
possibility that benzodiazepines may se- 
lectively attach to subclasses of benzodi- 
azepine receptors must be considered 
(11). 

Early morning insomnia may not be 
unique to benzodiazepines, as rebound 
insomnia is (2); it may also occur with 
other sedative agents such as nonbenzo- 
diazepine hypnotics with relatively rapid 
rates of elimination. Alcohol, which is 
known for its sedative properties and its 
short elimination half-life, also increases 
wakefulness during the second half of 
the night (12). 
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Shadows of Thought: Shifting Lateralization of Human 
Brain Electrical Patterns During Brief Visuomotor Task 

Abstract. Dynamic spatial patterns of  correlation of electrical potentials recorded 
from the human brain were shown in diagrams generated by mathematical pattern 
recognition. The patterns for "move" and "no-move" variants of  a brief visuospa- 
tial task were compared. In the interval spanning the P300 peak o f  the evoked 
potential, higher correlations of  the right parietal electrode with occipital and central 
electrodes distinguished the no-move task from the move task. In  the next interval, 
spanning the readiness potential in the move task, higher correlations of  the left 
central electrode with occipital and frontal electrodes characterized the move task. 
These results conform to neuropsychological expectations of localized processing 
and their temporal sequence. The rapid change in the side and site of localized 
processes may  account for conjicting reports of  lateralization in studies which 
lacked adequate spatial and temporal resolution. 

Many investigators have reported that 
brain activity is lateralized during cogni- 
tive tasks. Advanced radiological meth- 
ods reveal relative localization and later- 
alization, but cannot resolve temporal 
sequencing because of the long time re- 
quired for observation. Studies of on- 
going, background electrical activity do 
not reveal split-second changes in neuro- 
cognitive patterns, and those that have 
reported lateralization of neurocognitive 
activity have been questioned on meth- 
odological grounds (1-6). Although the 

components of averaged event-related 
potentials (ERP's) may indicate the se- 
quencing of some neurocognitive pro- 
cesses, they have not revealed consist- 
ent, robust signs of lateralization, even 
for language (7). Conclusions derived 
from patients with focal brain lesions or 
with "split-brains," cannot be directly 
extended to normal subjects. Lateralized 
processes inferred from reaction time 
differences to hemifield or dichotic stim- 
ulation have also been questioned on 
methodological grounds (8). These fac- 

tors have undoubtedly contributed to 
conflicting reports of lateralization of 
brain activity. 

To observe the spatial patterns and 
sequencing of neurocognitive activity, 
we have developed a new method called 
neurocognitive pattern (NCP) analysis. 
In NCP analysis the average ERP's of 
each person are used to determine the 
time intervals of task-related neural 
processes. Within these intervals the 
similarity of brain-potential waveshapes 
over the scalp is measured on a single- 
trial basis by computing the cross-corre- 
lation coefficient between paired combi- 
nations of electrodes. Although the neur- 
oanatomic origin and neurophysiological 
significance of these correlations is not 
known, it has been suggested that cogni- 
tive activity may be associated with 
characteristic scalp correlation patterns 
(9). However, task-related electrical sig- 
nals from the brain are spatially smeared 
in transmission to the scalp and are em- 
bedded in background activity. Since 
linear statistical methods were not effec- 
tive in dealing with these obstacles, we 
used a more powerful analysis called 
trainable classification-network mathe- 
matical pattern recognition (2, 3, 10-13). 
For this method, artificial intelligence 
algorithms are used to extract patterns of 
correlation that differ between two con- 
ditions with no assumptions about the 
distribution of correlation values. The 
algorithm is first applied to a labeled 
subset of the experimental data called 
the training set, and the invariant pat- 
terns (classification functions) found are 
then verified on a separate unlabeled 
subset of data called the test set. If the 
classification functions can significantly 
separate the test set into the two condi- 
tions, the extracted patterns have intrin- 
sic validity. 

Previously we reported the existence 
of complex, rapidly changing patterns 
of brain-potential correlation involving 
many areas of both hemispheres that 
distinguished numeric and spatial judg- 
ments in a visuomotor task (13). Since 
the sequencing of neurocognitive differ- 
ences between numeric and spatial proc- 
essing is not definitely known, the com- 
plex patterns were difficult to interpret. 
The present experiment was designed to 
clarify this situation by highlighting pre- 
sumably localized neural processes. In 
comparing two types of spatial judg- 
ment, the common activity of brain areas 
should cancel, revealing differences in 
the right parietal area presumed to medi- 
ate spatial judgments. The right-handed 
finger response in one task was designed 
to elicit lateralized activity of the left 
central motor area. 



In this study a person estimated the 
distance a "target" should be moved to 
intersect a displayed arrow's trajectory. 
The "move" task required pressure of 
the right index finger on a transducer 
with a force proportional to that distance 
(14). In the "no-move" task the arrow 
pointed directly at the target, and no 
pressing was required (pseudorandom 20 
percent of trials). Thus, the spatial judg- 
ment and response differed between 
tasks, while gross stimulus characteris- 
tics were the same. 

Nine right-handed, healthy adults 
(eight males, one female) participated in 
the study. The average response initia- 
tion (muscle potential onset) time for the 
move trials was 0.59 second (standard 
deviation, 0.19; mean of standard devi- 

ations within persons, 0.24). Brain po- 
tentials were recorded from 15 scalp 
electrodes and referenced to linked mas- 
toids (Fig. 1A) (15). Vertical and hori- 
zontal eye movements, muscle poten- 
tials from the responding finger, and the 
output of the force transducer were also 
recorded. The data were edited to re- 
move trials with artifacts, and a set of 
1612 correct, representative trials (839 
move, 773 no-move) was formed. Aver- 
aged ERP's were computed for all elec- 
trodes (Fig. lB), and t-tests and analyses 
of variance (ANOVA's) were performed 
(16, 1 3 .  

Cross-correlations were computed be- 
tween 91 paired combinations of the 15 
electrodes for each trial in each of three 
175-msec intervals (Fig. 1B). Two inter- 

Fig. 1. (A) Montage of 
15 electrodes. Non- 
standard placements 
are intended to over- 
lie cortical areas of 
particular interest: an- 
terior occipital (Oy), 
anterior parietal (Ps), 
midline precentral 
(superior edge-Cs), 
and midline premotor 
(Csa) areas. (B) Com- 
oosite average event- - 
related potentials 
(ERP's) from four 
persons (75 percent of B 
the total data from 

w 
NO-move ( 6 0 4  trials) 

nine persons) for the Pz ; 
Pz electrode, showing 
the major ERP peaks 
and corresponding 
single trial correlation 
analysis intervals. 
The P300 ERP peak is - RP 

N1-P2 , larger in the infre- i 

nine persons) for the Pz ; 
Pz electrode. showing P Z  ' 

and 'corresponding 
single trial correlation 

d 

,P i - L quent no-move trials. Stimulus 5 0 0  msec 
(C) One of the 15 sets of ten electrode pairs into which the 91 paired correlations were grouped. 
The anterior occipital (Oy) set is shown. In Fig. 2 the principal electrodes of differing sets are 
circled and the most prominent correlations are indicated as solid and dotted lines. 

N 100-P200 interval: P300  interval: RP interval: 
149 to 3 2 4  msec 3 0 2  to  4 7 7  msec 4 3 6  to  6 1 1 msec 

Fig. 2. Diagrams of between-task differences in the (A) N100-P200, (B) P300, and (C) RP 
intervals generated by neurocognitive pattern (NCP) analysis. The most significantly differing 
electrode sets, their significance level, and the most prominent correlations within the set are 
shown. A solid line between two electrodes indicates that the correlations were higher in the 
move task, while a dotted line indicates higher no-move task correlations. 

vals spanned the N100-P200 and P300 
ERP peaks, and the third (RP) interval 
spanned most of the readiness potential 
(in the move task). The centerpoint of 
each interval was determined for each 
person (18). The correlations were stan- 
dardized within persons, within elec- 
trode pairs (mean, 0; standard deviation, 
I), and then grouped across people. The 
t-tests and ANOVA's of single-trial cor- 
relations did not distinguish meaningful 
differences in between-task spatiotempo- 
ral patterns. 

Mathematical pattern classification 
was then applied to the single-trial corre- 
lations of all nine people to search for 
subtle between-task differences in each 
interval. To make the results anatomical- 
ly interpretable, we performed the 
search separately on each of 15 sets of 
electrode pairs. Each set consisted of the 
correlations of a particular electrode 
with ten other electrodes (Fig. 1C). For 
each interval, the electrode set that dis- 
tinguished conditions on the test set with 
the highest significance level (19), and 
the most prominent correlations for that 
electrode set (20), were diagramed. 

In the N100-P200 interval, correla- 
tions of the midline parietal electrode 
distinguished the tasks (P < .001) (Fig. 
2A). In the P300 interval, correlations of 
the right parietal electrode with the mid- 
line occipital and precentral electrodes 
were greater in the no-move task, while 
correlations of the right parietal with the 
right central electrode were greater in 
the move task (P < 5 x lo-*) (Fig. 2B). 
In the RP interval, correlations of the left 
central electrode with the midline frontal 
and occipital electrodes were greater in 
the move task, while correlations of the 
left central electrode with the midline 
parietal electrode were greater in the no- 
move task (P < 5 x (Fig. 2C). 

The right parietal locus of between- 
task difference in the P300 interval may 
reflect a lateralization of activity distin- 
guishing the two types of spatial judg- 
ment (21) or the difference between 
movement estimation in the move task 
and the cancellation of response in the 
no-move task. The left central focus of 
difference in the RP interval 135 msec 
later may reflect the preparation and 
initiation of the movement of the right 
index finger. In contrast, the pattern of 
difference in the N100-P200 interval was 
not lateralized. 

These results may help explain con- 
flicting reports of brain-potential laterali- 
zation. In many studies, various "ver- 
bal-analytic" and "spatial" tasks 1 min- 
ute or more in duration have been associ- 
ated with relative left and right hemi- 
sphere EEG activity (1-6). However, it 
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is not clear whether this activity is asso- 
ciated with mental aspects of tasks or 
with sensorimotor components, or with 
artifacts. In a previous study we found 
no topographic differences in EEG spec- 
tra between 15-second arithmetic, block 
rotation and letter substitution tasks af- 
ter rigorously controlling other-than-cog- 
nitive factors (2-4). However, such het- 
erogeneous tasks cannot be resolved into 
serial components reflecting different 
neurocognitive processes. We therefore 
refined our approach by using short (less 
than 1 second) tasks, using time refer- 
ences based on person-specific average 
ERP measurements, computing correla- 
tions between channels on a single-trial 
basis, and using mathematical pattern 
classification to reveal split-second se- 
quential processing. This yielded a se- 
quence of clear-cut between-task differ- 
ence patterns involving split-second 
changes in the localization and lateraliza- 
tion of mass neural activity. Appropriate 
studies of neurocognitive functions 
should take into account this rapidly 
shifting network of localized and later- 
alized processes. 
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A Functional Role for an Opiate System in 
Snail Thermal Behavior 

Abstract. The terrestrial snail Cepaea nemoralis, when placed on a 40°C hot plate, 
lifts the anterior portion of  its foot. The latency of  this response is injuenced by 
morphine and by naloxone in a dose-dependent and time-dependent manner. 
Morphine increases the time taken t o  respond, whereas naloxone reduces it .  
Furthermore, naloxone abolishes the effect of morphine. These results indicate that 
an opiate system may  have a role in this behavior, which resembles that reported in 
vertebrates. 

Although the importance of opiate sys- 
tems in mediating behavioral and physio- 
logical activities is recognized in verte- 
brates ( I ) ,  the role of opiate systems in 
invertebrates has only recently become 
apparent (2-4). Evidence for electro- 
physiological and biochemical effects of 
opiates, their agonists, and antagonists 
and the demonstration of specific opiate 

receptors in molluscs (3), have resulted 
in the suggestion that opiate receptors 
and their effectors play a role in the 
regulation of transmitter release in inver- 
tebrates (4). We present evidence that 
opiate systems have a functional role in 
determining the thermal behaviors of the 
terrestrial snail Cepaea nemoralis. 

The snails were maintained as sepa- 
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