.E. (1969). The other side of the brain II: An appositional mind. ,:.r\:
Bulletin of the Los Angeles Neurological Society, 34, 191-220.
Bogen, J.E. and Vogel, P.J. (1962). Cerebral commissurotomy in man. e
Bulletin of the Los Angeles Neurological Society, 27, 169-172, “Lf\
Bramwell, B. (1899). On "crossed" aphasia. Lancet, 1, 1473-1479. OOk
Broca, P. (1865). Sur le siege de la facultée du langage articulé. Bulletin ::.)-:-_J-:C
de la Societe d”Anthropologie, 6, 337-393. -."".-.:t

Bryden, M.P. (1982). The behavioral assessment of lateral asymmetry:

N AT IATS TS TS eV A3 SRR .,.\.-.\‘. N -:.\'




s oo S oy

v

oA

Press. :
Levy, J. (1982). Handwriting posture and cerebral organization: how are “""".‘1‘
tney related? Psychological Bulletin, 91, 589-608. NINR
Lirhman, W.A. and McMeekan, E.R.L. (1977). Handedness in relation to RSO
direction and degree of cerebral dominance for language. Cortex, 17, el
30-43. - »ixf,»;ti
Marr, D. (1982). Vision. A Computational Investigation into the Human " “'*‘“
Representation and Ptgcessin_& of Visual Information. Sau Francisco: Y
W.H. Freeman & Co. :'-..w.j
B et P ok L Sy A e A At S e & A & s v e o ST
" R AT RN e e LR LY N PR N S R A S g A T S A AP s AT T P Gyl Ryl Ay}

problems, pitfalls, and partial solutions. In R.N. Malatesha and :JQ),..
L.C.Hartlage (Eds). Neuropsychology and Cognition - Volume II. The N

Hague: Martinus Nijhoff Publishers, &44-54.

Butler, S.R. (1979). Interhemispheric relations in schizophrenia. 1In J.
Gruzelier and P. Flor-Henry (Eds). Hemisphere Asymmetries of Function
in Psychopatholgy, Amsterdam: Elsevier/North Holland Biomedical Press,
47-63.

Butler, S.R. (1984). Sex differences in human cerebral function. 1In G.D.De
Vries et al. (Eds). Progress in Brain Research. Volume 61. Amsterdam:
Elsevier Biomedical Press, 443-455.

Butler, S.R. and Glass, A. (1974). Asymmetries in the electroencephalogram
associated with cerebral dominance. Electroencephalography and
Clinical Neurophysiology, 36, 481-491.

Butler, S.R. and Glass, A. (1985). The validity of EEG alpha asymmetry as
an index of the lateralisation of human cerebral function. In D,
Papakostopoulos, S. Butler and I. Martin (Eds). Clinical and
Experimental Neuropsychophysiology. London: Croom Helm, 3/0-394.

Butler, S.R., Glass, A. and Heffner, R. (198!). Asymmetries of the
cortingent negative variation (CNV) and its after positive wave (APW)
re.ated to differential hemispheric involvement in verbal and non-
verbal tasks. Biological Psychology, 13, 157-171.

Butler, S.R., Glass, A. and Fisher, S. (1987). Effect of potential
conversants (social facilitation) on resting EEG alpha asymmetry (in
preparation).

Cohen, G. (1982). Theoretical interpretations of lateral asymmetries. In
J.G. Beaumont (Ed). Divided Visual Field Studies gi Cerebral
Organisation. New York: Academic Press, 87-1l1}. .

Flor-Henry, P. (1969). Psychoses and temporal lobe epilepsy: a controlled
investigation. Epilepsia, 19, 363-395.

Furst, C.J. (1976). EEG asymmetry and visuospatial performance. Nature,
260, 254-255.

Gazzaniga, M.S. (1970). Bisected Brain. New York: Appleton-Century-Crofts.

Glass, A. (1984)., Round fable on hemispheric specialization and lateral
asyametries in the EEG: Introduction. Biological Psychology, 19, 151-
157.

Glass, A. and Butler, S.R. (1977). Alpha EEGC asymmetry and speed of left
hemisphere thinking. Neuroscience Letters, 4, 231-235.

Glass, A., Butler, S.R. and Carter, J.C. (1984). Hemispheric asymmetry of
EEG alpha activation: effects of gender and familial handedness.
Biological Psychology, 19, 169-187.

Gur, R.C. and Reivich, M. (1980). Cognitive task effects on hemispheric
blood flow in humans. Brain and Language, 3, 78-93.

Harcum, E.R. and Dyer, D.W. (1962). Monocular and binocular reproduction of
binary stimuli appearing right and left of fixation. American Journal

2 of Psychology, 75, 56-65.

Hecaen, H. and Sauguet, J. (1971). Cerebrsl dominance in left handed
subjects. Cortex, 7, 19-48.

Kimura, D. (1967). Functional asymmetry of the brain in dichotic listening.
Cortex, 3, 163-178.

Lassen, N.A., Ingvar, D.H. and Skinhoj, E. (1978). Brain function and blood
flow. Scientific American, (October), 50-59.

Laudan, L. (1984). Science and Values. London: Uaiversity of California




- .

w W LU

TP R T

l6

McKeever, W.F. and VanDeventer, A.D. (1977). Visual and auditory language
processing asymmetries: influence of handedness, familial sinistrality
and sex. Cortex, 13, 225-241.

Perelman, S.J. (1951). —Era;y Like a Fox. Harmondsworth: Penguin Books.

Popper, K. (1972). The Logic of Scientific Discovery. London: Hutchinson.
3rd Edition. —

Provins, K.A. and Jeeves, M.A. (1975). Hemisphere differences in response
time to simple auditory stimuli. Neuropsychologia, 13, 207-211.

Raichle, M.E. (1985). Progress in brain imaging. Nature, 317, 574-576.

Reynolds, G.P. (1983). Increased concentrations and lateral asymmetry of
amygdala dopamine in schizophrenia. Nature, 305, 527-529.

Rosenthal, R. and Bigelow, L.B. (1972). Quantitative brain measurement in
chronic schizophrenia. British Journal of Psychiatr 121, 259-264.

Satz, P., Achenbach, K., Pattishall, E. and Fennell, E. (1965). Order of
report, ear asymmetry and handedness in dichotic listening. Cortex, 1,
377-396.

Satz, P., Achenbach, K. and Fennell, E. (1967). Correlations between
assessed manual laterality and predicted speech laterality in a normal
population. Neuropsychologia, 5, 295-310.

Segalowitz, S.J. and Bryden, M.P. (1983). Individual differences in
hemispheric representation of language. In S.J. Segalowitz (Ed).
Language Functions and Brain nganization. New York: Academic Press,
341-372,

Sperry, RW. (1964). The great cerebral commissure. Scientific American,
210, 42-52.

Zangwill, O.L. (1960). Cerebral Dominance and its Relation to Psychological
Function., Edingburgh: Oliver and Boyd.

Zangwill, O.L. (1982). On cerebral dominance. In R.N. Malatesha and L.C.
Hartlage (Eds). Neuropsychology and Cognition- Volume I. The Hague:

Martinus Nijhoff Publishers, 208-222.
Zurif, E.B. and Bryden, M.P. (1969). Familial handedness and left-right

differences in auditory and visual perception. Neuropsychologia, 7,
179-187.

Yo

e
w
P

¥y _ 8 r v
AL PR

> Pl

et

,l"'

oy

VA o
4
25
>

&

»

~d

e W

v .
g
. -€

- e

e
o = &

e
e T )

»
. i e o T A

1

S %

LI}

L3 .'l
el ulh
A

(SN

)

o

«
)
Pl

»
>
P

Y

2

4l

f‘ LR s
s
P

-----------------------




Vil #% avr o o

Y

DN P L A o

DEFINING THE ISSUES

R T A D R T e A (A D A A




{ SRS
' 18 ot ate
A !ﬁ'
.
)
N
\
s
a2 :
[ ]
o
v it
HEHGE
INDIVIDUAL DIFFERENCES IN HEMISPHERIC SPECIALIZATION: SOURCES AND :::é\
o
MEASUREMENT 250
. 04
A
S.J.Segalowitz, Ph.D. '-E:ﬁ’
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INTRODUCTION .-;:j:.;
:.;-\.- o
When we focus on individual differences i{n hemispheric specialization, e
we usually design our experiments to detect these differences as group ,‘!.'-'."w':.ﬁ
effects. For example, we may include factors such as those listed in Table -.,._..,-P
1 in any particular study, and, of course, the list can be expanded at will. ‘;,,:..:r:.
Although the factors must, for reasons of statistical analysis, be applied :«.*'_-.';-[
to groups of subjects, we often study them not because we are interested in . '; t"'—.
groups of left handers, or schizophrenics, etc. per se, but rather because ;"“‘“
: we want to make a statement about individuals. The individuals within the G i\
L group are assumed (or hoped) to be alike on all other variables important ‘_\-;-,_;\
i for brain lateralization. For practical purposes, this is impossible since ,-:_.‘\-,:
? it would be impossible to form a group of subjects representing each ::\js.f_\
§ intersection of all the factors listed. There are probably also sources of SRS
individual variation in lateralization tests that are beyond any divisions :“"‘ '
we have managed to make so far. With this perspective, each individual is sy,
seen to be & group unto himself to some extent. An intensive case study of NIy
the individual, although possible, and laudable (Dywan & Segalowitz, in -.r"-C‘,
press), would not satisfy our curiosity about the factors under examination ﬁw '
(cf. Caramazza, 1986). We must remain with the traditional group paradigm, h.f; ,
but we are left in the traditional, awkward position of having to accept the ; e
individual variation in lateralization not controlled for in our study as Ty
error variance. Thus, if we measured cerebral specialization in a fully
crossed paradigm for the first three factors listed in Table 1, the others
would add error variance. In this chapter, I outline some of these sources
of uncontrolled variation and discuss a paradigm that allows us to measure
it and separate such variation from the error variance measure.
SOURCES OF VARIANCE IN A LATERALITY TEST
There are at least five factors that contribute variance to
lateralization scores. Some of these factors are relatively easy to
incorporate into a research design and therefore to control. Others are
less amenable to experimental control and yet are documented adequately to
be a source of concern. The issue here is that whatever adds variance to
the scores obtained on s test of lateralization is of concern, whether or
not the particular factor relates to hemispheric specialization.
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Table 1. A list of variables that researchers have suggested influence the
asymmetry shown on various tests of hemisphere specialization.

HANDEDNESS
SEX
FAMILIAL SINISTRALITY
SCHIZOPHRENIA
DEPRESSION
ANXIETY
FATIGUE
AGE
SMOKING
INTROVERSION/EXTRAVERSION

1. Functional Asymmetries Common to the Group

The individual differences commonly associated with variarion in brain
lateralization are those due to handedness and sex. There is clear evidence
that whereas right handers have speech representation in the left hemisphere
to an overwhelming degree, left handers present a different distribution
(Segalowitz & Bryden, 1983). For example, Rasmussen & Milner (1977) present
data from Wada testing that illustrate the most commonly-held view: that
whereas at least 967 of right handers are left-dominant for speech, only 702
of left handers are clearly so, with the remainder evenly split between
right-dominant subjects and those bilaterally represented for speech.
Similar group differences have been documented for behavioural tasks with
normals, repeatedly (Zurif & Bryden, 1969; McKeever, VanDeventer & Suberi,
1973; Bryden, 1965). The issue of familial left-handedness is clear. Some
claim that 1f a subject has left handedness in the family, then that subject
is more likely to be bilaterally or right dominant for speech (Hannay &
Malone, 1976; Varney & Benton, 1975). Others do not find this a robust
effect (Bradshaw, Nettleton & Taylor, 1981; Bradshaw & Nettleton, 1979).

Sex differences in speech dominance have also been repeatedly reported
(Lake & Bryden, 1976; Bradshaw, GCates & Nettleton, 1977; McKeever & Jackson,
1979). The common assertion is that males are more likely to be left
dominant for spee.h, and that females, like left-handers, are more likely to
show bilateral representation for language. The evidence is both clinical
(McGlone, 1980; Inglis & Lawson, 1981) and experimental (Bryden, 1979).

This picture is somewhat clouded by studies that have examined the factors
of handedness, familial sinistrality and sex together. Piazza (1980), for
example, found that whereas for men handedness and ear advantage on a verbal
dichotic listening task interact (left handers being less asymmetric), the
vomen showed no main effect or interaction. Women showed a significant
handedness by ear interaction on the environmental-sounds dichotic task,
wvhile men shoved no significant effects. A tachistoscopic face-recognition
task produced a triple interaction among the factors of visual field,
handedness and familial sinistrality, whereby only right handers with no
familial sinistrality showed the expected left visual-field advantage.

Thus, sex, modality, handedness and familial sinistrality interacted in this
study. The situation may very well be more complicated. It may be
necessary to include other factors in the equation such as the type of
language task being examined, e.g. expreesive versus receptive (Moore &
Haynes, 1980; Orsini, Lewis & Satz, 1985), or possibly the within-hemisphere
organization of language representation (Kimura, 1980). However, whatever
the factors, as long as they can be catalogued and the subjects identified,
they can be incorporated into the research design as a group factor.
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2. Individual Differences in Neuropsychological Organization Beyond the

Group Pattern

There is always residual variation in lateralization even within a
supposedly homogenous group, e.g. of right-handed, non-schizophrenic,
university sge males without familial sinistrality., Could some of this
remaining variation in lateralization be in some part due to other
constitutional variables? There is good evidence that the temporal lobe
differs in size between the hemispheres, (Geschwind and Levitsky, 1968) as
indexed by the different directions of the curve of the Sylvian fissure
(Rubens, 1977). As well, however, there is considerable individuul
variation in this asymmetry and therefore in the shape and size of the
planum temporale, a key language area. Differences in dichotic listening
scores could be related to such anatomical variations.

A number of workers have suggested that the asymmetries in size between
the two hemispheres are an indicator of some gross functional differences in
language skills, specifically in dyslexia (Hier, Lemay, Rosenberger & Perlo,
1978; Galaburda & Kemper, 1979). Indeed, they suggest that this may be a
contributing fector to the synirome of dyslexia. If specific language
difficulties were related to this anatomical variation, we would expect that
a group of subjects that otherwise appears homogeneous with respect to
lateralization would on some measures (perhaps visual half-fieid reading
tasks) show considerable variation. Similarly, Witelson (1985; this volume)
has shown that hand preference differences correlate with size of the corpus
callosum. There is every reason to expect that dichotic listening
performance should be affected by such variation, especially since it is the
anterior section of the corpus callosum that especially shows the effect.

There very well may be other constitutional factors that affect
performance on lateralization tasks, factors that we may not be aware of
yet. Ojemann and his colleagues (1983) have presented such evidence from
their brain stimulation work in clinical patients. The specific posterior
areas that when stimulated lead to language disruption vary considerably,
although there 1s good consistency on the anterior area. Even within a
bilingual individual, each language can be disrupted by stimulation to
different areas.

3. Lateral Attentional Biasec not related to Hemispheric Specialization

Individual subjects may have attentional biases that predispose them to
respond more to stimuli on one side of their personal space. The source of
this bias could be due to central or peripheral factors, including some that
would be classified as dysfunctions. For example, there may be central
dysfunctions that promote some form of hemispatial neglect that is not
clinically serious but that can influence the result of any auditory or
visual vigilance task. Also possible are peripheral dysfunctions that could
be reflected in poorer visual acuity scores for one visual field or poorer
hearing in one ear. Although normal subjects are usually screened for such
factors, the procedure is usually relatively informal and often consists of
self-reports. It is entirely possible that the subject is unaware of the
slight perceptual asymmetry since 1t is only of interest in laboratory
tests. One general instance of such lateral biases is related to hand
preference. Bryden (1978) has pointed out that right handers have a
grester right ear advantage on a dichotic listening task compared with left
handers independent of the side of the speech dominance as assessed by Wada
testing. We do not know whether or not this is a generalized directional
bias that supersedes modality or is specific to listening tasks. The
modality of testing may be critical and hearing, vision and motor
asymmetries may not be consistent within individual subjects (Porac, Coren &

Duncan, 1980).
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4. Individual Differences in Hemispheric Activation

Just as the item above concerned some generalized perceptual bias
because of some factor not related to hemispheric specialization
specifically, it is also possible, though more controversial, that
individuals may differ in asymmetric hemisphere activation. Asymmetries of
activation are presumed to be present whenever the subject engages in some
behaviour that requires the processes of one hemisphere more than the other
(Galin & Ornstein, 1972; Ornstein, Johnstone, Herron & Swencionis, 1980;
Moore, 1979; Moore & Haynes, 1980). 1t is also possible that because of
structural asymmetries (including minor damage), individuals may differ in
how relativcly active each hemisphere is. This source of differences has
not to my knowledge been documented, although one would suppose that frank
asymcetric damage would affect the EZG output (cf. Heilman, 1979). It 1is
clear, howvever, that within a group of subjects with left hemisphere speech,
there is a wide variation of hemisphere activation (as reflected in
asynmetric EEG alpha) across subjects performing a verbal task (Butler &
Glass, 1976; this volunme).

TR

More controversial i{s the notion that some individuals habitually have
asymmetric activation due to specific cognitive styles (Ornstein, 1972) or
personality traits (Tyler & Tucker, 1982; Smokler & Shevrin, 1979). The
suggestion 1s that while verbally oriented individuals and visuospatially
oriented people are structurally similarly lateralized for speech as long as
they have the same handedness characteristics, one group will have come to
the testing situation with a heightened level of left hemisphere activation
compared to the right, and the other group will have the opposite pattern.
This difference may predispose them to utilize differing strategies on the
; lateralization task, even on tasks where we try to control the task
t requirements. Of course, there is no clear cause-and-effect relationship
l here: the choice  f strategy may produce the asymmetric activation rather

than any constitutional factor predisposing the subject towards one or the
other. An example of this "hemisphericity" is 1llustrated in Levy, Heller,
Banich & Burton (1983), who show that differences in VHF asymmetry can be
attributed to strategy differences.

The strong hemisphericity hypothesis implies a long term effect: that
subjects have a long-lasting activation asymmetry, e.g. that some people are
chronically more verbal than others. It is also possible that any such
predisposition is temporary and may even be confined to the testing
situation. For example, some subjects may react to being in a psychology
experiment by an increase in tension with, for some subjects, a concomitant
increase in verbal mediastion, while in other subjects there may be a
decrease of the same proceses. The result would be a sariation in
lateralization scores that would look like an sttentional bias that is not
stimulus-gpecific. This effect would be hard to uncorfound from the type
of factor outlined in (3) above. For example, Levine, Banich and Koch-Weser
(1984) found that the degree of asymmetry that subjects show in recognizing
items that do not produce a VHF advantage among right handers (line drawings
of chairs) generally correlates significantly with the degree of VHF
! advantage shown on lateralized tasks (e.g. recognising faces). This means
] that whatever predisposes a subject to recognize more information in one
b

RO s so . o
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visual field on one task beyond the hemisphere-specific processing
requirements generalizes to other tasks. They interpreted these results as
indicating that subjects vary in their hemisphericity, i.e. asymmetry of

! activation. It could equally be the case that the stable asymmetry is due
to lateral biases from other more peripheral sources including visual

! asymmetries.
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Since there is a continual fluctuation in attention from internal and
external factors during eny vigilance task, and most lateralization tasks
involve such demanding processes, there will always be some variation 1i the
performance of any individual, even {f the individual s tested repeatedly.
This, of course, leads to a certain degree of variance unaccounted for -
error variance - and adds to the unreliability of the tests (Segalowitz, in

.?.
>
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5
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press). [
Ry
In most lateralization studies, factors 2, 3, and 4 are considered to r‘ﬂgﬁ,
be nuisances, and the experimenters hope that a large sample size will 5}Gﬁa !
reduce them, cancel them out and increase the relative strength of factor ! < .::
to get the desired result. Although it is true that many of these factors SN
will cancel themselves out given a large enough sample size, i.e. the
asynmetry deviation due to them averaged over the eantire group will be . }Q;
small, the variance they contribute is added to the error term. Not only ;:g:{
does this inflate the Type II error, that {s, the chances of not finding a Qyt':
significant effect when one is present, but masks what may be interesting ;ﬁ'nﬁ\
facts sbout individual variation in hemispheric organization. The methods e
outlined here separate factor 1 from 2 and both from factors 3 and 4. Q‘F
oY
As an illustration of the difference between factors ] and 2 on the one :: ;':'
hand and factors 3 and 4 on the other, consider the following pair of A i{t;
subjects (Segalowitz & Orr, 198]; Segalowitz, 1983): Subject J showed right f:¢$
visual field advantages on both a verbal and on a spatial visual half-field :b? N
task consistently over 6 test sessions on different days. Subject L showed ‘
a consistent LVF advantage. They both showed the expected trend for right ' C?(f#:
handers: the verbal task producing a relatively higher RVF score, the :*:#:#
| spatial task a greater LVF score (see Figure 1). Thus, one could conclude g
. that their pattern of hemispheric specialization is the same and coanforms to ﬁ:;’:ﬁ
the common one for right handers: LH dominance for verbal functions and RH Qyﬁﬁ}
dominance for visuospatial functions. This {llustrates factors | and 2.
The widely differing absolute scores, however, illustrate factors 3 and &: PSSy
! whatever the pattern of hemispheric specialization, these subjects have VHF Fb*«ﬁ\o
i biases. The consistency of these VHF biases suggests we are not dealing Z;E:¥‘
j N
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Fig. 1. VHF asymmetry scores for two subjects tested 6 times each over a :ujxjuﬁ
3 veek period. The asymmetry score, lambda, is a ratio score, where -:d:{}g
positive values indicate a RVF advantage and negative scores a IVF ® [
advantage. Lambda 1s independent of total accuracy (see Bryden & Sprott, qp‘jfj
1981). CVC stimulil are clcckface times balanced for left/right asyametries. \qstuﬁ
The clockfaces have no digits on them. (Reproduced from Segalowitz & Orr, E}Q?\?
1981). :\::\$\$
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CEREBRAL LATERALITY: RUBE GOLDBERG AT THE BAUHAUS?

John C. Marshall

Neuropsychology Unit,
The Radcliffe Infirmary,
Oxford, 0X2 6HE, U.K.

INTRODUCTION

What could be simpler than a dichotomy? A whole, obviously. Or as
Pierre Flourens put 1it, quoting Rene Descartes and attacking Franz-Joseph

Gall:

"I remark here ... that there is a great difference
between the mind and the body, in that the body is,
by its nature, always divisible, and the mind wholly
indi{visible. For, in fact, when 1 contemplate it -
that is, when I contemplate my own self - and consider
myself as a thing that thinks, I cannot discover in
myself any parts, but that I clearly know that I am
a thing absolutely one and complete" (Young, 1970, p.72).

0 happy days! Today, of course, wholes are out. Even the most committed of
dualists (e.g. Eccles, 1985) know that the brain is the organ of mind, and
that the brain, like it or not, is not a unitary organ, either anatomically,
physiologically, or functionally. For Eccles, the immaterial will can act
only via the supplementary motor area, not via the occipital lobes, for

example.
The brain may be unified, in much the same sense that the (rest of the)
body (or an automobile) is unified ...but “unified” does not mean “having no
parts” (in Descartes” sense). As one of Descartes” followers, La Forge,
elegantly phrased the matter: a machine i{s '"a body composed of several
organic parts which being united conspire to produce certain movements of
which they would be incapable 1f separate" (Marshall, 1980, p.172). Thus, n o
to pick an example at random, two separate hemispheres (with eyes closed) :¢;¢;ﬁ
are incapable of making the movement "pen'" when a pen is held in the left h’uini
hand, an enterprise that occasions no difficulty when the neocommissures are ié:i:
intart (Bogen, 1985a). But long before such experiments were performed, the b}}ﬁ}ﬁ
anatnonmy of the brain had convinced many physicians, Hippocrates included, p
that the brain was more akin to the kidneys or the lungs than to the heart: %?:Iﬁa
AT
".e.. the human brain, as in the case of all other ﬁ;:?”]
animals, {s double'" (Chadwick and Mann, 1950, p.183). .::.:;::
aiadd

Yot the analogy with the other paired organs of the body could not have been
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exact e¢ven for the ancients. For Lokhorst (1982) has recently drawn 25
attention to a theory of hemispheric specialization that can be traced back
to the Greek physician Soranus in the fourth-century B.C.E.:

“eeso there are two brains in the head, one which gives
understanding, and another which provides sense perception.
That is to say, the one which is lying on the right side is
the one that perceives; with the left one, however, we
understand”" (Lokhorst, 1982, p. 34).

Needless to say, Soranus” theory has no parallel in accounts of the
functioning of the kidneys. As far as I know, no-one has ever hypothesized
that the left kidney had different functions from the right. The position
taken by Soranus will, however, enable us to see why the further evidence
for cerebral laterality, derived in the first place from study of the
effects of unilateral cerebral lesions, does not unequivocally lead one to
suppose that the mind-brain is dual (Benson and Zaidel, 1985). The relevant
question is now: What’s so special about two? And, pertinently enough,
there are even two versions of what I shall call the duality hypothesis. In
an exceptionally clear account of “the dual brai{n” Bogen (1985b)

cognitive deficits subsequent to unilateral right hemisphere pathology led

distinguishes between hemispheric specialization and cerebral duality. .’
7
The first notion, hemispheric specialization, refers to the (putative) ﬁ:,
fact that the functional capacities of the left and the right brains are ':)
different (either quantitatively or qualitatively); the second, cerebrai -~
duality, i{mplies that "each hemisphere can function to a significant extent jf»
independently of the other" (Bogen, 1985b, p.28), perhaps indeed to such an |
extent that we might be prepared to credit one (normal) person with two LS
minds (Wigan, 1844). Phrased in this fashion one can immediately see that :ft'
both hypotheses could, in point of logic, be true (or false), or, more AL
i1terestingly, that either one could be true with the other one false. What ff:
seems to be critical is that the two hypotheses should not be conflated when i?
their empirical adequacy 1is assessed. (]
q'- -
HEMISPHERIC SPECIALIZATION :?'
The number two undoubtedly has a special affinity for :;.
neuropsychologists. Throughout the nineteenth century, physicians and jix’
philosophers attempted to describe the functioning of the cerebral »
hemispheres by such polar contrasts as intelligence/emotion, reason/madness, FL\
male/female, and objective/subjective. (In each pair, the left hemisphere 535
characterization 1s given first). Harrington (1985) provides a masterly :x:
survey of these dichotomies and the “evidence” that was held to support (:{
them, Yet when one comes to the “modern” work that supports our own central ’n
dogma of “complementary hemispheric specialization” (Geschwind and ]
Galaburda, 1984), one does not find Broca’s children attempting to locate ?““:;3
the faculties of reason and objectivity or madness and subjectivity (not 5?
even understanding and sensation qua Soranus) in one hemisphere or the ut
other. >
W
Rather, Broca (1965) argued that one aspect of the language faculty was » (
(usually) localized in the third frontal convolution of the left hemisphere; 3yif¢A
: that component was '"the memory ~f the procedure that is employed to Jﬁ};\j
1 articulate language'. And likewise for other (relatively) specific domains: el
‘ language comprehension (Wernicke, 1874), and skilled praxis (Liepmann, 'Aﬁs}.
1908), for example. The association of deficits in these areas - expressive flﬁk:
and receptive aphasia, ideomotor and ideational apraxia - with left P !
hemisphere pathology contrasted with the apparent lack of any striking Sgii?s
(SIS
N

s W g

directly to the first modern conceptualization of hemispheric }_.;
specialization: namely, that their relationship was that of master and :i:f}g
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slave. On this arcount, the left hemisphere was the source of all higher
mental functions; when bilateral action or unilateral action of the left )

L tog ' tat .00 1‘""“"'\““'\'J"U"""““"““w“w'\““r‘““““““"“""m'W 2 3 :qlg E
.
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side of the body was required, it was the left hemisphere that determined n;:\_..h
the course of action and instructed the right hemisphere (as a purely ...b:.,-
executive organ) to act appropriately. Hemispheric specialization yes, "\::\"'
cerebrat duality no, for the right hemisphere as a truly passive, fully ;:.r*
obedient slave clearly had “no mind of its own”. b
This picture, of course, changed dramatically upon the rediscovery and t‘;'\
extension (Poetzl, 1928; McFie, Piercy, and Zangwill, 1950) of John N \
Hughlings Jackson’s work. Jackson (1876) had reported that a patient with a :'ﬁ
large right temporal glioma (and smaller growths in the right hippocampal
region) could no longer find her way in familiar surroundings and had great ,,
difficulty with the spatial component of dressing herself. These findings )
led Jackson to propose that posterior areas of the right hemisphere were .:J’.'.f y
"the seat of visual ideation". The right hemisphere now had a RIS
specialization of its own., Jackson had also observed that even in cases of -::e::)‘_
very severe aphasia (consequent upon left hemisphere damage) some language ,’.-—.j',-:.
ability was usually retained. In particular, overlearned, “automatic”, and o
emotional speech (including obscenity and blasphemy) was spared. ,'"
Accordingly, Jackson suggested that the lef: hemisphere was "leading" for oALN
language and the right "more automatic" whereas the relationship was E.Q.-‘-
reversed for visuo-spatial cognition. Thus was the notion of “complementa-y 3;«.‘;&
hemispheric specialization’ born. e
The question now become: In the light of subsequent research into the P
effects of unilateral and bilateral brain injury, does this dichotomy indeed N
serve to unify the respective functional specializations of the hemispheres? '_'j.,:.\
e
Certainly, the generalization has some force. Most, if not all, “core” -’2/‘
linguistic functions are left-lateralized in the vast majority of (right- i:“',;
handed) adults. The gross impairments of sentence structure, word finding, ,"A' ‘
segmental phonology, and language comprehension seen after unilateral damage My
to the perisylvian region of the left-hemisphere are not (usually) found C:'-,.
after comparable insult to the right, It would seem that the relevant :‘_'f:':,
generalization must refer to an “abstract” characterization of linguistic \i‘-_‘-’.\
form (grammar) rather than to a modality-specific form of speech processing .‘;f"&:
(i.e. suditory-vocal language). Thus the primary disorders of reading, A
writing and spelling are consequent upon left-hemisphere damage (Patterson, IJ{:}:}
Marshall and Coltheart, 1985). Likewise, aphasic disorders of sign :S"i“
languages (i.e. languages that have no surface features in common with 2%y
auditory-vocal languages) are found after left-hemisphere injury, despite {::',\.
the fact that sign-languages are executed in three-dimensional space and . ;’:
perceived visually (Damasio, Bellugi, Damasio, Poizner, and Van Gilder, T
1986; Marshall, 1986). One could summarize these latter findings by saying ::;-.',.—.
that where there is conflict betwean characterizing the “representational :f:‘_-ﬁ:,)
) domain” for which a hemisphere is specialized and the modality in which the BASAY
! domain 1s expressed, then the representational domain takes (biological) :;‘t
precedence. ;';‘vl'_' .
With respect to the specialization of the right hemisphere, Jackson’s :._.
conjecture has received impressive confirmation for some tasks. There are a n::-":',""
variety of visuo-spatial skills, including spatial orientation, learning and :::
memory that seem to be preferentially impaired by unilateral right lesions. js"-:_f
These include the ability to mentally rotate shapes (Ratcliff, 1979); the :&:&

learning of routes through a visually-guided maze (Ratcliff and Newrouwmbe,
1973); and wemory for topographical locales and routes, when these cannot be
verbally mediated (Whitty and Newcombe, 1973; Whiteley and Warrington, 1978;
Hecaen, Tzortzis and Rondot, 1980; Landis, Cummings, Benson and Palmer,

1986).
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There is also evidence that the fine discrimination of differenceg
between visually-similar forms i{s maximally impaired by right hemisphere
lesion (Warrington and James, 1967; Orgass, Poeck, Kerschensteiner and
Hartje, 1972). Very substantial deficits in visuo-perceptual tasks that
require gestalt integration, as in so-called “closure” tests, are also found
after right- but not left-sided injury (Ke.schensteiner, Hartje, Orgass, and
Poeck, 1972; Wasserstein, Zappulla, Rosen and Gerstman, 1984; Newcombe,
Ratcliff and Damasio, 1986).

The problem, however, is that whilst the generalizations “language is a
left-hemisphere function” and “visuo-spatial cognition is a right-hemisphere
function” are good summaries they are far from perfect in encapsulating the
entire range f lateralized deficits. A few examples will suffice to
indicate the failures.

Some language skills are preferentially impaired after right-hemisphere
dazage. The expression and comprehension of prosody, both in the service of
grammatical and affective functions (Weintraub, Mesulam and Kramer, 1981;
Roberts, Kinsella and Wales, 1981; Ross, 1983) is perhaps the most striking
example. This suggests a relationship between (some aspects of) language
and music., Thus singing can be relatively well-preserved in cases of severe
Broca“s aphasia (Yamadori, Osumi, Masuhara and Okubo, 1977; see also Gordon
and Bogen, 1974). There is also well-known evidence that the right temporal
lobe 1is preferentially involved in the discrimination and recognition of
timbre and melodic patterning (Milner, 1962; Zatorre, 1985). Musical
abilities can be retained at a high level despite severe aphasia consequent
upon left-hemisphere damage (Assal, 1973; Luria, Tsvetkova and Futer, 1965).
By contrast, severe disorders of musicel execution are found after
unilateral right-hemisphere damage (Damasio and Damasio, 1977; McFarland
and Fortin, 1982).

Many disorders of arithmetic knowledge and skill, disorders that are
not secondary to either visuo-spatial impairment or aphasia, are
preferentially associated with left posterior damage (Grafman, Passafiume,
Faglioni and Boller, 1982; Warrington, 1982; see also McCloskey, Caramazza
and Basili, 1985).

Some disorders of visuo-perceptual functioning, detecting the hidden
figure, for exampie, in Gottschaldt’s Embedded Figures Test have been found,
contrary to expectation, only in left-hemisphere patients with aphasia
(Orgass, Poeck, Kerschensteiner and Hartje, 1972). The capacity to
generate and utilize visual imagery is usually thought of as a right-
hemisphere skill. Yet recent reviews and studies provide little support for
this position (Ehrlichman and Barrett, 1983). It rather seems to be the
case that the generation of mental images at least is dependent upon the
integrity of left posterior cortex (Farah, 1984).

Other visuo-perceptual and visuo-spatial disorders are seen only with
bilateral damage. Examples include the visual agnosias (Davidoff and
Wilson, 1985) and locomotor map-following deficit (Ratcliff and Newcombe,

1973). Frank clinical prosopagnosia is usually dependent upon bilateral OGO,

lesions (Damasio, Damasio and Van Hoesen, 1982), although there is sone :nﬁ}lﬁ

recent evidence that the condition may be provoked by unilateral right :{:{:i

posterior damage (Landis, Cummings, Christen, Bogen and Imhof, 1986; De e

Renzi, 1986). e
]

Kurt Schwitters meets Le Corbusier !$E?4

A

What price, then, hemispheric specialization? .t is not in dispute §\$;:

that unilateral lesions of one hemisphere often provoke cognitive ?:*: .

impairments that are qualitatively distinct from those provoked by lesion of ;};521
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the other hemisphere. But ... the notion of complementary hemispheric
specializaton qua over-riding dichotcay surely implies that there is a
unitary characterization of the left hemisphere’s intrinsic competence such
that all the superficially different 1-anifestations of that coampetence fall
under a deeper theoretical generalization. And likewise for the surface
manifestations of right hemisphere competence. In short, the hypothesis is
that the (anatomically) dual brain was designed (by Le Corbusier?) as an
organized biological structure wherein cognitive functions could rationally
co-habit: Similar functions should inhabiz adjacent territory; mechanisms
whose operations call upon the output of other mechaniswms should likewi:ce be
neighbours. By contrast, radically different functions should be
geographically quite separate, independent mechanisms likewise.. And the
great divide, the Danube separating the (quasi-) independent cites of Buda
and Pest is the corpus callosum, Lashley’s exposition of the problem is
still classic:

"...separate localization of functions is determined by
the existence of diverse kinds of integrative mechanism
which cannot function in the same nerve field without
interference. (...) If temporal order is determined by
space factors in the nervous system, the fields in which
this type of organization is dominant cannot also serve
other space systems. There is thus some reason to believe
that the utilization of the spatial arrangement of
excitations in the timing functions determines an
additional group of isolated cerebral areas’

(Lashley, 1937).

But what do we actually find? The left hemisphere seems to be
preferentially specialized for: “Core” language functions; skilled praxis;
some aspects of arithmetic and calculation; some aspects of visual
detection, face and object recognition, route-finding, spatial attention and
visual imagery; and some aspects of autobiographical memory. The right
seems preferentially specialized for “core” components of topographical
learning and memory; some aspects of spatial attention and computation, face
and object recognition; prosodic aspects of speech perception and
production; (many) aspects of music; and some aspects of autobiographical
memory! What then is the generalization that would make one recognize the
validity of hemispheric specialization over and above the unquestioned facts
of focal specialization between and within hemispheres?

The “design” looks as 1if it were put together by Kurt Schwitters. Or
Rube Goldberg, as Gould {1977) suggests: "... the structures evolved ... are
jerry-built out of available parts used by ancestors for other purposes'.
During the course of the last thirty years or so, many theoreticians
dissatisfied with the language/visuo-spatial skills dichotomy have attempted
to unify each hemisphere under a variety of more “abstract” labels. These
‘new” dichotomies (which have the flavour of their nineteenth century great-
grandparents) include: Analytic/Holistic; Serial/Parallel; Focal/Diffuse;
Temporal/Spatial; High (spatial) frequency/Low frequency. Yet there is as

little evidence that these categories will suffice as there was for the MY
generalization of Soranus (see Marshall, 1981). Their primary vice, as ?:N$\}4
currently stated, is vagueness: their application to data-bases thus permits .?ﬁ}:i:
unconstrained, post-hoc, “strategic” fudges that allow almost any pattern of :;xixéq
results to fall under whatever label the theoretician chooses. ;'"'\‘]
ey

CONCLUSIONS RS20
oA

To repeat: 1 am not denying that there are (important) differences -:xﬁufﬁ
between the functions of the hemispheres. Neither am I denying that the Eii;is
human brain/mind manifests at least duality (Bogen, 1985b). As Bogen notes, ;‘-\ ‘
i, 1 )
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2 2
the evidence from hemispherectomy and commissurotomy shows that one RACHLe
hemisphere can function with minimal dependence upon (cortical areas of) the ? .
other. My point 1s solely that the number two may well be too small. &: N
Franz-Joseph Gall postulated forty-eight (quasi-) independent cortical :$,, ?v
crgans that serve human cognition; each organ in his theoretical account :)'-.:b'
dealt with a different representational domain and drew upon its own \:;\::
resources of memory, attention, and volition (Marshall, 1984). And within bak
the human population, Gall asserted, there are substantial individual e.'w,
differences in the functional efficiency and correlated (anatomical) size of .:-"4-'::
these organs. I hold no brief for the claim that bigger means better, nor j.\"_;.:f\
for the number forty-eight. I do, however, suspect that forty-eight is :-r:'.-f:-'-"
closer to the truth than 1s two. ' - "t}
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IMPLICATIONS OF THE RIGHT SHIFT THEORY OF HANDEDNESS FOR INDIVIDUAL

DIFFERENCES IN HEMISPHERE SPECIALISATION

Marian Annett

Department of Applied Social Studies,
Coventry (Lanchester) Polytechnic,
Coventry, UK

Two main approaches to problems of individual differences in hemisphere
specialisation are to be found in the literature. The first is avoidance:
subjects are restricted to fully right-handed males, with no known left-
handed relatives. It is assumed that such subjects are likely to be
homogeneous for the typical pattern of cerebral specialisation. The second
approach {s to compare subjects for personal hand preference, or for tLhe
presence of left-handed relatives, usually taking care to treat the sexes
separately, in the expectation that these variables will be associated with
differing patterns of cerebral specialisation. The right shift (RS) theory
of handedness (Annett, 1972) suggests that the homogeneity of subjects in
the first approach, and the discriminating power of variables in the second
approach, are overestimated. Some of the challenges of the RS theory were
evident from its initial formulation, and others have been discovered in
subsequent explorations of its implications. A brief review of the
development of the theory was givan by Annett (1981) and a full review by
Annett (1985). This paper summarises implications of the theory for
individual differences, giving first an cverview, and then a selective
review of evidence for the main assumpticns,

Overview of implications of the right shift theory for individual
differences

The RS theory grew from an analysis of hand preference and hand skill,
but it led to a new way of thinking about hemisphere specialisation. The
theory suggests that individual differences in brain specialisation depend
first on chance and, secondly, on the presence or absence of a gene (rs+),
and wvhether the gene is carried in single or double dose (rs--, rs+, and
rs++ genotypes). The gene 1s hypothesised to give to the left cerebral
hemisphere in early life a relative advantage that promotes the development
of speech control from that side. The human species bias to right hand
preference is a by-product of the gene promoting left hemisphere speech.

In the rs--, there are no systematic biases to either side, but only
chance biases for hemisphere lateralisation and also for handedness, and
these chances are independent of cach other. About 50X of the rs-- have
right hemisphere speech and about 507 left hemisphere speech; some small
unknown proportion may be classifiable as bilateral speakecrs. On objective
measures of hand skill 50% of the rs-- are expected to be faster with the
left hand and 50 faster with the right hand, but in many cases, the
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difference between the hands is so trivial that either hand could easily
acquire the ability to perform skilled actifons. Cultural pressurec ensure
that the majority of rs-- are right-handed. This leads to the !‘._.plication
that the majority of right brained speakers are right-handed.

In the rs+ and rs++, the presence of the gene is sufficient, in normal
development, to ensure that speech will be controlled from the left side of
the brain. Anything that slows or distorts the normal developmental pattern
may hinder the expression of the gene, and lateral bjiases for hand and brain
are expected to diminish, reverting toward chance levels. The relative
advantage {mparted to the left hemisphere by the gene is sufficient to
increase the probability of right-handedness, but it does not determine
dextrality. Some rs+ and rs++ genotypes are likely to develop left-
handedness. Mixed handedness may develop in all genotypes. These
relationships imply that there can be no strong associations between
asynmetries of hand and brain; there can only be changes in relative
probabilities. The chances of right brainedness for speech are certainly
higher in left-handers than right-handers, but never higher than the
theoretical maximum of 50%; the level of right brainedness predicted in
left- and right-handers varies with criteria of hand preference, so there
are no specific values that are true of all studies.

Sex and twinning influence the expression of the rs+ gene. The
incidence of right-handedness is higher and the rate of speech acquisition
faster in females than males and in the singleborn than in twins. These
variables are also correlated with relative maturity at birth. This
suggests that the gene works by modulating the relative growth of the left
and right cerebral hemispheres in late fetal life. Left hemisphere
specialisation for speech is likely to be stronger in early than late
maturers, at least in the neonatal period, and possibly later (Netley and
Rovet, 1983, Waber, 1976).

In addition to leading to a re-evaluation of the role of variables well
established in the laterality literature, the RS theory leads to new fields
of exploration in individual differences. It suggests that variability at
the dextral side of the laterality continuum may be at least as important as
at the sinistral side. There is considerable evidence that the rs+ gene has
disadvantages as well as advantages, and that the genotype frequencies are
stable in the population in relationships that can be described as a
balanced polymorphism with heterozygote advantage. If the rs+ genotype is
the most favoured, it is very probable that undergraduates in higher
education are not representative of the general population for cerebral
laterality. This would imply that studies based on undergraduates are
sanpling a restricted range of individual differences in hemisphere
specialisation.

Why right shift ?

The right shift analysis depended on a coordination of three sets of
data, hand preference in humans, hand and paw preferences in non~humans and
the distribution of left minus right (L-R) hand skill. During the 1960s
data were collected on hand preferences, by observation and by
questionnaire, from several large samples of college students,
schoolchildren and service recruits, who took part in class groups where
there was little scope for volunteer effects. These samples were highly
consistent when subjects were classified as pure left-, mixed- and pure
right- handers. (‘Pure’ means no preference for the other hand for auy of
12 {tems, and ‘mixed’ means a definite preference for the other hand for at
least one item. Reports of ‘either’ hand preference were not counted as
evidence of non-dextrality). Percentages in 7 large samples werc about &,
30, 662, (ranges 2-5, 25-37, 58-71%) left-, mixed- and right-handers

o




respectively (Annett, 1967).

Studies of hand and paw usage in other species suggested that if non-
humans mammals, including primates, were classified on the criteria used
above for humans, the corresponding percentages would be about 25, 50, 25Z.
The proportions for both humans and for non-humans posed a special puzzle
because they fitted certain expectations of my first theory of the genetics
of handedness (Annett, 1964) but other evidence showed that the first theory

was wrong (Annett, 1967).

Measurements were made, also during the 1960s, of the skill of each
hand on a peg moving task in schoolchildren and undergraduates. When L-R
differences were plotted fcr large samples, it was evident that the
distribution is continuous and takes a form approximating a normal curve.
That there is a systematic relationship between degrees of hand preference
and degrees of L-R skill was also clear for several years, (Annett, 1970a;

1970b; 1976).

The RS solution was discovered when I asked what areas, under the
normal curve of L-R differences, would be required to represent the
frequencies of L, M, and R handedness observed. In Figure 1, each L, M and
R represents one per cent under the normal curve. The curve to the left
gives the proportions expected for non-humans; the mean is at 0, or no
difference between the hands in skill. Close to the mean on either side, L~
R differences are small enough for the animal to develop mixed paw
preferences. At some critical value or threshold (about .67 SD) along the
continuum, the L-R difference will favour one hand or paw strongly enough
for the animal to d:velop a consistent preference for that side. Hence,
beyond the threshold .o each side, all animals are represented as L or R.

Ordinate o! normal curve
T

M
M
0 .67 8O

Left minus right hand time

Fig.] The proportions of left-(L), mixed- (M), and right- (R) handers
expected if hand preference depends on differences in L-R skill.
Each letter represents 1% under the normal curve. The thresholds
for consistent L or R handedness are about 0.67 SD from 0. The
curve with mean at O represents the distribution expected {n non-
human mammals; the curve with mean to the right of 0 represents the

human distribution.
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The key discovery cn which the RS theory 1s based depends on what 35
happens when the normal curve is moved slightly to the right, while all
other relationships remain constant. The proportion of consistent left-
handers falls, and also the proportion of mixed-handers, but in
relationships that are mutually concordant for areas under the normal curve.
The distribution for non-humans becomes the distribution for humans, given a
shift of the curve to the right, and no other change. This implies that the
thresholds required to represent the proportion of mixed-handed humans and
of mixed-handed non-humans are identical. We can say that there {s no
substantial difference between the distributions of humans and non-humans
except that the human curve is shifted such that the mean is to the right of
0, while the mean for non-humans is at O.

This consistency has been demonstrated again in dyslexic children
(Annett and Kilshaw, 1984). The proportions of pure left-handers and of
mixed-handers were elevated in conparison with controls, but they were
raiced to the mutually consistent extents expected if a normal curve were
shifted not quite so far to the right.

Figure 2 shows the observed L-R distributions for 617 males and 863
females. Both distribution; asre mu-e peaked and negatively skewed than
expected of a true normal ~urve oth are consistent with expectations for
the sum of 2 or 3 nmormal subdistvi' <ions, which might correspond to the
genotypes hypothesised to make up -he total population (Annett and Kilshaw,
1983).

R

¥
[

The fedale distribution is farther to the right than that of males, at
almost all points to the right of 0. A stronger dextral bias in females
than males has been found in all my samples, whether or not {ncidences of
left hand preference were higher in males. It is especially worth noting
that at the left side of the L - R continuum there are no sex differences.
Whatever causes sex differences affects the right, but not the left, side of
the distribution. This i{s just as expected 1f whatever causes the RS 1is
expressed more effectively in fezales than males, but in the absence of RS
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Fig.2 Observed L-R times on a peg moving cask of 617 males (solid line) and
863 females (hatched line), showing the proportions of subjects at
intervals of 2/10 s (from Annett and Kilshaw, 1983).
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there are no sex differences for laterality. This interpretation is
strengthened by the absence of sex differences in the children of two left-
handed parents (Annett, 1983).

The RS analysis requires only one systematic influence on laterality,
something which shifts the distribution to the right. There is nothing to
suggest a factor that gives a systematic bias to the left, nor is there
evidence for such a factor in the laterality literature. All claims to find
atypical bilases depend on very small nmumbers of cases where small biases to
one side or the other could be due to chance. However, the laterality
literature continues to search for the elusive essence of left-handedness.
McManus (1985) claimed to discover a left biased subgroup in my samples, as
represented in Figure 2. The claim applied to males only and seems to
depend on the lit:le dip in the curve at -1s. An ‘eyeball’ test is
sufficient to suggest that this is trivial.

Since making this analysis in the early 1970s, I have been exploring
its i{aplications for puzzles about laterality. If there is only one
systematic influence on human handedness, an influence that is not present
in our closest primate cousins, the most probable source of influence is
whatever biases the human left hemisnphere to serve speech. The RS theory
suggests that left hemisphere specialisation is the only specific factor
involved. All the rest can depend on chance.

The right shift as due to a bias to left hemisphere speech

The longstanding puzzles about the relations between left and right
hemisphere speech laterality and right- and left-handedness can be regarded
as substantially solved, if the RS analysis is accepted (Annett, 1975,
1985). Independent support for the main assumptions has been given in data
of Ratcliff, Dila, Taylor and Milner (1980). Patients identified by the
Wada technique as left, right, or bilateral speakers were examined for the
distribution of structural brain asymmetry, as shown in the angle of the
posterior branches of the middle cerebral artery, visualised on carotid
angicgrams. In patients with left hemisphere speech the distribution of
differences between the hemispheres was approximately normal and biased to
smaller angles on the left side. In patients with bilateral or right sided
speech, differences were also approximately normally distributed, but
clearly centred at L = R; 457 were recorded as left-handed.

The idea that among right hemisphere speakers, the majority should be
right-handed, not left-handed, follows from the very reasonable assumption
that among people without strong biases to either side for skill, the
majority will be persuaded by cultural pressures to use the right hand. The
idea looks paradoxical in the context of the usual approach to atypical
brsinedness, but analyses of data for dysphasics in large consecutive series
demonstrate that the expectation is fulfilled.

The widely held belief that left-handers are typically bilateral for
cerebral speech representation is without secure foundation. In some of the
major consecutive series of dysphasics compared for lesion laterality and
handedness (Gloning and Quatember, 1966; Hecaen and Ajuriaguerra, 1964;
Hecaen and Piercy, 1956) incidences of left-handedness for the total sample
were comparable with expectation for the left threshold in Figure 1l; for
dysphasics incidences were closer to expectation for the right threshold.
That {s, the belief that right hemisphere speech is unlikely to be found in
right-handers led to a shift of criterion of nomright handedness. The main
evidence for bilateral brainedness in left-handers ltas arisen from an
inflation of left-handers among dysphasics; there is no significant excess
of dysphasics among the left-handed, as the bilaterality argument demanded.
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The key question that needs to be asked, from the viewpoint of the RS
theory, is not how many right brained speakers there are in left-handers, or
how many in right-handers, but how many right brained speakers there are in
the total population, {rrespective of handedness. Using the combined data
of 4 series Annett (1975) estimated that 9.272 of the population are wholly
or partially right brained. Two checks on this estimate from other gources
confirm that this is about correct (Annett, 1985). This implies that about
1 in 11 of the population have right or bilateral speech representation, and
the majority of these individuals (perhaps 60-702) are right-handed writers.
If this is correct, the extent of individual variation of hemisphere
specialisation has been greatly underestimated in the general population and
in right-handers.

Why a genetic basis for the right shift?

The first support for the idea that the RS has a genetic basis came
from the absence of RS in families in which both parents are left-handed
(Annett, 1974). However, in families where parents reported significant
personal birth stress, or where parents showed abnormally slow right hand
peg moving times, (suggesting thet the parental sinistrality could be
pathological), the children were found to be strongly biased to the right-
hand. The importance of these observations was such as to make it worth
collecting a second sample, reported by Annett (1983). 1In the combined data
of two samples, there were 20 children in families where parental left-
handedness was judged possibly pathological. The L-R times of this subgroup
showed a RS as strong as in general samples, in spite of being reared by LxL
parents. In the remaining 95 children, there was a normal distributicn of
L-R times, with mean nonsignificantly to the right of 0, as expected if the
rs+ gene were absent in the majority of children. A simila- result was
obtained 1f families were differentiated, not on grounds of parental
pathology, but on the presence or absence of sinistral relatives of the
parents. These results complement the findings of an adoption study
(Carter-Saltzman, 1980) in showing that rearing by right- or left-handed
parents is not a major determinant of hand preference.

The second support for the genetic hypothesis came from the discovery
that the distribution for right- and left-handedness in families could be
predicted, when parameters of the model were taken from data for dysphasia.
The frequency of the rs-- genotype was inferred to be twice the incidence of
right brainedness as deduced in the consecutive series, mentioned above.

2(9.27) = 18.54

The incidence of the rs-- gene is then the square root of this figure (0.43)
and the incidence of the rst+ gene amust be

1 - 0.43 = 0.57

The other main parameter of the model required for genetic calculations
is the extent of RS; that {s, how far is the right-shifted distribution to
the right of the rs-- distribution? Estimates have been derived from data
for dysphasics and also from distributions of L-R times in normal samples.
The best estimates currently available are that for males, the mean of the
rs+ distribution is at ] standard deviation, and the mean of the rs++
distribution at 2 standard deviations to the right of the rs— mean (vhich
is 0 by definition). The shifts for females are expected to be slightly
larger than those for males. For twins of both sexes, shifts must be
smaller, to account for the slightly higher percentage of left handers among
twins than singletons, and for the distribution of RR, RL and LL pairs. The
same level of reduction is needed for monozygotic and for dizygotic pairs,
showing that the lesser bias is a function of twinning itself, not zygosity.

N

R R N T T e o LT 5 oaL m - . -~ L . - - P
\f\. - f\ _-\ \.r\‘-\‘. .- -. ‘. '\( ‘.-).:..: .\.’b'L"I WR R ‘:~ (A% S p\).\ )';.g\ . *.-\ \J'\.'.-".)"'.'f >

'y
o
I-

e
2,02
', o'oY

{'
s

'..".
el
2,
I.l 2

% Ty Yy
s'

i

“»

PP A
'\"'.'-‘.'.
P A AN A
b e ) ""..‘.'J
S 5000

'...\\\ss
A

F A A A A
&5

j.
1.

by

pYAT
e \::J
PN
."\". N



38
Given these assumptions, the theory predicts the distributions of handedness
observed in twins and in families, in all the major series of the

literature, published before and after the initial discovery (Annett, 1978;
1979; 1985).

The details of genetic calculations depend on estimates of gene
frequency, extent of shift, and on the incidences of left- or mixed-
handedness recorded in any sample. Incidences vary as threshold criteria
are more strict or more generous, and expectations for genotypes in families
vary with changing thresholds. The distributions in Table 1 should be taken
as an example that depends on the particular incidences reported by Ashton
(1982) and a particular set of assumptions as to parameters of the model as
discussed above. The example is given to illustrate the implications of
familial sinistrality for individual differences in hemisphere
specilalisation. Table 1A shows the distribution of the three genotypes in
the total population. Table 1B shows the distribution of genotypes in each
of the 4 types of family classified for parental handedness, (distinguishing
sex of parent who is left handed). The distribution is given for the whole
population (summing to 1). Table 1C gives the same analysis, expressed as
percentages within each family type.

Table 1. Genotypes in Families

Genotype proportions

rs + + rs + - rs = =

A. Total population 23242 4904 .1854
B. In families

R xR .3081 4016 .1309

L xR .0100 .0467 .0262

RxLl .0060 .0402 .0236

LxlLl .0002 .0020 0047
C. As percentage within families

R xR 37 48 15

L xR 12 47 31

RxlL 9 57 34

Lxl 3 28 69

Calculations are based on assumptions of the RS model as described in the
text, and on parental incidences reported by Ashton (1982) for left +
ambidextrous fathers (8.97%) and mothers (7.64%). In A the genotype
distribution is given as estimated for the total population. In B {t {s
given for each family type (father X mother) over the total population, and
in C as a percentage within each family type.
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{ the individual differences in hemisphere specialisation of interest
are taken to be right and bilateral speech, then on the RS theory these
occur as 50% of rs-- genotypes. Table 1B shows that the majority of all
rs-- in the population (some 702) occur in the families of RxR parents (in
the same way that the great majority of left-handers in the population occur
in this family type). Knowledge that one pavrent is left-handed raises the
probability of atypical hemisphere specialisation in the children, but this
is still expected in not more than about 1 in 6 cases. When both parents
are left handed, atypical cerebral speech is expected in about 1 in 3

children.

if individual differences in hemisphere specialisation are also to be
found in the rs++, as will be argued in the next section, it {s worth noting
in Table lc that the presence to a left-handed parent is associated with a
marked decrese in the frequency of this genotype. It may well be the case
that effects associated with familial sinistrality, in the laterality
literature, owe more to the fall in rs++ than to the rise in rs— genotypes.

The rs+ genotype 1s the most frequent in the total population. It is
also the most frequent in RxR, LxR and RxlL femilies. In LxL families the
s+ genotype is present in more than a quarter of children (given the
particular assumptions of these calculations). The main conclusion to be
drawn from Table ! is that knowing that someone has a left-handed parent
does not make much difference to the prcbability that the {ndividual will
have right hemisphere speech. Similar considerations would apply to the

presence of a left-handed sibling also.

A Balanced polymorphism for the rs+ gene

The most exciting idea to be prompted by the genotype frequencies
(Table 1A) follows from the observation that the heterozygote, rs+, 1is the
most frequent and about as high as possible (maximum 50%). This observation
suggests that the heterozygote is the most favourable genotype, and that the
rs-- and the rs++ both have disadvantages and advantages that are balanced

Vg

over the total population. Balanced polymorphisms are very numerous in " f
human genetics, and the majority are not fully understood, in the sense that ° J
the costs and benefits of the genes involved are unknown. Since first fwf}?%q
deducing the genotype frequencies (Annett, 1978), I have looked for evidence xﬁa;Cﬁ:
as to the costs and benefits of the rs+ gene, and some progress has been NI
made in understanding why the rs+ gene evolved but did not become universal ﬂj{:'ﬁ

e

in the population.

The rs+ gene probably evolved in early hominids who were already
developing speech capacities. Speech is a human species universal; it
develops in all but grossly abnormal individuals, whether the rs+ gene is
present or absent. It is hypothesized that the function of the rs+ gene 1{is
to expedite speech development by making speech production and speech
analysis occur on the same side of the brain. The infant corpus callosum is
too immature to be an efficient channel for coordinating feedback from the
mouth and the ear, 1f these two sorts of information are being analysed in
different hemispheres. Some asymmetry in cerebral development was
introduced by the gene to make one hemisphere, the left, more likely to
control epeech learning. The advantages of having speedy and clear speech,
in young, who are otherwise helpless and dependent on the goodwill of

adults, is sufficient to benefit those who carried the gene. e
_..’-.._:.:,-

Although the gene mechanism is unknown, 1 believe that we can be fairly ;:::
confident in the assumpticn that {t works through cerebral maturation rates N
in late fetal life. Anything that affects maturation in that period affects ;:{i{f
the expression of the gene. The fact that females are a little more mature °® it
?\f\’l;
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at birth than males is sufficient to account for their greater shift to the
right. The fact that the growth of twins is slowed to allow twvo fetuses to
be accommodated {n the womb could explain why handedness in twin pairs can
be fully predicted by the RS model, provided the extent of shift is reduced
in twins compared with the singleborn. Twins are well known to risk delayed
language growth in comparison with singletons (Mittler, 1971).

If the gene aids the development of speech, why is it not universal in
the population? 1In nature there are few benefits withciat costs. An
analysis of the actual peg moving times of left-handers, mixed-handers and
consistent right-handers led to the surprising hypothesis that the cost of
ensuring that speech control will develop in the left hemisphere is an
impairment of the right hemisphere (Annett, 1980; Kilshaw and Annett, 1983).

T —

B e

In the rs+-, who have crly one dose of the gene's effects, the right
hemisphere impairment is relatively mild. In the rs++, there is a danger of
significant handicap to right hemisphere function. Further research {is
planned to explore these possibilities.

What might this right hemisphere impairment by the rs+ gene entail?
There is evidence, I believe, for three sorts of handicap. First, the left
hand is weak, slow and not very useful for skilled tasks (Kilshaw and Annett,
1983). Second, there is impaired capacity for visuo-spatial and
mathematical thinking (Annett and Kilshaw, 1982). The rs++ are not likely
to be found among high level thinkers in any field requiring non-verbal
intellectual skills. Evidence of poorer spatial ability in undergraduates who
are strongly right-handed than in others has been found for both sexes
(Burnett, Lane and Dratt, 1982). Third, when one side of the brain {is
underfunctioning, there is some finite loss of total intellectual capacity.
The individual is likely to be less intelligent, not only in visuo-spatial
directions, but in verdbal ones also (Annett and Kilshaw, 1984).

Right hemisphere impairment would give disadvantages in visuo-spatial
skills and in activities where close cooperation between two sides of the
brain, and two sides of the body is required. Mathematicians use linguistic
symbols tc represent visuo-spatial relationships. In many sports, either or
both sides of the body must be able to react quickly. Surgeons must control
both hands very well, and must also envisage three-dimensional
relationships. Musical instruments may demand good control of both hands,
playing separately and together. The highest levels of human performance in
many skilled activities require freedom from the risks of the rs++ genotype.
The slightly raised incidences of left- and mixed-handedness in
mathematicians, sportspeople, surgeons and musicians is probably due to the
absance of the rs++ genotype (Annett and Kilshaw, 1982). A possible

[ -y - . ) ° 'Y .
AL GRS LS S R, CURRLGL

physical—iasis for the better coordination of the activities of the two
sides of the brain in those not strongly biased to right-handedness has been
found by Witelson (1985; and this volume).

It must be recognised that left-handedness, or a particular pattern of
hemisphere specialisation, are not causes of superior performance in any of
the above activities. Rather, the rs+ gene limits the level of possible
achievement. This is why the gene has not become universal, and why some
individuals must risk the problems of speech and language development
associated with its absence. With regard to the favourite subjects of the
laterality literature, students in higher education, what has this analysis
to say? It seems probable that undergraduates selected for higher education
are more likely to be of rs+ genotype than an unselected gvoup of the
general population. Hence, the generalisation of results obtained for
undergraduates must be questioned.

With regard to sex differences, it was said above that the rst+ gene is
expressed more effectively in females than males. This is contrary to the

S

Pe
ot
~

s ]
l'

7,
5%

Tofbad.
~a

*

“ o o A
N A
R
5%

R
-
h e P Th)

<@
1Y B
'—“ a
z

N SV
_:'i’ -.'?‘:’

[t o S )
&
N

o

1.

ﬁﬁ?
Rl

SN Y
XX
Col)

G

'~.
XX
4
YSASS
PEQPS” 2P S

gl

S,
o



41 Y, :“q"
hypothesis of cerebral bilaterality in females. However, I believe that the -
difficulties encounted by psychologists trying to demonstrate laterality NP Pt
effects in females (usually undergraduates) may arise because females, even :‘_\-_.‘\’ h
when heterozygote, are more likely to have an underfunctioning right :.:-':I
hemisphere than males. That is, they try to solve all problems verbally, as .‘-"'\,',..
suggested by Sherman (1978). The critical difference is not so much between O
a left-verbal and a right-nonverbal hemisphere, as between a better left and »
relatively poorer right hemisphere in females. These relationships do not JERTGLY,
occur only in females. They occur in rs++ males also, but such males are ;-‘.:.- W
probably infrequent among right-handed undergraduates. The analysis of ‘;,-s*\:
Inglis et al. (1982) is especially important ia ehowing that females tend to :“\vf
rely on the left hemisphere for both verbal and nonverbal functions. This -\*\,.
is not a function of sex as such, but of the stronger expression of the rs+ i
gene in females. The present analysis suggests that females who are re--, e
or rs+ with relatively weak expression of the rs+ gene, might be as good in :}_ﬁ:-"‘\
visuo-spatial and mathematical thinking as men. Their main problem could be :.:J';_,}_
that society does not expect them to be good, and opportunities for such r\::\ N
girls to develop in these directions are limited. :\'.,:
CONCLUS IONS !,- ¥R

NI
This chapter has summarised some key ideac about individual differences ::*::f:,'
in hemisphere specialisation, from the view point of the RS theory. The ~'-:'~',:‘¢
theory offers a new perspective on questions of human lateral asyammetry, ‘:':f; [
provided the reader is prepared to accept the cognitive restructuring ;"."'
required. Since the RS theory suggests that the main variable involved is PPy
chance, and all systematic effects have to be detected against a random x‘:-.::-.:
background, the number of subjects required for adequate tests of hypotheses :':1:::.:'\‘.
wmust be substantially larger than have been used in the typical laterality wAL
experiment. The theory suggests that there is more intrinsic variability in DO,
the typical right-hander than i{s usually recognised, and that the effect of » -
having sinistral tendencies in the subject or in relatives 1s smaller than o
wmight be hoped. The most exciting implicatiors of the theory arise from the Y
idea that human cerebral specialisation for speech is a human evolutionary -.::s._’,'-.'.’,
adaptation which has costs as well as benefits. When relationships are e
found between hand preferences and factors associated with hemisphere DAYLYA
specialisation (several chapters in this volume), the RS theory suggests :""*'
that the most useful interpretations will prove to be in terams of the costs BTN
and benefits of the right shift gene. NS
RN
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1S CEREBRAL LATERALIZATION A GRADED OR A DISCRETE CHARACTERISTIC?

John C. Marshall

Neuropsychology Unit,
The Radcliffe Infirmary,
Oxford,

0X2 6HE, U.K.

The human body is replete with paired organs, buth externally (eyes and
ears, for example), and internally (the %idneys). The anatomical similarity
between the members of such pairs leads us to expect that they will have
similar or even identical functions., This expectation is born out in fact,
although some mechanisms of depth perception and sound localization demand
that both eyes and both ears are respectively operative. At the level of
gross anatomy, the human brain likewise shows every appearance of being a
double organ, and it is thus hardly suprising that, until the time of Broca
(1865), the two hemispheres were usually regarded as functional duplicates
of each other. Broca’s discovery that a left unilateral lesion could
severely impair speech production (and the many later reports of cognitive
deficit subsequent upon either left or right unilateral damage) dealt the
duplicate model a blow from which it has never recovered. It was initially
replaced, however, by an equally simple dichotomous model. The notion of
complementary specialization was often taken to imply that, for many hLigher
functions, one hemisphere and one hemisphere alone possessed the relevant
underlying computational capacities, the other hemisphere being totally
inert within that domain of processirg.

But many scholars now regard the strict dichotomy model as too extreme,
not so much simple as simplistic. It is thus often argued that cerebral
lateralization for many (all?) language and speech functions is a 'graded
characteristic, varying in scope and completeness from individual to
individual" (Zangwill, 1960). More generally, Bradshaw and Nettleton (1981)
have argued that for any of the “Analytic Left, Holistic Right” kinds of
partitioning, the notion of a true dichotomy is untenable. They claim that
there is a '"continuun of functions" such that the hemispheres should be
regarded as differing in degree rather than kind. Although the “graded”
model of cerebral lateralization is currently the most acceptable version of
brain specialization for most neuropsychologists, I find myself in the
somewhat unfortunate position of having little (or no) idea of what the
claim implies or even means (Marshall, 1973). The reason is that we have
not succeeded in specifying the metric over which degrees of lateralization
should be computed.

Let us indulge ourselves then in a little numerology: Imagine that, in
principle, both hemispheres of the human brain can support all language
functions with a greater or lesser degree of proficiency. We now define
maximal proficiency for a single hemisphere as 100%, minimal proficiency for
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iuterpret quantitative estimates of degree of recovery from aphasia in terms
of “back-up” or relearning mechanisms in the non-dominant nhemisphere.
Likewise, it would seem to preclude serious study of, say, the differential
effects of right- versus left-hemispherectomy. Indeed, the absolutely basic
data of the field - the behavioral consequences of left- versus right-sided

lesions - could become uninterpretable.

We thus appear to be committed to some form of numerology for the
lateralization of psychological functions, whether we like it or no. The
only concern i{s which numerology can be theoretically justified (Allen,
1983). One final point: The astute reader will have noticed that I have
ignored (thus far) the, (possibly related) issue of degrees of snatomical
asynmetry. I have done so for the following reason: Bigger may or may not
turn out to be better, and it is only in the case that bigger is better that
psychologists have any reason to get excited. Should {t turn out that there
is any necessary (or even interesting) correlation between size and
proficiency, J hereby pledge my subscription for the erection of a statue to

Franz-Joseph Gall in Harvard Square.

* A cabbalistic method of interpreting the Hebrew Scriptures by
interchanging words whose letters have the same numerical value when

.ddedo (The Shotter O.E.D.) = Edo
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INDIVIDUAL DIFFERENCES IN THE ANATOMY OF THE CORPUS CALLOSUM:
SEX, HAND PREFERENCE, SCHIZOPHRENIA AND HEMISPHERE SPECIALIZATION
+ ++ LN
Sandra F. Witelson and Debra L. Kigar i._:\:\_
I
* Departments of Psychiatry, Psychology and Neurosciences, McMaster :-'.\_J‘:J':'
'.- ‘.l*-
University, Hamilton, Ontario, Canada. AT AE
= Department of Psychiatry, McMaster University. :
ABSTRACT .;::;_
PO
23

Recent studies of the gross anatomy of the corpus callosun show that
there ls marked variation in {its size and shape, but also considerable

%
7

consistency in these variations across very diverse studies. One study to 34,‘.'.'._
date has reported a larger callosum, particularly {n the mid-and anterior e
regions, in mixed &nd left handers compared to consistent right handers. -::%::‘-:'-
Several reports have examined possible sex differences in callosal anatomy :-::',-:.\_-':'
and have produced apparently inconsistent results. The evidence clearly v :' :-}'-';'
does not support a larger posterior splenial region in sbsolute size in oA
females. However, a minority of the studies suggest that the posterior :.'v

region, proportional to the size of the total callosum, may be larger in nj:--::-::
females than in males. Further clarification is needed. The early studies N
of callosal anatomy in schizophrenia suggested a thicker callosum in -:::-::'\-::
schizophrenics. Subsequent studies do not support this finding and may be :~'.:-':'_-'
confounded by variables such as ckronological age, body size, brain size, N
and type of control group. Any snatomical differences between schizophrenic -'..‘ o
and normal individuals may involve some interaction of callosal region, sex :"‘::

' o

’s

and hand preference. These results are discussed in relation to individual

"- “»

Y .‘i ~ ‘.
[
5

differences in hemisphere specialization and brain function. e
Lo

St

®

INTRODUCTION SACACA
PRt I

The corpus callosum is clearly an essential structure in the :_,':\
integration of the functioning of the two cerebral hemispheres (e.g.. .r:;.::.-xd
Lepor{. Ptito & Jasper, 1986). Neurosurgical section of the callosuw (by S AN
coumissurotomy or callosotomy) results in the dramatic isolation phenomenon PN
in which an i{ndividual behaves as {f he were unaware of the incoming '!"“':":‘
information and perceptions derived from one side of his sensory world, and x::-.';-.:-‘
manifests two separate unintegrated streams of consciousness (Sperry, 1974). NEAEN,
The posteriur segment of the callosum appears to be particularly important \:'.'-.':}f.*
for the integration of sensary information and has been termed a sensory :-'.h'{f:
window between the hemispueres. The anterior regions of the callosum appear ATty
to be involved in the interhemispheric integration of higher level mental ® {
processes such as the interaction between perceptual and mnemonic rather .-'\ _:-:‘_J
than sensory information (Sidtis, Volpe, Holtzman, Wilson & Gazzaniga, j:_\ﬁ'\:.\j
1981)- '-:\'G’::-::q
.'_\":-.:,\1

.'_'_s.:.ﬁ.__x}
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It has also been hypothesized that the corpus callosum plays a role in
the manifestation, and possibly in the maintenance, of the functional
specialization of the hemispheres (Witelson, 1985b). The development of
hemisphere specialization is not included in this hypothesis as there is
considerable evidence that hemisphere specialization - the differential
capacities that the hemispheres have in mediating cognition - does not
develop but 1is present from birth or very soon thereafter (e.g., Witelson,

1985b; 1986b).

Within this framework, the study of the anatomy of the corpus callosum
is relevant to the study of the functional irtegration and specialization of
the hemispheres. A brief history of the early conceptualizations of the
functions of the corpus callosum and an overview of the types of anatomical
studies are presented elsewhere (Colonnier, 1986; Witelson, 1986a). Any
variation in the anatomy of the corpus callosum found to be correlated with
aspects of functional brain organization would have theoretical significance
for understanding the brain as the substrate of cognition. It could also
serve as an anatomical marker in the clinical diagnosis of syndromes such as
dyslexia in which stypical hemisphere specialization may be a factor (e.g.,
Hynd & Cohen, 1983) or schizophrenia in which interhemispheric integration
may be relevant (e.g., Gur, Skolnick, Gur, Caroff, Rieger, Obrist, Younkin &
Reivich, 1983), or in genetic studies of the heritability of hemisphere

specialization.

This paper will review the available studies of the grosc anatomy of

the human corpus callosum. In some studies, particularly the older ones, o
statistical analyses were not done, but the raw data were often presented in :3_‘
the original reports. Using these data, the present authors carried out NG
some simple statistical analyses relevant to the issues of this paper. The }3;".
picture that emerges is one of marked variation in the anatomy of the corpus > S:
callosum, but also of considerable consistency in the variation, which was (3 3
observed in different laboratories, in studies done for very different 4
purposes, decades apart, In addition, even though the data are just E?ggsa
beginning to be accumulated, the variation appears to be correlated to some -
extent with variables such as sex, hand preference and schizophrenia. f&

Clinical and experimental neuropsychological studies have found some

correlation between individual differences in hemisphere specialization and &
hand preference and sex (e.g., Bryder, 1982; De Vries, De Bruin, Uylings & !!r:,
Corner, 1984). Thus the anatomical variation may be relevant to individual ‘ 3{;{2:
differences in hemisphere specialization and cognition. ) :;:f:':
Wond v
In recent studies of callosal anatomy, the variables of handedness and t:::ﬁ:b
sex have been investigated directly in relation to cerebral dcminance. Sonme DR
of the earliest work considered sex as a variable, but only in relation to ; =
possible group differences betwean the sexes or different races. The corpus oy gt
callosum has also received considerable attention in the anatomical :%:
investigation of the brains of schizophrenics as a result of the recent y“};&y
interest in the neuroanatomical substrate of schizophrenia and the aﬂ_\:d
AR

possibility of abnormal inter'!emispheric functioning (e.g., Gruzelier &

Flor-Henry, 1979). Thus, it seemed worthwhile to review this literature in !E‘“ﬁﬁ

conjunction with the work on normal brains. :},}::(:

-{.-.:)_‘.—.

ANATOMY OF THE CORPUS CALLOSUM IN NORMAL ADULTS E;j:%;-}';

Nl

The earliest anatomical studies of the corpus callosum appeared at the :*i‘:ﬁﬁ

turn of the century. Spitzka (1902; 1904; 1907) and Bean (1906) were .-

interested in the callosum in relation to race, heredity, and intellectual '\:hjk*

ability. Bean also looked at sex as a factor. Until the :960°s very little fbfd

further work appeared - only sporadic reports on the gross anatomy of the g&;\ﬁzk

callosum and the work of Tomasch (1954), which still remains some of the ﬁ\fQ

only available histological study of the human callosum. Then Rakic and fﬁﬂ*-
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Yakovlev (1968) presented their detailed study of the gross morphcmetric
changes of the callosum over development until maturity. In addition,
Yakovlev and Lecours (1967) published their report of the myelogenetic
course of fibre tracts, including the corpus callosum, over the life span,
and documented the fact that myelination of the corpus callosum continues
until at least age 10 years. It was nbot until the 1980°s, in the wake of
the extensive interest in neuropsychological research and its implications
for the functions of the corpus callosum, that attention was redirected to
the anatomy of the human corpus callosum. One of the first papers concerned
& case of commissurotomy. It was noted that the inconsistency of the
behavioral sequelae in apparently similar cases of commissurotomy could be,
in part, related to the variability of the shape of the posterior rounded
end of the callosum which is difficult to view during neurosurgery and,
therefore, to section completely (Greenblatt, Saunders, Culver &
Bogdanowicz, 1980). Lang and Ederer (1980), noting the need for an
extensive study of the size and shape of the human corpus callosum, measured
various aspects of the callosum in 100 postmortem brains. In the last few
years several studies have started to look in more detail at the size and
shape of the callosum and its subdivisions in relation to neuropsychological
and neuropsychiatric variables, not only in postmortem brains but in vivo,
by means of the new technology of magnetic resonance imaging (MRI) which
produces ccmputerized images of the living brain. The studies of
pneuropsychiatric patients have provided information not only about clinical
populations, but also about control groups of normal individuals which can
be used as further normative data.

The available studies deal with measurements of the maximal
anteroposterior length of the callosum, its total area, the areas and widths
of various subdivisions of the callosum along its mid-longitudinal or mid-
sagittal ax{s, and widths of coronal sections of the callosum. All the
anatomical features, subdivisions and dimensions measured are shown in
Figures 1 and 2. Table ] presents a summary of the main findings of the
gross anatocy of the corpus callosum in normal human adults.

Total Corpus Callosum

Maximal anteroposterior length and total area have been measured in
several studies. The results indicate a wide range of values, but much
consistency between studies. All studies reported mean maximal lengtls
between 70-80 mm (see Table 1) with the exception of the study by Rakic and
Yakovlev (1968) in which the value is about 15 percent less than in other

studies.

This raises the issue of the importance of considering the method of
tissue fixation when comparing values from different studies. All the
measurements in the Rakic and Yakovlev (1968) study are smaller than those of
other reports, due to the fact that their measurecents were taken from
celloidin-embedded sections cather than from formalin-fixed brains.
Celloidin embedding results in considerable shrinkage (approximately 20
percent) whereas formalin-fixed tissue undergoes almost no shrinkage (van
Buren & Burke, 1972). Formalin fixation was used in all the other
postmortem studies reporting length. Tomasch (1954), who reported only area
measurements, used paraffin-exbedded sections which also involve
considerable shrinkage and thus his values are also smaller than those
reported in other studies.
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Figu : .. The corpus callosum of an adult human is shown in midsagittal
view. The various measures and subdivisions referenced in Tables 1, 2, and
3 are indicated. Abbreviations: G, genu; B, body; S, splenium; ACC and
PCC, anteriormost and posteriormost points of the corpus callosum,
respectively, which form the line of maximal length used to obtain the
callosal subdivisions (the anterio: and posterior halves, and the posterior
third, quartile, and fifth). The midposterior region (cross-hatched area),
labelled the parietotemporal region (p-t), is defined as the posterior third
minus the posterior fifth region; GG,, maximal width of the genu; SSl,
m2ximal dorsoventral widrh of the spienium; AA |, a width of the anterior
part of the body of the callosum; MMI, midbody width; PP, a width of the
posterior part of the body; LV; lateral ventricle; F, fornix; IF,
interventricular foramen; MI, massa intermedia; AC, anterior commissure; PC,
posterior commissure.
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Figure 2. Coronal (frontal) section of a normal adult brain at the level

of the interventricular foramen. (a) Axis of coronal section is shown. (b)
Coronal section. Abbreviations: LF, dorsal aspect of the longitudinal
(midsagittal) fissure; SF, Sylvian fissure; CC, corpus callosum; BB,
midbody width of the callosum (this midbody width is taken in a plane
perpendicular to those in Figure 1); LV, lateral ventricle; F, fornix; 1IF,
interventricular foramen; IIIV, third ventricle.
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8 single hemisphere as 0. Without the imposition of sny further 52
constraints (i.e. assuming full independence between hemispheres), this
would permit the rela®ive efficiencies of total brains (i.e. left plus right
hemispheres) to vary from 0% to 200X proficiency. Now assume a “ceiling
effect” at 100X, such that any cspacity in excess of 100X is “spare’. Is
this the theoretical domain of “brain-power” for language from which the
actually-occurring population of human bra‘ns 1s a statistically-biased
sample? Within the above mode) wve could find one interpretation of the
notion that the non-dominant hemisphere for language (i.e. the hemisphere
for which Language X < Language,) is a “dack-up” device to be called into
service consequent upon injury to the dominant hemisphere. Within this
model, it follows that the greater the degree of bilateral representation
, (in sn individual subject) the smaller the chance of any unilateral injury

resulting in (permanent) aphasic disorder (Marshall, 198la).

1f, on the other hand, we assume that there is additionally a “final
common path” which is unique to the dominant hemisphere, then unilateral
injury to that hemisphere will result in impairment irrespective of the
| degree of language proficiency or talent (0X to 100X) of the non-dominant
hemisphere. Similarly, injury to the non-dominant hemisphere will result in
no impairment, again irrespective of its degree of “intrinsic” language-
capacity.

Consider now an alternative model where, again, the proficiency of each
hemisphere may vary between 0% and 100%, but subject to the constraint that
their sum may not exceed 100%. This is to say that the hemispheres are no

| longer regarded as independent devices. I1f we allow the hemispheres to
interact (communicate), then on this proposal injury to either hemisphere
will produce some impairment in all cases save for the two extremes of left
= 100%, right = 0%, and vice-versa. In other words, the model excludes any
“back-up” component; recovery from unilateral aphasia does not involve
draving upon “uncommitted” tissue from the intact hemisphere. 1Is this the
theoretical framework which underlies the claim that lateralization {s a
graded characteristic?

It might be objected at this point that the entire line of reasoning is
specious in that it involves the assumption that language is a unitary or
‘global” function. The objection can be countered by running the argument
on any subfunction which contributes to the definition of language-abilities
(Marshall, 1981b). Indeed, the argument can be run on any unit of analysis
whatsoever (down at least to the level of an individual nerve cell, which
we presude must have a discrete, not a graded, spatial location).
Considerations of the aforementioned nature do, however, remind us of yet a
further qualitatively distinct interpretation of lateralization; the notion,
| due in the first place to Hughlings Jackson, that some language functions
| may be more (and differently) lateralized than others. Such a concept would
allow control of speech production, for instance, to be firmly left-
lateralized whilst another function (e.g. perception of emotive aspects of
prosody?) could be firmly right-lateralized. Likewise, comprehension of
spoken language might, as Jackson suggested, have a relatively bilateral
representation in the brain., If we insist upon capturing the notiun “degree
of lateralization” by a single number (Marshall, Caplan and Holmes, 1975),
should that number be the weighted product of a variety of differently
lateralized subfunctions of language ability? Would such a number have any
real meaning or value? Would a set of numbers be more appropriate?

One might now essay the more radical criticism that any kind of
' numerology along the above lines has no more scientific value than, say, the
study of gematria*, Unfortunately, such a wholesale condemnation would seem
to deny any possibility of ever interpreting the meaning of, say, dichotic
] listening or split visual-field scores; it would make it difficult to
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Since the values in the Rakic and Yakovlev paper are not true absolute
measures thev are not appropriate baseline measures, slthough in the past
they have frequently been used as such, since for years the Rakic and
Yakovlev report was the most recent extensive study. Their paper is unique
in presenting information about the relative morphometric changes of the
total callosum and its different subregions as it transforms in size and
shape from gestation to maturity.

At this point it is useful to note the relatively small discrepancies
between the mean maximal lengths obtained from formalin-fixed postmortem
material, such as 73.7 mm based on 100 cases (Lang & Ederer, 1980) and 72.4
mm based on 42 cases (Witelson, 1986a), and that of 78 mm obtained via MRI
scans (Nasrallah, Andreasen, Coffman, Olson, Dunn, Ehrhardt & Chapman, 1986).

Midsagittal total corpus callosum area ?easurements vary across studies
vith means ranging from about 560 tc 800 mm“ (excluding thi value of 325.1
sn“ in the Rakic and Yakovlev study and the value of 532 mm“ in the Tomasch
report). Individual values range from spproximately 400 to 1000 mm“. Area
measurenments reflect the width and length of the callosum as well as the
variation in the width and shape of the genu, body and splenium. The
greater variation in the area measures of the callosum suggests that area
may be a better index of individual differences than measures of length.

Spitzka’s (1902; 1904; 1907) reports were concerned with anatomical
variation of the callosum in relation to heredity and intelligence. In one
paper (1904), he studied the brains of three brothers and found the length
of the callosum to be identical in each, in addition to similarities in
other anatomical aspects of the brains. 1In his 1907 report, he compared a
group of "scholars' and "ordinary" individuals. The conclusions Spitzka
drew from these data were not based on statistical analyses. However, the
inclusion of the raw data in Spitzka’s papers allowed the present authors to
do some analyses which tended to support some of his statements. Both
callosal length and area (see Table 1) were found to be significantly larger
in the scholars group (t = 2.49, df = 17, p =<.02; t = 3,46, df = 17,

p =<.003, respectively). However, callosal size and brain weight are
correlated. For exanmple, as reported in Witelson (1985s), the correlation
between callosal area and brain weight is r = 0.51 (df = 40, p = <.001).
Mean brain weights for the scholars and ordinary men were 1513 and 1443
grams, respectively, but analysis showed the difference to be nonsignificant
(t=1,74,df =17, p=.10). Thus, the callosal differences between the
scholars and ordinary men may not be completely accounted for by differences
in brain veight. Callosal area proportional to brain weight was 492 for the
scholar group and 391 for the ordinary group. Nor does chronological age
and the associated decrease in brain weight appear to account for the
difference ia callosal snatomy as the mean gge at death for the scholars was
58 years, and for the ordinary men, with a smaller callosum, 33 years.

Spitzka (1907) also looked at the length of the corpus callosum
relative to the length of the hemispheres. Hemisphere length did not differ
between the two groups (172 mm for each group). Thus the brains of the
scholars not only had larger absolute callosa, but also larger collosa even
when Lemisphere length, brain weight end age were taken into account. It
should be noted, however, that the group of ten ordinary men were prisoners
and it is not clear what this represents in terms of the intellectual

%ility of the group. In addition, the cause of death was different for the
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groups. The scholars died from illnesses, the prisoners from electrocution.
Whether this factor affects brain structure at postmortem is not clear.
Since callosal size correlates with brain weight (Witelson, 1985a) and brain
weight correlates with body size and height (Holloway, 1980), it is
important to take into sccount the contribution to callosal size of these
and other variables such as nutritional history.

Bean (1906) studied total callosal size as part of an extensive
anatomical study of brains in different racial groups. Like Spitzka (1907),
Bean drew many conclusions from his data based solely on comparisons of the
relative value of mean scores without the precaution of statistical
analyses. Moreover, he made strong statements regarding the correlation
between anatomical and cognitive differences between the races in the
absence of empirical evidence of either the existence of the cognitive
differences or of any correlation between the anatomical and cognitive
variables. Since B:an also included the raw data, some statistical analyses
could be done by the present authors for those issues relevant to this
chapter. Some of the anatomical differences proved to bz statistically
significant. The total callosal area was greater in the Caucasian than in
the Negro group within each sex (males: t = 2,63, df = 103, p =<.01;
females: t = 2.06,df = 40, p =<.05, see Table 1). However, comparison of
absolute callosal size 1is questionable in this study since the mean brain
weight of the groups differed significantly, at least for males. Using all
the data available, the mean brain weight for the Caucasian and Negro male
groups was 1304 and 1216 grams, respectively (t = 3,34, df = 108, p =<.001);
for the females, 1105 and 1068, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>