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In the vast majority of right-handed 
persons, the left cerebral hemisphere is 
specialized for language integration and 
the right hemisphere is specialized for 
mental imagery and the understanding of 
spatial relationships (1). The association 
between the linguistically dominant left 
hemisphere and the dominant right hand 
seems to derive from the fact that the left 
side of the brain is organized not only for 
language integration but also for the pro- 
gramming of sequential manual move- 
ments. Unilateral lesions of the left hemi- 
sphere produce ideational and ideomotor 
apraxias as well as aphasia and agraphia 
(2). 

However, the understanding of the as- 
sociation between handedness and brain 
organization has been inadequate be- 
cause of the complexity of the relation- 
ship between the brain and the hand in 
the left-handed. The left-handed popu- 
lation is heterogeneous with respect to 
the direction of lateral specialization; 
some 60 percent have language functions 
in the left hemisphere and visuospatial 
functions in the right, and about 40 per- 
cent have the opposite organization (3). 
In addition, some small fraction, prob- 
ably less than 1 percent, of right-handed 
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life-span, the birth rate can be a periodic func- 
tion of time [cited by P. H. Leslie, Biometrika 33, 
183 (1945)]. 

4. M. Lloyd and H. S. Dybas, Evolution 20, 133 
(1966); ibid., p. 466. 

5. C. S. Holling,Annu. Rev. Ecol. Syst. 4, 1 (1973). 
6. The notation (y)+ denotes y if y > 0 and 0 if 

y < 0. 
7. Our model leads to the piecewise linear repro- 

duction curve in Fig. 1. It is similar to, but 
simpler than, those used in studying fisheries 
and other ecological systems, where they are 
referred to as depensatory-compensatory (d-c) 
curves [P. A. Larkin, R. F. Raleigh, N. J. Wili- 
movsky,J. Fish. Res. Board Can. 21,477 (1964); 
(5)]. In addition, in our model the curve changes 
at each generation. Results similar to the ones 
presented can be derived for more general d-c 
reproduction curves. For example, Eq. 4 can be 
replaced by Xn = F(x - L; P,,K,) where F is a 
smooth function satisfying F(x) < x for 
0< < x < P,n* and F(x) > x for 
0 < Pn* < x < K,,. Such a function is given by 
F(x) = [x - x(P,* - x) (K, - x)]+. The thresh- 
old of extinction P,,* and the residual carrying 
capacity Kn can be defined as in the present 
model. 
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writers, have their main language func- 
tions in the right hemisphere and their 
visuospatial fuinctions in the left (4). In 
left-handed writers with language func- 
tions in the left hemisphere or right- 
handed writers with language functions 
in the right hemisphere, control of the 
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Fig. 1. Typical writing postures of dextrals 
and sinistrals who write with inverted and 
noninverted hand positions. 
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writing hand must be exercised either via 
the ipsilateral motor tracts, via commis- 
sural pathways, or, possibly, through 
both systems. 

We now report a simple measurement 
which, in association with handedness, 
can reliably predict which hemisphere is 
predominantly linguistic and which pri- 
marily "spatial" in the left-handed and 
the occasional right-handed writer who 
is an exception to the normal relation- 
ship. Left-handed writers, in addition to 
being heterogeneous with respect to the 
direction of cerebral lateralization, also 
vary with respect to hand posture in writ- 
ing. From our observations, more than 
90 percent can be clearly classified as 
adopting either the "hooked" position, 
in which the hand lies above the line of 
writing, or the common right-handed po- 
sition, in which the hand lies below the 
line of writing (Fig. 1). The hooked writ- 
ing posture has been explained as a 
learned adaptation to the necessity of 
writing from left to right in our culture 
(5). Two observations make this inter- 
pretation unlikely. (i) We have observed 
several dextral writers who hold their 
hands above the line of writing in the in- 
verted manner of a hooked left-handed 
writer. (ii) Writing in Hebrew proceeds 
from right to left, but in Israel, right- 
handed writers position their hands in 
the same way as Americans, but many 
left-handed Israelis display the hooked 
posture (6). 

Results of a preliminary study by Levy 
and Mandel (7, 8) supported the hypothe- 
sis that writing position was related to 
cerebral dominance and indicated that 
the inverted position of left-handed 
writers was associated with an ipsilateral 
language hemisphere and the non- 
inverted position with a contralateral lan- 
guage hemisphere. However, sources of 
noise in the data left other possible inter- 
pretations open. 

We have now tested 73 subjects, all 
university undergraduates, for cerebral 
lateralization with two tachistoscopic 
tests, one measuring visuospatial domi- 
nance and one measuring language domi- 
nance. There were 24 right-handed 
writers with the noninverted position 
(RN), 24 left-handed writers with an in- 
verted hand position (LI), 24 left-handed 
writers with the noninverted position 
(LN), and one right-handed writer with 
the inverted position (RI). Half of each 
group was male and half, female. Sub- 
ject RI was a female. Hand position 
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was classified according to two crite- 
ria: (i) whether the hand was held be- 
low (noninverted) or above (inverted) 
the line of writing, and (ii) whether the 
point of the pencil pointed toward the 
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Variations in Writing Posture and Cerebral Organization 

Abstract. Two tachistoscopic tests of cerebral lateralization were administered to 
73 subjects classified by handedness, sex, and hand orientation in writing. The re- 
sults indicated that the direction of cerebral lateralization coulld be indexed from a 
subject's handedness and hand postlure during writing. In subjects with a normal 
writing posture, the linguistically specialized hemisphere was contralateral to the 
dominant hand, and the visuospatially specialized hemisphere was ipsilateral; the 
reverse was true in subjects with an "inverted" hand position during writing. Fe- 
males and subjects having an inverted hand postutre manifested smaller degrees of 
lateral differentiation than males and subjects with a typical hand posture. 
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top (noninverted) or bottom (inverted) 
of the page. Two potential subjects 
whose hand positions could not be un- 

ambiguously classified were not included 
in the study. In a preliminary study, we 
were in complete agreement on classifi- 
cations. 

With tachistoscopic presentation of 
tests that require the specialized func- 
tions of one hemisphere, superior per- 
formance is seen for stimuli presented in 
the contralateral visual half-field (8). 
Thus, for right-handed subjects, the right 
visual field (RVF) is superior for verbal 
tests and the left visual field (LVF) is su- 
perior for visuospatial tests (9). If hand 
inversion indicates an ipsilateral relation- 
ship between the dominant hand and the 
language hemisphere, group LI should 
display the same field superiorities. In 
contrast, group LN and subject RI 
should manifest a superiority of the LVF 
on verbal tests and of the RVF on vi- 
suospatial tests. 

In each trial of our verbal test (syllable 
test), a dark field with a white fixation 
point (fixation field) was displayed, fol- 
lowed by a dark stimulus field in which a 
pronounceable, vertically oriented, non- 
sense syllable (consonant-vowel-conso- 
nant) printed in white letters was present- 
ed 2? to the left or right of the fixation 
point, with a white number replacing the 
fixation point. The stimulus field was pre- 
sented for a period ranging from 90 msec 
for some subjects to 180 msec for others. 
The exposure duration was determined 
separately for each subject in prelimi- 
nary tests to maintain performance at ap- 
proximately 50 percent accuracy. Sub- 
jects viewed binocularly during all test- 
ing. Termination of the stimulus field 
coincided with the appearance of a mask- 
ing field (white letter fragments on a 
black background), which lasted for 200 
msec before the fixation field was re- 
turned. 

Subjects were required to report (i) the 
number displayed at the fixation point 
and (ii) the laterally projected syllable. 
Performance for each field was measured 
as the proportion of correct syllable identi- 
fications (in 60 trials per field) multiplied 
by the reciprocal of the exposure duration 
and a constant. This score is an index of 
the amount of information correctly 
processed per unit time. 

In the visuospatial test (dot location 
test), subjects were asked to determine 
the position of a white dot that was ta- 
chistoscopically flashed within a white rec- 
tangular frame on a dark background in 
the left or right visual field. Subjects des- 
ignated the position on a response card 
containing a 5 by 4 array, representing the 
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Fig. 2. Visual half-field difference scores 
(+ standard errors of the mean differences) 
for the syllable and dot location tests. Positive 
differences indicate superiority of the RVF, 
and negative differences, superiority of the 
LVF. 

20 possible locations of dot stimuli with- 
in one visual field. 

Each trial consisted of the sequential 
display of the fixation field (a dark field 
with a white fixation dot located midway 
between two white rectangular frames), 
a stimulus field lasting from 25 to 100 
msec and having a central fixation num- 
ber, and a masking field lasting 200 msec. 
Exposure durations and scores for each 
field were determined as for the verbal 
test. For each field, 20 trials were given. 
Again, subjects viewed binocularly. 

Constants for the two tests were so 
chosen that the average performance of 
group RN for the two fields for one test 
equaled that of the other test. This nor- 
malization permitted a comparison of 
performances on the two tests within the 
other groups, and within the two sexes, 
relative to the mean of group RN. 

As hypothesized, groups RN and LI 
demonstrated a superiority of the RVF 
on the syllable test and of the LVF on 
the dot location test; group LN and sub- 
ject RI displayed the opposite field supe- 
riorities (Fig. 2) (10). Only one of 25 
right-handed subjects manifested both 
superiority of the LVF on the syllable 
test and of the RVF on the dot location 
test; this was the single right-handed sub- 

ject with an inverted hand posture. 
These data, along with the known rarity 
of right-hemispheric dominance for lan- 
guage in dextrals, support the proposal 
that hand position in writing, when a sub- 
ject's handedness is known, classifies 
the direction of hemispheric later- 
alization. When the direction of cerebral 
asymmetry was indexed by the average 
of the RVF score minus the LVF score 
for the syllable test and the LVF score 
minus the RVF score for the dot location 
test (a positive average indicated special- 
ization of the left hemisphere for lan- 
guage and of the right hemisphere for 
spatial processing; a negative average in- 
dicated the reverse), 70 out of 73 sub- 
jects displayed the described relation- 
ship. The exceptions were (i) one LI fe- 
male who displayed reversed field 
superiorities on both tests, (ii) another 
LI female who had RVF superiorities on 
both tests, the magnitude of the field dif- 
ference being larger on the spatial than 
on the verbal, and (iii) one LI male who 
displayed LVF superiorities on both 
these tests, with a greater superiority on 
the verbal than on the spatial test. For LI 
subjects, however, and particularly for 
females, field differences were small; any 
unreliability in the tachistoscopic indices 
of lateralization can easily lead to the 
misclassification of such subjects. 

Subjects with an inverted hand pos- 
ture typically displayed smaller field dif- 
ferences than subjects in the other two 
groups (Fig. 2) (11). The conclusion that 
sinistrals are less completely lateralized 
than dextrals seems to apply only to 
those with left-hemispheric special- 
ization for language. 

Brain organization varied as a function 
of sex. In all groups and for both tasks, 
the magnitude of field differences was 
smaller for females than for males (11). 
This is consistent with observations of 
other investigators (12). 

The results of this study suggest that 
four neurologically meaningful cate- 
gories of people are produced by the di- 
chotomies of handedness and hand posi- 
tion. When total performance (averaged 
over both fields) of each group on both 
tasks is examined, group LI performed 
more poorly than either group LN or 
group RN, and females performed more 
poorly than males (10). Both being fe- 
male and writing with an inverted hand 
position are also associated with less lat- 
eralization. 

The variability of the LI males on 
the spatial-test was significantly great- 
er than that of the other groups (P < 
.05 for all comparisons). Three of these 
subjects outperformed all right-handed 
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subjects in the dominant LVF, but eight 
were inferior to all right-handed males, 
and only one was in the range of the 
right-handed males. It is possible that 
lowered lateralization, with possible dual 
representation of a function in both hemi- 
spheres, can lead to unusually good or 
poor performance, depending on the 
function measured. 

The two traditional measures, hand- 
edness and sex, supplemented by our 
new measure of hand position, allow 
very simple, rapid, and reliable predic- 
tion of hemispheric specialization and lat- 
eralization. These observations allow us 
to meaningfully subcategorize left-hand- 
ed writers and the method should be use- 
ful in lateralization research and in clini- 
cal medicine. Additional research is 
needed to determine how a dominant 
hand is controlled by an ipsilateral hemi- 
sphere, the sources of variability among 
individuals in the relationship between 
the brain and the hand, why manual con- 
trol by an ipsilateral hemisphere leads to 
hand inversion and weak lateralization, 
the nature of the mechanisms underlying 
the association between performance 
measures and hand posture, and the pos- 
sible cognitive correlates of handedness 
and hand position in writing. 

JERRE LEVY, MARYLOU REID 
Department of Psychology, 
University of Pennsylvania, 
Philadelphia 19174 
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60) = 18.24, P < .001] were significant; groups 
RN and LN had higher scores than group LI, 
and males were superior to females. The group 
by lateral field by task interaction was signifi- 
cant [F(4, 120) = 80.35, P < .001]; groups RN 
and LI had higher right visual field (RVF) scores 
on the syllable test and higher left visual field 
(LVF) scores on the dot location test, and group 
LN had the reverse. The four-way interaction 
among group, sex, lateral field, and task was 
also significant [F(4, 120) = 10.38, P < .001], 
which shows that females made a smaller contri- 
bution than males to the three-way interaction. 

11. In a second analysis of variance for each task, 
superior/inferior field (SVF/IVF) was entered as 
a within-subjects factor instead of right/left field. 
The purpose was to compare the groups for 
degree instead of direction of lateralization. As a 
result of the definition of the field factor in this 
analysis, there must necessarily be a main effect 
of field. In both the syllable test and the dot 
location test, there was a significant group by 
field interaction [F(2, 60) = 7.17, P < .005, and 
F(2, 60) = 9.16, P < .005, respectively]. In both 
tasks, the interaction resulted from a larger dif- 
ference between groups in the SVF than in the 
IVF: group LI was inferior to both groups RN 
and LN in the SVF but only marginally inferior 
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in the IVF on the syllable test and not inferior on 
the dot location test. Thus, on both tests, the 
magnitude of the field difference was smaller for 
group LI than for groups RN and LN. Similarly, 
there was a significant sex by field interaction in 
both tests, with the field differences for females 
being smaller than that for males. Males sur- 
passed females in both the SVF (P < .001) and 
in the IVF (P < .05). 

12. M. P. Bryden [Percept. Mot. Skills 23, 1127 
(1966)]; R. Remington, S. Krashen, and R. 
Harshman (paper presented at the 86th annual 
meeting of the Acoustical Society of America, 
Los Angeles, 20 to 23 September 1973); D. A. 
Lake and M. P. Bryden [unpublished work 
(1975)]; and R. Harshman [unpublished work 
(1975)] all report smaller asymmetries of the 
ear for females than males on dichotic listening 
tasks. J. A. Wada, R. Clark, and A. Hamm 
[Arch. Neurol. (Chicago) 32, 239 (1975)] found 
a smaller degree of anatomical asymmetry in 
adult female than in adult male brains. 

13. We thank D. Kemler, P. Rozin, and J. Wishner 
for helpful comments and criticisms. We are 
also grateful to our 73 subjects who volunteered 
their time. 
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The Biochemical High-Risk Paradigm: Behavioral and Familial 

Correlates of Low Platelet Monoamine Oxidase Activity 

Abstract. A population of individuals potentially at risk for psychiatric disorders 
was identified by screening 375 college student volunteers for low platelet mono- 
amine oxidase (MAO) activity levels. The lower and upper 10 percent in MAO activi- 
ty were interviewed and family history data were obtained. Low-MAO probands re- 
ported more frequent psychiatric or psychological counseling and problems with the 
law. Families of low-MAO probands had an eightfold increase in the incidence of 
suicide or suicide attempts over those of high-MAO probands. This suggests that 
reduced MAO levels, reported previously in patients with affective disorders and 
chronic schizophrenia, may predict a vulnerability to psychiatric disorder. 
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The "high-risk" approach to the study 
of psychiatric disorders attempts to tran- 
scend the dilemma of whether the biolog- 
ical and psychosocial abnormalities ob- 
served in psychiatric patients are of 
etiological significance or result from the 
disorders. To do this, high-risk studies 
focus on individuals believed vulnerable 
to psychiatric disorders before the dis- 
order appears. To select a pool of vulner- 
able individuals, nearly all high-risk stud- 
ies have relied on familial models and 
have examined the offspring or relatives 
of a clearly defined patient sample. Bio- 
chemical studies of psychiatric dis- 
orders, on the other hand, have usually 
begun with patients in "known" diagnos- 
tic groups and searched for abnormal- 
ities. The present study integrates the 
usual biochemical paradigm with the 
high-risk one to produce a new biochemi- 
cally-at-risk strategy. Here, the "pro- 
band" is established by a biological 
measure, not a clinical one. The use of 
this strategy reduces the heterogeneity 
of the sample; eliminates the hospital- 
ization, labeling, and treatment factors 
that confound other biochemical studies; 
and rigorously tests the power of the bio- 
logical factor under investigation. 
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The biochemical indicator chosen in 
our study to identify a population poten- 
tially at risk for psychiatric disorders is 
platelet monoamine oxidase (MAO) ac- 
tivity. We felt MAO activity to be espe- 
cially promising for four reasons: (i) it 
has been reported in five out of seven 
studies to be lower in patients with 
chronic schizophrenia (1, 2) and bipolar 
(manic-depressive) affective disorders 
(3); (ii) it is consistent with two leading 
conceptualizations of biochemical abnor- 
malities in the major psychoses-the 
transmethylation and dopamine hypothe- 
ses (2, 4); (iii) it is under genetic control 
(2, 5); and (iv) it is associated with some 
personality test differences in normal 
males (6) and with stable behavioral pro- 
files in rhesus monkeys (7). 

As is true of all promising biochemical 
leads, the significance of the finding of 
reduced MAO activities in psycho- 
pathologic groups is diminished in two re- 
spects. Low MAO activities are found in 
many but not all patients. More disturb- 
ing, there is a small percentage of "nor- 
mal controls" whose MAO levels are 
well below the means of the patient 
groups. 

Indeed, it was this group of presum- 
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