stage, that only males participate, and
that the semen can be found on the dead
bird (7). In similar experiments (2), we
have found that mated males participate
in these promiscuous copulations. We
have observed that any heavy flying bird
elicits this ‘‘rape’’ reaction. For ex-
ample, on a few occasions when a just-
released, newly color-marked bird had
difficulty gaining altitude, it was pounced
on by a group of birds who then attempt-
ed copulations. Similar reactions occur
when the bird is flying with difficulty for
natural reasons (for example, when it is
sick). We think this may be related to the
heavier flight of egg-carrying females. A
final point is that although the female’s
reproductive system regresses through-
out incubation, the male’s does not: his
testes contain sperm until well into the
stage in which he is feeding nestlings (3).
Previously many aspects of the social
behavior of animals have gone unno-
ticed, been misunderstood, or been ig-
nored because of the failure to recognize
their potential function of maximizing
the individual’s inclusive fitness (/15). We
suggest that much of the social behavior
of bank swallows is understandable only
when viewed in the context of an MRS.
This aspect of social behavior among
bank swallows is so prominent that we
suspect that closer investigation of the
natural history of other monogamous
species living under the appropriate con-
ditions may reveal that an MRS is indeed
a relatively common pattern.
MicHAEL D. BEECHER
INGER MORNESTAM BEECHER
Department of Psychology,
University of Washington,
Seattle 98195
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Cerebral Specialization, Writing Posture, and
Motor Control of Writing in Left-Handers

Abstract. It has been suggested that the inverted hand position of left-handers
during writing indicates the left hemisphere of their brain is linguistically specialized
and that the writing of these left-handers may be controlled via ipsilateral pathways.
Electroencephalograph alpha asymmetry measures at central and parietal leads, as
well as dichotic tests, differentiated right-handers from left-handers, but not in-
verters from noninverters. Electroencephalograph differences between hand posture
groups did appear, but only at occipital leads during reading and writing tasks. Re-
gardless of hand posture or speech lateralization, the right central region of the brain
is significantly involved in the control of left-handed writing.

Left-handers vary in their pattern of
hemispheric specialization. Most studies
agree that at least half of the left-handed
population processes language primarily
in the left hemisphere, as do most right-
handers. There is less agreement about
the amount of right hemisphere partici-
pation in language in the remainder of
the left-handed population, and this
group is typically described as composed
of individuals whose specialization for
language is either ‘‘bilateral”” or ‘‘re-
versed”’ (I-5).

Levy and Reid (6) have reported that
hand posture during writing in left-hand-
ers ‘‘can reliably predict which hemi-
sphere is predominantly linguistic and
which [is] primarily ‘spatial.” > They de-
scribed two distinct commonly used
hand postures: the inverted position
(IHP) in which the hand is held above the
line and the pencil points toward the bot-
tom of the page, and the noninverted
(NHP) in which the hand is held below
the line and the pencil points toward the
top of the page. By using tachistoscopic
measures, they demonstrated that right-
handed subjects (except for one right-
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hander who used IHP) and left-handed
ITHP subjects showed a superiority of the
right visual field on a verbal test (non-
sense syllable recognition) and of the left
visual field on a spatial test (dot local-
ization). The left-handed NHP group
showed the opposite field advantages.
Levy and Reid conclude that the linguis-
tically specialized hemisphere is ipsilat-
eral to the writing hand in the IHP group
and contralateral in the NHP group. Fur-
ther, Levy and co-workers speculate
that the writing hand of the IHP group is
controlled via ipsilateral pathways (6, 7).

It would be very useful to have a
simple noninvasive technique to identify
the linguistic hemisphere. However, re-
searchers do not completely agree that
hand posture can be used as such a gen-
eral index. Moscovitch and Smith (8)
used Levy’s tachistoscopic measure and
replicated the results (6, 7), but on a
dichotic test they found no difference be-
tween hand posture groups. They also
found that IHP writers react faster to vi-
sual hemifield targets with the ipsilateral
hand, suggesting ipsilateral motor con-
trol. However, they failed to obtain the
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Table 1. Log right/left alpha values at central and parietal leads for all subjects; data are expressed as means = standard deviations.

Group* N BLOCKS READ SPEAK WRITE LISTEN SPEAK-
BLOCKS
Log C4/C,
RH 30 —.093 = .146 .013 + .135 .056 = .126 159 = 147 .003 = .149 149 = 128
IHP 33 —.061 + .149 .008 = .117 —.002 = .138 -.100 = .179 —.014 = .149 .059 = 185
NHP 13 —.043 = 100 021 = .125 .032 = .130 —.089 = .161 —.001 = .146 075 = .169
Log PyPg
RH 30 —.001 = .101 .016 = .097 .060 = .092 130 = .108 .013 = .073 061 = (117
IHP 33 —.031 = .096 .005 = .091 016 = .116 —.050 = .107 .013 = .150 047 = .148
NHP 13 .009 + .068 024 = 113 .010 = .102 —.052 £ .150 —.026 = .121 .001 = .117

*RH, right-handed; IHP, inverted hand position; NHP, noninverted hand position. IHP and NHP groups are left-handers.

same reaction time effect with auditory
or tactile stimuli.

Similar but not identical tachistoscop-
ic measures were used by Corballis (9)
and McKeever and VanDeventer (10) in
unsuccessful attempts to discriminate
between IHP and NHP in left-handers.
McKeever and VanDeventer also found
no difference between the two groups us-
ing dichotic listening tests. Milner (/7),
using the Wada sodium amytal technique
to indicate the hemisphere that controls
speech, has not found any relationship
between hemisphere and hand posture.

To determine what hand posture does
index, we assessed hemisphere special-
ization in THP and NHP groups by using
dichotic listening tests and electroen-
cephalograph (EEG) alpha asymmetry
during a battery of cognitive tasks. In ad-
dition, EEG asymmetry during writing
enabled us to determine whether the
writing hand is associated primarily with
ipsilateral or with contralateral hemi-
sphere engagement.

In previous experiments (/2) we mea-
sured EEG alpha power from homolo-
gous leads while right-handed subjects
performed tasks believed to engage pri-
marily the left hemisphere, such as writ-
ing, or primarily the right hemisphere,
for example, a block design task. By
comparing the value of alpha in the right
and left hemisphere leads, we found that
right/left (R/L) ratios during the block
design task were significantly lower than
R/L ratios during writing. In general, the
alpha power is relatively lower in the
hemisphere primarily engaged by the
task. We compared two tasks, rather
than one task, to a baseline because it is
difficult to specify what the brain is doing
during a ‘‘resting’’ or baseline epoch.

The hand posture analysis reported
here is part of a larger study assessing
task-dependent alpha asymmetry and
handedness (6). Ninety normal subjects
(45 males and 45 females) (/13) were di-
vided into three groups: 30 right-handed,
30 ambidextrous, and 30 ‘‘strongly’’ left-
handed, according to their responses to a
questionnaire on unimanual activities
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(14). All subjects who wrote with the left
hand (30 *‘strongly’’ left-handed and i9
ambidextrous) were classified as THP if
they held their hand above the line with
the pen pointed toward the bottom of the
page, or NHP if they wrote with their
hand below the line with the pen pointed
toward the top of the page. Hand posture
was assessed while subjects wrote a sen-
tence, slanting the paper or tilting their
heads as they wished. Three subjects
were deleted from analysis because they
showed equivocal hand posture. We ob-
served no right-handers with inverted
hand position. Of the remaining 46 left-
handed subjects, 72 percent used IHP
and 28 percent used NHP. This in-
cidence of IHP is slightly higher than
that found in other hand posture studies
and higher than the number of left-hand-
ers predicted by clinical studies to have
speech control in the left hemisphere. Of
the 33 IHP subjects, 64 percent were
male and 36 percent female; of the 13
with NHP, 23 percent were male, 77 per-
cent female. This distribution of male
and female differs significantly from
chance (x® = 6.20, P = .013) and is simi-
lar to the sex distribution found by Levy
and Gur (7) and McKeever and Van-
Deventer (10).

The dichotic listening tape (/5) con-
tained six stop-consonant vowel sylla-
bles: ba, pa, da, ka, ga, and ta. Subjects
were given 120 trials with two different
syllables presented simultaneously, one
to each ear. They reported both in any
order (forced choice). The number of
syllables correctly heard and reported at
the left ear was subtracted from the num-
ber correctly heard and reported at the
right ear, for a right minus left ear advan-
tage score.

The EEG was recorded from C;, C,
(central), P;, P, (parietal), and O, and O,
(occipital) leads, referenced to C,, with a
Grass model 7 polygraph (0.5-A cut-
off = 1 to 35 Hz). The EEG signal was
led to an on-line hard-wired analysis sys-
tem that filtered the narrow band (9.0 to
11.9 Hz) and summed the alpha power
over 30-second epochs. All six channels

of the polygraph and analysis system
were adjusted for equal output with a
standard 120-uV, 10-Hz signal and cali-
brated each day before and after testing.
The EEG was recorded while the subject
performed cognitive tasks: BLOCKS,
READ, LISTEN, SPEAK, and WRITE (/6).

The experimenter who edited the EEG
record for artifact (/7) was blind to the
output of integrated alpha power from
the analysis system. Complete data at
central and parietal leads were obtained
for 33 IHP and 13 NHP left-handed sub-
jects and for 30 right-handers. Several
tasks tended to cause muscle artifact at
the occipital leads in some subjects, and
therefore the number for occipital data
was reduced to 21 THP and 9 NHP left-
handers, and 13 right-handers. To make
comparisons between occipitals and the
other lead pairs, we also examined this
subset of subjects for whom the same ar-
tifact-free epochs were available at all
leads for all tasks.

The basic data are the integrated alpha
values for each task at six leads (/8) and
the log R/L ratios between homologous
leads indicating relative hemispheric ac-
tivation. All computations involving ra-
tios were performed on logarithmic
transforms of ratios because the log val-
ues are linearly and symmetrically dis-
tributed.

On the dichotic measure no difference
in ear advantage was found between IHP
(mean R — L. = 5.2, standard deviation
=7.5) and NHP (mean R — L = 4.6,
S.D. = 7.0) or between right-handers
(mean R — L. = 7.0, S.D. = 6.3) and ei-
ther hand posture group. However, the
dichotic measure did discriminate right-
handers from the 30 “‘pure’’ (excluding
ambidextrous) left-handed  subjects
(mean R~ L =32, S.D.=76, t=
2.07, d.f. = 58, P = .05) (19).

The EEG R/L ratios for central and
parietal lead pairs for the entire popu-
lation (N = 76) of the three groups
(right-handed, IHP, and NHP) are
shown in Table 1. An analysis of vari-
ance of the three groups for five tasks
was performed, and significant task-
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Table 2. WRITE, SPEAK, and BLOCKS tasks, showing alpha values (in microvolts squared) at
central leads; data are expressed as means * standard deviation. Right/left log ratios are com-
puted for each subject and then averaged over the group, whereas alpha values are averaged
over the group for each lead. Thus there is a slight discrepancy between average ratios and the

right/left ratios of average alpha values.

WRITE SPEAK BLOCKS
Group N
Cy Cq Gy Cq Cy Cq
RH 30 78 =+ 44 120 = 84 163 + 137 188 = 159 107 £ 70 83 = 51
IHP 33 126 = 106 91 * 60 218 = 165 211 = 169 101 =63 89 = 54
NHP 13 131 = 109 94 + 55 216 = 150 227 = 151 104 £ 67 94 = 57

group interactions were found at both
lead pairs (centrals: F = 11.32, d.f. =
8, 292, P < .0001; parietals: F = 7.14,
d.f. = 8, 292, P < .0001). Simple effects
and Newman-Keuls tests show that IHP
and NHP subjects differ from right-hand-
ers in several ways but do not differ from
each other at all. For example, the
WRITE task ratio is dramatically higher in
right-handers than in the other two
groups. Right-handers also differ from
the other groups in the relationship of
SPEAK to BLOCKS. The comparison of
SPEAK and BLOCKS ratios provides a
rough index of the degree of special-
ization at each lead pair. The ratios show
how strongly the left hemisphere is spe-
cialized for spEAk compared to how
strongly the right is specialized for
BLOCKS. We examined this relationship
in three ways. (i) For right-handers, the
SPEAK ratio was significantly higher than
the BLOCKS ratio at the central (P < .01)
and parietal leads (P < .05), indicating
relatively more left hemisphere partici-
pation during sPEAK and relatively more
right hemisphere participation during
BLOCKS. In THP and NHP groups there
was no significant difference between
SPEAK and BLOCKS at central or parietal
leads, suggesting that neither ITHP nor
NHP groups have a pattern of hemi-
sphere specialization similar to right-
handers at these leads. (ii) At the central
leads, while only 10 percent of right-
handers showed a SPEAK ratio lower than

BLOCKS, 33 percent of the IHP and 31
percent of the NHP groups showed this
reversal of the usual right-handed pat-
tern. (iii) At the central leads, the SPEAK-
BLOCKS ratio (actually SPEAK minus
BLOCKS because logs are used) was sig-
nificantly higher in right-handers than in
the THP group (¢ = 2.31, P < .05) but
not higher than the NHP subjects. How-
ever, SPEAK-BLOCKS ratios did not differ
between IHP and NHP groups.

All three ways of looking at the rela-
tionship between SPEAK and BLOCKS
show a difference between these tasks in
right-handers, but not in left-handers,
consistent with the common finding that
left-handers show less lateral special-
ization. But the results for each hand
posture group do not support the predic-
tion from Levy’s model that special-
ization in those with IHP would be simi-
lar to right-handers, and that those with
NHP would show more ‘‘reversed’’ spe-
cialization. The conclusion is the same
when we examine alpha values for indi-
vidual leads instead of the R/L ratio.
Table 2 shows alpha values at C; and C,
for WRITE, SPEAK, and BLOCKS. There is
no difference between IHP and NHP
groups at either lead for any task; the
means are almost identical. Thus, by
EEG criteria at the central and parietal
leads, each hand posture group contains
the same mixture of individual patterns
of specialization found in any group of
unselected left-handers.

Because the studies that have demon-
strated differences between IHP and
NHP groups have used a visual (tachis-
toscopic) test, we examined the visual
arearecordings (O, O,). The subset pop-
ulation with artifact-free occipital data
(Table 3) was used for further task by
group analysis of variance for each lead
pair. We had focused our initial interest
on the central and parietal leads because
the occipitals do not seem to be as sensi-
tive as the other leads to task dif-
ferences. In Table 3, at the central leads
for right-handers, BLocks differs from
SPEAK and WRITE, but at the occipitals,
the ratios of the three tasks are almost
identical. For the subset, as for the larger
population, significant task-group inter-
actions, simple effects, and Newman-
Keuls tests at central and parietal leads
show that right-handers differ from IHP
and NHP groups on the WRITE task and
in the relationship of SPEAK to BLOCKS,
whereas the IHP and NHP groups do not
differ from each other in these areas.

However, at the occipital leads, signif-
icant differences involving IHP and NHP
as well as right-handed groups are found.
The mean log ratios for all tasks com-
bined differentiate the three groups
(main effect for group, F = 4.12, d.f.
= 2,40, P = .024) although no com-
parisons between pairs are significant.
But simple effects tests do reveal dif-
ferences among the three groups on indi-
vidual tasks: wrITE (F = 7.25, d.f. =
2, 200, P < .01); READ (F =3.83,
P < .05); and BLOCKS (F = 3.26,
P < .05). Newman-Keuls comparisons
between pairs show that on the WRITE
task, the NHP group has lower ratios
than the IHP (P < .05) and the right-
handed group (P < .01); IHP ratios do
not differ from the right-handed group.
The differences are similar, but smaller
for READ: those with NHP have lower ra-
tios than right-handers (P < .05) (20).
Alpha values at individual leads O; and
O, are presented in Table 4. Ratio dif-

Table 3. Data on all tasks for subset with log right/left alpha values at central, parietal, and occipital leads. Data are expressed as means *

standard deviation.

Group N BLOCKS READ SPEAK WRITE LISTEN SPEAK-BLOCKS
Log C,4/C,4

RH 13 —.043 = 135 .058 = .176 .108 = 159 .195 = .180 061 = .176 151 = 109

IHP 21 —.047 = 121 .020 = .105 —.009 = .151 —.087 = .178 —.007 = .164 .038 = .175

NHP 9 —.038 = .108 —.012 = .105 .003 = .136 —.102 = .171 —.027 £ .166 041 = 158
Log P4/P,

RH 13 .032 = .063 .043 = .082 .079 = .107 161 = 097 .020 = .099 .047 = 103

IHP 21 —.042 = .098 —.007 = .098 -.017 = .119 —.045 = .082 —.009 = .157 .025 = .156

NHP 9 .023 = .063 017 = .117 .028 = .110 —.042 £ .163 —-.019 = .132 .005 = .112
Log 0,0,

RH 13 .056 = .096 .042 = .087 .043 = .077 .058 = .082 .008 = .078 —.013 = .086

IHP 21 —.010 = .081 .018 = .080 .027 = .095 .001 = .083 .028 = .084 .037 = .100

NHP 9 —-.019 = .033 —.044 = 061 —=.010 = .065 —.064 = .055 —.044 = .094 .009 = .053

21 SEPTEMBER 1979
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Table 4. Alpha values at occipital leads for READ and WRITE; data are expressed as means *

S.D.
READ WRITE
Group N
0, 0, 0O, 0O,
RH 13 555 = 185 648 + 345 357 = 141 424 = 197
IHP 21 555 + 281 572 + 272 343 + 135 339 + 123
NHP 9 539 + 283 483 = 243 345 £ 172 292 + 123

ferences among groups at the occipital
leads are due entirely to changes in the
0O, lead.

These results suggest that the right oc-
cipital area is engaged during READ and
WRITE relatively more in persons with
NHP than in right-handers and those
with IHP. Thus at the occipital leads
(over brain areas which process visual
information) during visual language
tasks, the relationship of hand posture to
hemisphere participation in ‘‘language’’
predicted by Levy and Reid (6) is con-
firmed. Interestingly, this relationship is
absent at the anterior leads where audi-
tory processing and elements of language
production occur. On the O,/O; BLOCKS
ratio, IHP and NHP groups are nearly
identical (Table 3). This is contrary to
the prediction suggested by Levy’s tach-
istoscopic data, which implied that for
the NHP group the left hemisphere
would be more engaged in spatial tasks
and for IHP and right-handed groups the
right hemisphere primarily would be en-
gaged. Thus, no difference between THP
and NHP groups in spatial specialization
was seen at any lead pair.

It is not clear why the significant ratio
differences between IHP and NHP ap-
peared in WRITE and READ. The effect
does not seem to be generalized to all
verbal tasks (not to SPEAK) nor to all vi-
sual tasks (not to BLOCKS). Perhaps the
effect depends on an interaction of visual
and verbal cognitive demands.

The suggestion by Levy and Reid that
in the IHP group the writing hand may be
controlled via ipsilateral pathways (6) is
not supported by our data obtained at the
central leads during the WRITE task.
These leads are presumably located
close to motor control areas for the
hand. If speech in the IHP group is con-
trolled in the left hemisphere and writing
is controlled via ipsilateral pathways,
then one would expect as much left hem-
isphere engagement as is found in right-
handers. IHP WRITE ratios would be
similar to right-hander WRITE ratios and
significantly higher than NHP WRITE ra-
tios where one would expect the right
hemisphere to be engaged. The central
leads (Table 1) show dramatic group dif-
ferences on the WRITE task (F = 22.49,
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d.f. =2, 365, P < .001) due only to the
right-handers: right-hander WRITE ratios
are significantly higher than both IHP
and NHP (P < .01). The ratios in the
IHP group do not differ significantly
from NHP on the WRITE task. WRITE ra-
tios are significantly higher than sPEAK in
the right-handers (P < .01) and signifi-
cantly lower than SPEAK in IHP
(P < .01) and NHP groups (P < .05),
suggesting that the motor control of the

. right hand requires more left central en-

gagement, while control of the left hand
requires more right central engagement.

To determine how activity in each
hemisphere contributes to these R/L ra-
tio differences in writing, we examined
the alpha values for separate leads C,
and C, (Table 2). Since no differences
were seen between IHP and NHP the
two groups were pooled as left-handers.
A two group (right-handed versus left-
handed) by two lead (C; versus C,) anal-
ysis of variance (repeated measures on
lead) was performed on alpha values dur-
ing WRITE. There was no main effect of
lead or group; however there was a high-
ly significant lead by group interaction
(F =24.69, d.f. = 1, 74, P < .001). To
explicate the interaction, t-tests were
calculated. The left hemisphere (C;) is
engaged more than the right (Cy) during
WRITE in right-handers (¢t = —4.24, d.f.
=29, P = .0002), and the right hemi-
sphere is engaged more than the left in
left-handers. (¢t = 3.28, d.f. = 45, P =
.002).

Therefore, we conclude that the
WRITE task engages primarily the central
region on the hemisphere contralateral to
the writing hand, and the right hemi-
sphere central region is activated for left-
handed writing regardless of hand pos-
ture.

To further examine the hypothesis that
the left hand is controlled via ipsilateral
pathways in.left-handers whose speech
is processed in the left hemisphere, we
analyzed our wRITE data in a second
way. On the basis of their sPEAK and
BLOCKS log ratios at the central leads, we
selected left-handed subjects whose
speech appeared to be processed primar-
ily in the left hemisphere. We chose all
subjects for whom SPEAK minus BLOCKS

was greater than 0.00 (an arbitrary cutoff
point indicating, in general, greater left
hemisphere participation in sPEAK and
greater right hemisphere participation in
BLOCKS). If writing is controlled by the
same hemisphere as speech in these se-
lected left-handers, one would expect
WRITE ratios to be the same as or higher
than SPEAK ratios, as is the case in right-
handers. Ninety percent of the right-
handers (¥ = 27), 67 percent of the IHP
(N = 22), and 69 percent of the NHP
(N = 9) groups were selected with this
criterion. We used these groups for the
second analysis of the WRITE data. An
analysis of variance on C,/C,; SPEAK ra-
tios reveals no differences among the
three groups (F = .07, not significant),
while an analysis of variance on C,/C,
WRITE ratios shows that again the dif-
ference in WRITE is highly significant
(F = 18.56, d.f. = 2, 55, P < .001): the
WRITE ratio in right-handers is signifi-
cantly higher than in the IHP or NHP
groups (Newman-Keuls, P < .01), but
IHP and NHP do not differ from one an-
other. As with the unselected popu-
lations, the WRITE ratio is significantly
higher than sPEAK in right-handers and
significantly lower than sPEAK in both
left-handed groups (21). Therefore, even
in those left-handers selected by EEG
criteria for processing speech primarily
in the left hemisphere, writing with the
left hand involves considerable right
hemisphere participation.

Thus, our EEG recording during writ-
ing in normal left-handed subjects leads
us to conclude that the right hemisphere
is strongly engaged during left-handed
writing regardless of hand posture or
hemisphere specialization for speech. In
left-handers whose speech is primarily
controlled in the left hemisphere, this
process is presumably mediated across
the corpus callosum. The idea that con-
trol of a hand might be executed across
the corpus callosum is not a new one.
Since 1908 it has been recognized that in
patients with callosal lesions, the ‘‘mi-
nor’’ hand is apraxic (it cannot carry out
verbal commands) because it can no
longer operate under the control of the
language hemisphere. Heilman et al. (22)
have presented an excellent discussion
of this literature.

Our assessment of hemisphere special-
ization with EEG and dichotic measures
suggests that the differences found be-
tween the two hand posture groups may
be based primarily on visual rather than
auditory or proprioceptive-motor spe-
cialization. This would explain the ab-
sence of significant differences between
IHP and NHP groups at anterior leads
and the presence of differences during vi-
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sual language tasks at the occipital leads.
The repeated failure to find a difference
between the IHP and NHP groups with
dichotic listening tests would also be ex-
plained if hand posture is related to visu-
al processing. Levy’s successful method
is visual.

In conclusion, we find modest support
for the inferences of Levy and Reid (6)
and Moscovitch and Smith (8) that the
two hand postures might indicate dif-
ferent patterns of brain organization
among left-handers. However, it does
not appear the hand posture can be used
to indicate the ‘‘language hemisphere.”
Indeed, the assumption that language is
unitary may underlie much of the con-
flict in the literature on lateralization.
The left-handed population is often de-
scribed as including individuals in whom
“‘language’’ is represented in the left
hemisphere, or the right, or bilaterally.
Evidence for this conclusion has come
primarily from clinical studies of patients
with lesions or patients who have under-
gone presurgical anesthetization of one
hemisphere by sodium amytal (/) and
from studies of normal subjects using vi-
sual hemifield stimulation (2), dichotic
tasks (3), or EEG measures of task-de-
pendent asymmetry ¢, 5).

The correlations between results ob-
tained with these various methods are
low (23), perhaps because they are not
studying the same language behaviors.
For example, clinical studies frequently
include receptive or expressive language
dysfunctions, or both, under the general
heading of aphasia. The sodium amytal
procedure tests only speech; the tachis-
toscopic paradigm, only reading; and the
dichotic measure, only listening. Few
EEG studies have explicitly examined
asymmetry differences among several
language tasks. With all of these meth-
ods, although specific language behav-
iors are tested, the results are usually
generalized to indicate ‘‘the language
hemisphere’’ as if any language task
were representative of them all.

Language is not a unitary function. In
left-handers, or groups such as learning-
disabled and stutterers whose cerebral
organization is alleged to be less lateral-
ized than typical right-handers, it may be
only particular components of language
that are lateralized differently. The con-
cept of a language hemisphere may be
most useful when describing typical
right-handers in whom all these behav-
iors are lateralized fairly consistently to
the left hemisphere; it may be misleading
when applied to left-handers or ambi-
dextrous persons whose patterns of spe-
cialization might differ for specific as-
pects of language. Specific language
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tasks depend on communication be-
tween specific organized regions in the
cortex. Therefore, attempts to show dif-
ferences in language lateralization be-
tween subjects should also analyze task
and regional specificity.
JEANNINE HERRON
DaviD GALIN
JACK JOHNSTONE
ROBERT E. ORNSTEIN
Langley Porter Institute, University of
California, San Francisco 94143
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Pupillary Responses During Information Processing

Vary with Scholastic Aptitude Test Scores

Abstract. The magnitude of task-evoked pupillary dilations during mental activity
has previously been shown to index the cognitive capacity utilized in the performance
of the mental task. To determine the relation between “‘intelligence’”’ and capacity
demands during mental activity, task-evoked pupillary dilations were measured
while two groups of university students differing in their scores on the Scholastic
Aptitude Test solved mental arithmetic problems. Over three levels of problem diffi-
culty, more intelligent subjects showed smaller task-evoked pupillary dilations than
did their less intelligent counterparts. Thus, the more intelligent appear to possess
more efficient cognitive structures of information processing. These data provide
evidence that physiological differences between individuals of differing psychometric

intelligence emerge during mental activity.

The general (G) factor of intelligence
was first described by Spearman in 1904
(1) as an explanation for the consistent
positive correlations observed between
tests of cognitive ability that differ wide-
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ly in both content and modality. Spear-
man further suggested that G may corre-
spond to the amount of general mental
energy available to an individual and that
specific abilities are brain structures or
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