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CHAPTER I 

INTRODUCTION 

The term vigilance comes from the Latin word 

vigilia meaning awake or watchful. Vigilance 

performance still refers to man's watchkeeping ability. 

This watchkeeping ability has been of interest 

throughout the history of mankind. Sherrington (19^0), 

for example, quotes from a translation of Aristotle's 

De Amina. "The watcher at night, if the torch of the 

enemy moves dips his head automatically." It is not 

difficult to think of the ancient Greek on watch as 

being comparable to modern man serving his vigil on a 

radar scope. The nature of the task has not changed, 

only the technological advances of radar and sonar 

scopes have extended the range and sensitivity of 

man's senses. During World*V/ar II there was little 

mechanical aid for the detection function, thus placing 

a heavy burden on man's watchkeeping capabilities. From 

the practical interest in the burden placed on the human 

operator, there was a revived interest in the areas of 

vigilance and attention. 

The historical roots of vigilance in the area of 

psychology were developed from the area of attention. 

Attention, as an area of experimental investigation in 
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psychology, has undergone many shifts in popularity, 

from the belief that it was an indispensable construct 

to the opposite belief that it was vague, useless and 

irrelevant. 

History of Attention and Vigilance 

The early English empiricists - Locke, Hume, the 

Mills, Spencer - gave no recognition to the term 

attention, probably because the implication of 

spontinaity was contrary to their aims of mechanizing 

the operations of behavior by the laws of association 

applied to the raw sense impressions on a tabula rasa. 

Later, both structuralists and functionalists accorded 

attention a higher state, as they became more willing 

to accept more introspective descriptions of behavior. 

William James (I89O) in his Principles of Psychology 

devoted a full chapter in his first volume to attention, 

The following quotation from James suggests the 

importance he ascribed to attention: 

Every one knows what attention is. It is 
the taking possession of the mind, in clear and 
vivid form, of one out of what seem several 
simultaneous possible objects or trains of 
thought. Focalization, concentration, of 
consciousness are of its essence. It implies 
withdrawal from somethings in order to deal 
effectively with others, and is a condition 
which has a real opposite in the confused, 
dazed, scatterbrained state which in French is 
called distraction and Zeistreutheit in German. 
(James, I89O, pp. /f03-^04). 
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Despite the eloquent accounts given of attention 

by James (1890) and later Titchener (1908), there was 

a great deal of difficulty in defining the specific 

experimental and operational domain of attention in 

psychology. Not having a firm experimental or 

operational basis, attention was one of the first 

mentalistic concepts to be dropped by the S-R 

psychologist. From 1920 to as late as 1950 the 

research in the area of attention was unsystematic 

and disjointed. Woodworth and Schlosberg (195if) 

Justifiably complained: 

In spite of the practical reality of 
attending, the status of attention in systematic 
psychology has been uncertain and dubious for a 
long time. Early psychologists thought of it as 
a faculty or power, akin to will . . . Any such 
view was strongly opposed by the associationist 
who wished to recognize as forces only sensory 
stimulation and association. The Gestalt 
psychologists also have regarded any force of 
attention as extraneous to the field forces which 
in their view are the dynamic factors in human 
activity. The behavorists have rejected attention 
as a mere traditional mentalistic concept. 
(Woodworth & Schlosberg, 1954, pp. 72-73). 

Recently, from 1950, there has been a strong swing 

back to an interest in attention. Vigilance is Just one 

of the areas of attention that has gained prominance 

since 1950. Excellent reviews of the directions that 

attention research has gone are available by Egeth 

(1966), on information processing, Lindsley (1957) on 



the neurophysiological basis of attention and Trabasso 

and Bower (1968) on discrimination learning. 

The term vigilance referring to the watchkeeping 

ability of man was first introduced into the 

psychological literature by Head (1926), but it was not 

until World War II that any systematic investigation was 

done in the area. Mackworth (1950) reported an 

extensive systematic research program that he conducted 

during the war aimed at identifying the vsuriables that 

were related to the decrement in performance observed 

in radar operators. Mackworth (1950) found that after 

20-40 minutes on watch of a radar scope, the operator's 

performeoice deteriorated markedly, that is, the 

operator was very likely to miss a blip on his scope. 

(see Figure 1). This phenomena, of course, markedly 

reduced the advantages gained by the use of radar. 

Since 1950 an extremely large research effort has taken 

place to identify variables that are related to this 

vigilance decrement and to identify variables that can 

be used to eliminate the decrement. (Halcomb & Blackwell, 

1969). 

The Vigilance Task 

The majority of vigilance tasks used have been tasks 

requiring visual monitoring, although there is some data 

available on auditory tasks (Broadbent, 1958) and tactual 
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Mackworth, 1950) 
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tasks (Hawkes & Loeb, 1961). Lindsley (1944) used a 

cathode ray tube in which the subjects' task was to 

detect a dot of light on a screen that was Just barely 

distinguishable from the background. Mackworth (1950) 

used what was to become one of the most popular tasks, 

the Clock Test. This display consisted of a clock hand 

on an unmarked face. The clock hauid would Jump once a 

second and 100 times around the entire circle. The 

critical event or signal was a double-Jump, that is, the 

clock hand would Jump 2/100 of the circumference instead 

of the usual 1/100 of the circumference. When the 

observer detected this double-Jump he v/ould respond 

with a telegraph key. Another popular display has been 

the Twenty Dials Test (Broadbent, 1954). The signal 

used in the Twenty Dials Test was a deflection of the 

pointer on one of the dials of 0.8 inch from the zero 

position. 

The Clock Test and Twenty Dials Test represent the 

two broad types of tasks used in evaluating vigilance 

performance; discrete and continuous. The discrete 

task requires the monitor to observe only at well 

defined, discrete, intervals; for example once a second. 

The continuous task in contrast requires continuous 

monitoring as a signal may occur at any point in time. 

Numerous modifications and expansions of the two basic 

types of tests have been used in the past 30 years, and 
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no doubt much of the ambiguity in the literature may be 

a direct result of the variations in test stimuli. 

There is, however, one characteristic common to both 

tasks: the vigilance decrement. The decrement has 

consistently been shown to occur between 15 and 40 

minutes after the monitor begins the task. This is 

the crux of the vigilance problem. 

Performance Measures 

The basic units of measurement used in the analysis 

of vigilance performance are derived from statistical 

decision theory (see Figure 2). Hits and False Alarms 

are the most widely accepted measures of vigilance 

performance. A hit is a response by the monitor 

indicating a signal was present when, in fact, there 

was a signal present. A false alarm is a response 

indicating a signal was present when, in fact, no 

signal was present. Usually hits are summed across 

temporal interval and expressed as a percentage of 

correct detections (i.e., hits divided by hits plus 

misses). False alarms also can be expressed as a 

percentage measurement: percent false alarms equals 

false alarms divided by false alarms plus correct 

rejections. Other measures used include misses, total 

errors (misses plus false alarms) and numerous 
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A Decision Matrix 
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transformations of percent correct detections, false 

alarms, misses and total errors. 

Reaction time (RT), or response latency, has 

also been used as a dependent measure of vigilance 

performance. Some investigators (Bergum & Kline, 1961) 

maintain that (RT) and the other dependent variables 

generally used (percent correct detections, false alarms, 

hits, etc.) are not correlated highly enough to be valid 

measures of the same psychological phenomenon. In 

support of the use of reaction time as a dependent 

measure, Buck (I966) stated that the "reaction time 

increment and detection decrement are indices of change 

of the same psychological variable." That is reaction 

time increases and the decrement in detection are 

representative of the same psychological phenomena that 

is present in vigilance. Among experimenters using 

reaction time as a dependent variable one finds marked 

differences in procedure. Reaction time has been of 

great value in studies where the treatment has such a 

marked effect as to result in very few misses or false 

alarms. In these cases reaction time has been used to 

differentiate the treatment effects when the misses and 

false alarms show no difference due to treatments (Buck, 

1966). 

Two other measures of performance that have been 

used in recent years are beta and d'. Beta is defined 
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by signal detection theory as a measure of the observer's 

response criteria while d' is a measure of the observer's 

sensitivity to the stimuli. Green and Swets' (1966, p. 

332) support of signal detection theory in vigilance 

tasks states: 

The analytical techniques of detection theory 
make it possible to determine empirically whether 
the observed decrement in,performance is due 
entirely to a decrement in sensitivity, the usual 
interpretation, or in part to a change in the 
response criterion. If a substantial part of the 
decrement over time reflects a gradually 
tightening criterion, the possibility exists of 
taking a corrective action to reduce the decrement. 

Further, Swets, Tanner and Birdsall (I96I, p. 335) more 

specifically explained signal detection theory smd its 

applicability as follows: 

We imagine the process of signal detection 
to be a choice between two Gaussian variables. 
One, having a mean equal to zero, is associated 
with noise alone; the other, having a mean equal 
to d', is associated with signal plus noise. In 
the most common detection problem the observer 
decides, on the basis of an observation that is 
a sample (from) one of these populations, which 
of the two alternatives existed during the 
observation interval. The particular decision 
that is made depends upon whether or not the 
observation exceeds a criterion value; the 
criterion, in turn, depends upon the observer's 
detection goal and upon the information he has 
about relevant parameters of the detection 
situation. 

Supporting the contentions of Green and Swets, 

Mackworth (1962) and Mackworth and Taylor (1963) 

presented data suggesting that much of the decrement 

observed in proportion of hits over time was due to an 
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increasing strictness in the response criterion, rather 

than a decreasing sensitivity. This result has been 

confirmed in studies reported by Colquhoun and Baddeley 

(1964), Broadbent and Gregory (1963, 1965) and Loeb and 

Binford (1964). 

In a somewhat different application of decision 

theory to the vigilance problem, Jerison and Pickett 

(1963) focused their attention not on the observer's 

detection decision, but rather on the observer's 

decision whether or not to attend to the signal display. 

They developed a model for attention in terms of 

observing responses, and reviewed the literature from 

an observing response position. Recent experimental 

results have supported their position (Jerison 8e Pickett, 

1965; Jerison, Pickett & Stenson, 1965). 

The use of beta and d' have not, however, received 

a universal acceptance among researchers interested in 

monitoring performance. Mackworth (I962) indicated that 

a high signal rate must be used if a reliable estimate 

of d' is to be obtained. Extremely high signal rates 

are by definition not found in the monitoring task. 

There are other basic problems inherent in the use of a 

signal detection analysis for monitoring performance. 

If a continuous task is used it is difficult if not 

impossible to accurately determine the signal to noise 
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ratio. This is not, however, a problem if discrete 

tasks are used. 

Another basic problem of signal detection measures 

is that unless at least one miss and one false alarm 

are made, the d' and beta measures can not be calculated. ^ 

Jerison, et.al. (1965) suggested an alternative method 

for the calculation of d' in such instances in which 

they assume a one percent false alarm rate. While 

Jerison, et.al. (I965) suggested that d' may be a 

useful measure of vigilance performance, the beta 

values that were obtained were meaningless with respect 

to any psychological interpretation. This is perhaps 

the greatest limitation of the signal detection theory 

presented by Jerison (1967, p. 2Z3)'i' 

The most frequent error has been in applying, 
uncritically, TSD (Theory of signal detection) 
measures of an observer's 'conservativeness' in 
his use of sensory information . . . one must 
distinguish between the mathematical assumptions 
underlying TSD and the psychological interpretation 
of these assumptions. 

Event Rate 

One of the most interesting and important facets 

of the vigilance task that has been largely ignored is 

the effect of event rate on performance. Mackworth 

(1957) suggested that the event rate, the rate of 

unwanted signals, might be an important aspect of 

vigilance decrement. 

/ 

/ 
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A regular repetition of unwanted signals that 
the man is trying to neglect is Just as harmful 
for alertness as the irregularity in time for the 
wanted signals . . . Research is needed on th^se 
three aspects of the unwanted signal - regularity^ 

^ft-^quency and similarity (Mackworth, 19577^p7'391). 

Very little work has yet to be carried out on any of 

these facets of event rate. 

Colquhoun (1961) set out to test the effect of 

unwanted signals in vigilance performance. There were 

36 subjects that performed a task for 40 minutes in 

which they were required to observe at two second 

intervals unwanted signals and wanted signals. The 

unwanted signals were six green discs i inch in diameter 

on a black background, and the wanted signals were six 

green discs on a black background with one disc paler 

than the other five. The subjects' task was to report 

the presence and position of the paler disc. Subjects 

performed under one of three conditions. Under 

condition I the subjects observed 144 displays of the 

six colored discs, half of which were signals, half 

unwanted signals. Under condition II, subjects 

observed 24 displays of colored discs, again half 

were signals and half were unwanted signals. In 

condition III, subjects observed 144 displays but only 

12 were wanted signals. Thus the conditional 

probabilities of a wanted signal for the three groups 
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were 0.5, 0.5 and 0.08 respectfully. Event rates were 

5.6 or 0.6 strips per minute. 

The results showed that the only statistically 

significant differences were between group III and the 

other two groups, supporting Colquhoun's (1961, p. 43) 

hypothesis that "detection efficiency is determined by 

the probability that any signal appearing will be a 

wanted one." A significant decrement, however, occurred 

only in group III and not the other two groups. 

Jerison (I966) leveled three criticisms of 

Colquhoun's (I96I) study. First, the signals as 

differentiated from non-signal (blank) stimuli were 

unusually intense for signals in a vigilance task. 

It is likely that the data on missed signals was not 

an effect of detection failures, but rather one of 

discrimination failures. Secondly, the use of the 

term signal probability is ambiguous, as at least three 

potentially important signal probabilities could be 

calculated from Colquhoun's (I96I) tasks. Using the 

notation ^ for a signal, S^ for a wanted signal, and E 

for a stimulus event (wanted or unwanted or blank 

stimulus), Jerison (I966) calculated the conditional 

probabilities. These conditional probabilities were: 

p(^|S), the conditional probability of a wanted signal 

given any signal; p(SlJE), the conditional probability 

of any signal given a stimulus event; and p(S„JE), the 
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conditional probability of a wanted signal given a 

stimulus event. Thirdly, since Colquhoun's (I96I) 

task was not measuring detection efficiency as pointed 

out above it was not a vigilance task and was more of 

a search or discrimination task than a monitoring task. 

Mackworth (1971) also criticized Colquhoun's (I96I) 

task by pointing out that event rates of 3.6 and 0.6 

per minute and signal durations of two seconds were 

extremely long to be considered under the auspices of 

monitoring performance. 

Colquhoun (I966) repeated his experiment using 

only two discs per strip as well as six discs per 

strip. He found that low (O.O8) signal probability 

reduced detection with both numbers of discs. 

Detection was significantly higher with the two discs , 

strips than the six discs strips. It v/as clear that 

the total number of discs (the probability of an event) 

determined the overall probability of detection, as the 

group with six discs and a probability of 0,08 were 

presented three times as many discs as the group with 

two discs and the same probability. Jerison's (I966) 

criticisms, hov/ever, v/ere still appropriate to this 

second experiment. 

Jerison (1970) modified his position as to the 

defining characteristics of the vigilance task. The 

paradigm he proposed is "broad enough to include any 

/ 
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signal detection experiment, whether performed in a 

psychophysical setting or in the fatiguing vigilance 

setting, and it also covers the animal discrimination 

experiment." This suggests that two of Jerison's 

criticisms of Colquhoun's (I96I, 1966) work are no 

longer suspect by Jerison. Thus, the only remaining 

criticism is the ambiguity of the conditional 

probability statements of Colquhoun (I96I, I966). 

McGrath (1963) reported an experiment in which 

event rate v/as varied. He used what he called a "fast" 

rate and a "slow" rate. With the fast rate, a light 

came on for one-third of a second and was off 

two-thirds of a second. The slov/ rate was a light on 

for one second and off for two seconds. A signal was 

an increase in the brightness of the light. As would 

be expected the slow rate group performed significantly 

better than the fast rate giroup. It should be noted 

that although subjects performing under the conditions 

of the slow event rate performed better, it can not be 

said that this was due to the slower event rate, since 

event rate was confounded by the increased length of 

time which the signal was presented. 

Jerison, Pickett and Stenson (1965) reported the 

most comprehensive research effort into the investigation 

of event rates. They reported that when the event rate 

was increased from 5 to 30 events per minute, with 15 
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signals per hour, the initial probability of detection 

of the signals was decreased from 0.9 to 0.6. The 

decrement in detection during the session was also 

greater with the higher event rate. There was not, 

however, any significant differences in the d' value 

for the two conditions. There were also no significant 

differences between conditions when false alarms were 

used as the dependent measure although false alarms 

did demonstrate the classical reduction across session. 

Beta increased across sessions as Broadbent and Gregory 

(1963) earlier reported. The values for beta were so 

large that Jerison, et.al. (I965) warned that these 

values were unlikely to be representative of a true 

criterion but resulted from periods when the observer 

was making no decisions at all. 

Jerison (1967a,b) described further experiments 

investigating the effect of-event rate on detection. 

He found that it was not only a question of signal 

probability, because relatively low probabilities of 

a signal (0.01) were detected as rarely as 30% of the 

time or as often as 80% of the time depending on the 

non-signal stimulus frequency. In the first condition 

the event rate was I8OO events per hour while in the 

second condition the event rate was 6OO events per 

minute. With the low event rate the vigilance 

decrement disappeared entirely. There was no 
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decrement and no effect of signal frequency at the low 

event rate condition while with the high event rate, 

both the decrement eind effect of signal frequency were 

found. 

Jerison (1967a,b) seems to have forgotten his 

criticisms of Colquhoun (I96I) with regard to the 

ambiguity of the concept of conditional probability. 

When comparing the differences in the treatment 

conditions, Jerison (1967a,b) used only the same 

conditionaG. probability as Colquhoun (I96I). Jerison 

(1967a,b) did not consider "blank" stimuli or the 

conditional probabilities incorporating the "blank" 

stimuli. Thus Jerison's (1967a,b) research must fall 

suspect to the same criticism he made of Colquhoun 

(1961). 

Loeb and Binford (I968) varied signal rate and 

event rate independently in -both an auditory and a 

visual vigilance task. The signal rates used were 

"J, 1 smd 2 per minute. Event rates used were 6, 12 

and 24 per minute. Significant differences were 

found in event rate and across time. The signal rate 

had no effect on visual signal detections but did 

effect the detection effeciency in the auditory task. 

For the constant signal to non-signal ratios, auditory 

detections were higher at the lower event rates 

although visual detections were not significantly 
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different within each ratio. Percent correct detections 

were lower for the lower signal to non-signal ratios for 

each mode. 

The signal detectability as measured by d' 

decreased as the event rate increased from 12 to 24 

events per minute. Beta increased with an increase in 

event rate. There were significant differences between 

signal to non-signal ratios for both measures. It 

would appear that for the faster event rates, the event 

rate was more important than the signal probability in 

determining detectability of the signal since the 

difference in d' between signal rates at either event 

rate was much smaller than the difference in d' between 

the event rates. At the slowest event rate, d' was 

higher with the faster auditory signal rate but lower 

with the faster visual signal rate. 

Signal Rate 

Deese (1955) used a simulated radar display to 

study the effects of signal rate on monitoring 

performance. He found that the probability of 

detection decreased as the number of signals v/as 

reduced from 40 to 10 per hour. Jenkins (1958) 

reduced signal rate from 48O to 7*3 signals per 

hour and found not only reduced performance v/ith 

the reduced signal rate, but also a faster decrement 
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in detections with the reduced signal rate. Although 

the percentage of false alarms was higher with the 

higher signal rate, the data suggested that the actual 

detectability of the signal was higher with the higher 

signal rate. McDonald and Burns (1964) used signal 

rates of 60 and 12 per hour and found that the 

probability of detection v/as higher with the higher 

signal rate, but the lower signal rate did not show 

the rapid decrement in performance reported by 

Jenkins (1958). 

In two studies using proof-reading as the task it 

was found that the higher signal rate resulted in 

better performance (Kappauf & Powe, 1959). In genersCL, 

an increase in signal rate produces an increase in the 

detection efficiency of the monitor. This may be the 

most reliable finding in the vigilance literature. 

Purpose of Research 

The purpose of this study was to systematically 

investigate the effect smd interactions of event rate 

and signal rate. While the previous data obtained on 

the effect of signal rate seems conclusively to show 

that there is a general improvement in performance 

with the increased number of signals, the data 

available on the interaction of signal and event rate 

is sparse and inconclusive, Jerison (I966) implied 
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that three parameters of this interaction need to be 

considered to eliminate ambiguity in the area. These 

were the conditional probabilities of a wanted signal 

given a stimulus; a wanted signal, given a stimulus or 

a "blank;" and a stimulus given a '̂ blank," wanted 

stimulus or unv/anted stimulus. Jerison (1966) did not 

follow through on his own suggestions in his subsequent 

research (Jerison, 1967a,b), thus leading to further 

ambiguity as to the utility of these parameters and 

the interactions between events and signals. 

As evidenced in the review of the literature on 

the effect of event rate on vigilance performance, no 

systematic research has been conducted. Jerison (1964) 

has compared two different event rates as has Loeb and 

Binford (1968). However, two points on a continuum do 

not adequately describe a relationship. Thus, it was 

hoped, by expanding these studies that a better 

understanding of the effect of event rate on 

vigilance performance might be achieved. 



CHAPTER II 

METHODS 

Subjects 

The subjects were 240 undergraduate students in 

introductory psychology classes. Subjects were screened 

for visual anomalies and the use of medication. All 

subjects received extra course credit for participating 

in the experiment. To each of the eight treatment 

conditions, 30 subjects were randomly assigned. 

Anparatus 

The subject's task was to monitor a visual display 

for a period of one hour. There were three different 

stimuli presented by the display: (1) a blank screen; 

(2) four dots; and (3) five dots. The five dots were 

the "wanted" signal (Sw) and four dots the unwanted 

signal (S). These appeared on the blank screen (B) 

for .2 seconds. The display used was an lEE one-plane 

readout. There v;ere four different rates of stimuli 

(Sw + S) presented. The rates were 450, 900, 1800 and 

3600 stimuli per hour. Thus inter-stimuli intervals or 

blank trial intervals v/ere 8, 4, 2 and 1 seconds, 

respectively. The tv/o wanted signal rates (Sw) 

employed were 24 and 48 signals per hour with the 

22 
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restriction that 6 and 12 signals, respectively, occurred 

in each 15 minute period. Wanted signals occurred at 

2.50, 4.13, 5.30, 9.30, 12.30, 14.80, 15.80, 19.30, 

23.30, 24.67, 26.37, 28.87, 32.37, 33.37, 35.87, 38.90, 

40.90, 41.50, 44.90, 46.33, 48.83, 49.83, 53.33, 55.83 

and 60.00 minutes into the session for the Sw = 24 per 

hour condition and 1.10, 2.50, 3.07, 4.13, 4.93, 5.30, 

6.10, 9.30, 11.90, 12.30, 12.50, 14.80, 15.53, 15.80, 

17.57, 19.30, 21.20, 23.30, 24.30, 24.67, 25.80, 26.37, 

27.27, 28.87, 30.80, 32.37, 32.93, 33.37, 33.60, 35.87, 

38.10, 38.90, 39.23, 40.90, 41.50, 44.90, 45.83, 46.33, 

47.63, 48.83, 49.57, 49.83, 51.43, 53.33, 54.87, 55.83, 

58.20 and 60.00 for the Sw = 48 condition. Time 

intervals were controlled automatically by means of a 

paper tape reader. 

Correct detections (hits) and false alarms were 

recorded on a BRS - Foringer printout counter. A 

signal Sw was considered missed if the subject failed 

to respond within two seconds after the presentation 

of the stimulus. The subjects responded by pressing 

a microswitch mounted in the end of a bicycle grip. 

The use of a noiseless microsv/itch prevented the 

subjects from obtaining feed-back from other subjects 

present in the room. The instructions presented to 

each subject v/ere recorded on a tape recorder to insure 

standardization of presentation and to eliminate the 



24 

need for the experimenter to enter the room. During the 

task white noise was played into the experimental room 

to mask any extraneous noise that might occur in 

adjoining rooms or in the experimental room. The 

white noise was produced by a Grason - Stadler white 

noise generator and recorded for presentation to the 

subjects. The white noise was played through a loud 

speaker in the experimental room and was held constant 

at 73 db. 

The experimental room was equipped with a one-v/ay 

viewing mirror allowing the experimenter to observe the 

subjects at all times. The lighting in the experimental 

room was held constant at five foot candles. Temperature 

in the room was maintained at 23 C 4̂  1 C. 

Experimental Design 

A split-plot analysis of variance (Kirk, 1968) was 

used to analyze differences "between independent 

variables (see Figure 2). The between subject 

treatments were the two signal rates (A^, A^) and four 

event rates (B^, B2, B^, B.) while the within subject 

variable was successive 30 minute time periods (C^, C2). 

Subjects were randomly assigned to each of the eight 

treatment conditions v/ith the restriction that each cell 

contain 30 subjects. The dependent variables 

investigated were percent correct detections, percent 
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n^30 

Fig. 2. Block design of the split-plot analysis of 
variance used for the data analysis. 
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false alarms, total errors, d» and beta. Beta and d' 

were calculated from the normal curve table by the 

procedure outlined by Jerison (1965). 

Procedure 

All subjects reported to the experimental room 

where they were asked to remove any time piece they 

might have in their possession and to be seated. The 

time pieces were removed in order to eliminate the 

"end-spurt" effect reported by Bergum and Lehr (1963). 

Subjects were then seated in individual, three-sided 

cubicles. Bergum and Lehr (1963) and Wiener (I964) 

both reported that there were no differences in 

performance when subjects worked alone in an 

experimental room or individually when other subjects 

were in the same room. The subjects v/ere instructed 

to sit quietly and relax and that in Just a few seconds 

the instructions v/ould come over the loud speaker. It 

was then emphasized that they pay close attention to 

the instructions and follow them exactly. The 

experimenter left the room and the following 

instructions were played over the loud spesiker: 

This is an experiment to help us understand 
more about attention. We v/ant to find out how 
alert you can stay when you have to do a task for 
an extended period of time. You will perform 
this experiment by yourself although there may be 
other people in the room v/ith you. The task they 
will perform is similar to yours, and it is 
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essential that you do not disturb them because you 
may cause their performance to be affected. Now, 
sit straight in your chair and make yourself as 
comfortable as possible, (pause) Pick up the 
bicycle grip on the table in front of you with 
your preferred hand so you may press the button 
with your thumb. Try pressing the button a few 
times to get the feel of it. (pause) Now, look 
at the small rectsmgle on the panel in front of 
you. You will notice four dots which flash on 
and off. Occasionally, five dots will flash on 
and off like this. (Five dots presented on 
display). That is a signal. I will show it to 
you once again. (Five dots presented on display). 
Whenever you see five dots, press the button as 
quickly as possible. Hold the button down for 
not longer than a second. Be sure to press the 
button only once when a signal occurs. Don't 
press the button unless you see a signal. You 
will nov/ be given a practice period. Signals 
will occur at about the same rate as they will 
during the experiment. You will start the 
practice period now. 

Following the instructions the white noise presentation 

was initiated. At the end of a five minute practice 

period the follov/ing instructions were presented: 

Fine. Remember to watch for the occurrence 
of the five dots and to press the button as 
quickly as possible. V/e are now ready to begin. 
The experiment v/ill begin now. 

The white noise again was presented over the 

loudspeaker and continued for the remainder of the 

experimental session. 

I 



CHAPTER III 

RESULTS 

The data for the percentage of correct detections 

was obtained by dividing the number of correctly 

detected signals in each 30 minute time block by the 

number of signals that occurred in the time block. 

This was done for each subject. An F„„„ test was used 
•̂  max 

to test for homogeneity of variance between the 

treatments. The statistically non-significant F value 

obtained indicated that the assumptions of homogeneity 

for the analysis of variance v/ere met. 

The data for percentage of false alarms was 

obtained by dividing the number of false alarms in 

each 30 minute time block by the number of non-signal 

events that occurred during each 30 minute time block. 

This was done for each subject and an F test was 

used to test for homogeneity of variance. A 

statistically significant F value was obtained, 

therefore, an arcsin transformation suggested by Kirk 

(1968) was used. For each value of X percent false 

alarms the following formula was applied: 

Y = 2 Arcsin ( / T + \/x + 1 ) 

This transformed score yielded a non-significant F^^^ 

28 
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test, indicating the homogeneity assumptions for the 

analysis of variance were met. 

The total error score was obtained by adding the 

number of misses to the false alarm scores for each 

subject for each of the 30 minute time blocks. The 

\ax ^®^^ °^ *^^® ^^^^ ̂ '̂̂  non-significant which 

indicated that the homogeneity assumptions for the 

analysis of variance were met. 

The beta and d' values were obtained by the 

procedure outlined by Jerison, et.al. (1965). This 

procedure assumes that there are two overlapping 

normal distributions for the signal (percent correct 

detections) and non-signal (percent false alarms) 

dispersions. By entering the percent correct 

detections and percent false alarms as area values 

under the normal curve the standard score values for 

percent correct detections and percent false alarms 

can be determined. Adding these tv/o standard scores 

together yielded d'. 

The criterion beta was defined as the ratio of 

the ordinates of the signal plus noise dispersion to 

the noise dispersion. The ordinate values were 

obtained from the normal curve. 

Beta £ind d' values were not computed for perfect 

observers. For subjects that made no errors but at 

least one false alarm, it was assumed that the subject 
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had a 99.5% correct detection score. Similarly for 

subjects that made at least one error but no false 

alarms, the percent false alarm value was set at 0.05%. 

This procedure was only used for the calculation of 

beta and d', and no other analysis. 

Analysis of Percentage of Correct Detections 

The results of the analysis of variance for 

percentage of correct detections are summarized in 

Table 2. There was a statistically significant 

difference among the four event rates used in the 

experiment. Further analysis on the effect of event 

rate using a Tukey's HSD test (Kirk, 1968) indicated 

that there were statistically significant differences 

between the 3600 event per hour group smd the other 

three groups (p<.01). The differences indicated 

that the event rate of 3600 events per hour resulted 

in significantly poorer performance than did the other 

three event rates used (see Figure 3). 

The statistically significant difference 

obtained for performance across time was representative 

of the classical vigilance decrement (see Figure 4). 

The time by event rate interaction approached 

statistical significance and is graphically presented 

in Figure 5. It can be seen that all four event rates 

demonstrated the vigilance decrement. 
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TABLE 2 

Analysis of Variance Summary Table 

for Percent Correct Detections 

Source 

Signal Rate (A) 

Event Rate (B) 

AB 

Subjects within 
Groups 

Time (C) 

AC 

BC 

ABC 

C X Subjects 
within Groups 

df 

1 

3 

3 

232 

1 

1 

3 

3 

232 

Mean 
Square 

.02676 

.07914 

.00178 

.01409 

.15841 

.00746 

.01207 

.00048 

.00502 

F 

1.798 

5.317 

0.120 

31.547 

1.485 

2.403 

0.095 

Probability 

.001 

.001 

.07 

Total 479 .01063 
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Although there were no statistically significant 

differences due to the effect of signal rate, the trend 

obtained was in the predicted direction. (See Figure 3) 

The more signals presented the better was the 

performance. 

Analysis of Percentage of False Alarms 

The analysis of variance for the transformed 

percentage of false alarms is summarized in Table 3. 

The effect of signal rate approached statistical 

significance (p<.06). This result indicated that the 

subjects presented 24 signals per hour had a higher 

percentage of false alarms than those presented 48 

signals per hour (see Figure 6). 

The effect of event rate showed a statistically 

significant difference between the four event rates 

used. A Tukey's HSD test was used to test for 

differences between the four event rates and it was 

found that the 450 events per hour group had a 

significantly higher percentage of false alarms than 

the other three groups (p<.01). This is presented 

graphically in Figure 7. 

The effect of time was statistically significant 

for the percentage of false alarms across the two 30 

minute time blocks (see Figure 7). This is typical of 

vigilance performance. 
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TABLE 3 

Analysis of Variance Summary Table for 

Transformed Percent False Alarms 

Source 

Signal Rate (A) 

Event Rate (B) 

AB 

Subjects within 
Groups 

Time (C) 

AC 

BC 

ABC 

C X Subjects 
within Groups 

df 

1 

3 

3 

232 

1 

1 

3 

3 

232 

Mean 
Square 

.08186 

.26303 

.00895 

.02277 

.06872 

.00013 

.00847 

.00555 

^.00425 

F 

3.596 

11.553 

0.393 

16.156 

0.031 

1.992 

1.306 

Probability 

.06 

.001 

.001 

Total 479 .01519 
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Analysis of Total Errors 

The analysis of variance for total errors is 

summarized in Table 4. The only significant effect 

obtained was for the signal rate variable. The means 

and standard deviations for 24 and 48 signals per hour 

are presented in Table 5. It can be seen that with 24 

signals per hour significantly more errors were 

committed than with 48 signals per hour. 

For all variables analyzed by the analysis of 

variance, power v/as calculated using the procedure 

outlined by Cohen (1970). The power is the probability 

of rejecting the null hypothesis when the alternate 

hypothesis is true, and the values obtained are 

presented in Table 6. 

Analysis of d' and beta 

Median tests v/ere used to analyze differences in 

d' sind beta since there were a number of undefined 

scores for these variables (i.e., perfect observers). 
2 

The median test is an extension of an X test and uses 

as a measure the frequency scores above and below the 

grand median for each of the experimental groups. 

2 

The X contingency table and results of the 

different X analysis run for d' are summarized in 

Table 7. The overall median value of d' was 4.485. 

The medisui values for each of the experimental groups 
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TABLE 4 

Analysis of Variance Summary 

Table for Total Errors 

Source 

Signal Rate (A) 

Event Rate (B) 

AB 

Subjects within 
Groups 

Time (C) 

AC 

BC 

ABC 

C X Subjects 
within Groups 

df 

1 

3 

3 

232 

1 

1 

3 

3 

232 

Mean 
Square 

896.5332 

114.8139 

161.4833 

119.4249 

7.0083 

38.5333 

21.4806 

10.1278 

14.9251 

F 

7.507 

0.961 

1.352 

0.470 

2.582 

1.439 

0.679 

Probability 

.01 

Total k79 68.9666 



41 

TABLE 5 

Mean and Standard Deviations of Total Errors 

for the Signal Rate Variable 

Signal Rate Mean Standard Deviation 
per hour 

24 6.41250 10.80488 

48 3.67917 4.21022 
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TABLE 6 

Power Analysis Table 

Treatment 

Signal Rate 

Event Rate 

Time 

df 

1 

3 

1 

Percent 
Correct 
Detections 

.50 

.99 

.975 

Percent 
False 
Alarms 

.73 

.99 

.99 

Total 
Errors 

.975 

.50 

.30 
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TABLE 7 

Chi Square Values for Median Test of d»* 

Test Chi Square df Probability 

Difference between 
all eight 
experimental 
conditions 11.20 7 not sig. 

Difference in 
signal rate 2.46 1 not sig. 

Difference in 
event rate 4.13 3 not sig. 

•Median d' value for all subjects = 4.485. 
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are presented in Figure 8. There are no statistically 
p 

significant differences on any of the X analysis of d'. 

2 P 

The X contingency table for beta and obtained X 

values are presented in Table 8. The overall median 

beta value was 8.540. The median values for each of 

the experimental groups are presented in Figure 9. 
2 

Statistically significant X values v/ere obtained for 
2 

the overall X analysis and for the differences among 

the four event rates. The difference between the two 

signal rates proved to be non-significant. 
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TABLE 8 

Chi Square Values for Median Test of Beta* 

Test Chi Square df Probability 

Difference between 
all eight 
experimental 
conditions 

Difference in 
signal rate 

Difference in 
event rate 

•Median Beta value 

37.33 

2.72 

32.66 

for all subjects 

7 

1 

3 

= 8.54. 

.001 

not sig. 

.001 
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CHAPTER IV 

DISCUSSION 

Signal Rate 

The different signal rates used in this study did 

not produce statistically significant differences for 

percent correct detections and percent false alarms. 

Numerous researchers have consistently emphasized the 

importance of signal rate as a determinant of 

vigilance performance, finding that an increase in the 

number of signals over some temporal interval results 

in improved performance. Although no statistically 

significant differences were found in the present study, 

the trends were in the expected direction. 

The failure to find statistically significant 

differences may be due to the unusually high level of 

performance (few misses and few false alarms) demonstrated 

by the subjects. This would explain the small 

differences in performance observed between the 24 

and 48 signal per hour groups. The measures of percent 

correct detections and percent false alarms were 

insensitive to the differences in the signal rate. The 

power values obtained suggest that real differences may 

have been present in the percent correct detections and 

48 
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percent false alarms data, but were not reflected by 

the F values obtained. 

The results obtained on the total errors measure 

were consistent with the data of earlier investigators. 

The increased signal rate resulted in fewer errors. 

Although the total errors measure has received limited 

use, in the present study it uncovered an important 

aspect of the data. The total error score demonstrated 

a significant performance change resulting from the 

different signal rates. When percent correct 

detections and percent false alarms were analyzed 

separately this aspect of the subjects performance 

was not revealed. It is strongly suggested that total 

errors be utilized as a measure of vigilance performsoice 

as it yields added information that may not be obtained 

by other measures and it is not as arbitrary as are the 

percentage values used in some investigations 

(Colquhoun, I966; Jerison, I966), 

Event Rate 

The results clearly indicated the importance of 

event rate as a determinant of monitoring performance. 

The variables of percent correct detections, percent 

false alarms and beta all yielded statistically 

significant differences between the event rates used. 

The high power values obtained on the event rate 



50 

treatment contrasted with the signal rate treatment 

indicated that the event rate treatment accounted for 

a greater amount of the variance. 

It is ironical that so little attention has been 

devoted to the effect of event rate in monitoring 

performance when in most "real world" monitoring tasks 

only the event rate can be manipulated. For example, 

the speed of an industrial assembly line or the sweep 

of the beam of a radar scope can be varied more 

readily than can the number of signals a monitor must 

detect. The present results provide an alternative 

to introducing artifical signals into the task to 

keep the monitor alert. Altering the event rate may 

produce the desired effect of optimizing the monitors 

performance. To optimize performance with respect to 

hits, a slow event rate should be used. To minimize 

the number or percentage of "false alarms, a fast event 

rate should be used. 

Time 

The results of the present study demonstrated the 

classical vigilance decrement across time. There was 

an interaction between time and the four event rates 

used. It is proposed that all four of the event rates 

should exhibit the same characteristic curve, but vary 

according to the point in time at which the decrement 
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occurs. The topological response surface presented in 

Figure 10 represents a conceptual model to explain the 

interaction. The performance measure is percent correct 

detections. The shaded area represents the points at 

which samples were taken in the present study. All 

performance curves are the same except for the point 

at which the decrement occurs. Further research is 

needed to validate this model and develop a 

quantitative analog to predict the interaction betv/een 

the performance, time and event rate. 

Theories 

Expectancy Theory 

In formulating expectancy theory, Deese (1955) 

states: 

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 tasks, and the observer's level of 
expectancy determines his vigilance level and 
hence his probability of detection. 

Research on inter-signal intervals (McGrath, 1963) and 

pretask expectancy sets for signals (Colquhoun & Baddeley, 

1964, 1967; McFarland & Halcomb, 1970) have been used to 

support expectancy theory. Expectancy theory has been 

useful in predicting the qualitative changes in 

performance due to changes in signal rate smd 

inter-signal intervals. Very little has been said of 
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expectancy theory as a predictor of performance when 

there are changes in event rate. 

The results of the present study suggest that the 

inter-signal interval is not the only determinant of a 

subject's expectancy. This conclusion is supported as 

the temporal interval for signals was held constant in 

the present study, while the number of inter-signal 

events varied, resulting in differential performance. 

The number of inter-signal events appears to be a 

significant determinant of vigilsuice performance. 

Expectancy theory should be re-evaluated, incorporating 

the role of the inter-signal interval and the role of 

inter-signal event rates. 

The role of temporal decay versus inter-signal 

event frequency has been discussed extensively in the 

"forgetting" literature over the past several years. 

One model from the "forgetting" literature may be 

applicable to the vigilance paradigm, Wickelgren 

(1969, 1970) developed the strength theory to answer 

the question of whether forgetting of items in short 

term memory v/as a function of temporal decay or the 

interfering effects of intervening stimulation, 

Wickelgren (1970) found that the most rapid decay 

resulted as a function of intervening stimulation and 

that temporal decay played a less significant role. 
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If the vigilance decrement is considered a decay 

in attention certain pcu^allels can be drawn between 

the decay of memory used by Wickelgren (1970) and the 

vigilance paradigm. Wickelgren (1970) used a probe 

recall technique to differentiate between the role of 

temporal decay and intervening stimulation. This 

technique consists of presenting a series of digits 

twice. During the second presentation of the digits 

the task ends. The subject's task is to recall the 

digit that was presented immediately preceeding the 

last digit the first time it was presented. For 

example, if the numbers one through five were 

presented in order on the first presentation the 

numbers 3, 5, 2 on the second presentation, the correct 

response would be one since the number one immediately 

preceeded the number two during the first presentation. 

By varying the rate of presentation and number of 

intervening stimuli presented, V/ickelgren (1970) was 

able to differentiate the roles of temporal decay and 

interference. In the vigilance task an event could be 

considered the intervening stimuli used by 

Wickelgren (1970) and a signal the probe digits. 

Thus as there is a decay of attention, the probability 

that the subject would miss the probe (signal) should 

increase. Possibly by changing some of the assumptions 

of the strength theory a quantitative model for 



predicting the roles of signal rate and event rate in 

vigilance performance could be developed. 

Inhibition Theory 

The original inhibition theory of vigilance was 

developed by Mackworth (1950) and more recently has 

been updated and eloquently defended by Mackworth 

(1970a,b). Inhibition theory is an adaptation of 

Hull's learning theory to the vigilance paradigm. 

The basic notion of the theory is that an inhibitory 

state accumulates during the absence of reinforcement 

(correct detection of signal). The accumulation of 

this inhibition results in the deterioration of 

performance reflected in the vigilance decrement. 

The rate of inhibition should be dependent on the 

event rate. The rate of disinhibition is dependent 

on the signal rate. 

The inhibition theory would predict an 

interaction between the event rate and the signal rates. 

Such an interaction was not found in the present study. 

The temporal decay across time for each of the event 

rates appears to be consistent with predictions from 

the inhibition theory. Virtually every other theory 

of vigilance predicts this decay. 



56 

Filter Theory 

Broadbent (1958) proposed a filter model to explain 

the vigilance decrement. This model, an extension of 

information theory, proposed that the input messages 

from the senses pass along input channels to a 

selective.filter. The filter blocks some information 

and sends the rest on to the perceptual processing 

network. The filter has a bias toward those inputs 

which are novel, of high intensity or of great 

biological importance. Thus, it is proposed that the 

regularity of events decreases the sensitivity of the 

filter to the display. The more similar a signal to 

the on-going events of the display the higher the 

probability that the signal will be missed. An 

increase in the biasing of the filter to the input, 

thus the performance of the subject would be relatively 

poorer under the high event-^rate conditions. This was 

in fact observed in the present study. The model does 

not, however, predict the higher rate at which false 

alarms were committed in the slov/ event rate condition. 

The filter model can also be used to explain the 

very stringent criteria (beta) used by subjects in the 

slov/er event rates. From an information processing 

point of view, the more decisions that are required 

and the more frequently they are required the less 

stringent is the criterion. This was observed in the 
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present study. Thus, the filter theory could have been 

used to predict the obtained results of beta smd percent 

correct detections. 

Decision Theory 

An interesting adaptation of information theory is 

the approach taken by Jerison, et.al. (1965). The 

subject may demonstrate either alert or blurred 

observing or he may decide not to observe the display. 

Alert observing is, of course, the optimal situation, 

while blurred observing is obviously sub-optimal. 

During a watch the subject should proceed from alert 

to blurred non-observing. The sensitivity of the 

subject to the signal should be reduced across time. 

This would be represented by a decrease in d'. 

Jerison, et.al. (1965) did not find a reliable 

decrement in d' although there v/as a reliable increase 

in beta. Mackv/orth and Taylor (1963), however, found 

the decrement in d' when the event rate v/as extremely 

fast (200/minute) but not at a slov/er event rate. It 

might be concluded that a very fast event rate could 

lead to blurred observing that is not evidenced in the 

slower event rate. 

The present study is consistent v/ith the original 

Jerison, et,al. (1965) study which indicated no 

difference in d' across time and among groups. This 
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would be expected if, as the task continues, the subject 

decides not to observe. The decision criterion should 

become less stringent, while there would be no change 

in the subject's sensitivity to the stimuli. Although 

the theory seems to have considerable utility, Jerison 

(1967a, b) has repeatedly failed to consider the beta 

variable and the false alarm data collected in his 

studies. Unfortunately, none of the above theories 

can incorporate the false alarm data nor make 

predictions about this variable. 

Signal Detection Theory 

The appropriateness of the use of d' and beta in 

the vigilance task has been a point of controversy 

among researchers for some time. Mackv/orth (1970) 

and Levine (I966) have given strong support for the 

use of signal detection theory in vigilance. Others 

(Jerison, 1967) have criticized it on a number of 

points. 

Even the most ardent supporters of TSD readily 

admit the assumptions of the model are not met in the 

vigilance paradigm. Secondly, as Jerison (1967) has 

pointed out, the values obtained for beta and d' are 

frequently too extreme to have any real psychological 

meaning. Thirdly, in the vigilance paradigm the 

monitor is.usually required to detect only supra-liminal 
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stimuli. Stimuli that are easily detected by alert 

observers. Thus, the notion of sensitivity is 

probably useless as a measure of monitoring 

performance since the vigilance task is not a 

psychophysical problem. Finally, the criterion beta 

is useless in any practical sense of training monitors 

to be alert observers (Jerison, 1967). 

While there is little doubt that the assumptions 

for TSD are not met in the vigilance paradigm the use 

of d' and beta may still prove to be useful measures. 

First the TSD measures weigh the importance of false 

alarms and correct detections equally. Unfortunately, 

many researchers have completely ignored the 

importance of false alarms and consider the data 

unreliable, invalid or simply an artifact of the 

methodology. It seems unv/ise to disregard data 

regardless of how trivial or unexplainable it may 

appear to be to the investigator. 

Furthermore, the use of beta as a measure in 

vigilance research has received little acceptance. 

This is due in part to the problem of analyzing the 

unidentified values for beta v/hen one has perfect 

observers. This complicates any analysis that might 

be done on the data. The median test was used in the 

present study to analyze beta and it is believed that 

none of the assumptions of this analysis were violated. 
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It is also suggested that researchers consider looking 

at grouped values of beta and d' to identify what might 

be fruitful avenues of research. The results of the 

beta analysis are perhaps the most significant findings 

of the present study. 

Jerison's (1967) criticism that beta has no 

practical value may be proven to be wholely unfounded. 

Considering the difficulty experienced by investigators 

over the years in identifying individual differences as 

a means of predicting the detectors (good monitors) 

from the non-detectors (poor monitors), it might be 

useful to use beta as the criterion variable rather 

thsQi percent correct detections. 

In the present study the analysis of beta was the 

most interesting and encouraging analysis done with 

respect to the effect of event rate. Figure 9 

demonstrated the relationship betv/een log beta and the 

event rate. The graphic representation readily 

demonstrates the apparent orderly relationship that 

exists between the event rate and beta. The use of the 

log scale has no particular meaning at this time and was 

merely used as a convenience. If further data points on 

this graph can be identified, then it is proposed that a 

greater likelihood of a quantitative model for 

vigilance performance will exist. 



CHAPTER V 

SUMMARY AND II4PLICATI0NS FOR FUTURE RESEARCH 

Summary 

The present research was designed to explore the 

relationships between human vigilance performance and 

the task variables of event rate and signal rate. 

Previous research has indicated that an increased 

signal rate results in a higher level of performance 

by subjects. Little or no work has been done to 

identify the specific effects of event rate. 

The task used was a simple detection task in 

which subjects v/ere to respond by pressing a 

micro-sv/itch whenever five dots appeared on an lEE 

one-plane readout. The five dots appeared in lieu of 

four dots. Each stimulus presentation flashed on for 

.2 second. The frequency v/ith v/hich the four dots 

appeared was the event rate treatment and the 

frequency with v/hich five dots appeared the signal 

rate treatment. All intervals and stimulus 

presentations were controlled by means of solid-state 

programming modules. 

An analysis of variance (SPF 2, 4.2) was used to 

analyze the dependent variables of percent correct 
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detections, percent false alarms and toteuL errors. 

Median tests were used to test differences between 

groups for the d' and beta variables. 

The analysis of percent correct detections, 

percent false alarms and beta, clearly demonstrated 

differences between the four event rates used. These 

analysis did not yield evidences of differential 

effects of signal rate that have been reported 

frequently in previous research. Each of these 

analysis showed the classical vigilance decrement 

across time. The analysis of total errors shov/ed 

that differences in the tv/o signal rates were 

significant and in the direction reported by previous 

researchers. The analysis of d» variable showed no 

differences between groups or across time. 

The results v/ere discussed in terms of some of 

the current theories in the ̂ vigilance behavior and 

suggestions were made as to possible models that could 

be adapted to the vigilance paradigm. A behavior 

surface v/as developed shov/ing the relationship 

between event rate, time and performance. 

Imnlications for Future Research 

The present results, v/hile strongly suggesting the 

possibility of developing a quantitative model for 

vigilance research, need to be expanded. More data 
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points for varying event and signal rates should be 

identified using the same task to validate the 

behavioral surface presented. Further expansion of 

the present study to incorporate the effects of 

continuous as well as discrete tasks on vigilance 

behavior should allow the researcher to discriminate 

any basic differences in these two types of tasks. 

Another line of research suggested by the present 

results is the need to delineate the differences in 

performance resulting from varying inter-signal 

intervals and the frequency of inter-signal events. 

This should yield results of significance. 

It is hoped that the results of the present study 

will emphasize the need to analyze and use every 

dependent variable available to uncover relationships 

often overlooked. Specifically, all researchers 

investigating vigilance performance should analyze 

not only percent correct detections and false alarms 

but also beta, d» and total errors. 
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