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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