aftercontraction induced by sotalol
from 75.8 = 14.9 mg (mean * stan-
dard error to 264.5 = 32.8 mg. Ac-
cording to Niedergerke (5) frog ven-
tricular strips, depolarized with high
concentrations of external potassium,
contract more strongly the higher the
concentration of extracellular calcium,
and calcium exchange is directly related
to contracture tension. Similarly, in the
presence of sotalol the striking increase
in tension of the aftercontractions
caused by doubling external calcium
supports the hypothesis that during a
prolonged depolarization an influx of
calcium may contribute to the produc-
tion of active tension.

The tension of the sotalol-induced
aftercontraction is only a small fraction
of the main twitch tension (5 to 18
percent at 4.5 meq of calcium per
liter). Kavaler, who succeeded in ex-
tending the duration of the contrac-
tion of ventricular strips by holding the
plateau of the action potential at a
positive potential (+ 15 mv) with an
applied current, observed long-lasting
contractures which developed about 80
percent of the active tension of the
main twitch (6). The reason for this
discrepancy may be that the electrically
sustained plateau potential is positive,
whereas the plateau produced by sotalol
is slightly negative.

The change in the time course of
myocardial electrical activity produced
by sotalol may have a bearing on the
antiarrhythmic properties of this drug
(2). Sotalol prevents the ventricular
fibrillation produced by coronary liga-
tion or poisoning with ouabain (2).
Other antiarrhythmic agents such as
the G-adrenergic blocking agents pro-
nethalol and propranolol do not pro-
long the cardiac action potential. These
drugs have local anesthetic activity, and
probably act by reducing depolarizing
(Na*) current (7). Sotalol, on the
other hand, is not a local anesthetic
agent (8). The QT interval is increased
about 50 percent in animals when
sotalol is present in concentrations suf-
ficient .to exert antifibrillatory activity
(2). The concentration of sotalol for
antifibrillatory action is estimated to be
of the same order as the concentration
that prolongs the action potential in
vitro. Our studies indicate that in con-
centrations from 6 X 10-¢ to 6 X 10*
mole/liter, this drug does not decrease
the rate of depolarization and hence
does not interfere with the inward de-
polarizing current. Consequently, it ap-
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pears that the antifibrillatory activity

of sotalol, unlike that of other presently

known antiarrhythmic agents, is attrib-

utable to the marked prolongation of

the ventricular action potential.
ALBERTO J. KAUMANN*

CAMILLE B. OLsON

Department of Pharmacology,

Harvard Medical School,

Boston, Massachusetts 02115
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Visual Evoked Response Correlates of Unconscious

Mental Processes

Abstract. Average evoked responses and accompanying free associations elicited
by subthreshold visual stimuli were studied to determine if a differential discrimi-
nation between two stimuli would be reflected in either or both of these responses.
The results indicate that the effects of subliminal perception are encoded in the
average evoked response and also influence the content of free associations.

Bevan (7), in reviewing a number of
studies which sought to investigate the
influence of subliminal stimuli upon
cognitive processes, concluded in favor
of subliminal perception. Shevrin and
colleagues (2) have shown that sub-
liminal visual stimuli influence associa-
tions and imagery and also elicit verbal
behavior which depends upon clanglike
rather than conceptual relationships;
this is in parallel with thinking as noted
in clinical psychopathology (2).

Modifications in electrical activity
of the brain—average evoked poten-
tials—have been reported to be asso-
ciated with complex psychological proc-
esses such as attention (3). Libet et al.
(4) found electrocortical responses to
somatosensory stimuli below the level
of conscious awareness even when at-
tention was directed to the stimuli.
Schwartz and Shagass (5), by contrast,
reported that electrocortical response
and consciousness are coordinate and
suggested that subliminal effects can be
explained as attentional phenomena not
reflected in the average evoked re-
sponse. Pribram et al. (6), recording
average evoked responses from the
striate cortex of the monkey, found
that these responses discriminate be-
tween a circle and vertical stripes
flashed at 0.001 second.

Here we ask the following. (i) Will
these responses discriminate between
two subliminal stimuli matched essen-
tially for size, color, general configura-
tion, and brightness, but differing in
specific content and complexity of in-
ternal contours (Fig. 1)? (ii) Will ver-
bal free associations to subliminal stim-
uli which produce average evoked re-
sponse discrimination suggest a complex
symbolic process rather than a primi-
tive sensing of difference?

Stimuli were presented in a two-field,
Dodge-type tachistoscope. Luminance
of blank and stimulus fields was 3.0
mlam. The room luminance was 0.9
mlam. Average evoked responses were
recorded by Grass model III-D 8 chan-
nel electroencephalograph, Sanborn
model 2007 channel tape recorder, En-
hancetron model 1024, and Mosely
model 7000 X-Y plotter. Bipolar re-
cordings were made between frontal,
vertex, and left occipital (2 cm above
inion) placements; the left ear was
grounded. Thirteen male college stu-
dents of ages 20 to 22 served as sub-
jects. Electroencephalogram (EEG) and
free-association data were obtained in
one 3-hour session.

Pilot investigations established that
subjects did not perceive the stimuli
presented at durations of 0.001 second
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Table 1. Mean amplitudes

of average evoked response components

for frontal-occipital

recordings.
Stimulus exposure time B-C (uv) C-D (uv) D-E (uv)
(sec) R D R D R D
0.001 (first series) 7.87 5.20 8.98 8.07 10.56 8.88
0.030 24.26 19.71 7.34 8.37 10.55 17.54
0.001 (second series) 7.05 477 5.32 6.57 8.41 10.79
Mean for three conditions 13.06 9.89 7.21 1.67 9.84 12.40

but could consciously discriminate dif-
ferences in the stimuli presented at
durations of 0.030 second. In the ex-
periment, three series of 60 stimulations
(30 for each stimulus) were presented
at 0.001 second, 0.030 second, and
again at 0.001 second, thus providing
a basis for comparing data on free
association and average evoked re-
sponses above and below the threshold
for conscious discrimination. Each
series of 60 stimuli was divided into
six blocks of ten each, five of each
stimulus presented in a modified ran-
dom order. Subjects fixated a black dot
in the center of the field and were
asked not to blink until notified to do
so, not less than 2 seconds after each
stimulation. After each block of ten
stimuli, the subject was told to relax,
close his eyes, and describe as fully
as possible what he had seen; after this
there was a 2-minute period of free
association restricted to single words
(7). Five-minute rest periods were
allowed between series. Two minutes
of practice in free association preceded
the experiment.

Free associations were scored for the
incidence of words associated to the
meaningful stimulus, the picture of the
pen and knee (Fig. 1; the pen-knee
stimulus will be referred to as R and the
abstract form as D). On the basis of
previous work (2), it was anticipated
that three levels of verbal response
would be elicited by the pen-knee
stimulus: (i) associations to pen and
knee, such as ink and leg (conceptual
level); (ii) clang associations to pen
and knee, such as pennant and any
(clang level); (iii) associations based
on the clang combination, or rebus
word penny, such as coin, Lincoln,
dollar (rebus level). For scoring the
conceptual and rebus levels, normative
data on word associations are available
based on associations obtained from
400 college undergraduates, a sample
comparable to the one from which our
subjects were drawn. Association scor-
ing is highly reliable and subject to a
scoring error of less than 3 percent (8).
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For the analysis of the data on aver-
age evoked response, two subjects were
discarded, one, because the electrocorti-
cal data were not fully recorded and
another because the responses for both
0.001-second conditions took the form
of a continuous alpha rhythm, so that
it was impossible to determine the
stimulus-evoked brain activity. Inspec-
tion of Fig. 2, illustrating the average
evoked responses for two subjects,
shows substantial similarity in the re-
sponse configurations for both stimuli
within each condition, and so it is
highly unlikely that the coincidental
action of random factors could account
for these stable response patterns to two
different stimuli.

For the 0.030-second condition the
average evoked responses were com-
parable in configuration to those re-
ported in the literature (9). Two major
diphasic waves can be observed within
the first 500 msec. Of the five points of
inflection, A could not be identified
reliably and does not enter into the data
analysis. Thus, C is defined as the first

positive peak. Our values for latencies

of these peaks (B, C, D, E; Fig. 2)
and those reported by Haider, Spong,

Fig. 1. Experimental stimuli. The pen-knee
is the rebus (R) stimulus. Lower stimulus
is abstract (D) stimulus.

and Lindsley (3) are, respectively (our
figures first): 175 msec and 160 msec;
252 msec and 210 msec; 283 msec
and 255 msec; 348 msec and 300 msec.
All amplitudes were lower for the two
0.001-second conditions than for the
0.030-second condition. Only one sub-
ject in each of the 0.001-second condi-
tions had a peak latency for C which
was greater in the briefer exposures
than in the longer exposure. These find-
ings are in agreement with Libet et
al. (4) whose published curves show
that amplitudes as well as latencies for
subliminal average evoked responses
were less than for the supraliminal
ones.

Analyses of variance were computed
for the B-C and D-E components based
on the F-O average evoked responses
which provided the most consistently
measurable data (10). For the B-C posi-
tive-going wave the average amplitude
for the three conditions was signfi-
cantly greater for stimulus R than for
stimulus D (F = 11.58, 1/10 d.f.,
P < .01) (Table 1). Without a signifi-
cant interaction between stimulus and
exposure conditions, this main stimulus
effect may be interpreted as showing
that, regardless of exposure conditions
(subliminal or supraliminal), the dif-
ference between the stimuli was at the
same level of significance (ZI). For
the D-E component, however, there
was a significant interaction between
stimulus and exposure condition (F =
4.14, 2/20 df., P < .05). An analysis
of simple effects indicated that at the
0.030-second condition the D-E ampli-
tude was significantly greater for stim-
ulus D than for stimulus R (¢ = 3.34,
Cochran approximation, P < .01).

The analysis of the free associations
indicated that there were significantly
more penny and knee associations dur-
ing the first 0.001-second series than
during the 0.030-second series (Fried-
man test, Wilcoxon modification,
P <.05 for penny associates, P < .01
for knee associates). These findings
were in accord with results from other
experiments in which it was found that
subliminal association effects decreased
as the stimulus approached the rec-
ognition threshold or was clearly above
it. (I12). The incidence of conceptual
associates was positively correlated
with both the B-C amplitudes of R
and D for the first 0.001-second con-
dition. (All correlations to be reported
are Spearman rank order correlations.)
The most stable estimate of these cor-
relations was provided by the com-
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bined R and D amplitude scores:
(i) pen associates, 0.66 (P < .05); (ii)
knee associates, 0.56 (P <.10); (iii)
combined pen and knee associates,
0.70 (P < .05). The correlations for
the clang and rebus effects were non-
significant.

Special note should be taken of the
significant penny associate effect, be-
cause this is based on the clang com-
bination level of verbal response, a
form of thinking resembling the transi-
tions in thought found in dreams, symp-
tom formation, and wit. The correla-
tion between conceptual associations
and the B-C amplitude for the first
0.001-second condition further suggests
that there is a close relation between
the degree of electrocortical response
and the ensuing verbal effects.

Rhythmic after-activity in the alpha
frequency range was noted in the
average evoked responses. These waves
were scored on the basis of the follow-
ing criteria: (i) successive peak ampli-
tudes in the range of 80 to 120 msec,
(ii) minimum amplitudes of 3.3 pv.
(iii) a minimum of three successive
waves, (iv) the first 500-msec post-
stimulus was not scored because of
stimulus-linked activity. Two judges
independently counted the incidence of
alpha in the average evoked responses.
The reliability between the two judges
was estimated by a rank order correla-
tion which was 0.94.

The proportion of alpha present in
the EEG records accompanying each
of the 2-minute free association periods
was judged on an 11-point scale (0 to
10). The reliability coefficient between
two judges was 0.98. In the few in-
stances in which the two judges dis-
agreed, resolution was arrived at and a
final ranking of scores on the 11-point
scale agreed upon. Ratings of average
evoked response alpha and free associa-
tion alpha correlated 0.63 (P <.05).

There were a number of significant
correlations between the incidence of
average evoked response alpha and sub-
liminal effects for the first 0.001-second
condition when alpha for both R and
D evoked responses were combined.
The correlation between the average
evoked response alpha and the inci-
dence of penny associates was 0.75
(P < .01). The correlation between
average evoked response alpha and
clangs was 0.73 (P <.02). The correla-
tions between the response alpha and
the conceptual level effects (pen and
knee associates) were not significant.

The B-C amplitude which discrimi-
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nated between R and D has been re-
ported by Haider, Spong, and Lindsley
(3) to be associated with attention to
a supraliminal stimulus. The pen-knee
stimulus is the more interesting of the
two stimuli and more likely to attract
attention. It is thus possible that an
unconscious attentional mechanism may
be involved. However, Spehlman (13)
has reported that the more internal con-
tours a visual stimulus contains the
greater the amplitude and latency of
the same first positive-going component.

1 MSEC (1)

Sh

5
1] -

In Pribram’s study (6), the vertical
stripes, a more complex stimulus than
the circle, were associated with an en-
hanced positive-going amplitude. The
pen-knee stimulus is more complex in
its contours than the abstract stimulus.
At 0.030 second, subjects often identi-
fied the difference between the two
stimuli by referring to the internal con-
tour demarcating the leg which is ab-
sent in the D stimulus (Fig. 1). Spehl-
man’s findings may also be explained
as due to an attentional factor, insofar

30 MSEC

B

1 MSEC (2)

A
B
D )
A W
C C
A E
E
A

100 MSEC .

Fig. 2. Average evoked responses (from subjects 7 and 5) as recorded from frontal-
occipital electrodes for each exposure condition and for each stimulus, R and D.
Average evoked responses are based on approximately 30 sweeps for each curve. Positive

polarity downward.
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as the more complex stimulus is likely
to attract more attention. In any case,
the average evoked response is appar-
ently able to reflect differences in stim-
uli at subliminal speeds of exposure as
a result of either attentional factors or
specific content differences.

If attention or complexity of stimulus
determines the amplitude difference in
favor of R, what would account for
the later reversal in favor of D for the
0.030-second condition? Attentional
processes may oscillate, first being
directed at the more immediately in-
teresting stimulus and then shifting to
the less interesting one. If so, this shift
toward the less interesting stimulus was
strongest during the supraliminal con-
dition, which may suggest that uncon-
scious levels of cognition may be more
closely linked to the intrinsically inter-
esting stimulus. These are hypotheses
which need further investigation.

The significant correlations between
the alpha average evoked response ac-
tivity and the verbal subliminal effects
suggests that the subject’s state at the
time of stimulation already predisposes
toward at least one type of subliminal
effect. Shevrin and Rennick (3) found
that average evoked response alpha was
more likely to occur while subjects
were free associating during somato-
sensory stimulation than while they
were attending to the stimulus or per-
forming arithmetic calculations. Lind-
sley (I4) hypothesized that alpha
waves would characterize brain activity
during free associating. A high inci-
dence of alpha may be coordinate with
a state of consciousness which favors
fantasy, loose thought connections, and,
in general, thinking of an illogical
rather than a logical type. It is inter-
esting that average evoked response
alpha correlated with the rebus and
clang level subliminal effects, both of
which are based on illogical phonic
rather than conceptual relations, while
the B-C amplitures correlated with con-
ceptual level effects. Heightened at-
tention to subliminal stimuli as reflected
in increased B-C components may be
related to realistic associations, while
the shift in state of consciousness con-
comitant with alpha may be related to
unrealistic associations. With both alpha
and the B-C amplitudes, the most stable
estimates of the correlation with verbal
subliminal effects occurred when both
R and D average evoked responses
were combined, which suggest that
some general factors are at work to
produce the optimum level of attention
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and state of consciousness to enhance
the later emergence of verbal subliminal
effects.

The subliminal verbal effects ap-
peared only in the first 0.001-second
condition, suggesting that, beyond a
certain point, multiple exposures of
stimuli work against subliminal influ-
ences. Furthermore, the average evoked
response effects tended to diminish in
the second subliminal condition. The
second subliminal series followed the
supraliminal condition which might
have changed the manner in which the
stimulus input was processed.

Our results indicate that, in the ab-
sence of a conscious discrimination,
there may nevertheless be present an
electrocortical discrimination related
to differences in stimulus content which
are also revealed in verbal associations.
The average evoked response may con-
tain a complex coding for both con-
scious and unconscious psychological
processes of a symbolic nature beyond
those heretofore suspected.

HowARD SHEVRIN
DEeAN E. FRITZLER
Menninger Foundation,
Topeka, Kansas
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Terrestrial Volcanic Belts

The article by Sagan, Levinthal, and
Lederberg on Martian contamination
[Science 159, 1191 (1968)] points up the
difficulty of certainty that the planet
will not be seriously affected by un-
manned exploration. One statement,
however, detracts from the argument
because it is simply untrue. “Terrestrial
volcanic belts tend to be connected by
[underground] . . . river systems. . . .”
I cannot think of any volcanic belts
that can be said to be connected by
underground river systems. Are Japan
and the Aleutians so connected? Italy
and the African Rift Valley? Hawaii
and New Zealand? If Mars has much
liquid water, it may well have under-
ground water movement, and the
groundwater could conceivably carry
biological contaminants. Such ground-
water movements might be related to
hydrothermal water supply, which
might be related to volcanic activity in
some way; there is no necessary direct
connection.

“Underground rivers” are special
cases of groundwater movement, and
are not particularly common. The au-
thors’ statement is unfortunate in an
otherwise carefully reasoned article.

Davip L. AMSBURY
National Aeronautics and Space
Administration, Manned Spacecraft
Center, Houston, Texas 77058
27 March 1968
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