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Table 1. Correct responses and mean response latency ( t  standard error of the mean) on 
correct trlals for commlssurotomy patient V.P. and two control observers for each condition. 

V.P. Control subjects 

Condition Correct Latency Correct Latency 

(%I (msec) (%I (msec) 

Redundant-3 64 1706 t 49 96 922 + 24 
Mixed-3 74 1618 2 65 86 1034 + 26 
Mlxed-1 87 1480 + 79 94 912 +. 17 

interference between two tasks by pair- 
ing tasks that relied on two different 
physiological structures in which the 
normal interchange of information was 
surgically eliminated. In addition, we 
avoided the possibility of interference 
between concurrent responses by never 
requiring more than one response on a 
given trial. Our results imply (i) that dual 
task performance depends at least in part 
on resource limitations and (ii) that re- 
sources can be distributed among struc- 
tures that do not share access to a com- 
mon database. 

One major methodological consider- 
ation in attempting to disentangle per- 
ceptual interference and resource limita- 
tions was the selection af  a reasonable 
criterion for the independence of pro- 
cessing structures. Typically indepen- 
dence is inferred on the basis of an 
absence of performance trade-offs be- 
tween two tasks (4), but such a criterion 
would have been inappropriate for our 
purposes. The availability for research 
purposes of patients who have under- 
gone surgical transection of the corpus 
callosum for the control of intractable 
epilepsy, so-called "split-brain" sur- 
gery, provides a unique potential for 
resolving this problem (5). A subset of 
these patients possesses sophisticated 
language skills in both hemispheres, but 
is unable to integrate information pre- 
sented to the two visual half-fields; infor- 
mation presented to the left hemifield is 
isolated to the right hemisphere, and 
information presented to the right hemi- 
field is isolated to  the left hemisphere (6). 
Such findings imply that separate and 
independent processing structures reside 
in the disconnected hemispheres. The 
"perceptual interference" model of con- 
current task performance would predict, 
therefore, that a manipulation in the cog- 
nitive load of one hemisphere's task 
would not alter the performance of the 
other hemisphere at  a concurrent task, 
whereas the "resource" model would 
predict that a performance trade-off be- 
tween the hemsipheres would occur. We 
have found that, when the difficulty of 
one hemisphere's task is reduced, the 
other hemisphere's performance im- 
proves. This finding is best accounted 

for in terms of competition between the 
hemispheres for a limited pool of pro- 
cessing resources. 

One commissurotomy patient with bi- 
lateral language, hereafter referred to as 
V.P. ,  and two neurologically intact con- 
trol observers participated in our study 
(7). On each trial, two series of geomet- 
ric shapes were displayed concurrently 
to the left and right of central fixation 
and thus were lateralized to the right and 
left hemispheres, respectively (Fig. 1). A 
unilateral probe figure subsequently ap- 
peared, and the observer indicated with 
a forced-choice key press whether it 
matched any of the probed field's items. 
On half of the trials, the same three 

Fig. 1. Sequence of events for a redundant-3 
condition trial. Stimuli were selected from a 
set of seven geometric forms (square, circle, 
triangle, and so forth), each about 3" by 2" of 
visual angle, and displayed 5" directly to the 
left and right of central fixation. Each stimu- 
lus appeared for 150 msec with an interstimu- 
lus interval of 500 msec. A 1-second delay 
followed presentation of the last stimulus, and 
the unilateral probe stimulus was presented 
for 150 msec. All displays were generated by a 
microprocessor (Apple 11) and presented on a 
video monitor at a viewing distance of 0.5 m. 

figures were displayed in the two fields 
in the same order (redundant-3 condi- 
tion); on half of the trials, three figures 
were displayed in one visual field and a 
single item was repeated three times in 
the other field. On half of these latter 
trials (that is, 25 percent of the total 
trials), the three-item field was probed 
(mixed-3 condition); on half, the single- 
item field was probed (mixed-1 condi- 
tion). Trials in which the probe appeared 
in the left o r  right visual field were 
equally represented for each condition, 
as were positive and negative trials. The 
hand used to respond was varied in a 
counterbalanced order across blocks of 
48 trials. Conditions were randomized 
within blocks. 

Results of 576 trials were collected 
from each observer. The proportion cor- 
rect and average response latency (based 
solely on correct trials)-collapsed 
across visual fields and hands-are sum- 
marized for each condition in Table 1. 
The interesting comparison for V.P. is 
between the two conditions in which the 
probed hemisphere received three items: 
the mixed-3 condition in which the un- 
probed hemisphere received a single 
item, and the redundant-3 condition in 
which the unprobed hemisphere re- 
ceived three items. V.P.  made fewer 
errors when the unprobed hemisphere 
received a single item [X2(l) = 4.1 1, 
P < ,051. In addition, although there was 
no significant difference between re- 
sponse latencies for these conditions 
[t(288) = 1.081, the shorter mean latency 
was associated with the more accurate 
mixed-3 condition. This would be ex- 
pected if the hemisphere engaged in the 
single-item task made relatively less 
processing demands; a greater propor- 
tion of the total resource pool thereby 
could be committed to the hemisphere 
engaged in the three-item task. Despite 
what appears to be a cooperative alloca- 
tion policy between the hemispheres, 
V.P. was unable to integrate information 
presented to the two half-fields. When 
the same stimuli were repeated and V.P. 
was asked to indicate whether the same 
or  different displays appeared in the two 
fields, her performance did not exceed 
chance (45196, P > .05). Control observ- 
ers performed this task without error. 

In contrast to V.P. ,  each control ob- 
server responded faster [t(401) = 2.64, 
P < .01; t(395) = 4.08, P < .001] and 
made fewer errors [x2(1) = 4.73, 
P < .05; x2(1) = 28.74, P < .001] in the 
redundant-3 condition (8) .  This would be 
expected if, unlike V.P . ,  these subjects 
made use of interfield redundancy and 
combined information from the two visu- 
al fields. If so, the total stimulus set for 
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control observers on redundant-3 condi- 
tion trials would consist of three items, 
whereas that on mixed condition trials 
would consist of four items (9). 

We conclude that V.P. 's  sensitivity to 
a difficulty manipulation in the unprobed 
field reflects competition between the 
hemispheres for a shared pool of re- 
sources-resources that can be utilized 
by either hemisphere and, to the extent 
that the hemispheres d o  not have access 
to a common data base, that are not 
specialized for individual processing 
structures. In addition, these resources 
must either reside in subcortical struc- 
tures or be transferred between the 
hemispheres via subcortical pathways, 
since the principal pathway for inter- 
hemispheric communication in this pa- 
tient has been sectioned. If resources are 
distributed interhemispherically by, say, 
the anterior commissure, which was not 
sectioned, there must be appreciable lati- 
tude with which resources that are com- 
mitted to one structure can be shared 
with another (4, 10). Although our find- 
ings imply that processing resources can 
be distributed among different process- 
ing structures, it remains to be deter- 
mined whether competition between 
tasks for a common structure is a conse- 
quence of time-sharing processing struc- 
tures, or whether it reflects the limits in 
dedicated resources that subserve spe- 
cific cognitive operations. 
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Human Fetal Movement: Spontaneous Oscillations 
Near One Cycle per Minute 

Abstract. Spectral analysis of spontaneousjuctuations in human fetal movement 
revealed strong oscillations at frequencies between 0.24 and 0.90 cycle per minute, 
which are much higher than those of the cyclic alternation of quiet and active states 
in the fetus and neonate. Oscillations at frequencies up to  2.88 cycles per minute 
were also detected, but they were usually much weaker. The prominent peaks in the 
fetal movement spectra are In the frequency range of recently reported neonatal 
motor rhythms, and indicate the existence of a cyclic process controlling spontane- 
ous motor output that oscillates near one cycle per minute and begins to function in 
utero. 

The brain of the full-term human neo- 
nate provides rhythmic or cyclic control 
of a number of behavioral and physiolog- 
ical processes, such as  respiration and 
the alternation of quiet and active sleep 
states (1-4). These rhythms are unstable 
o r  nonexistent in neonates born very 
prematurely, and may be disrupted by 
central nervous system (CNS) pathology 
in the full-term newborn (5). The func- 
tion of some rhythms, like respiration, is 
relatively clear. Others are less well un- 
derstood. For  example, the function of 
human sleep-state cycles, which may be 
a manifestation of a basic rest-activity 
cycle ( 6 ) ,  is not known. However, stud- 
ies of fetal behavior and physiology sug- 
gest that major rhythms such as respira- 
tion and activity cycles are present in 
utero, although their mature form may 
be established only after birth (7) .  

Recently, evidence was found for an- 
other rhythmic process in the full-term 
newborn (8). Fluctuations in spontane- 

ous body movement, the dominant mo- 
tor output of the newborn infant, were 
previously thought to be without tempo- 
ral organization. However, spectral anal- 
ysis revealed periodicity in the fluctua- 
tions of movement, with a cycle length 
on the order of 1 minute. This character- 
istic frequency is much higher than that 
of the sleep states (almost hourly), but 
much lower than frequencies of respira- 
tion or sucking. 

T o  determine whether the cyclic fluc- 
tuations in body movement observed in 
the full-term neonate are present in utero 
or appear only as  a consequence of the 
major physiological changes that accom- 
pany birth, we studied fetuses in the last 
few weeks of gestation. Spectral analysis 
of the data for each fetus revealed strong 
oscillations in movement. Dom~nant  fre- 
quencies were between 0.24 and 0.90 
cycle per minute, or within the range of 
neonatal motor rhythms previously re- 
ported (8). 
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