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It has become an accepted item of public awareness that language
functions are represented in the left hemisphere and nonverbal functions in
the right hemisphere. Admittedly, there are a few exceptions, because we
know that a rather high percentage of left-handers have speech represented
in the right hemisphere. The red view is that this complementary —
specialization exists bq@%e neurobiological development leads grossly
differing functions to lateralize to opposite hemispheres. By this model, E e

which I shall term causal complementarity, the right hemisphere is

involved in visuospatial and other nonverbal functions because the left

hemisphere has been pre-empted by language processes. ‘By implication, if
we find an individual with right-hemisphere language, then that person
should manifest left-hemisphere} specialization for nonverbal functions.
The prediction from such a model is that there should be a strong negative
correlation between measures of verbal functional asymmetry and
measures of nonverbal functional asymmetry. That is,  we measure

language lateralization by some procedure such as a verbal dichotic -

listening task or a visual hemifield task, and score it in such a way that QUEK " j

positive values indicate a nght ear or nght VlSllal field advantage, l\and
A

'nonverbal lateralization by an nonverbal dlChOth task or a spatial visual
hemifield task, and score it in the samef w) we will find that most people
will have posm scores, indicative of leﬂt‘ hemispheric superiority, on the
verbal task, and negative scores, indicative of right hemispheric
superiority, on the nonverbal task. By the argument of causal
complementarity, those few people who show negative scores --- right < —
hemisphere superiority --- on the verbal task will also show positive scores
--- lef?hemisphere superiority --- on the nonverbal task. This will result

A
in a negative correlation between verbal and nonverbal #Skg. SLIDE 1 —
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An alternative view whi¢h I have often espoused is that the causal

nature of complementary specialization is illusory. If the vast majority of

» people are left-hemispheric for language, and likewise the vast majority are
right-hemispheric for nonverbal functions, then most people will manifest - {
complementary specialization on a simple statistical basis, and it wiyzépspear
that the complementarity is causal. This can be seen in SLIDE 2, where
I have used the same marginal totaliis( in the first slide. I have called ,@
effect statistical complementarity. Such a model predicts that there should
be a zero correlation between meas‘ures of verbal functional asymmetry
and measures of nonverbal functional asymmetry.

A third pos.si’bility is that there are no real deviations from the
species norm of left-hemisphere verbal functions and right-hemisphere
nonverbal function other than those consequent upon relatively major early
brain damage. However, because of asymmetries in the ascending sensory
systems, there are individual differences in an overall bias to one side or
the other within each sensory modality. Thus, people who have a bias to
the right will manifest a large right—earRadvantage, reflecting left-
hemisphere sup%riority, on a verbal dichotic task but may also show a
,smaller right-ear advantage on a nonverbal task. Similarly, people who
have a bias to the left may actually produce a left-ear advantag% gx? e
verbal dichotic task, but will manifest a large leﬁ—egx—*eﬁfeet on the
nonyerbal task. There will, however, be no people with “reversed”
lateralization. SLIDE 3 Such a view has beeﬁ put forth by Efron, Yund,
and Nichols (1985), by Sidtis (1980), and by Teng (1980). This model
would lead to a large positive correlation between measures of verbal
functional asymmetry and measures of nonverbal functional asymmetry. I

will refer to this as a bias model. Although the conceptual mechanism may
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be somewhat different, the position that there are large individual
differences in attentional bias (Kinsbourne, 1975) or hemisphericity

(Torrance, 1977) leads to the same prediction.

Initially, I had two reasons for believing that statistical
complementarity might be the best description of the data. First, the
literature suggested that there was at least a modest relation between
handedness and the prevalence of aphasia following left-hemisphere
damage. On the other hand, handedness did not seem to be particularly
important in predicting right-hemisphere effects such as neglect,
visuospatial disorder, or prosopagnosia. If handedness were related to left- g Q"é’
and right-hemisphere functions differently, then it followed thatthe /\two
hemispheres could not be causally linked.

Secondly, I had done a large number of studies concerned with
perceptual asymmetries in normal subjects, primarily dichotic-listening
studies and visual half-field studies. In this work, robust right-visual-field
and right-ear effects were easy to obt;u'n with verbal material. In contrast,
right-hemisphere effects were small and often difficult to find. Granted,
some of this may have been because of the difficulty of making a task truly
nonverbal, but it did suggest that right-hemisphere functions were
lateralized in a different way than were lefi hemisi)hére functions. Again,
if this were the case, it would be hard to argue for causal
complementarity. )

A breakthrough of sorts occurred in the early 1980's, when Henri
Hécaen provided me with the data on a large number of cases with
unilateral brain damage, in which each individual was classified as aphasic

or not aphasic and also as visuospatially impaired or not. These data
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permitted me to estimate the association between language disorders and
visuospatial disorders for right-handers and left-handers separately: the
relevant data for right-handers are shown in SLIDE 4 . Here, the two
variables are unrelated, although language disturbances most often follow
upon left-hemisphere damage and visuospatial disturbances follow upon
right-hemisphere damage. The comparable figures for left-handers are
shown in SLIDE 5. Here the two variables are positively associated.
Recall that the complementary specialization argument calls for a negative
c;)rrelation. Although a positive correlation might be taken as support for
the bias model, it can also arise in this data set because some functions are
bilaterélly represented in left-ﬁanders, with the result that damage to either
hemisphere leads to a deficit. Because this study involved patients with
unilateral brain damage, we don't know what would have happened had the

damage been to the opposite hemisphere.

Looking for evidence for a negative correlation between left- and
right-hemisphere functions in nonﬁal subjects is not an easy task. Few
researchers administer both verbal and nonverbal tasks to the same
subjects, and of those who do, few repoft the data in .é way that one can
determine the association between the two. Recently, one of our students,
Jim Nikelski, put together the data from those studies he was able to find

that presented the appropriate data and we were able to add several others

from our files@e were able to find only a dozen or so studies in
which the same subjects were given tasks that tapped both left- and right-
hemisphere functions and in which the data were reported in a form that

allowed us to classify the subjects. SLIDE 6?
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We entered these data into a log-linear analysis, with hemisphere

advantage for the %rbal task (L or R), hemisphere advantage for the

s [h‘onverbal task (L or R), andgudy as primary factors. This analysis

revealed an insignificant Verbal by Monverbal interaction (x2 = 2.07, 1 df),
providing little evidence to support the idea of a truly complementary

specialization that can be observed across tasks. Unfortunately, there was Wﬁ
also a very largeStudy by Verbal by Honverbal interaction, indicating t

different effects occurred in different studies (x2 = 24.80,(12 &f, p = .015).
X An examination of the data revealed two fairly la'}_gg;tudies with —

significant Vérbal-bbnverbal interaction ef?ects,ﬁth opposite effectsj ‘o% \}_’é
AN ‘

When these studies were removed from the analysis, leaving us with 11

—er®
-

—

studies, neither the Verbal-hbnverbal interaction (x2=1.25, 1df, p> .4)
nor the Study by Verbal-hbnverbal interaction (x2 =943, 10df, p> .4)

even approached significance, and the largest remaining z-value was 1.47.

One of the two studies with significant effects was Mirna Vrbancic's
doctoral dissertation study (Vrbancivc, 1989; z =3.16, p < .001). In this
study, subjects were given two different dichotic tasks, one involving the
identification of CV-syllables (pa, da, ga), and the other involving the
perception of dichotically/presented two-tone sequences. Laterality effects w%
on these two tasks proved to be positively correlated ( r d =‘1~99:‘ W .
p < .001), although the verbal task produced an overall REA and the tones W
task an overall LEA. Individuals with an REA for tones also showed a
larger REA for syllables, whereas those with an LEA for syllables
produced a larger LEA for tones. Rather than supporting the notion of
complementarity, such a positive correlation could be taken as evidence for

individual differences in attentional bias (Mondor & Bryden, 1993), or as
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indicating some kind of subcortical asymmetry that affects verbal and
nonverbal material alike. Such proposals have been offered.?? (or did
» you have more to say here?) |
The other deviant dafa come from our own recent work on the

mzation of affect (Bulman-Fleming & Bryden, 1994, z = 2.00, p <
0

D }‘5 ‘l‘ .05). In these studies, subjects listened to the words "bower, dower, tower,
_/ﬁ.l/- . and power", spoken dichotically in happy, angry, sad, or neutral tones of
\\,‘W’:’ voice. For each dichotic pair, the two items differed in both word and tone
of voice. Subjects were given a specific target, such as "angry bower” and
instructed to _iiglﬂl every trial on which this target occurred. There were W
thus 5 different types of trials. SLIDE 7 On some trials, the target o
actually was present at one ear. On other trials, the target word was
presented to one ear but not in the appropriate tone of voice, while the
target affect appeared at the other ear carried by a different word. On
some trials, the target word was present tzut not the target affect, and on
others the target affect was present but not the target word. Finally, there
were trials on which neither component of the target appeared at either
ear.
We looked primarily at the false alarms --- those trals on which the
subject claimed to have heard the target but when it was not actually
presented. Such false akﬂ]ﬁ gzg _E\r‘ mﬂ:%»\l,y when tl;%\_tirgm
spoken in a d&ffercnt affect, appeared at the right ear than when-it appeared
at the left ear. Similarly, false alarms were much more common when the
target affect appeared at the left ear carried by some other word than when
the target affect appeared at the right ear. When the target affect appeared
at one ear and the target word at the other ear, false alarms were far more

common when it was the word at the right ear than when it was the affect
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at the right ear. Thus, this procedure can reveal both a right-ear (left-
hemisphere) advantage for verbal material and a left-ear (right-
hemisphere) advantage for affect at the same time, as a within-trial effect.
SLIDE 8 Over the past several years we have carried out a number of
experiments using this procedure, testing both left- and right-handed
subjects of both s When the data from these studies are aggregated,
there is a negative association between verbal and nonverbal effects that
reaches the .05 level of significance--- in other words, at least modest
evidence for true complementarity.
omr

In virtually all of the studies we reviewed, the subjects were tested
on two quite discrete tasks. In the majority of such studies of this type,
there was simply no relation between verbal laterality and nonverbal
laterality. In the Vrbancic study, the two were positively correlated. The
problem with such a procedt;re is that it allows individuals to develop an
appropriate strategy for dealing with the verbal task, and a potentially
different strategy for deaijng with the nonverbal task. To the extent that
this is true, the only proper assessment of complementarity comes from |
our bower/dower studies, in which both verbal and nonverbal effects are
assessed simultaneously. Because these studies do reveal a significant,
albeit small, negative association between verbal and nonverbal functions,
they provide limited support for the notion of complementary

specialization.

However, the negative association in our affect studies is relatively
small, and it is possible that a hybrid of causal complementarity and

random determination of hemispheric specializations may be the most
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plausible case. By this argument, some proportion (X) of people develop
in such a way that language is lateralized to one hemisphere and nonverbal .
functions to the other and in the remaining Y indi.viduals, the mechanism
that leads to this standard lateralization is turned off, and functional
asymmetries develop by chance. A model of this general form has been
developed by McManus (1985) to account for the relation between
handedness and language lateralization. In the McManus model, about 80%
of the population are both right-handed and left-hemispheric for language
because of their genotype; in the remaining 20% ((){ the population,
handedness and language lateralization are an omly determined by
fluctuating asymmetry (which can be thought of as {Iﬁnhgrmnon directional

deviations from bilateral symmeiry).

One can make a similar argument about the relatlon%p between -
left- and right-hemisphere functions. SLIDE 9 shows how the log “odds
T
--*7 ratio relating verbal to nonverbal function changes as a function of the
proportion of people whose lateralization is determined at random. So, . LY
here we are dealing with the ratio of two odds: the odds of having M
nonverbal abilities located primarily in the right hemisEEere giveh left-

A
hemisphere language e odds of ilities being subserved by the

phere language. If complementarity were

isphere givgn left-h

truly causal in the vast majority of individuals, the odds ratio would be

very high; if complementarity were merely statistical for the majority, the

odds ratio would be neag The figure shows how this value would

change with an increasing prportion of “type X" (the causal
complementarity) people. It also shows where the Bulman-Fleming and

Bryden (1994) data fit on this cprve. The odds ratio in our data is such
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that it is best fit if 25% of the population manifests causal complementarity
and 75% shows random determination of the lateralization of left- and
right-hemisphere functions. Of course, error of measurement problems
will lead to the observed odds ratio being an underestimate of the real
value. Because measurement error introduces a random factor into the
data, the proportion of people showing causal complementarity should be
increased by the measurement error --- perhaps to 40-50%. Ne-vertheless,
this implies that lateralization is randomly determined in a large proportion

of the population, at least within the auditory domain.
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Bulman-Flemmg & 'Bryden; -

Procedure
Stimuh _
Bower, Dower, Tawer, P’awer
spoken

- Happily, Sad({y, Angnly, Ne%traﬂy,,

" Palred dlchotlcally, so that ‘the two o
items dlffer in both word and tone

of voice.

‘Task

M Say "yes" to a specific target
e.g. "Dower" spoken sadly

. 8Bay "mo" otherwise

Look at | e
~ False alarms: "yes" when the
_ specific target was not present.




'Bulman- Flemlng & Bryden @
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*¥Yes" response is: corFect:
ey Target present at one €ar.

" No" response is correct.

L Target word is - present but target -:
“affect is not. | |

Type 2:
- Target affect is present, but
target word is not.

L(,
Type B8:
Both target word and target
affect are present but at opp051te

cars.

<
T ype 4:
Neither target word mor tazrget

affect is present.




Bulman- Flemlng & Bryden
Results

Sometimes - the target word is
present, but not spoken. in the
correct tonme of veice.

- More false alarms when weord is -

~at right ear than when it is at lefta

ear (left- h_e__mlsphere ‘effect).

Sometimes the target affect is
present, but net carried by the
correct word.

More false alarms when affect is
at left ear than when it is at right
ear (right-hemisphere effect).

- Sometimes both the targétWord and
" the target affect are present but at

“opposite ears.

More false alarms (i]!l!usary
con;]:unctlons)wfren target affect
is at left ear and’ word at the rlght
ear than when the opposi‘te

true.






