may be maternal and endocrinal whereby
a hormone having an effect on arousal
varies predictably in quantity toward
natural parturition. That the behavioral
effect is later seen as a conditioning
deficiency is noteworthy; the duration
and long-range significance, however,
are presently moot questions.
GILBERT W. MEIER
National Institute of Neurological
Diseases and Blindness,
National Institutes of Health,
San Juan, Puerto Rico
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Vigilance: The Importance of the
Elicited Observing Rate

Abstract. Observing may be elicited
by regularly repeated events that oc-
casionally become signals. Such events
were presented at rates of either 5 per
minute or 30 per minute, and signals
averaged 15 per hour during an 80-
minute vigil. Observers missed about
10 percent of the signals with the low
event rate and about 70 percent of
the signals with the high event rate.
The experiment supports a decision-
theory approach to observing behavior.

A major problem in the experimen-
tal analysis of human vigilance is to
account for the decline in the prob-
ability of detection of rare and weak
signals during a prolonged vigil. This
decrement is certainly due to failures
of attention rather than to sensory
changes. In the literature on vigilance
(1) these failures of attention are usu-
ally considered as necessary effects of
the passage of time. However, it is
possible that failures of attention occur
only if attending is elicited and then
not reinforced, and the main role of
the passage of time might be to permit
unreinforced observing responses to oc-
cur (2).
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The latter view is part of our pres-
ent approach to vigilance (3), in which
we consider attending to be the effect
of an observer’s decision about whether
or not to observe. This approach im-
plies that the demand on a subject’s
observing behavior is more important
than the low rate at which the signals
are presented or the mere passage of
time as a cause of the decrement. The
experiment described here tested this
possibility.

Subjects were seated without re-
straint so that they viewed a recessed

~display from a distance of about 75 cm.

They monitored it continuously for 80
minutes, and signals were presented at
the average rate of 15 per hour. With
these factors constant, the experimen-
tal variable—the elicited observing rate
—was manipulated by working with
two different rates of regularly recur-
ring events that at rare intervals be-
came the signals. The events were pre-
sented at the rate of either 5 or 30
per minute. The event-presentation rate
was equivalent to an elicited observing
rate because a subject was required to
do no more than observe the regularly
repeated events in order to detect sig-
nals. Observing was, therefore, elicited
only when an event was presented.
An event was produced by the ap-
parent movement of a bar of light,
2 mm wide by 18 mm high. The com-
plete event was a pair of movements
in which the bar moved 29 mm to the
right, snapped back to its zero posi-
tion, again moved to the right, and
again returned to its zero position. The
movement was generated by successive-
ly lighting small, and appropriately
spaced, diffusing screens. The light bar
was switched to the deflected position
where it remained for 0.41 second,
returned to the zero position for 0.38
second, moved again to the deflected
position for 0.41 second, and again
returned to the zero position where it
remained during the ensuing “inter-
event” interval. The times when no
bar was illuminated were negligible and
were associated with the rise and de-

‘cay times of the 6-volt alternating-cur-

rent (No. 47) tungsten bulbs that were
the light sources.

A high event rate of 30 events per
minute was produced by making the
interval between events 0.8 second, and
a low event rate of 5 events per minute
was produced by making the interval
10.8 seconds.

The signal was an increase in the
length of the second deflection within
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Fig. 1. Effect of event rate on detection of
signals during successive 20-minute periods
of an uninterrupted 80-minute vigil. Events
to be judged as signal or nonsignal were
repeated at the rate of either 5 or 30
per minute, and this variable differentiates
the two curves. Average signal frequency
was constant at 15 per hour. Each point
is based on 60 signals.

an event from 29 mm to 35 mm. This
was an easy signal for an alert ob-
server to detect. Under a two-alterna-
tive, forced-choice psychophysical pro-
cedure it was essentially always de-
tected correctly. Subjects operated a
switch to indicate that they saw a sig-
nal.

In the vigilance task, signals ap-
peared at successive intervals of 4.4,
6.0, 5.6, 1.9, and 2.1 minutes during
the first 20 minutes. The signal pro-
gram was repeated four times to pro-
vide 20 signals during an uninterrupted
80-minute vigil. The signal schedule
was identical for the high and low
rates of event presentation. If an ob-
server missed a signal it was repeated
until detected in order to insure an
equal number of reinforced observing
responses for all subjects.

Twenty-four male student volun-
teers, working individually and alone,
were used as subjects, 12 for each
event rate. Instructions were presented
by tape recording, and a short practice
period with three or four signals was
part of the procedure. The 80-minute
vigil was begun after it was ascertained
that the subject could identify the sig-
nal readily at its first appearance dur-
ing the practice period. During both
the practice period and the vigil a 73-
db white noise was broadcast over a
loudspeaker to mask cues from the au-
tomatic programming and recording
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equipment and to limit distraction by
other laboratory sounds.

We found that the rate at which
the events were presented dramatical-
ly affected the performance of the sub-
jects. The 12 subjects who received
5 events per minute detected 210 out
of 240 signals. At the higher event
rate of 30 per minute, the other 12
subjects detected only 87 out of 239
signals (the information on one sig-
nal for one subject in this group was
lost). These results are presented in
more detail in Fig. 1 which shows
that performance was relatively steady
at the low event rate of 5 events per
minute,

The familiar decrement in vigilance
appeared with the higher event rate of
30 per minute. This decrement, the
drop in signal detection from about 60
percent during the first 20 minutes to
about 30 percent in the later parts of
the vigil, is statistically significant at
the .02 level as determined by the
Friedman test (4). The difference in
performance between the two groups
was, of course, also statistically sig-
nificant (p < .001).

It is important to keep in mind that
the two groups of subjects, differenti-
ated in Fig. 1 by the two rates at
which the events were presented, were
not systematically differentiated in any
other way. The difference, then, had
nothing to do with the rarity of sig-
nals; signals were equally rare for both
groups at least as events embedded in
a matrix of time. Nor could the differ-
ence be attributed to the length of
time that these students had to keep
up the dull watch, since the watch was
equally long for both groups. Factors
such as memory for the signal were
controlled by having all of the infor-
mation that an observer needed to
make a “paired-comparison” judgment
available within the event. For the
sensory task, the observer needed only
to compare the two successive deflec-
tions of the bar that constituted an
event, and the temporal structure of
an event was the same for both of the
groups.

The large difference between the
number of signals detected in the two
groups could be due only to the dif-
ferent rates at which the events were
presented. We, therefore, have the ap-
parently strange situation in which the
“detectability” of a signal is determined
by what is going on at times when no
signal is being presented (5).

In a sense, this experiment was a
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test of the relative importance of the
passive waning of attention in the face
of boredom as opposed to the active,
though not necessarily conscious, deci-
sion to be inattentive. The passive wan-
ing of attention might be described as
a reduced arousal level (6) related to
the amount of incoming stimulation. In
these terms, low event rates should
produce a lower arousal level than high
event rates, and in fact, subjectively,
there was no question that the situation
in which events were presented at the
low rate was more dull and monoto-
nous. Therefore, the predictions from
an arousal point of view would be that
high event rates should produce higher
degrees of alertness and more detec-
tions than low event rates.

Our results were completely contrary
to the arousal position, and fit in very
well with the decision-theory approach
to vigilance (7). We consider that the
observer’s “decision” about whether or
not to observe or be attentive is asso-
ciated with the average payoff or “ex-
pected value” of attending to the regu-
larly recurring events. The observer,
then, behaves most economically by
being less likely to attend to a given
event when few of the events are sig-
nals, and more likely to attend to a
given event when more of the events
are signals. When, as in this experi-
ment, signals are presented at certain
fixed times, a change in the event rate
produces an inverse change in the
probability that an event will be a
signal. The “expected value” of observ-

ing an event is therefore greater for -

the lower event-rate.
HARrRY J. JERISON
RonNALD M. PICKETT
Behavior Research Laboratory, Antioch
College, Yellow Springs, Ohio
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Behavior: Persistence of Shock-Induced Aggression

Abstract. Previous research has shown that aversive stimulation causes aggres-
sion in several lower species of mammals prior to any specific conditioning. Our
results show that fighting in response to shock tends to persist in spite of negative
reinforcement for other behavior. The frequency of shock-induced fights de-
creased significantly only when the reinforcement of shock termination was
made contingent upon a specific nonaggressive response. )

Electric shocks (7), loud sounds
(2), and strong lights (3) all decrease
the frequency of the responses which
they follow. Conversely, a number of
responses have been conditioned en-
tirely on the basis of escape from or
reduction of these same aversive stimu-

lus conditions (2, 4, 5). Typically, in
these experiments, the aversive stimulus
has been presented to a single organ-
ism rather than to a pair or a group
of subjects. One of several exceptions
to this single-subject type of experiment
is Miller’s study (6), in which paired
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