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ORGANIZATIONAL NOTE

The sheer bulk of the information assembled for this report presented a major
organizational problem. The difficulty was due in part to the desire of the authors to
present the most comprehensive possible treatment of the subject matter, and in part to
the diversity of the work accomplished in this area. The rationale on which the present
organization is based is summarized below.

The report consists of five chapters and a bibliography. Chapter 1 contains three
sections: a brief note on the background of vigilance research, a statement of the military
problems posed for. advanced weapon systems by vigilance phenomena, and a statement
on the specific nature of the psychological problems invelved in vigilance performance.
These sections are oriented toward different audiences and are essentially introductory
in nature.

A detailed survey of the empirical literature on vigilance is presented in Chapter 2,
under three major groupings: task factors, environmental factors, and motivational
factors. The effects of variables relating to these major classes of factors are summa-
rized briefly at the end of the Chapter.

Following this presentation of the known facts relating to vigilance, the relevance
and adequacy of current theoretical interpretations of these data are considered in
Chapter 3. The theories are grouped under three major categories: conditioning theory,
expectancy theory, and motivation theory.

The implications for action growing out of the facts and hypotheses presented in
the preceding two chapters are discussed in Chapter 4. Three approaches to solution of
the vigilance problem are discussed in terms of anticipated technological developments.

The final chapter is a summary of the report and of the suggestions for vigilance

research growing out of the survey.
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Chapter 1

THE VIGILANCE PROBLEM

INTRODUCTION

The current widespread military interest in vigilance behavior
began during World War II when the generally low level of performance
of lookouts, aerial observers, ana sonar operators became a critical
military problem. The need for immediate and practical solutions to
these problems led to a considerable amount of research covering a
broad range of “vigilance” behaviors, and such research continues
today. With the trend toward increasingly automated system functions
that has developed in recent years, however, the emphasis and interest
in vigilance research has shifted to consideration of the problem of
man as a monitor of automatic equipment. Because future and presently
near-operational Army Air Defense systems reflect this trend toward
automated functions, the Air Defense Human Research Unit is concerned
specifically with the solutions to the human monitoring problems which
will almost certainly be associated with these systems.

This report presents an assessment of the current empirical and
theoretical “state of the art” in the area of vigilance bchavior. The
purpose of this effort is to develop a program of research specifically
designed to study monitoring problems associated with advanced Army
Air Defense systems.

THE MILITARY PROBLEM

That vigilance phenomena constitute an important problem for the
maximum efficiency of complex weapon systems can be easily demon-
strated. Man is typically an integral component of most weapon
systems, and system effectiveness is a multiplicative function of the
individual efficiencies of the total complex of components. Therefore,
total syslem effectiveness will be radically affected by the low level of
effectiveness typically found for the human component of the system.
Where man makes continuous inputs to the system, this relationship is
fairly obvious. Where manual inputs are infrequent, as in vigilance
situations, the relationship is less apparent but nonetheless recal.

This relationship is demonstrated in Table 1, in which an efficiency
of 99 per cent is assumed for the electromechanical components of the
system, and human efficiencies on the order of those tvpically found
in psychological studies are assumed for the operator. It is apparent
that the human inputs, while infrequent, contribute disproportionately
to total system effectiveness as vigilance performance deteriorates.




Table 1

Relationship of Machine and Operator Efficiency
to Total System Effectiveness

Machine Operator Total System
Time at Task Group® Efficiency Efficiency Effectiveness
(Per Cent) (Per Cent) (Per Cent)
1/2 hour M, 99 84.3 83.5
M, 99 82.8 82.0
J; 99 65.0 64.4
J, 99 27.6 27.3
1 hour M, 99 74.2 73.5
M, 9% 70.7 70.0
I 99 53.3 52.8
J 99 27.0 26.7

%Data for the M groups are from Mackworth (1950}, and data for the J groups are from
Jerison and Wallis (1957).

If military needs demand that total system effectiveness approa :h
100 per cent, and if vigilance tasks are required for operation of the I
system, then the military problem reduces to the question: What can
be doneto maintain vigilance performance ata level that will not reduce
total system effectiveness? The answer to this question must grow out
of the solutions to the psychological problems described in succeeding
portions of this report.

THE PSYCHOLOGICAL PROBLEM

Definition of Vigilance

Current operational definitions of vigilance are in general agree-
ment on its essential characteristics, although at an operational level
there is some ambiguity regarding the precise range of values for
these conditions. In general, the essential defining characteristic of
vigilance phenomena is a systematic change in the probability of detec-
tion of a signal over time. Additional limiting conditions include changes
in performance, over prolonged periods of time, in detection of infre-
quent signals, at near-threshold levels, which are temporally and
spatially random in character.

Part of the problem of defining vigilance is that of specifying the
terms “prolonged” and “infrequent.” The duration of vigilance tests
reported in the literature ranges from 30 minutes (Hickey and Blair,
1959) to as long as several days (Katz and Landis, 1935). Signal
presentation rates have varied from a frequency of eight signals/min.
(Jenkins, 1958) to as few as one signal/2 hrs. (Garvey et al., 1958). It
should be noted, however, that in general the adequate definition of
psychological concepts includes measurable changes in response as a
function of variations of the stimulus; where variations in two or more
stimulus dimensions result in similar response changes, these func-
tional relations are subsumed under the same conceptual term. Thus,




if similar decrements occur in the detection response over 30 minutes
or over several days (time dimension), or with signals at eight/min.
or one/2 hrs. (frequency dimension), all of these conditions are defining
conditions for the same behavioral phenomenon. In short, inclusion of
a description of the response changes is a necessary, and the limiting,
condition for defining the phenomenon of vigilance, and insofar as any
stimulus variationsleadto similar changes in response these variations
represent different aspects of the same psychological concept.

The psychological research problem, then, is really one of deter-
mining the full range of stimulus conditions that delimit the phenomena
of vigilance, and of describing, in as precise terms as possible, the
lawful relationship that exists between these stimulus variations and
reliable variations in the detection response.

General Vigilance Phenomena

In the definition of vigilance emphasis is placed upon systematic
and consistent changes in the effectiveness of the detection response
over time. However, some of the problems of defining vigilance at the
operational level have grown out of the use of performance measures
that in some cases do not correlate with one another at a sufficiently
high level to warrant the conclusion that the same psychological phe-
nomenon is being measured. In addition, because of differences in
procedures used in taking these measures, what appear to be the
same measures are sometimes in fact quite different. For example,
Adams (1956) determined the mean number of stimuli detected within
five seconds of onset, while other workers (Lindsley, 1944; Monty et al.,
1958) placed no time limits or different time limits on the detection.

Among those responses which have been used to measure vigilance
are (1) errors of omission, (2) errors of commission, (3) response
latencies, and (4) changes in threshold sensitivities. Of these, the most
commonly used measure has been errors of omission, and these have
typically been described in terms of the percentage of signals detected.
Which of the measures “really” represents vigilance is a nonscientific
guestion and is a function of the human performance requirements of
the weapon system. In general, errors of omission appear to come
nearest to describing the problem of vigilance performance for most
systems, since these systems clearly cannot function against targets
which have not been detected. llowever, errors of commission and
response latencies could be of considerable significance to system
performance under some circumstances, so the question of which
measure should be emphasized depends primarily upon the system
objectives and the nature of the particular research.

Despite the problems resulting from the use of different response
measures and different operational procedures, there is sufficient
consistency in the data to suggest that a decrease in the efficiency of
detection is a widely encountered phenomenon. Typically, this phenom-
enon begins soon after the task is started and becomes greater us the
vigil continues, with the greatest drop occurring within the first
30 minutes of the task.
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Examples of this decrement are presented in Figure 1. Curve M,
describes performance on a visual task, and curve M, performance on
an auditory task (Mackworth, 1950). The pattern of performance on
the auditory task is similar in form to that of the visual task but is
more depressed.

Percentage of Signals Detected os a Function of Time

1001 M; Mackworth {visual sigrals)
M, Mackworth (auditory s.gnals)
J, Jerison {visual signals; control group)
90t J, Jerison (visual signals; experimental group)
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NOTE: Data from Mackworth (1950) and Jerison and Wallis {1957).

Figure 1

Curves J{ and J, in Figure 1 are from a study by Jerison and
Wallis (1957) in which they used Mackworth's visual condition (one-
clock display) for their control groun and emploved a three-clock
display for their experimental group. The form of the curve for the
control group (J;) generally follows the Mackworth data, although the
curve is considerably below either of Mackworth's curves. The curve
for the experimental group shows none of the initial decrement ordi-
narily found in vigilance tasks, but performance is at an efficiency
level of less than 30 per cent throughout the task. Jerison and Wallis
report that a decrement probably did occur very early in the task but
was subsequently lost when the data were grouped.




In a somewhat different kind of task, employing a simulated radar
screen, Baker (1958a) found that the percentage of missed signals varied
from 21 to 46 per cent as a function of his experimental conditions, but
he found little decrement in performance over iime.

The data from the Baker and the Jerison and Wallis studies point
up the kinds of problems encountered in vigilance research. There is a
strong need for a description of the conditions under which decrements
will and will not occur, both as a function of stimulus conditions and of
the response measures employed. In addition, a need exists for pre-
cise determination of the conditions under which increments in perform-
ance occur at or near the end of the vigil.

A number of studies suggest that individuals are differentially
affected by the conditions of vigilance to an extent greater than that
ordinarily found in psychological studies. The fact that some individuals
do not show a performance decrement during prolonged vigilance tasks
suggests that variables other than those related to task and environment
play a significant role in vigilance behavior (e.g., subject variables such
as motivation, personality, perceptual, experiential). The implication
is that an important part of the psychological problem is the isolation
of parameters of individual differences, which contribute significantly
to successful vigilance performances. It is quite possible that this
class of variables may contribute at least as heavily to performance
as do independent environmental variables. If this is the case, this
fact should have important implications for the direction that vigilance
research might take.




Chapter 2

FACTORS AFFECTING VIGILANCE PERFORMANCE

A broad range of variables related to vigilance performance has
been investigated. They are discussed here in three general categories:
(1) task factors, (2) environmental factors, and (3) motivational factors.
This grouping is similar to that employed by Mackworth (1957).

TASK FACTORS

The first group of factors is concerned with characteristics of the
task itself. Generally speaking, these factors are either human engi-
neering variables or variables inherent in the over-all task. Both
types tend to be predetermined by the objectives of the weapon system,
the nature of the tactical problem, and the particular hardware imple-

mentation of the system.

Length of Vigil

Several studies have dealt with the effects of length of vigil upon
detection performance. In general, performance decrement has been
shown to increase as length of vigil increases. However, this is not
inevitably the case. Katz and Landis (1935), for example, measured
the effects of a 10-day vigil on the physical, chemical, and psychological
responses of a subject and found no evidence of performance decrement
resulting from a lack of sleep.

More recently, Williams et al. (1959) conducted a series of studies
in which subjects were deprived of sleep for 72 to 98 hours and were
required to perform visual, auditory, and tactual vigilance tasks. They
found that “lapses” in attention tended to increase over time and that
these lapses were sufficient to account for all decrements in perform-
ance. They also found that the performance decrements were similar
for all sense modalities and, as anticipated, there were more errors
of omission than of commission.

Employing the Mackworth clock test, Jerison (1958) examined the
effects of two lengths of vigil and two sets of expectations of the sub-
jects concerning the length of vigil. He found a decrement under both
lengths, but it was less pronounced for the group expecting a short
vigil than for the group expecting a long vigil.

Lindsley (1944) was concerned with the relationship between
decrement and the length and frequency of repetition of operating
periods. Using eight trained operators performing with a radar scope
for periods of 4 hours per day, 6 days a week, for 17 days, they found




a progressive loss in detection proficiency which became significant
after about the third day. For all days combined, a significant decre-
ment occurred after the first hour of watch, with a slight recovery
appearing in the fourth hour.

In a somewhat earlier study of factory workers performing an
inspection task, Wyatt and Langdon (1932) found that the decrement
function became significant after 30 to 45 minutes and continued for
about 90 minutes, followed by irregular recovery. The accuracy of
inspection varied considerably throughout the work session, but was
lowest at about midsession.

In terms of the evidence, then, the general statement that decre-
ment increases as length of vigil increases is only partially correct.
In a number of studies the data appear to be confounded toward the end
of the watch period, with indication of varying degrees of “end-spurt”
improvement in performance. This is a phenomenon of some theoret-
ical importance and will be touched upon in later discussions.

Signal Intensity and Duration

The Bunsen-Roscoe law (IxT=C), reflecting temporal summation
effects in the retina, implies that increases in either stimulus intensity
(1) or duration (T) should lead to increases in the probability of detec-
tion. However, this relationship is valid only through fairly limited
ranges for both variables and implies nothing about performance decre-
ments over extended time periods.

In line with the above prediction, however, Adams (1956) found that
over-all performance in a visual task was positively related to both the
intensity and the duration of the stimulus, but that the decrement func-
tion was independent of either variable within the range studied. Adams
employed two levels of duration (one and two seconds) and two levels
of intensity (.016 and .019 foot-candle). Of the two variables, signal
duration appeared to be the more important.

Wherry and Webb (1951), using intensities of 10 and 20 decibels in
an auditory vigilance task, found a tendency toward longer response
latencies with the low-intensity signals.

The results for these variables are generally as expected. DBoth
intensity and duration significantly affect detection performance. low-
ever, the effect is to raise or lower performance level in general
without affecting the form of the performance decrement.

Position of Display and Signal

The position of the display relative to the observer’s line of sight,
and the position of the target signal on the display both appear to be
significantly related to detection performance. Fraser (1950), for
example, tested the effects of different display angles on vigilance per-
formance with the clock test. He fcund that a vertical display was supe-
rior to cither a horizontal display or a 45° angle display, but he found
no difference between the horizontal and the 45” displays.
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With regard to signal position, it is commonly observed that
incoming target pips are ordinarily not detected until they are well in
toward midradius of the radar. In an effort to evaluate possible ways
of biasing scanning behavior toward the periphery, Baker (1958b) found
that a “box sweep” technique, in which the observer was directed to
scan within a prescribed area, was the most effective. The possible
implications of these scanning, or observing, responses will be con-
sidered in more detail later.

Nicely and Miller (1957) studied the effects of unequal spatial
distribution on the detectability of targets. A rate of 72 pips/hr. was
presented in one quadrant of a simulated radar display, while 12 pips/hr.
were introduced in another quadrant. In the quadrant of high occurrence
71 per cent of the signals were detected, as compared with 63 per cent
for the quadrant of low occurrence. Of special interest was the finding
that a decrement occurred in the low-frequency area, but not in the

high-frequency area.

Frequency of Signal

In general, studies concerned specifically with detection/vigilance
tasks are in agreement on the effects of signal frequency. Performance
decreases as signal rate decreases. Kappauf and Powe (1 959), for exam-
ple, employed signal rates of 8, 20, 40, and 80 signals/hr. and found
progressively poorer performance levels as signal rates were lowered.

As noted in the previous section, Nicely and Miller (1957) varied
signal rate for different quadrants of a radar scope and found a signif-
icantly greater percentage of detected signals in the high occurrence
quadrant. In addition, they noted that after 15 minutes of the 90-minute
watch no further decrement occurred in the high frequency quadrant,
but decrement did continue in the low frequency quadrant.

Deese and Ormand (1953) found confirming results in a series of
detectability studies employing a simulated radar display. In one
study they presented signal rates of 10, 20, 30, and 40 signals/hr. for
three hours on each of four days and found a systematic increase in
percentage of detected signals with increases in signal rate. The form
of the relationship approximated a growth function. An observation of
particular interest was that performance generally improved daily for
the higher rates. These results were confirmed in a second study by
the same authors. Large individual differences were noted for the
within-watch and day-to-day performances in this study.

Jenkins (1958) used signal rates of 7.5, 30, 60, and 480 signals/hr.
on a task requiring detection of largerthan normal movements of a meter
pointer. Jenkins’ finding was similar to results obtained by Deese and
Ormand. He found that percentage of detection increased as signal
rate increased and that performance was nearly proportional to the log-
arithm of the signal rate, rather than to the rate itself. In addition, the
effect of signal rate was independent of intersignal interval. Of some
interest was the finding that more false detections occurred at higher
signal rates. This is contrary to the usual finding. Jenkins found, also,
that latency of response decreased as signal rate increased.




Bakan (1957) introduced a second task into an auditory vigilance
situation, which in effect increased the number of signals requiring a
response, and found an increase in the detection of the primary signals.
Similarly, Garvey et al. (1959) found that the use of “artificial” signals
benefited vigilance performance. Using eight dials, they introduced
artificial pointer deflections at the rate of 48/hr. which were added to
the “real” signals presented at predetermined random intervals. With
the artificial signals present, no change was noted either in detections
or in response latencies. In the absence of artificial signals, response
latencies increased from 2.5 seconds in the first half-hour to 8.7 seconds
in the third half-hour. The percentage of missed signals increased to
a maximum of 39 per cent during the 2-hour watch.

The results for studies on frequency of signals are quite consistent
with two exceptions. Wherry and Webb (1951) found no significant dif-
ferences in performance on an auditory task as a function of signal
rates of 12 and 30 signals/hr. However, only three subjects were
employed in this study. Jerison (1957) found a lower general level of
performance when signal frequency was increased by increasing the
number of displays to be monitored.

Sense Mode of Signal

Research results for this variable appear to be in unanimous
agreement. The pattern of vigilance performance is similar whether
the signals are presented auditorily, visually, or tactually.

Buckner et al. (1960) compared visual and auditory tasks and found
no differences in the form of the performance curves. Williams et al.
(1959) compared tactual, visual, and auditory vigilance performance
and found similar decrements for all three sense modalities. As noted
earlier, Mackworth (1950) also found similar results.

The implication of these results is that the factors operating to
cause the decrement in vigilance performance probably are central in
origin. This suggests that the mechanics underlying the vigilance decre-
ment are not associated specifically with characteristics of the receptors
themselves, but rather are to be found in neural centers common to all
modes of sensing.

Interpolated Rest

The introduction of restperiods consistently yields better vigilance
performance. The only study that comes near to being an exception to
this generalization is that of Taylor et al.(1937), who found a decrement
in output immediately prece ling a rest pause when the subjects knew a
resti pause was imminent.

In an auditory vigilance task, Solandt and Partridge (1946) found
that interpolated rest periods greatly reduced performance decrements
and that the introduction of short intervals of listening to hydrophone
sounds during a period of listening to “mock” signais tended to reduce
performance to some extent, but not significantly. Saldanha (1957)
found that, on an exacting visual task, rest periods resulted in the

e




. elimination of the decrement in the initial post-rest period, with accu-
racy then decreasing. He found, also, that rest resulted in increased
speed in the post-rest period. Similarly, McCormack (1958) found that
latency of response was reduced by interpolated rest, the amount of
improvement being related to the length of the r=st period.

Much the same results were obtained by Jenkins (1958). His sub-
jects showed very little performance decrement when given a 30-second
rest pause every 4.5 minutes. Some of his subjects were allowed to
leave the room during the break, but their performance did not differ
from that of subjects who remained in the room.

A study of particular interest in this area is that of McFarland
et al. (1942), on a task involving the judgment of brightness differences
over an extended period of time. The results indicated that observers
who were not allowed to move during the entire watch demonstrated a
marked decrease in sensitivity to brightness differences, whereas those
who were permitted to shift position every 30 seconds (a form of inter-
polated rest) showed a recovery of difference limens (DL’s) concomitant
with the shift.

Probably the most dramatic effects of rest-intervals are those
presented by Mackworth (1948), who found that when he alternated half-
hour watches with half-hour rest periods, uniform detection performance
occurred; in fact, performance after the rest period was even slightly
improved over that for the first half-hour.

As noted earlier, the effects of interpolated rest are among the
most consistent in the literature and raise a number of significant
theoretical questions.

Intersignal Interval

The data for this variable are among the most confusing and con-
tradictory in the vigilance literature. Both positive and negative results
have been reported, and these in turn have been cited as evidence for
or against contrasting theoretical positions. Because a number of
writers have considered the theoretical implications to be so important,
extensive discussion of this variable has been reserved for the theoret-
ical section of this report.

Briefly, among those writers who have reported no relationship
between intersignal interval and probability of detection are Deese and
Ormand (1953) and Jerison (1957). McCormack (1958) found no rela-
tionship between intersignal interval and response latencies. These
writers, however, defined intersignal interval as the time between
presentation of the signals, without reference to whether they
were detected.

Harabedian et al. (1960) found similar results when defining the
intersignal interval in this manner, but when they defined the interval
as the time from one detection to the next, they found significant differ-
ences as a function of interval length. Similarly, Jenkins (1958) found
that when a signal was detected, the probability of detecting the succeed-
ing signal was initially high and then decreased rapidly as the inter-
signal interval increased. In two different studies, Baker (1959, 1958a)




found much the same results. Intervals ranging from 36 to 196 seconds
resulted in no decrement in detection performance, but intervals rang-
ing from 45 to 600 seconds (a replication of Mackworth’s conditions)
showed a marked decrement. In contrast, Mackworth (1950) reported
that subjects were definitely less alert at detecting signals presented
only one minute after the previous signal.

On the basis of a somewhat involved and tenuous analysis of their
data, Kappauf and Powe (1959) suggested that the probability of detec-
_tion in relation to time between trials may be a U-shaped function.

As will be noted in the theoretical discussion, however, when dif-
ferences in defining operations are accounted for, among other things,
the effects of intersignal interval are probably not quite so confused as
they appear to be superficially.

GENERAL ENVIRONMENTAL FACTORS

Whereasthetask factors just discussedare closely associated with
characteristics of the apparatus and the tactical environment and are
essentially unalterable, the environmental factors are more amenable
to control and manipulation in the operaticnal setting. The variables
listed under this section are few and the data relatively sparse.

Auditory Noise

A considerable amount of work has been done on the effect of
noise on general performance, and a few studies have been concerned
specifically with vigilance tasks. An example of the more general type
study is that of Laird (1933) who considered the relationship between
type of noise and production. Laird found that a complex, varying noise
resulted in the greatest decrement in production, and that a complex
steady noise was more detrimental than a relatively pure tone. For
the same intensity, he found that a pitch above 812 cps was more detri-
mental than a lower pitch and that increases in frequency above 512 cps
yielded systematically larger production decrements. In addition, he
found that regardless of the original intensity, a reduction in a complex
noise was accompanied by an increase in production.

Employing a “mental” work task, Smith (1951) tested the effects of
intermittent noise (100 + 2 db) over a 30-minute period and found no
significant effects on performance. What trends there were, however,
suggested thatoutput rose but quality decreased under noise of thistype.

In specifically vigilance tasks, the effects of noise are also incon-
sistent. Broadbent (1953) studied the effects of noise on paced and
unpaced performance in a visual vigilance task and found that noise
increased the number of errors in both conditions. Noise was defined
as 100 db and quiet as 70 db.

In a second study, Broadbent (1 954 ) tested the effects of noise on a
vigilance task involving 20 dials, and one involving 20 lights. The noise
and quiet conditions were 100 db and 70 db, respectively. Broadbent
found that (1) noise did not affect the number of “seens” (signals detected




whenthe operator was attending a dialor light when the signaloccurred);
(2) the number of “founds” (dials or lights discovered to have a signal
without actually having seen it occur) was significantly less under noise
conditions on the dial task; (3) noise did not affect performance on the
light task; and (4) individuals showingthe greatest practice effect between
quiet runs showed the greatest decrement under noise. In a study bear-
ing on the latter finding, Jerison and Wing (1957) examined a complex
counting task under noise conditions and found that individuals differed
significantly in their responses to noise. Some individuals were able to
compensate for the noise, while others were unable to do so.

Using the Clock Test in another study, Jerison (1 957) employed
112.5 db and 114 db noise conditions vs. no-noise conditions and found
performance decrements in all conditions, but no significant differences
between performance under noise and quiet.

As noted earlier, the results for the noise variable are not con-
sistent. This lack of consistency is probably a function of the specific
characteristics of the task and possibly of sampling errors, that is,
disproportionate selection for a sample ot individuals who are differ-
entially affected by noise.

Temperature and Humidity

The evidence for these variables is scanty, but suggestive. Varying
ambient environmental temperature alone, Loeb and Jeantheau (1958)
tested response latency on a test of vigilance involving 20 dials, with
temperatures ranging from about 70°F during the night to about 118“F
during the day. Their results indicated that heat alone had no signifi-
cant effect on performarce.

Apparently the combined effects of heat and humidity, however, do
affect vigilance performance. Mackworth (1946) studied the effects of
hot, humid atmospheric conditions on performance as measured by the
clock test. Eighty-nine subjects were divided into four groups which
performed, after a period of acclimatization, at temperatures of 70°F,
79°F, 87°F, and 97°F. At higher temperatures performance was poor
and declined at a more rapid rate. Latency of response was Jongest
for both the coolest condition (70°F) and the warmest condition (97° F).
No relationship was found between body temperature and perforinance.

[1lumination

It is reasonable to expect that the level of ambient illumination
might be related to vigilance performance for a number of reasons. A
later section of this report discusses the relationship between sensory
thresholds and vigilance performance, and between muscular tension
level and vigilance performance. Both of these factors are related to
illumination level.

Luckiesh and Moss (1937), for example, found that the nervous
muscular tension resulting from visual effort was inversely propor-
tional to the level of illumination. Pressure on a key exerted by the
index and second finger of the left hand was measured for three light




intensities. The results indicated that for 1 foot-candle, 63.2 grams
of pressure were exerted, for 10 foot-candles, 54.1 grams, and for
100 foot-candles, 43.0 grams.

Simonson et al.(1948) tested the effects of threetypes ofillumination
sources on visual performance. These included natural, frosted-glass
lamp, and “Verd-A-Ray” lamp illumination. The results indicated a
decline in performance over time under all conditions. Reaction time
in the recognition of threshold-sized dots was retarded significantly
more (1) under natural lighting than under Verd-A-Ray lighting, and
(2) under frosted lamp lighting than under Verd-A-Ray lighting.

While these studies are not definitive, they suggest that illumination
factors may be of some significance and are worthy of consideration in
any given operational setting involving vigilance performance.

Isolation

The term “isolation” can be construed in a variety of ways, ranging
from sheer deprivation of simple sensory stimulation, to the presence
or absence of meaningful stimuli, human company, or special classes
of human companions. These variables are closely related to the moti-
vational factors discussed in the following section but are included here
because, in a sense, they constitute aspects of the general operational
environment for the operator.

Conditions of totalisolation are referred to as “sensorydeprivation”
in the literature. Little research has been done in this relatively new
area, but the evidence (Wheaton, 1959; Monty et al., 1958) indicates that
performance under sensorydeprivation conditionsdecreases in a manner
similar to that in typical vigilance tasks. That the decrement occurs
in other than sensory deprivation situations, however, suggests that the
vigilance effect per se is probably dependent more upon the presence
or absence of meaningful stimuli.

One class of relevant meaningful stimuli, signal rate, has been
discussed earlier. Another form of meaningful stimulation is the pres-
ence of other human beings in the operational situation. This variable
can be considered in terms of the effects of the presence of (1) other
participating individuals, and (2) special classes of nonparticipating
individuals. The data are sparse for both types of situaticn.

In group monitoring situations (presence of participating individuals),
the results from the two available studies are conflicting. Taylor et _al.
(1937) report that output was better when their subjects worked alone
rather than in a group. Schafer (1949), on the other hand, employing
detection on audio-visual sonar displays, reported that two individuals
working together made from 11 to 20 per cent more detections than an
individual working alone, and that three individuals made from 6 to
15 per cent more detections than two individuals. Groups larger than
three apparently added little to the detection score, but groups of two
were always better than a single individual, and groups of three were
always better than groups of two.

With regard to the presence of nonparticipating individuals, Pollack
and Knaff (1958) reported no differences in performance between
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individuals working in isolation in a darkened booth and those working
in the company of other operators in a brightly lighted room, with a
radic playing and conversation permitted (except about signals).

Apparently, however, when the nonparticipating individuals repre-
sent some form of authority, performance is affected. Fraser (1953),
for example, found that when the experimenter remained in the room in
a prolonged vigilance experiment, the operators performed significantly
better than when he was not present.

Generally, the work in this area is promising but inadequate. A
need exists for more specification of the stimulus parameters involved
and for the systematic study of the effects of these parameters and their
interactions on performance. The results from such studies could be of

considerable practical and theoretical value.

MOTIVATIONAL FACTORS

The third group of factors is concerned with characteristics of the
human operator. The choice of the term “motivational” is arbitrary
since diverse variables are included under this heading. However, all
of the variables have in common the fact that they reflect either the
effects of various parameters on the motivational responses of the
human operator, or the effects of motivational characteristics of the
operator on his own performance. The effects of drugs, for example,
are representative of the first type of variable, and the effects of per-
sonality variables are representative of the second type.

Drugs

The use of drugs probably does not represent a practical solution
to the vigilance problem, but the effects of drugs are of considerable
theoretical interest and the results of the few studies in this area are
highly suggestive.

Solandt and Partridge (1946) included the oral administration of
10 mg of benzedrine sulfate and moderate amounts of alcohol as two of
the independent variables in an auditory vigilance task. The results
indicated that benzedrine sulfate reduced the decrement significantly
for a minimum of eight hours. Alcohol was not found to lessen
the decrement.

The most relevant and significant evidence comes from a study by
Mackworth (1950). Three groups of subjects performed on a visual
search task after taking (1) 10 mg of benzedrine sulfate, (2) dummy
tablets, and (3) no tablets. The results of this study are presented in
Figure 2. With benzedrine, the decrement was eliminated; also, more
signals were detected, and response time was shortened. No undesirahle
side effects from the use of benzedrine were noted in this study.

Barmack (1939) administered 15 mg of benzedrine sulfate and
60 mg of ephedrine hydrochloride to subjects working on a pursuit task.
The response measures were accuracy of pursuit, reports of boredom,
sleepiness, fatigue, inattention, heart rate, and blood pressure. The




Percentage of Missed Signals as a Function of Time
on Watch Under Benzedrine and No-Benzedrine Conditions

0r o0——0 Benzedrine
s——0 Control (no tablet and placebo combined)

\A

Percentage of Missed Signals

101
15
20F
Oi | L 1 1
1st 2d 3d 4th
Half-Hour Half-Hour Half-Hour Half-Hour
Time of Test

NOTE: Data from Mackworth (1950).

Figure 2

results indicated that with either drug, performance tended to remain
constant, that is, no decrement occurred for about one and a half hours.
In addition, benzedrine sulfate retarded the frequency of reports of
boredom, fatigue, and inattention; ephedrine hydrochloride had a similar
but somewhat weaker effect. Both drugs increased systolic blood pres-
sure, but only the benzedrine increased heart rate. These results are
suggestive; however, Barmack’s task was not a typical vigilance task
although it was performed for a rather long period of time.

Similarly, Somerville (1946) employed a nonvigilance task that was
performed for a long period of time. Benzedrine was administered to
a group of military subjects who were asked to work on staff problems
over a 72-hour period. This group’s efficiency in solving problems was
no different from that of another group who took placebos. However, it
is reasonable to expect that problem-solving tasks are sufficiently self-
motivating to maintain high performance levels over extended periods
of time, and these effects might obscure the possible facilitating effects
of the drug.

In general, the effects of benzedrine and similar pharmaceuticals
appear to facilitate performance but further work is needed in this area
to define the limits of the conditions under which benefits are derived.
The effects of this variable are of considerable theoretical interest and




the results obtained by Mackworth are sufficiently dramatic to justify
further research in this area.

Diet

As with drugs, diet could conceivably have some effect upon the
responsiveness of the operator. This possibility has been considered
in two separate studies.

Simonson et al. (1948) studied the effects of diet on a visual task
that demanded constant attention but involved little expenditure of energy.
Fatigue trends of several visual functions including vertical divergence,
convergence near point, and abduction and adduction powers were meas-
ured before and after the task. Four diet schedules were compared:

(1) balanced, (2) high fat, (3) high carbohydrate, and (4) no meals. While
statistically significant performance differences between diets were
obtained, no one meal was superior or inferior for all visual functions
measured. The results did indicate, however, that balanced or high fat
diets were preferable for strenuous visual work.

In the second study (Tuttle et al., 1949) four types of breakfast were
used: (1) heavy, (2) light, (3) coffee only,and (4) none. Response measures
were taken in terms of work output, simple and choice reaction time, and
neuromuscular tremor. The results showed performance decrements
for all measures under the no-breakfast and coffee-only condition.

While the results indicate some effect from extreme dietary condi-
tions, this variable is probably secondary in vigilance performance.

Sleep

Several studies have been conducted to examine the relationship
between prolonged wakefulness and various psychological functions.
Generally, the results indicate that when performance is measured for
short periods of time (i.e., less than 15 minutes), the expected effects
from sleeplessness are not observable,

In an early study conducted by Robinson and Richardson-Robinson
(1922), the effects of sleep loss on performance on the alpha intelligence
examination were observed. The experimental group had no sleepduring
the first day and night of the experiment, and until completion of the
second testing, whereas the control group had no restrictions on sleep-
ing. The results showed a performance improvernent for both groups,
with no significant difference in the amount of improvement shown by
the two groups in what was essentially a problem-solving task. The
authors hypothesized that the experimental group compensated for the
sleep loss through increased effort and interest in the experimental
situation. As noted earlier, problem-solving tasks typically do not yield
decrements like those found in the usual vigilance tasks. -

Chiles (1955) required subjects to be alert at varying intervals for
56 hours. These subjects performed on the Clock Test and a reaction
time test. The results were inconclusive but did indicate a wide range
of variability in the attentiveness of the subjects.




In an early study, Warren and Clark (1937) observed the effects of
a 65-hour sleepless period upon “blocking,” which was defined as a
failure to respond for a period equal in time to two or more responses
of modal length. Three tests of blocking were employed: (1) alternate
addition and subtraction, (2) color naming, and (3) tapping. Three sub-
jects completed 65 hours of the vigil, and the fourth subject 48 hours.
The four control subjects were not required to go without sleep. Results
of the study indicated that “blocking” increased with sleeplessness,
particularly on the mental work, but decreased in the control group.
Again, however, the similarity between this task and typical vigilance
tasks is not very great. ‘

In another study, again employing four subjects, Clark and Warren
(1940) photographed horizontal and vertical ocular fixation move-
ments during a 65-hour vigil. Their results indicated no uniform
changes in eye movements as sleeplessness increased. Binocular
adjustment showed no consistent trend, although there was a tendency
toward decrement.

In general, the rather minor and ambiguous results for this variable
suggest that loss of sleep is not a particularly significant variable in

vigilance performance.

Individual Differences

Irvine (1957) conducted a study of a visual inspection task in industry
and found large individual differences in the rejection rates of operators.
Rejection rate, he found, was dependent upon batch size (number of
ampules to be inspected), which affected individuals differently. Also,
individuals who took a long time to inspect were no better than those
who performed rapidly.

A number ofinvestigators have taken up this cue and have attempted
to isolate a variety of parameters of individual differences related to
vigilance performance. Bakan (1957), for example, investigated person-
ality variables and found that extroverts benefited more from the
introduction of a second task in a vigilance situation than did introverts.

In studies involving subjective reports of feelings of boredom, tired-
ness, and monotony, several writers (Pollack, 1929; Poffenberger, 1938;
Taylor et al., 1937) report that such feelings are negatively related to
performance: that is, performance decreases as boredom increases.
Poffenberger also reports that the individuals with the highest perform-
ance had the greatest changes in feelings of tiredness. It is not
unreasonable to suspect that such subjective reports are related to
personality differences. Barmack (1939) suggests that many of the
physiological changes associated with prolonged work are a function of
the attitude of the individual, and it is reasonable to expect that such
attitudes might also be associated with personality characteristics.

Along other lines, Baker (1959) found a relationship between motor
activity and performance on a vigilance task. Motor activity gencrally
increased with increasing time on watch, with the less active individuais

tending to be superior in performance.




Kappauf and Powe (1959) divided their subjects into four groups on
the basis of their AFQT scores (ranging from the 10th to the 99th per-
centiles of the general military population), and found that in general
the men with low AFQT scores showed greater decrements in perform-
ance on an audio-visual checking task.

Both age and sex differences in vigilance performance have also
been demonstrated. Botwinick and Shock (1952), for example, measured
the speed of response in a continuous task and found higher over-all
performance in the younger group (20 to 29 years) as compared with
that of an older group (60 to 69 years), but there was also a greater
performance decrement for the younger group. Wittenburg et al. (1956)
replicated the Mackworth clock test using both males and females and
found that females were superior to males during the last half hour
of a two-hour watch.

The studies cited are suggestive but largely unsystematic. For the
most part, they have not been designed specifically to study parameters
of individual differences despite the fact that a wide range of such vari-
ables are known to affect vigilance performance. In addition, with a
few notable exceptions, little effort has been made to determine to what
extent such characteristics are modifiable.

Along these lines, Garvey et al. (1958) employed a group of pre-
trained individuals in a two-hour satellite tracking task and found large
individual differences in detection thresholds. Of particular interest
was their finding that the pretraining experience significantly decreased
these differences.

Blair (1958) found individual differences in the rate of “observing
responses,” that is, responses that in turn make the detections
possible. Some individuals maintained continuous observing responses
while others tended to observe only when the signal was due. Ina
second study (Hickey and Blair, 1959) the observing rate was demon-
strated to be unrelated to the probability of signal occurrence. In
contrast, Holland (1958) found that the observing rates of individuals
varied directly with the number of signals they detected. Holland’s
work is particularly interesting in that it implies that the develocpment
of effective techniques for increasing individual observing rates may
be feasible and could lead to significant reductions in differences among
individual operators.

Further evidence that some individual differences can be modified
comes from a study by Dowd (1925) on the extent to which rate of work
is an individual characteristic for different tasks. Her results indi-
cated that an individual who is fast at some tasks has only a slight
tendency to be fast at other tasks, and that the high correlations that
do occur appear to result from similarities in task content rather than
from a general speed factor. Transfer of training is implicit in these
results and they suggest that learning may be a factor in some of the
individual differences noted in vigilance studies.

The work of Holland and of Dowd points up a need for systematic
studies of vigilance performance employing individual differences
parameters as the primary variables. This possibility will be dis-
cussed further in the chapter on implications for research action,
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Threshold Responses

The primary vigilance research effort has been concerned with the
effects of stimulus variables, both external and internal to the individ-
ual, on performance measured in terms of the efficiency of work output.
However, there has also been a sizable body of research in which
attempts were made to relate changes in work-output responses (e.g.,
detection) to non-work-output, or mediational, responses in the individ-
ual. The demonstration of such relationships would presumably push
the explanation of vigilance performance back one level in the causal
chain and possibly lead to more “fundamental” laws. The study of the
effects of vigilance conditions upon various sensory thresholds is one
example of this type of research.

The results for visual acnity are ambiguous. Saldanha (1957), for
example, found that visual acuity remained unchanged after an exacting
two-hour visual task, whereas Berger and Mahneke (1 954) found a loss
of acuity ranging from 18 to 30 per cent over a period of approximately
one hour.

In a third study, Adams et al. (1944) found no deterioration in
acuity. However,these writers tested the visual acuity of their subjects
before and after 16 weeks of fire control training employing various
optical instruments and radar oscilloscopes. The conditions are prob-
ably sufficiently different from the usual vigilance conditions to make
these results somewhat irrelevant.

The differences in results between the Saldanha and the Berger
and Mahneke studies remain to be resolved, before any definitive state-
ment can be made regarding the effects of vigilance tasks on acuity.

The results for the critical fusion frequency (CFF) response are
contradictory, but possibly resolvable. Of three studies, one found a
decrement, one did not find a decrement, and the third found a decre-
ment under one condition but not under another.

Brozek et al. (1947) found that after two hours of intensive inspec-
tion work at 2 foot-candles of illumination, visual functions such as
blink rate and CFF did not change significantly, but speed of voluntary
eye movements and precision of fixating deteriorated significantly. On
the other hand, Berger and Mahneke (1954) also measured the CFF in
two simple visual tasks and found a decline in CFF over time.

Witlenburg et al. (1956) measured the CFF response in relation to
performance on the clock test and found that individuals who responded
o all stimuli (both single and double pointer movements) showed no
decrement in CFF. In contrast, individuals who responded only to the
signal (double pointer movement) showed a significant decrement in the
CFF response from the beginning to the end of the watch. A significant
correlation was also found between detection performance and CFF.
These data suggest that signal rate may be the important factor in
determining whether CFF will change; this may account for the failure
of Brozek et al. to find a decrement in CFF,

The evidence for absolute thresholds suggests no relationship to
vigilance performance. Wertheimer (1955) found that auditory and
visual absolute thresholds varied markedly throughout a vigilance task
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but that no consistent trends were discernible in the data. In addition,
the correlations between thresholds for the different sense modes
tended to be low.

Similarly, Deese and Ormand (1953) found no change in visual
thresholds as a function of time on watch, using an ascending method
of limits.

In a study of auditory thresholds, Elliott (1957) found that, rather
than becoming higher, thresholds became lower for his subjects over
time. This suggests that either practice effects or transfer of training
was operating to improve performance, although improvement was gen-
erally confined to the detection of weaker signals.

The evidence for changes in difference limens (DL’s) as a function
of vigilance conditions is straightforward. In the two reported studies,
significant changes in DL's were found.

Using the method of limits, Bakan (1955) studied the change in
differential brightness threshold as a function of time in a prolonged
visual vigilance task and found that-the threshold increasedas a function
of time on watch. On the basis of this evidence he suggested that the
vigilance decrement function be thought of as a threshold change. This
point is consideredin some detail in the subsequent discussion of theory.

In the other study, McFarland et al. (1942) found that individuals
who were instructed not to move during the entire watch demonstrated
a marked decrease in their sensitivity to brightness differences. In
a group that was allowed to shift position every 30 seconds, however,
there was a parallel recovery of DL’s.

In general, the data suggest that acuity and absolute thresholds are
not related to vigilance performance. The CFF appears to be related
under some conditions (possibly low signal rates only), and difference
limens are quite clearly related to vigilance performance.

Related Responses

Some writers have concerned themselves with the effects of vigi~
lance conditions upon mediating or peripheral responses other than
perceptual responses.,

One group of researchers has studied motor responses associated
with the eyes. Clark and Warren (1940), for example, recorded eye
movements during an extended visual vigil and found some temporary
and sporadic changes in fixation time, binocular adjustment, and sac-
cadic movement, but no uniform changes in any response over time.

Carpenter (1948) measured the number of blinks per minute in a
replication of Mackworth’s clock test and found that the mean blink
rate per minute increased systematically with time. He found, also,
that the variation in blink rate between subjects was as large as that
within subjects. This is in contrast tothe study by Brozek et al. (1947),
mentioned earlier, in which no significant changes in blink rate were
noted. These results suggest that, in general, the motor responses
associated with the eyes are not very reliable indices of vigilance
performance effects.
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Responses of the frontalis muscle over the eyebrow, on the other
hand, do appear to be related to vigilance performance. Kennedy and
Travis (1948) measured the action potential of this muscle and found
that response latency and variability increased as action potentials
decreased. Large individual differences in muscle action potentials
were also found. Possibly related to this is the finding of McFarland
et al. (1942) that forced maintenance of the same rigid posture yielded
poorer vigilance performance. In contrast, Baker (1959), using no phys-
ical restraints, found better performance for the less active subjects.

A variety of autonomic responses have also been studied in relation
to vigilance performance. Geldreich (1953) found that average rate of
respiration, heartbeat, relative blood pressure, and level of palmar
skin conductance allincreased significantly inthe course of a prolonged
color-naming task. In line with the latter finding, Dardano and Mower
(1959) utilized skin conductance as a response measure in a visual
vigilance task to determine its value as an index of vigilance effects.
Skin conductance was sampled once every 15 seconds during a one-hour
vigil. The results showed a decline in conductance parallel to the
deterioration in vigilance performance, and this effect was present for
all subjects. The authors suggested that skin conductance be used to
activate devices which would alert a drowsy observer.

SUMMARY OF FACTORS

A considerable amount of data has been presented on factors
affecting vigilance performance. The effects of the major empirical
variables are summarized briefly at this point before the current
theoretical interpretations are presented in Chapter 3.

Task Factors. Seven groups of variables were considered under
this heading. Of these, the most effective variables appeared to be
interpolated rest and frequency of signal. The results for both varia-
bles are quite consistent. Although performance level increases as
the signal rate increases, some decrement generally does occur over
time. Interpolated rest periods, on the other hand, have been demon-
strated to maintain uniform detection performance; in one study
performance improved after rest.

Similar decrements have been demonstrated for all the sense
modalities studied, including visual, auditory, and tactual.

Both intensity and duration of the signal affect vigilance per-
formance. However, the effect is to generally raise or lower the
performance level without altering the form of the decrement curve.

Display and signal position both significantly affect vigilance
performance. Vertical mounting of the display yields performance
superior to that with either horizontal or angular mounting. Significant
response biases have been demonstrated for the position of the signal
on the display.

Performance generally declines over time, but in some cases
the effect is confounded by end-spurt improvements in performance,
It is probable that length of vigil per se is of minor significance.
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The effects of intersignal interval are conflicting and appear
to depend upon the method by which the interval is defined.

General Environmental Factors. Four factors were considered in
this section. The first factor, noise, showed inconsistent results. It
appears that the effects from this variable are specific to the task and
the individuals tested.

High ambient temperature alone appears to have little effect
on performance, but in combination with high humidity reduces effi-
ciency of vigilance performance. :

General performance levels are significantly related to the
type of ambient illumination, with superior performance occurring
under artificial as opposed to natural lighting. Also, muscular tension,
which is related to vigilance performance, has been demonstrated to be
inversely related to illumination level.

While the vigilance decrement is intimately associated with
the effects of sensory deprivation on the operator, the data suggest
that sensory deprivation per se is not the basic causal factor for the
decrement. Rather, the decrement appears to be related to the absence
of meaningful stimulation since the effect also occurs under conditions
without sensory deprivation. In vigilance situations involving the pres-
ence of other humans, the effects of group monitoring are inconsistent,
but monitoring in the presence of persons who represent authority
improves individual performance.

Motivaticnal Factors. Six groups of factors were considered in
this section. Of these, two appear to be unrelated or secondary
in their effects. The effects of diet are secondary and probably
irrelevant to most operational situations. Similarly, sleeplessness
does not, except possibly under extreme conditions, significantly affect
vigilance performance,

The most clear-cut and consistent results have been obtained
with the administration of benzedrine and related drugs. Use of this
group of drugs totally eliminates the performance decrement.

Among threshold responses, acuity and absolute threshold
responses do not appear to be related to vigilance performance.
The CFF appears to be related to performance when low signal rates
are involved, and difference limens are significantly related to
vigilance performance.

Motor responses associated with eye movements are not
related to vigilance performance, but activity of the frontalis muscles
is. So are general postural responses, respiration rate, pulse rate,
blood pressure, and palmar skin conductance.

With regard to individual differences, work rate is siguificantly
different for individuals on specific tasks but the trait is not general to
other tasks and can probably be trained. Bothinitial detectionthresholds
and observing response rates, in which individuals are significantly
different in performance effectiveness, can be altered through training.
Other individual differences parameters which have been demonstrated
to be significantly related to vigilance performance are age, sex, intel-
ligence, and susceptibility to boredom.
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Chapter 3

THEORIES OF VIGILANCE

The variety of theoretical and quasi-theoretical interpretations
that have been applied to vigilance phenomena encompasses most of the
major theories in psychology. These include several variations of
conditioning, expectancy, and drive (physiological) theories of behavior.
Some of the “theories” are not theories at all, or at best are only sug-
gestive analogies which might or might not be related to the phenomena
of vigilance. None of the systems are sufficiently comprehensive, or at
least, attempts to apply them have not been sufficiently comprehensive,
to include all relevant aspects of the problem.

A theory, if it is to be called a theory, must satisfy at least two
requirements: (1) It must integrate all, or a major portion, of the
relevant empirical data, and (2) it should lead to the prediction of new
relationships. In addition, it should show a high degree of internal
consistency. Generally speaking, theories are evaluated in terms of
the degree to which they meet these criteria and are flexible enough to
apply to new information without altering their core assumptions. Theo-
retical interpretations of vigilance have all failed to some extent to
meet one or all of these criteria. The purpose of this discussion is to
point out where this has been true and to suggest how the current inter-
pretations might be improved where they apply to vigilance behavior.

The previous discussion of the data indicated three broad classes
of variables that significantly affect vigilance performance. Ideally, a
theory would present a weighted accounting of these and possibly other
variables and “explain” at a more primitive level (i.e., in terms of
physiological or physical laws) the causal factors underlying effects.
For present purposes, however, a “theory” that simply describes all
of the S-R relationships in a moderately well integrated form would be
quite adequate. Our purpose is to come as close as current theories
permit to achieving this objective.

A final prefatory remark is in order. It is sometimes the case
that a partial, or “miniature,” theory will explain certain aspects of a
general phenomenon quite adequately. It is also sometimes the case
that such theories could be subsumed under more general theories of
behavior, but because of differences in terminology (and sometimes the
libidinal investments of their proponents) they are not so integrated.
It is hoped that one product of this discussion will be to point out where
this has been the case.

CONDITIONING THEORY

It has been suggested—and at a superficial lcvel the data appear to
some extent to support the belief—that learning is of little consequence
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in vigilance behavior. This is not a universal belief, however, and it is
notable that, with the exception of physiologically based theories, the

major emphasis has been upon theories developed initially to explain
learning behavior.

Conditioning theory has become highly complex and sophisticated
in the years since Pavlov's early experiments, and a variety of con-
ditioning interpretations of vigilance performance have been suggested.
Probably the least successful interpretations have been those derived
from classical conditioning theory.

The primary shortcoming of this approach as represented by its
chief proponents (Mackworth, 1950; Broadbent, 1957) is that it fails to
treat all of the relevant data. The most significant omission is any
attempt to consider motivational variables. The result has been that
effects that might more economically be explained in terms of these
variables are “explained” instead by classical conditioning concepts
without any accompanying validation data. Thus,in explaining the effect
of an interpolated telephone callon performance in his clock test experi-
ments, Mackworth (1950) attributed the increase in performance to
disinhibition. This is not an unreasonable hypothesis, but Mackworth
presents no supporting evidence. Bakan (1952) points out that an equally
reasonable interpretation is that the telephone message, conveyed by
an authority figure, implied that the recipient was not doing as well as
he should, and this constituted a “threat” or motivating factor. These
are both testable hypotheses, but without further evidence there is no
logical basis for choice between them.

Mackworth also proposed the hypothesis that the decrement in
vigilance is due to partial extinction arising from the absence of rein-
forcement during the course of the task. He attempted to account for
the partial extinction in terms of secondary extinction in one instance,
and conditioned inhibition in another. He later rejected these explana-
tions, however, on the basis that if secondary extinction or conditioned
inhibition did account for the vigilance decrement, then the decrement
should not disappear with knowledge of results. Unfortunately, this logic
is invalid on the ground that knowledge of results is probably a form of
reinforcement and should effectively counter the inhibitory effects.

Bakan (1952) took issue with the Mackworth interpretation on other
grounds and suggested an alternative expectancy hypothesis to explain
the data. He maintained that the decrement in Mackworth’s study
resulted from (1) the transfer of expectancies, established during
initial training, to the early part of the test period, and (2) the gradual
extinction of these expectancies through nonconfirmation in the course
of the task.

McGrath et al. (1960) offered the criticism that with high signal
rates and nonreinforced responses, conditioning theory would predict
an increase in inhibition, yet in some studies this has not been the case.
As suggested earlier, however, the assumption that reinforcement is
lacking in the vigilance situation is probably incorrect; as Holland (1957)
points out, the detection of the signal may itself be reinforcing. If this
were the case, then lack of decrement with high signal rates would be

consistent with conditioning theory predictions.
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Holland’s notion was anticipated by Deese (1955) who hypothesized
that the occurrence, or detection, of a signal would be reinforcing and
thus maintain the state of vigilance at its initial high level. On the
basis of this hypothesis, Deese (1957) predicted that signals presented
at a higher rate would be detected more efficiently than signals pre-
sented at a lower rate (presumably because of the temporal gradient
of reinforcement). Deese’s data, described in Figure 3, support this
prediction; a number of other studies cited earlier have yielded

similar results.

Percentage of Targets Detected as a Function
of the Number of Targets Per Hour
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Deese carried his analyses a step further,however, and considered
detectability in terms of length of intersignal interval rather than rate
of signal appearance. In this case the reinforcement hypothesis would
predict that the shorter the time interval between two signals, the
greater the probability of detecting the second signal. In contrast to
his earlier work with Ormand (1953), Deese analyzed the data for this
study in terms of the time between the second signal and (1) the occur-
rence of the first signal, and (2) the detection of the first signal.
Neither analysis supported the reinforcement prediction. However, a
recent similar study by Harabedian et al. (1960) provided supporting
evidence for the reinforcement hypothesis.

Holland (1958) presents evidence which suggests a solution to the
dilemma presented by Deese’s negative results. He suggests that the
p?‘obability of detecting signals depends upon making responses which,
in turn, make the detections possible. Such responses, for example,
might include correct orientation to particular portions of the display,
and scanning or fixating the display. Holland terms these behaviors
“observing responses” and suggests that they conform to the principles
of operant conditioning. He suggests that the reinforcement for these
responses is the detection of a signal, and that the rate of responding is
controlled by the scheduling of signals in much the same way as rein-
forcement with food controls the rate of responding in animals.

In support of this notion, Holland devised a situation in which the
subject pressed a key that in turn briefly flashed a light permitting him
to observe a dial on which he was to detect pointer deflections. In his
first study he found that when signals were presented according to a
fixed-interval, or fixed-ratio, schedule, the subjects’ observing respon-
ses were distributed over time in patterns similar to those of animals
working for food on similar schedules of reinforcement. Data for a
typical subject in a one-hour session are shown in Figure 4, illustra-
ing the abrupt decrease in observing responses immediately after
detection of a signal, followed byean accelerated rate of responding.
Also shown is the extinction curve for the responses, resulting from
termination of the signals after three signals were presented on a
4-minute fixed-interval schedule. Additional studies utilizing variable
schedules of random signals showed that as the signal rate decreased,
the rate of observing responses decreased. A finding of particular
interest was that individuals who showed no decrement in detection
performance showed an increase in observing responses over time,
whereas individuals with lower detection performance showed lower
observing rates over time. These results support the hypothesis that
the detection of the signal reinforces the observing responses. It follows
that increased observing would increase the probability of detection on
a purely chance basis, and this might account for the reinforcing effects
described by Deese and others.

The most comprehensive (and controversial) conditioning theories
are those associated with Hull (1943) and Spence (1956), and a number
of writers have attempted to apply their concepts to vigilance perform-
ance. Hull's basic paradigm, HXD-1-E-- R, marks a fundamental
improvement over carlier conditioning theory in that an attempt is
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made to take into account the effects of motivational variables (/) on
performance. This is significant in terms of the present discussion,
since failure to consider this class of variables has been a major crit-
icism of most theories when applied to vigilance performance.

In applying this paradigm to vigilance tasks, Baker (1959) assumed
that the drive (D) and inhibition (/) components were the critical factors
in vigilance tasks, since habit strength (#) could be assumed to be at,
or near, asymptote at the onset of the task. The assumption is basad
on the further assumption that the S$-R events in a vigilance task have
already beei: developed in the past experience of the observer.
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In contrast, Baker maintained that motivational factors such as
temperature, special instructions, and drugs should, because of the
multiplicative relation between /i and D, greatly influence vigilance
performance. Likewise, inhibitory factors arising from nonreinforced
responses or from work being done (reactive inhibition, ;) should also
significantly influence vigilance performance.

Baker, however, appears to be most concerned with the inhibition
factor. He cites studies that show a rise in performance following
interpolated rest as evidence for an inhibitory factor which accumulates
during work and dissipates in the absence of stimulation. If inhibition
dissipates over time, a simple prediction would be that the longer the
interval between signals, the better performance would be, yet there
are studies indicating that the opposite is more likely true. Both Baker
(1959) and McCormack (1958) present evidence for a lack of relation-
ship between vigilance performance and length of intersignal interval.

It should be noted, however, that in rejecting the reactive inhibition
concept, Baker has neglected a body of relevant data which might explain
the failure to observe I, inthe vigilance situation. The occurrence of I,
in psychomotor tasks is afirmlyestablished construct, whereas in verbal
learning tasks this is not the case. Consideration of the kinds of
responses ordinarily involved in most vigilance tasks suggests that the
amount of motor involvement is negligible. The Hull and Spence theo-
ries, it should be remembered, are based upon behaviors with consid-
erable motor involvement and it is probable that reactive inhibition is
not particularly relevant to vigilance behavior.

The variety of inhibition involved in nonreinforcement (i.e., non-
motor-response-generated), on the other hand, is directly applicable
in view of the earlier discussion of Holland’s (1958) work. In line with
this thinking, the work of Berlyne (1951) and of McGrath et al. (1959)
is suggestive.

Vigilance behavior can be conceived as consisting of chains of
serially dependent ry's (fractional responses) and R’s such as observing
(R), detection (re), judging the stimulus (r¢), tensing the finger to press
the response key (r), pressing the response key (R), and so on, with
each rg and R acting as a stimulus for the nextresponse in the sequence.
In this interpretation, nonreinforced occurrences of these anticipatory
responses should have a cumulative inhibiting effectuponthe r.’s, which
would tend to decrease their probability of occurrence. This could
have two possible effects on the detection and key-pressing responscs:
(1) in a serially dependent chain, if the probability of r’'s (or “expect-
ancies”) was reduced, then the probability of R’s would be reduced; and
(2) depending upon their similarity, the inhibition might generalize from
the r¢’s to the overt R’s. McGrath et al. (1959) make the additional sug-
gestion that the inhibition of responses accruing from nonsignal sources
might also generalize to signal responses, again depending upon the
similarity between the signal and nonsignal sources of stimulation.

It should be noted that there is evidence that where learning is not
involved (i.e., in relatively pure performance tasks) the effect of
amount of reinforcement (F,) and frequency of reinforcement is to
directly raisc orlower performancelevel. AsHolland found, individuals
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showing no decrement in detection performance showed an increase in
observing responses as a function of high levels of reinforcement
(detection r,’s), whereas individuals with lower detection rates (less
reinforcement) yielded decreasing observing rates (extinction of observ-
ing R’s). This would, in turn, lower the probability of detection, and
in such a situation chance detections could be expected to maintain
performance at some minimum level.

In general, the broader conditioning theories appear to be suffi-
ciently comprehensive and flexible to satisfy many of the objections
raised against them. The most common criticism of learning-based
theories has been their inadequate treatment of motivational (perform-
ance) variables. The Hull-Spence theories are least subject to this
criticism; as will be noted in the section on motivation theory, many of
the motivational phenomena are adequately accounted for within this
framework. The most significant deficiency in this approach appears
to be with resperct to individual differences, although Holland’s work is

highly suggestive in this area.

EXPECTANCY THEORY

Among learning-based theories, the major alternative to generalized
conditioning theories of the Hull-Spence type is expectancy theory. A
number of writers have subscribed to this position in recent years. In
his definition of expectancy, Deese (1955) states that “(a) the observer’s
expectancy or prediction about the search task is determined by the
actual course of stimulus events during his previous experience with
the task, and (b) the observer’s level of expectancy determines his
vigilance level and hence his probability of detection.”

This implies that the probability of detecting a signal is some
function of the preceding rate of signal presentation, which is, however,
a statement of a verifiable empirical law and not an operational defini-
tion for a theoretical construct. Expectancy level and vigilance level
are superfluous terms in the definitional chain and, without additional
independent defining operations, contribute nothing to an understanding
of the empirical relationship.

Deese does, however, go on to attribute additional properties to
the intervening variable, expectancy. Thus, expectancy should be low
immediately after a signal and should increase as the mean intersignal
interval is approached, becoming quite high as the intersignal interval
passes beyond the mean. Baker (1958b) modified this conception, stating
that expectancy again falls as the intersignal interval extends beyond
the mean. In support of this notion, Baker cites a reaction time study
by Mowrer (1940). The subjects responded to atone appearing regularly
at 12-second intervals, with occasional irregular intervals interpolated
at periods ranging from 3 to 24 seconds, to test the effects on the sub-
jects’ reaction times. Mowrer found that response time decreases as
the test interval approaches the standard 12-second interval and
increases as the test interval goes beyond 12 seconds.
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Baker (1958b) repeated the Mowrer study using 20 unvarying
10-second intervals,followe'd by a 21st interval of either 2,5, 20, 25, or
30 seconds on separate trials. Mean reaction times to the 21st signal
as a function of time of appearance of that signal are shown in Figure 5.
Baker viewed the results as a demonstration of the expectancy curve,
although the downward trend of the three “late” signals, while tending
to support his hypothesized properties, was found not to be significant.

Percentage Increase in Mean Reaction Time
for 2Ist Signal Over Mean for Preceding 20 Signals
as a Function of Time of Appearance of 2Ist Signal
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It should be noted, however, that the use of latencies to describe
properties of an “expectancy,” while legitimate in itself, is not a valid
basis for explaining vigilance phenomena involving errors of omission,
unless it can be demonstrated that response latencies are in some way
related to the vigilance decrement. Of the two available studies in this
area, one {Mackworth, 1950) indicates no relationship between latencies
and detections, and one (Garvey et al., 1959) finds a systematic increase
in response latencies over time.




) Baker has attempted to relate a number of variables to predictions
derived from expectancy theory. The evidence he cites suggests a
directrelationship between signal frequency and percentage of detections,
although more recent work (e.g., Harabedian et al., 1960) indicates some
exceptions. Baker regardsthe relationship as beingin accordance with the
expectancy hypothesis: The greaterthe signal frequency, the larger the
sample of data upon which observers are able to base their expectancies
and, hence, the higher the proportion of detections. In addition, Baker
cites evidence (Woodrow, 1951) to indicate that observers can estimate
shorter intervals with greater precision than longer intervals. It is
worth noting, however, that the relationship between signal frequency
and percentage of detections could be predicted on a simple statistical
basis without calling upon the additional concept of expectancy.

Integral to the expectancy concept is the notion of stimulus aver-
aging. By means of this process the observer arrives at estimates of
mean frequency and mean intersignal interval, these estimates pre-
sumably constituting the expectancy. This implies that expectancies
are characterized by a regularity that is superimposed on the stimulus
population. This is an additional hypothetical property of an expect-
ancy which leads to the testable hypothesis that the more regular the
intersignal interval is, the higher the probability of detection. In more
sophisticated terms, since the probability of detecting a signal is based
on the mean of prior signal frequencies, then it follows that to the
extent that signals are more regularly presented the perception of the
temporal structure of the series will be more accurate, and the likeli-
hood that expectancies will be confirmed will be greater. Signals appear-
ing at less regular intervals provide less confirmation of expectancies
and subsequently lead to over-all performance decrement. In general,
the experimental evidence (Deese and Ormand, 1953; Baker, 1958b)
appears to support this position and thus provides support for the
expectancy concept.

Two points are in order. The first is concerned with stimulus
averaging. If the expectancy is based on a process of averaging previ-
ous stimuli, do all prior stimuli enter into this average, or only those
within some preceding time period? Are the stimuli differentially
weighted, and what is the mechanism for averaging? Clarification of
these points would permit a numbei of testable deductions.

The second point is that these results are equally explicable in
terms of general conditioning theory. Recurring r.-s; chains would
result in the same prediction and this interpretation has the additional
advantage that questions of the preceding kind do not occur. It should
be noted, too, that the r;-s, paradigm displays many of the hypothet-
ical characteristics of expectancies (Osgood, 1953) and that a very good
possibility exists for subsuming expectancy theory under the heading of
more general conditioning type theories. As the term implies, an
expectancy is, by definition, an anticipatory response; therefore, it may
be considered synonymous with the fractional anticipatory goal response
mechanism, rg-s;, proposed by Hull.

In addition to the points already considered, Baker (1959) suggests
that the direct relationship of percentage of detection to magnitude of
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signal further supportsthe expectancy hypothesis, since signals of large
magnitude make the confirmation (or nonconfirmation) of expectancies
more probable because of the increased probability of perception. Rather
than constituting supportive evidence, however, these data simply sug-
gest a possible relationship between probability of detection and hypo-
thetical expectancies. In this instance, the notion of expectancies is
superfluous to an understanding of the relationship between signal
magnitude and probability of detection per se.

When there is uncertainty about signal location, Baker states that
an expectancy may be temporally “correct,” but the signal may appear
at an unscanned location at that moment, resulting in unconfirmed expect-
ancies which would serve to lower the apparent signal frequency. He
cites evidence (Garvey, 1957) that performance in vigilance tasks is
poorer when the location of the signal is unpredictable. This is a
reasonable deduction and is adequately supported by the evidence. It
is also a reasonable deduction from either conditioning theory or simple
statistical probability theory.

Expectancy theory is most hard pressed in explaining the effects
of motivational variables. Knowledge of results, which most writers
agree is a motivational variable, has been firmly established in a wide
variety of tasks (Holland, 1958; Annett and Kay, 1957; Gibbs and
Brown, 1956). Baker suggests, however, that rather than being moti-
vational in character, knowledge of results provides information to the
observer concerning the “true temporal nature” of a series of signals.
This in turn, increases the probability of confirmation of expectancies.
Thus, knowledge of results merely tells the observer when a signal has
occurred and whether it has been detected. This information allows
the observer to learn the true temporal nature of the series.

In general, Baker’'s position (1959, p. 40) is that the expectancy
approach should hold for any level of motivation on the part of the
observer. Even a highly motivated observer will lose efficiency with
brief, small, irregularly spaced, infrequent signals. On the other hand,
even poorly motivated observers will perform acceptably if signals
are large, prolonged, frequent, and regularly spaced. In light of the
considerable body of evidence pertaining to the effects of motivation
on performance in vigilance situations (such as studies on drugs, end-
spurt effects, extraneous stimulation, reinforcement, and knowledge of
results), Baker’s statement places expectation theory in a somewhat
tenuous position.

Perhaps the most significant criticism of expectancy theory,
however, is the fatalistic implication inherent in this position that no
possibility exists of ever achieving perfect or near-perfect performance
in most vigilance situations. If we accept the position that detection is
dependent upon expectancies of regularly fluctuating probabilities, then
with relatively infrequent and maximally random signalsthe coincidence
of actual signals with the regularly spaced mean intertrial intervals
could not possibly be perfect over an extended period of time. In short,
if the expectancy position is correct, there is little hope for improve-
ment in many critical vigilance activities. The very high levels of
performance that have been demonstrated under conditions employing
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rest periods or the use of drugs, for example, are concrete evidence
that the vigilance decrement is not inevitable. Expectation theorists
appear to be faced with the problem of continuing to deny clearly con-
trary evidence, or modifying and expanding their hypotheses to
accommodate such evidence.

MOTIVATION THEORY

A broad range of variables known to significantly alter vigilance
performance can be conceived of in terms of their motivational effects
on the observer. Included among these are the effects of knowledge of
results, end spurt, drugs, extraneous stimulation, special instructions,
rest periods, and even possibly the frequency of stimulation. In addi-
tion, the often noted large individual differences in susceptibility to
vigilance decrement suggest that personality (i.e., motivational) vari-
ables are of considerable significance in vigilance performance.

The preponderance of variables leading to improved performance
are either motivational in character, invariant, or inherent to a given
operational situation. Theories which are capable of integrating these
diverse effects and which lead to testable predictions and to the isolation
of new variables should be of considerable value in the general area
of vigilance.

As noted in the preceding section, expectancy theory does not
include motivational considerations within its framework. It is, in fact,
a miniature or partial theory. In contrast, and as a result of its recog-
nition of the basiclearning-performance dichotomy, general conditioning
theory devotes considerable attention to the effects of motivation on
performance. The concepts of primary and secondary motivation, pri-
mary and secondary reinforcement, rg and sg, and the effects of observ-
able antecedent conditions upon these constructs, such as amount of
reinforcement (¥, and deprivation time (¢,), are all concerned directly
with describing, predicting, and explaining the role of motivation
in performance.

As pointed out earlier, conditioning theory also considers a variety
of inhibition concepts asthey relate both tolearning and to performance.
Unfortunately, most applications of conditioning theory to vigilance
have been concerned primarily with disproving the validity of inhibition
concepts where such applications are probably not relevant in the first
place (e.g., reactive inhibition) or with demonstrating the ineffective-
ness of reinforcement (where such applications are relevant). In both
instances, as discussed earlier, conditioning theory has been adequate
to explain and predict. In terms of such phenomena as end-spurt
effects, extraneous stimulation, signal frequency, and rest pauses, the
integrative and explanatory power of conditioning theory can be equally
well demonstrated.

For end-spurt phenomena, for example, conditioning theory might
predict that the discriminating antecedent conditions determining the
occurrence or nonoccurrence of end spurts would be knowledge (gained
either through practice or through instructions) of the length . the
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vigil, that is, goal gradient effects explained in terms of r; and s; and
the gradient of reinforcement (termination of the task serving as the
reinforcement). A number of testable predictions can be derived from
this interpretation: (1) knowledge vs. no-knowledge of length of and
present point in the vigil should yield different results (Jerison, 1958
provides suggestive evidence in this area); (2) the end-spurt effect
resulting from a knowledge of vigil length should become more pro-
nounced in successive sessions if the knowledge is based on previous
experience; and (3) practice at one length of vigil and testing at differ-
ent lengths should yield differently shaped curves.

As for extraneous stimulation, the literature on conditioning
provides numerous examples of the effects of variations in drive level
upon performance (as opposed to learning) and the related anxiety-
arousing characteristics of either strange and unusual, or threatening
(i.e., intense) stimulation on performance. In addition, the disinhibiting
effects of Mackworth’s phone call have by no means been disproved and,
contrary to Deese’s contention (1955), the defintion of disinhibiting
stimuli is not difficult nor is the design of relevant studies impossible.
Thus, the interpolation of irrelevant intense stimuli at various points
in the vigil (using independent groups) is quite feasible and the results
clearly predictable from conditioning theory.

With regard to signal rate, one means of objectively manipulating
motivation inhumans is atechnique called “task-induced stress” (Garvey,
1957) which involves increasing the response rate requirements of the
task: that is, the more responses required per unit time, the greater
the “stress” or task-induced anxiety. Variations in signal rate and task
complexity are a clear example of this type of manipulation. Several
studies in the literature on.conditioning demonstrate that the effect of
increased drive isto increase performance upto some maximum (prob-
ably determined by the maximum possible responding rate of the individ-
ual) with further increases indrive resulting inperformance decrements.
Applying this information to the effects of signal rate, the prediction
would be that increases in signal rate should increase performance up
to some point, and that further increases in signal rate should result in
decrements in performance. This is a testable proposition.

In general, conditioning theory appears adequate for predicting
much of the data from vigilance studies. The area where this approach
has little to offer, however, is that where frankly physiological and
personality variables are involved. A case in point is the dramatic
effect of drugs such as benzedrine on vigilance performance. Behavior-
istic theories in general, because of their very nature, either fail
completely to consider both effects of drugs and the effects of personal-
ity, or relegate these factors to little considered aspects of the theory.
Thus, Hull would relegate such factors to inherent response charac-
teristics of the organism (,U,) or to alterations in the effective reaction
threshold (,L,), for example. Such treatment restricts the possibility
of increasing our understanding of many significant factors controlling
human performance and, like the early instinctivism of McDougall and
the modern nativism of the ethologists, precludes any possibility for
increasing our control over behavior.
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It is in this area that physiologically oriented theories can make
a significant contribution. It should be noted, parenthetically, that phys-
iological theories are not contradictory nor antagonistic to behav-
ioristic theories, but rather consider the data of behaviorism at
lower (more fine-grained, more fundamentally “causal”) levels of
discourse. In short, the two levels of theory should be compatible
and mutually supportive.

Recent years have witnessed a growing integration of a mass of
physiclogical data relating to motivation and emotion from which has
emerged what has come to be known as “activation” theory. In view
of the significance of motivation for vigilance performance, it seems
reasonable to expect that this type of theory might prove fruitful in
increasing our insights into this form of behavior. This is essentially
the position Deese (1955) has taken. He suggests that changes in vigi-
lance performance be attributed to changes in some normal excitatory
state of the individual. The vigilance decrement thus represents a
dissipation in the initial excitatory state of vigilance.

The basic concept of the activation theory is straightforward, and
has implications for the problems of vigilance. Briefly, the neurophysi-
ological evidence indicates thatone of the several hypothalamic centers,
the waking center, exerts control over the wakeful-sleeping behavior of
higher organisms, and that activity in this center is maintained in part,
at least, by continued sensory input. Presumably, when such input falls
below some minimum level, wakeful activity ceases and the organism
“falls asleep.” According to Deese, then, the decline in vigilance per-
formance can be attributed to a decline in the level of sensory input
resulting from monotonous aspects of the task. What some writers call
“irhibition” would, according to this interpretation, be nothing more
than a level of external stimulation lower than that required to main-
tain the individual at his “normal” excitatory level. At a behavioral
level, it might be noted, there is considerable similarity between the
“excitatory level” of activation theory and Hull’s notion of generalized
drive state. An attempt to integrate or coordinate the two levels of
theorizing might prove both feasible and profitable.

Inherent in Deese’s use of the phrase “decline . . . resulting from
monotonous aspects of the task” (1955) is the notion of sensory adapta-
tion. If stimulation in the environment continues at the same level, a
reduction of stimulation at the waking center must be the result of
changes inthe intervening receptor mechanisms or connecting pathways:
that is, adaptation. What Deese appears to mean by “monotonous,”
then, is repetitious stimulation leading to increased receptor thresh-
olds. Among the earlier physiological works in support of this theory
are Kleitman’s (1939) studies of sleep in which he demonstrated that
when an organism is deprived of sensory input, or when sensory input
declines, the organism sleeps. In addition, because the cerebral cortex
to a large extent controls waking and sleeping patterns of the organism,
wakefulness can be dichotomized in terms of the wakefulness of choice
as opposed to the wakefulness of necessity which is exemplified by
the sleep patterns of mary animals and human infants. Thus, it
seems reasonable to assume that wakefulness of choice, besides being
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dependent upon the cerebral cortex for control, is also dependent upon
the level of sensory input. Other supporting evidence comes from
research on sensory deprivation (Wheaton, 1959) and studies demon-
strating lower performance on homogeneous as opposed to heterogene-
ous tasks (Bills, 1943; Barmack, 1937).

If systematic changes in sensory thresholds are the behavioral
manifestations of the process postulated by activation theory, then to
demonstrate the validity of such changes in relation to vigilance per-
formance it is necessary to demonstrate them independently of the
vigilance measures per se but in a vigilance-type situation. This
presents a difficult experimental design problem in that interpolated
threshold tests, even employing independent groups for each test point,
might destroy the vigilance effect and lead to negative results.

A different approach might be to demonstrate a relationship (or
the lack of one) between sensory thresholds and conditions known to
significantly affect vigilance performance. This is essentially the
approach taken by McFarland et al. (1942) wheo found a systematic
. decline in DL’s over time. Other examples of such studies might
include the systematic testing of thresholds over extended periods
during which drugs such as benzedrine are employed, and systematic
testing of the thresholds of individuals who have demonstrated signif-
icantly different performance under vigilance conditions. In the first
example the prediction would be no threshold changes; in the second,
it would be significant changes for individuals known to show perform-
ance decrement under vigil and no change for individuals known to be
unaffected by vigil.

Finally, a general implication of the activation hypothesis is that
the provision of ahigh level of variegated background stimulation should
maintain a relatively high level of vigilance performance. A variety of
testable hypotheses can be derived from this notion. For example, it
could be predicted that the use of artificial signals and increases in
extraneous stimulation in the situation should lead to improved
vigilance performance.

The variety of ..gilance data which appears to conform with the
predictions of activation theory suggests that from it, in combination
with general conditioning theory, a number of fruitful hypotheses might
be derived which would be of value in research on vigilance perform-
ance. These possibilities are considered in the following chapter.
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Chapter 4

IMPLICATIONS FOR ACTION

The question raised in the introductory chapter of this report was:
What can be done to maintain vigilance performance at a level that will
not reduce total system performance? The purpose of this chapter is
to consider three alternative approachestowardanswering this question.

HUMAN ENGINEERING

An examination of the history of vigilance phenomena strongly
suggests that the vigilance problem must be considered in terms of the
state of machine technology. A decade ago, when serious concern for
the problem of vigilance was first generated, man was the best and
only practical sensor-detector “device” available. At that time, electro-
mechanical sensors were in a relatively primitive state of development
and little attention was given to designing systems to maximize human
performance. The development of long-range sensors shifted reliance
upon direct visual surveillance to indirect surveillance through surveil-
lance of the products of the artificial sensors.

The resulting change inthe nature of the monitoring task introduced
new problems, but at the sametime carried with it clues tothe practical
solutions to the vigilance problem. Unfortunately, these solutions were
not recognized at the time that the new-style detection systems were
designed, and vigilance continues to be a problem for many presently
operational systems. This suggests that, in future systems employing
man as a detector, recognition and implementation of known human
engineering principles could in many cases reduce the decrements
characteristic of vigilance.

Manned Monitoring

Several well-established human enginecring principles could be
implemented for more effective design of man-monitored systems:

(1) Signals should be as large in magnitude as is reasonably
possible. This includes size, intensity, and duration.

(2) Signals should persist until they are seen, or as long as is
reasonably possible.

(3) The areca in which a signal can appear should be as
restricted as possible.

(4) Although “real” signal frequency often cannot be con-
trolled, it is desirable to maintain signal frequency at a minimum of
20 signal/hr. If necessary, this should be accomplished by introducing
artificial (noncritical) signals to which the operator must respend.
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(5) Where possible, the operator should be provided with
anticipatory information. For example, a sound of a buzzer might
indicate the subsequent appearance of a critical signal.

(6) Whenever and however possible, the operator should be
given knowledge of results.

(7) Noise, temperature, humidity, illumination, and similar
factors should be automatically maintained at optimal levels.

(8) The system should be so designed that operators do not
work in isolation from other individuals.

(9) Whenever possible, the system should be so designed that
individual watches do not exceed 30 minutes.

Implementation of these principles in current and proposed man-
monitored systems would do much to reduce vigilance effects on
the operator.

Automatic Monitoring

In the interval following the design of currently operational systems,
the sensor-detector machine technology has developed to a point where
many of the functions presently performed by man can be performed
equally as well by the machine, and often with greater reliability and at
less cost. This is particularly true in fixed, “low-density” ground-
based systems where space and weight considerations are of secondary
importance. In “high-density” systems such as mobile ground-based
systems, space vehicles, and the more traditional airborne systems,
however, where weight and space factors are critical, man still repre-
sents the best compromise in many instances. The applicability of
human vigilance performance research thus appears to be limited
largely to currently operational, inadequately human-engineered sys-
tems and high-density systems of the present and future.

The most significant advances in machine technology in recent
years have been in the development of high-speed, compact, and reliable
computers. New developments are appearing so rapidly that it would
be impossible to specify the exact current status, but in view of what is
already generally known about current capabilities, the design of auto-
matic and semiautomatic sensor-detector systems that can effectively
replace the monitoring functions of man is clearly feasible.

For example, where distinctive and describable stimuliare involved,
as in the case of panel light, ammeter, and digital-type indicators, rela-
tively simple circuitry can be built into the system to yield stimulation
in any desired human sensory mode at sufficient intensities to alert
even the least vigilant monitor.

Where more ambiguous stimuli of the kind involved in radar scope
monitoring are involved, the electromechanical implementations are
more complex but quite feasible. Examples of successful implementa-
tions of this kind are found in U.S. Air Force ground-based system and
a U.S. Navy airborne system. In the airborne system, for example,
radar returns are processed in terms of several criteria and presented
in the form of distinctive symbology on the radar scope at intensities
precluding the development of vigilance effects.
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Work is advancing rapidly on the development of high-resolution
machine discriminators, and it can reasonably be anticipated that within
the next decade the discrimination capabilities of such devices will at
least equal, and possibly surpass, those of man.

All of these developments have important implications for the
course of research in this area. The most significant implication is
the probable obsolescence of vigilance as a major human factors prob-
lem in future air defense systems if proper consideration is given to
the problem in the initial design stages of the system. If such consider- 1
ation can be assumed, there is the further implication that an extended
research program on the effects on vigilance performance of learning
and motivational variables might yield results that would no longer be
of any practical interest.

It is clear that adequate human engineering and/or the automation
of monitoring functions present feasible solutions to the vigilance
problems associated with many future systems. It is equally clear that
activities in this area are outside the capability and responsibility
of HumRRO.

SELECTION RESEARCH

It seems quite reasonable to expect, for the reasons cited in the
previous section, that vigilance will not constitute a serious problem
in future low-density systems. However, there is still the problem of
vigilance in present and near-operational low-density systems and in
present and future high-density systems.

On the basis of the current evidence, research in the area of
selection appears to hold the greatest promise for solution of the imme-
diate problem. Among the variables that appear to have some potential
for predicting individual vigilance performance are initial difference
limens, age, sex, intelligence, and susceptibility to boredom; in addition,
observing response rates and initial detection thresholds have been
found to significantly differentiate individual vigilance performances.
Probably only three or four of these variables would have implications
for solution of the immediate operational problem; these would include
difference limens, intelligence, initial detection thresholds, and
possibly observing response rates. It should be noted that the work
accomplished to date in this area by no means exhausts the full range
of possibilities, and emphasis would be placed in this program upon
the development of other parameters of individual differences.

The selection approach has a number of advantages: (1) The
apparatus requirements are simple and inexpensive and the support
requirements are relatively small. A fair amount of information could
probably be gained for a minimal investment. (2) The evidence suggests
a high “pay-off” potential in this area. (3) The simplicity and ease of
administration of the pretests would make early implementation of the
research nossible if significant relationships are demonstrated.

A po :ible shortcoming to this approach is that the population
available Jor application of selection procedures might yield too few
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highly proficient operators to satisfy current needs. This question is
an empirical one, however, and requires the data from at least an i

initial experiment to be properly evaluated.

JOB ENGINEERING

Another approach to reducing vigilance decrements in present and
near-operational systems is through research on job engineering. A
number of hypotheses concerning job engineering have been developed
from the discussicns of theoretical alternatives presented earlier.
Experimental tests of all of these hypotheses are feasible; however,
not all have equally significant practical implications.

For example, research on hypotheses relating to the effects of
“disinhibiting” stimuli presumably would have little utility because of
probable adaptation effects. The same can be said of the effects of
threatening stimuli, such as shock or the presence of a person of
authority. Research on hypotheses relating to the effects of knowledge
of length of watch or impending termination of the watch would be of
theoretical interest but would have little practical value because such
information is typically readily available to the operator in the opera-
tional situation. Similarly, hypotheses relating to the effects of signal
rate have few implications for present systems because of the cost of
providing reliable devices for generating synthetic signals at each
fire unit. Lack of practical utility also compromises the value of
hypotheses concerning the effects of drugs.

The ultimate utility of research along the lines suggested by the
above hypotheses is not denied, nor is their intrinsic psychological
interest. Interms of the immediate objectives of applied research, how-
ever, other hypotheses with more practical implications are available.

For example, hypotheses concerned with the effects of different
schedules of reinforcement for observing responses (presentation of
a signal when the observing response is performed) and hypotheses
relating to the transfer of established observing responses might
have considerable utilitarian value. Examples of such hypotheses
are: (1) The partial reinforcement of observing responses will main-
tain a high level of performance longer than will total reinforcement.
(2) Operators trained with one signal rate will perform less efficiently
when they are presented with a slightly different rate.

In addition to the hypotheses derived from the theoretical discus-
sions, examination of the resulls of the empirical studies cited in this
report indicates that four variables have consistently significant effects
on vigilance performance—variations in signal rate, the use of benzed~
rine, group vs. individual monitoring, and interpolated rest periods.

Two of these factors are somewhat impractical in terms of the
operational situation. Except for the possible employment of artificial
signals, signal rate cannot be controlled in the present operational
environment. The use of drugs presents practical administrative prob-
lems in addition to the unknown and possibly deleterious effects of

continued use of drugs.
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The remaining two variables, interpolated rest and group vs.
individual monitoring, appear to have important practical implications.
A number of questions can be raised concerning the optimum arrange-
ments for group monitoring activities and interpolated rest periods. In
a sense, the two variables are interrelated. Both imply the employment
of additional operalor personnel, and both are forms of altering or
increasing the general stimulation level for the operator. Comprehen-
sive considerations of either variable would require some considera-
tion of the effects of the other, and the interactive effects of the two
variables combined.

Among the questions which appear to be of interest in terms of
these variables are the following:

(1) In connection with the demonstrated superiority of pairs
in monitoring (see Chapter 2), does the performance of individuals
improve, or deteriorate, as a result of working in pairs? If individual
performances do not show a gain, is the pair superiority some {unction
of overlapping individual detections?

(2) Are the effects of pairing greater with both individuals
watching the same display and in close communication with each other,
or are they greater with individual displays and limited communication?

(3) Are the effects of pairing lasting, or do they result from
the novelty of the situation?

(4) Are better and poorer operators differentially affected by
the conditions of pairing?

(56) Do pairs of individuals matched on “personality” factors
perform better than randomly paired individuals ?

(6) Are pairs affected by interpolated rest periods ?

(7) Is it better for paired individuals to alternate work periods
or is it better for both to work continuously?

(8) What minimum length and what frequencies of rest periods
yield optimum performance?

(9) What types of rest interval activities yield opti-
mum performance ?

(10) What individual characteristics are related to the effects
of interpolated rest periods?

(11) Are the characteristics described in the preceding ques-
tion related to those affected by pairing ?

(12) Is performance in multiple and single display tasks
differentially affected by paired monitoring and rest intervals?

This discussion of job engineering, although brief, is enough to
indicate that there are a variety-of problems that can be studied in an
extended program of vigilance research. It is probable that such a
program would vield positive producis that could lead to increased
operator proficiency.
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Chapter 5

SUMMARY

The purpuse of this report has been to present the results of a
comprehensive survey and analysis of vigilance research. Vigilance
phenomena constitute a military problem insofar as they contribute to
a reduction in over-all system effectiveness. It can be demonstrated
that in some cases this reduction can be large. The psychological
problem as it relates to the military needs is one of isolating the rele-
vant behavioral variables leading to optimal human performance under
vigilance conditions.

A wide variety of parameters have been investigated in relation to
vigilance performance and several have been found to be significantly
related to such performance as described in Chapter 2. The effects of
the many variables studied to date were summarized on pp. 23-24.

Three general classes of theory were discussed. Of these, expect-
ancy theory appears to be the least comprehensive and least satisfac-
tory; the most significant criticism of this position is the inherent
implication that, except for a very restricted range of stimulus condi-
tions, perfect or near-perfect performance would logically be impossible.
Conditioning theory seems to account satisfactorily for a broad range of
the data; its greatest weakness is the failure to consider motivation.
Activation theories of motivation appear to correspond well with a
variety of facts, and it was suggested that an attempt to integrate con-
ditioning and motivation theories might prove profitable.

On the basis of the evidence obtained in the survey, three alter-
native approaches—human engineering, selection research, and job
engineering—to the solution of the vigilance problem were outlined. In
evaluating these approaches an important consideration was the current
and projected “state of the art” of machine technology and the important
effects this could have on the time factors involved in research.

It was pointed out that sufficient human engineering information is
presently available to eliminate many vigilance problems if this infor-
mation were properly incorporated into new equipment designs. In
addition, a good possibility exists that the human monitor can eventually
be replaced in low-density ground-based systems.

Thus, there appears to be a limited period of time during which
human monitoring activities will constitute a significant military prob-
lem for low-density systems. It was therefore suggested that a second
approach to solution of the vigilance problems, directed toward problems
existing in currently operational systems, would be a program of selec-
tion research. Such research would have a reasonably high probability of
success and could be accomplished in a relatively short period of time.

The third approach, job engineering, would involve a more extensive
research effort but also appears to have a reasonably high probability

of success.

44




BIBLIOGRAPHY




10.

11.

12.

13.

14.
15.

16.

17.

18.

46

BIBLIOGRAPHY

Adams, J.A. “Vigilance in the Detection of Low-Intensity Visual Stimvli,” /. Exp.
Psychol., 52, 1956, pp. 204-208.

Adams, J.K., Beier, D.C., and Imus, H.A. The Influence of the Visual Tasks
Required of Personnel in the 16 Weeks Fire Controlmen (O) Training Course Upon
Their Visual Proficiency, OSRD Report No. 3970, August 1944,

Annett, J. and Kay, H. “Knowledge of Results and ‘Skilled Performance’” Occup.
Psychol., 31, 1957, pp. 69-79.

Bakan, P. Vigilance Decrement: A Critical Review of the Literature and An Experi-
mental Program, Memorandum Report B-1, Task B, University of Illinois, 1952.

Bakan, P. “Discrimination Decrement as a Function of Time in a Prolonged Vigil,”

J. Exp. Psychol., 50, 1955, pp. 387-390.

Bakan, P. Extroversion-Introversion and Improvement in An Auditory Vigilance Tastk,
Applied Psychology Research Unit, 311-57, Medical Research Council, Cambridge,
England, 1957.

Baker, C.H. Vigilance Decrement as a Function of Regularity of Inter-signal Inter-
vals, Defence Research Medical Laboratories Memorandum, Toronto, February 1958.

Baker, C.H. “Attention to Visual Displays During a Vigilance Task: I. Biasing
Attention,” Brit. J. Psychol., 49, 1958, pp. 279-288.

Baker, C.H. “Towards a Theory of Vigilance,” Canad. J. Psychol., 13,1959, pp. 35-42.

Barmack, J.E. “Boredom and Other Factors in the Physiology of Mental Effort: An
Exploratory Study,” Arch. Psychol., N.Y., 31, No. 218, 1937.

Barmack, J.E. “Studies on the Psychophysiology of Boredom: PartI. The Effect of
15 mgs. of Benzedrine Sulfate and 60 mgs. of Ephedrine Hydrochloride on Blood Pres-
sure, Report of Boredom, and Other Factors,” J. Exp. Psychol., 25, 1939, pp. 494-505.

Berger, C. and Mahneke, A. “Fatigue in Two Simple Visual Tasks,” Amer. /.
Psychol., 67, 1954, pp. 509-511.

Berlyne, D.E. “Attention, Perception, and Behavior Theory,” Psychol. Rev., 58,
1951, pp. 137-146.

Bills. A.G. The Psychology of Efficiency, Harper Bros., N.Y., 1943,

Blair, W.C. “Measurement of Observing Responses in Human Monitoring,” Science,

128, 1958, pp. 255-256.

Botwinick, J. and Shock, N.W. “Age Differences in Performance Decrement With
Continuous Work,” J. Geront., 7, 1952, pp. 41-46.

Broadbent, D.I2. “Noise, Paced Performance and Vigilance Tasks,” Brit. J.
Psychol., 44, 1953, pp. 295-303.

Broadbent, D.I.. “Some Effects of Noise on Visual Pecformance,” Quart. J. Exp.

Psychol., 6, 1954, pp. 1-5.




19.

20.

21,

22.

23.

24.

25.

26.

27,

28.

29.

30.

31.

33.

34.

35.

36.

37.

Broadbent, D.E. “The Vigilant and the Active Man,” in the Proceedings of a

Symposium on Vigilance, British Association for the Advancement of Science,

No. 53, June 1957,

Brozek, J., Simonson, E., and Keys, A. “Changes in Visual Functions and Perform-
ance After 2 Hours of Intensive Inspection Work at 2 Foot-candles,” Federation of
American Societies for Experimental Biology: Proceedings, 6, 1947, pp. 84-85.

Buckner, D.N., Harabedian, A., and McGrath, J.J. 4 Study of Individual Differences
in Vigilance Performance, Technical Report 2, Human Factors Research, Inc.,

Los Angeles, 1960.

Carpenter, A. “The Rate of Blinking During Prolonged Visual Search,” J. Exp.
Psychol., 38, 1948, pp. 587-591,

Chiles, W.D. Experimental Studies of Prolonged Wakefulness, Wright Air Develop-
ment Center, Technical Report 55-395, 1955.

Clark, B. and Warren, N.A. “A Photographic Study of Reading During a 65-Hour
Vigil,” J. Educ. Psychol., 1940.

Dardano, J.F. and Mower, I. Relationships of intermittent Noise, Inter-signal
and Skin Conductance to Vigilance Behavior, Human Engineering Labora-

tories, Technical Report 7-59, Aberdeen Proving Ground, Md., 1959.

Deese, J. and Ormand, E. Studies of Detectability During Continuous Visual Search,
Wright Air Development Center, Technical Report 53-8, 1953.

Deese, J. “Some Problems in the Theory of Vigilance,” Psychol. Rev., 62, 1955,
pp. 359-368.

Deese, J. Changes in Visual Performance After Visual Work, Wright Air Development
Center, Technical Report 57-285, 1957.

Dowd, Constance. “A Study of the Consistency of Rate of Work,” Arch. Psychol.,
Vol. 13, No. 84, 1925-1926.

Elliott, E. “Auditory Vigilance Tasks,” in the Proceedings of a Symposium on
Vigilance, British Association for the Advancement of Science, No. 53, June 1957.

Fraser, D.C. “The Relation Between Angle of Display and Performance in a Pro-
longed Visual Display,” Quart. J. Psychol., 2, 1950, pp. 176-181.

Fraser, D.C. “The Relation of An Environmental Variable to Performance in a Pro-

longed Visual Task,” Quart. /. Exp. Psychol., 5, 1953, pp. 31-32.

Garvey, W.D. The Effect of “Task Induced Stress” on Man-Machine System Perform-
ance, U.S. Naval Research Laboratory, Report 5015, 1957.

Garvey, W.D., Gulledge, I., and Henson, J.B. “Effect of Length of Observing Time
on the Visual Threshold for Detecting a Faint Satellite,” Science, 127, 1958,
pp. 1243-1244.

Garvey, W.D., Taylor, F.V., and Newlin, E.P. The Use of “Artificial Signals” to
Enhance Monitoring Performance, U.S. Naval Research Laboratory, Report 5629, 1959.

Geldreich, E.W. “Some Physiological Concomitants of Mental Work,” Psychol.
Monogr., vol. 67, No. 8, 1953.

Gibbs, C.B. and Brown, [.0. “Increased Production: From the Information in a
Repetitive Task,” The Manager, 24, 1956, pp. 374-379.

47



38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

48

Harabedian, A., McGrath, J.J., and Buckner, D.N. The Probability of Signal Detection
in a Vigilance Task as a Function of Inter-signal Interval, Technical Report 3, Human
Factors Research, Inc., Los Angeles, 1960.

Hickey, A.E. and Blair, W.C. Engineering Control: I. Multiple Display Monitoring,
General Dynamics Corp., Electric Boat Div,, Technical Report SPD-59-002, 1959.

Holland, J.G. “Technique for Behavioral Analysis of Human Observing,” Science,
125, 1957, pp. 348-350.

Holland, J.G. “Human Vigilance,” Science, 128, 1958, pp. 61-67.

Howland, D. An Investigation of the Performance of the Human Monitor, Wright Air
Development Center, Technical Report 57-431, 1958.

Hull, C.L. Principles of Behavior, Appleton-Century-Crofts, Inc., N.Y., 1943.

Irvine, D.H. “Visual Inspection as a Vigilance Task,” in the Proceedings of a
Symposium on Vigilance, British Association for the Advancement of Science, No. 53,

June 1957.

Jenkins, H.M. “The Effects of Signal Rate on Performance in Visuel Monitoring,”
Amer. J. Psychol., 71, 1958, pp. 647-661.

Jerison, H.J. and Wing, S. Effects of Noise and Fatigue on a Complex Vigilance
Task, Wright Air Development Center, Technical Report 57-14, 1957.

Jerison, H.J. ard Wallis, R.A. Experiments on Vigilance: One-Clock and Three-
Clock Monitoring, Wright Air Development Center, Technical Report 57-206, 1957.

Jerison, H.J. Experiments on Vigilance: Performance on a Simple Vigilance Task in
Noise and in Quiet, Wright Air Development Center, Technical Report 57-318, 1957,

Jerison, H.]J. Experiments on Vigilance: Duration of Vigil and the Decrement
Function, Wright Air Development Center, Technical Report 58-369, 1958.

Kappauf, W.E. and Powe, W.E. “Performance Decrement on An Audio-visual Check-
ing Task,” J. Exp. Psychol., 57, 1959, pp. 49-56.

Katz, S.E. and Landis, C. “Psychologic and Physiologic Phenomena During a Pro-
longed Vigil,” Arch. Neuro. Psychiat., 34, 1935, pp. 307-316.

Kennedy, J.L. and Travis, R.C. “Prediction and Control of Alertness: II. Continuous
Tracking,” J. Comp. Physiol. Psychol., 41, 1948, pp. 203-210.

Kleitman, N. Sleep and Wakefulness, University of Chicago Press, Chicago, 1939.

Laird, D.A. “The Influence of Noise on Production and Fatigue, As Related to
Pitch, Sensation Level, and Steadiness of the Noise,” J. Appl. Psychol., 17, 1933,
pp. 320-330.

Lindsley, D.B. Radar Operator “Fatigue”: The Effects of Length and Repetition of
Operating Periods on Efficiency of Performance, Office of Scientific Research and
Development, Report No. 6, 1944.

[Loeb, M. an'd Jeantheau, G. “The Influence of Noxious Environmental Stimuli on

Vigilance,” J. Appl. Psychol., 42, 1958, pp. 47-49.

l.uckiesh, M. and Moss, [F.K. “A Correlation Between Illumination and Nervous
Muscular Tension Resulting From Visual Effort,” in The Science of Seeing,
D. Van Nostrand, N.Y., 1937.




58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

74,

15.

Mackworth, N.H. Effects of Heat and High Humidity on Prolonged Visual Search as
Measured by the Clock Test, Flying Personnel Research Committee, Great Britain,
Report No. 33, 1946.

Mackworth, N.H. “The Breakdown of Vigilance Puring Prolonged Visual Search,”
Quart. J. Exp. Psychol., 1, 1948, pp. 6-21.

Mackworth, N.H. Researches on the Measurement of Human Performance, Medical

Research Council Special Report Series No. 268, 1950.

Mackworth, N.H. “Factors Affecting Vigilance,” The Advancement of Science, 53,
1957, pp. 389-410.

McCormack, P.D. “Performance in a Vigilance Task as a Function of Inter-stimulus

Interval and Interpolated Rest,” Canad. J. Psychol., 12, 1958, pp. 242-246.

McFarland, R.A., Holway, A.N., and Hurvich, L.M. Studies of Visual Fatigue,
Harvard Graduate School of Business Administration, Cambridge, 1942.

McGrath, J.J., Harabedian, A., and Buckner, D.N. Review and Critique of the
Literature on Vigilance Performance, Human Factors Research, Inc., Los Angeles,
Technical Report 1, 1960.

Monty, R.A., Myers, T.T., and Murphy, D.B. “Studies on the Effects of Sensory
Deprivation Upon Vigilance: 1. Progress in the Development of a Visual Vigilance
Task,” U.S. Army Leadership Human Research Unit, Fort Bliss, Texas, research
paper, 1958.

Mowrer, O.H., Rayman, N., aad Bliss, E.J.. “Preparatory Set (Expectancy)—An Experi-
mental Demonstration of lts Central Locus,” J. Exp. Psychol., 26, 1940, pp. 357-361.

Nicely, P.E. and Miller, G.A. “Some Effects of Unequal Spatial Distribution on the
Detectability of Radar Targets,” J. Exp. Psychol., 53, 1957, pp. 193-195.

Osgood, C.E. Method and Theory in Experimental Psychology, Oxford University
Press, N.Y., 1953.

Poffenberger, A.T. “The Effects of Continuous Work Upon Output and Feelings,”
/. Appl. Psychol., 12, 1938, pp. 459-467.

Pollack, I. and Knaff, P.R. “Maintenance of Alertness by a Loud Auditory Signal,”
J. Accoust. Soc. Amer., 30, 1958, pp. 1013-1016.

Pollack, K.G. “A Further Study of the Psychological Effects of Loong Spells of
Repetitive Work,” Brit. J. Psychol., 20, 1929, pp. 43-58.

Robinson, E.S. and Richardson-Robinson, F. “Effects of I.oss of Sleep (II),” /. Exp.
Psychol., 5, 1922, pp. 93-100.

Saldanha, E.L.. Alternating An Exacting Visual Task With Either Rest or Similar
Work, Applied Psychology Unit, Medical Research Council, A.P.U. 289/57,
Cambridge, 1955.

Schafer, T.H. Detection of a Signal by Several Observers, U.S. Navy Electronics
Laboratory, Report No. 101, 1949,

Simonson, E., Brozek, J., and Keys, A. “Effects of Meals on Visual Performance
and Fatigue,” J. Appl. Psychol., 1, 1948, pp. 270-278.

Smith, K.R. “Intermittent l.oud Noise and Mental Performarce,” Science, 114,

1951, pp. 132-133.

49




7.

78.

79.

80.

81.

(@b}
no

84.

85.

86.

87.

88.

89.

Solandt, D. and Partridge, D.M. “Research on Auditory Problems Presented by Naval
Operations,” J. Canad. Med. Services, 1946, pp. 323-329.

Somerville, W. “The Effect of Benzedrine on Mental or Physical Fatigue in Soldiers, ”
J. Canad. Med. Ass., 55, 1946, pp. 470-476.

Spence, K.W. Behavior Theory and Conditioning, Yale University Press,
New Haven, 1956.

Taylor, J.H., Thompson, C.E., and Spassoff, D. “The Effects of Conditions of Work
and Various Suggested Attitudes on Production and Reported Feelings of Tiredness

and Boredness,” J. App. Psychol., 21, 1937, pp. 431-450.

Tuttle, W.W., Wilson, Marjorie, and Dawn, Kate. “Effect of Altered Breakfast Habits
on Physiologic Response,” J. Appl. Psychol., 1, 1949, pp. 545-557.

. Warren, N. and Clark, B. “Blocking in Mental and Motor Tasks During a 65-Hour

Vigil,” J.Exp. Psychol., 21, 1937, pp. 97-105.

. Wertheimer, M. “The Variability of Auditory and Visual Absolute Thresholds in Time,”

J. Gen. Psychol., 52, 1955, pp. 111-147.

Wheaton, J.L. Fact and Fancy in Sensory Deprivation Studies, Air University, School
of Aviation Medicine, Review 5-59, Brooks Air Force Base, Tex., August 1959.

Wherry, R.J. and Webb, W.B. In Stevens, S.S. (Ed.), Handbook of Experimental
Psychology, Wiley, New York, 1951, pp. 1224-1236.

Williams, H.L., Lubin, A., and Goodnow, Jaqueline J. “Impaired Performance With
Acute Sleep Loss,” Psychol. Monogr., vol. 73, No. 14, 1959,

Wittenburg, J.A., Ross, S., and Andrews, T.G. “Sustained Perceptual Efficiency as
Measured by the Clock Test,” Pere. Motor Skills, 6, 1956, pp. 109-116.

Woodrow, H. “Time Perception,” in Stevens, S.S. (Ed.) Handbook of Experimental
Psychology, Wiley, New York, 1951, pp. 1224-1236.

Wyatt, S. and Langdon, V.N. Inspection Processes in Industry, Report of the
Industrial Health Research Board, London, H.M. Stationery Office, London, 1932.




Tl =Yg tbb Y wpnuon tz

Alosyl—Abojoysis ;

swaisis Aoidsip inpoyg
sinubts Liclipno

‘sioubts (onsta—souniibr

HHILISSYIONA

Frzeli-th o3 9Dnuon o7

Aloauyl—Abojoys4s :

sitior=As Anjdsip anprg
sipubis Lioytpnn

ubrs

[DrEtA—adun(ibr s -

VITONGY

Su21s4s asusjec

BT O

£3iniocsss swapac:d
HOIDAS8I ;o spAIn fur ‘siuaudolssst oothorouuss
k4 i
JO SUS) Ul PESSNOSIE sis B oy

S8yopoIddyy  “UONIDANIGW cun 'AdUD)Dadxs
}© SSSSDID 251YL JC} LSISDISUCD ST PIDD SOUn[1ETA ]
IUSIMD JO ADDNESET 5L "SIOIDD] {AUCTIDATIOW cusn
'4sp1 jo sburdnoib auy I9puUn pasSSNOSIT $379CciiT A
Uo SID8)j5 2yl jo sl pSlulseid Si0 IOIADLET
SIMIDIS] Y2IDISEI Ul JO ASAMS D WO} UMDIE ©
sJoday

ut

PSHISSDIdUN '100 T3 $6 (O feld w3 (Z-0dy-ayl-br TSRS ERIIS
SNIIT- 2191~ dd 4G '1Q AD:] ‘5 110CH . UDInaSasL:

SoXs ] 'sSsT jic 4 FE-ET-ET0
L 4 i

ubwniy ssusiaC

Iy Awry s3en)) uts[M Sa[iny_ ‘] puc wnéieg o
PIE=HIEYISES BONYTIICIA 4T SISATIYNT oY =t SISl

‘50 'uciburuscy ‘Aitsisa
STun uelburysoy sbicsn syl ‘eo1yi0 HOIDISS ) SSOIMOSI . unuunyg
‘O] UOTSSIDD

‘celssbbns sip

SWaISAS SSUIP 1D Yl £IIDIDOSSD swalqgosd burioituow: uo
Y2I08§31 jo spaIn cur ‘sjusiwido(aast [pothojouudsl peindisiiun

© SWIA} UT DASENOSIC 210 wWonidold aoUciibia SYl JO UDTINjos 2ul o1
5 i 2

sayoposddsy  “UONIDATIOW DUD ‘Aoupidadxae 'burtuonitpucs  :satloay:
10 SOSSDID 8514l 1O PBISPISUOS ST DIDE 2DUN[TBTA Jo suctimiaidiajul
iUs1md jo Adont apo sy

‘ysp} jo sburdnoib syy

'SIOION} [DUOTIDATIOW PUC ‘[DIUSLIUCI(ALI
Ispun vwmmﬂhvmuﬂ,ﬂ Wwﬂﬂ.ﬂfqha.) P mucnﬁuwn.ﬁ
UO S198j38 oY) JO SWIS) Ul DA1uSSaId SID IOTADYST SOUD[TBIA uo
SINIDISH] YDIDSSal 3Ul JO ASAMS o

110day

wouy

uspIp

pice  [eouirduwy

PIUISSDIOUN 100 33 Go [D fC1: w3 $F 70 1DDNUO -
1

1089 YoILase

(SpXS 7, .mm..:m e 4 .:C,;. UDIDass
) uiarl. saNIny_s ] pun

wnbilez o

BIMIE—H OBV ISl A AT SISATYNY O BN ShNE
‘O ‘uolbutusoys 'Ayrsion

Stu) uoburysoey ebicany ayj 'ed1yj0 yosmesasi sasmess <

— oyt

COaWWWUU.‘.‘.

Ss

A1neui—AbolousAs =

B R

uUU-SCOI)\ ‘B

swaisds Acidsip iopoo

sicufts L1cirpne

‘S[oulis ronsta—souniibr s

CLELSISSY TaN

Teba wss
[ pp—

Wwonues -z
i—ALojoysis :

SWeSIsis %Eamﬂﬂ.ho.nn:ﬂ.
sipubts Asoupne
(OTMSTA—S2UDTIET 1

RN
TN

s o RS R CET 3
2OTRFe L - I
T w0l il taeneat LD o .
TIEATIa

101

felert




