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CHAPTER I 

INTRODUCTION 

The discipline of human factors engineering resulted 

in part from problems having their genesis in the second 

world war. The technology of war had advanced to the stage 

where weapon systems had become quite complex both in terms 

of their operation and maintenance. In many instances it 

was found that the operating requirements of the system 

far exceeded the capabilities of its human component. The 

resulting discipline took as its task the matching of sys

tem requirements to human capabilities. One solution, at 

least in part, has been the elimination of the human com

ponent altogether. Consequently many control systems have 

been designed so as to fully automate many important 

decision-making functions. Accordingly, man's role in the 

system has been reduced from an active to a passive com

ponent whose primary function is the monitoring of the 

system in order to insure its proper operation and to pre

vent certain malfunctions. Consequently the individual 

monitoring task has come to hold great importance in the 

proper functioning of many systems. 

In other instances the output from the monitoring task 

provides the primary input for entire systems. Prominent 

in this category are radar and sonar systems whose outputs 



are vital in terms of national defense. Quality control 

is important to the company interested in manufacturing a 

good product. Inspectors must be certain that each item 

meets exacting specifications. The above systems are simi

lar in that each requires the performance of a vigilance 

task. In each instance operators are required to monitor 

a particular display, be it a radar scope or an assembly 

line, for extended periods of time in an attempt to detect 

aperiodically occurring events. The type of display and 

the nature of the relevant event may differ. However, the 

tasks are similar in that they manifest the same perfor

mance characteristics. 

T T-> •nn/-̂ c+- iri^ "'"-^H'^SS r'^l'-^V^n'^ a'Tj-r^r^Pc a >-d oner-? 1 TT /̂  O 4-Q r* •?-— 

able, yet mistakes do occur. Operating engineers fail to 

note that the temperature of the system has exceeded some 

critical point. An air traffic controller fails to detect 

the presence of a small aircraft which enhances the prob

ability of a collision with an approaching passenger liner. 

Sonar operators may fail to detect the presence of an 

enemy vessel. Parts inspectors fail to observe that a par

ticular set of contacts are not in proper alignment. In 

general it is observed that monitors often fail to detect 

certain relevant events when they occur. Likewise it is 

also found that monitors may respond when no relevant 

event or signal has occurred. Many an unsuspecting whale 



became the target of a torpedo attack during the second 

world war. Inexperienced sonar operators may mistake a 

coral reef for an underwater vessel. Each of the above 

instances, that is, failure to report the occurrence of a 

relevant event and the reporting of a relevant event when 

in fact none occurred, represents an error and each will 

have its effect on the operating efficiency of the system. 

In a review of the literature, McGrath, Harabedian, 

and Buckner (1959) have described four characteristics 

which are to be found in all vigilance tasks. First, the 

human monitor must detect a change in some aspect of the 

environment. A characteristic of such a change is that it 

occurs quite infrequently. Second, the signal must be 

easily detectable under alerted conditions. However, it 

should not be so intense that the orienting reflex is 

elicited. Third, the occurrence of the signal must not be 

predictable by the monitor. Fourth, the task must be of 

some extended duration. Within these broad general require

ments a number of laboratory tasks have been designed in 

order to obtain quantitative measures of vigilance perfor

mance. Among the more popular have been the clock test, 

designed by Mackworth (1944) in which the subject responds 

whenever the hand on the clock moves twice the angular 

distance which it normally moves, and the twenty dials test 

(Broadbent, 1950) in which the subject responds whenever 



one of the pointers for the twenty dials moves out of posi

tion. Cathode ray tube displays have been used by a number 

of investigators (Adams, 1956; Baker, 1958; Deese and 

Ormond, 1953) in which the subject must detect a small dot 

of light as it moves across the scope. Light projection 

displays, in which the subject must respond to a particular 

arrangement or pattern (Jerison and Pickett, 1964) and audi

tory displays requiring subjects to respond to various char

acteristics of an auditory stimulus (Solandt and Partridge, 

1946; Wertheimer, 1955; Wherry and Webb, 1959) have also 

been used in studies of vigilance performance. 

Despite the differences in the types of tasks being 
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Essentially two types of errors can occur in the standard 

vigilance situation. First, the operator can fail to de

tect a signal. Second, the operator can report a signal 

when actually none occurred. Detection performance is 

usually reported in terms of percent correct detections; 

that is, of the total number of signals presented, to what 

proportion did the operator correctly respond? The duration 

of time between the onset of the signal and the response, 

termed latency of response, has also been used as a mea

sure of performance. However, problems arise whenever a 

subject fails to respond to a signal. Do we assign him an 

arbitrary score or do we simply treat that particular 



response in a statistical sense as missing data? In either 

case our group estimates become very imprecise, thereby 

leading one to doubt the value of such a measure. A third 

measure, false alarms, is simply the number of times the 

subject responds when there is no signal presented. 

As stated previously, the subject's task is to monitor 

the display for an extended period of time. Typically it 

is observed that detection performance declines as time on 

watch increases (Mackworth, 1950). There is evidence to 

suggest such a performance decrement occurs quite rapidly, 

usually within the first fifteen minutes on watch (Jerison, 

1957; Nicely and Miller, 1957; Waag and Halcomb, 1971), 

With regard to latency of response, it is reported that 

there is an increase as time on watch increases (Adams and 

Boulter, 1962; Adams, Humes, and Stenson, 1962; Halcomb and 

Kirk, 1965). Considering false alarms, it is found that the 

number of false alarms decreases with time on watch, Buck

ner, Harabedian, and McGrath (1960) found that over a 

period of several days, false alarms were virtually elimi

nated. While these represent the most general findings 

within the literature, it is found that vigilance perfor

mance is affected by a large number of factors. Of primary 

concern to this investigation are those variables which 

are likely to affect individual differences in performance. 

Nevertheless, it is found that such factors affecting 



individual performance are likely to interact with certain 

externally controlled variables. Consequently the follow

ing review will consider other major factors as well 

which have been shown to influence performance. Such fac

tors may be categorized into three classes of variables: 

task variables; environmental variables; and organismic 

variables. 

Task Variables 

The first of these, task variables, concerns certain 

differential characteristics of the display and its opera

tion as they affect subject performance. 

Sense Mode 

All vigilance tasks can be categorized in terms of the 

particular sense mode which is required; that is, visual, 

auditory, tactual, or some combination of these. In each 

instance the classical performance decrement with time on 

watch is found (McGrath, 19 62; Hawkes and Loeb, 19 61; 

Hawkes and Loeb, 1962). Comparisons among these different 

senses modes are difficult due to the uncertainty in 

equating critical signal characteristics. Nevertheless, 

Buckner, Harabedian, and McGrath (196 0), comparing audi

tory and visual monitoring, concluded that detection perfor

mance using auditory signals is superior. Similar results 

have recently been obtained by Tyler, Waag, and Halcomb 



(1971). Generally, performance is found to decrease more 

rapidly and reach a lower asymptote with a visual task. 

Over a watchperiod of four weeks, McGrath, Harabedian, and 

Buckner (1960) reported that visual detection performance 

decreased whereas auditory detection performance increased. 

This finding has been replicated in a number of independent 

investigations (Ware and Baker, 1964; McGrath, 1962, Baker, 

Ware and Sipowicz, 1962A), 

Comparing auditory and cutaneous signals, Loeb and 

Hawkes (1961) found that response latencies and the number 

of misses increased significantly for electrical cutaneous 

stimuli over time. For auditory stimuli, no performance 

decrement was observed. Generally it appears that audi

tory presentation of signals results in superior detec

tion performance. Perhaps this is due at least in part to 

the fact that no orienting or observing response is re

quired in the case of auditory detection. 

Several studies have investigated the effects of util

izing both auditory and visual signals within the same 

monitoring session, Buckner and McGrath (1961) reported 

that performance under redundant conditions, that is, when 

auditory and visual signals are presented simultaneously, 

is superior to performance under either of the single sense 

mode conditions. Baker et al (1962A) and Tyler et al (1971) 

have obtained similar results. 
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Display Complexity 

Jerison and Wallis (1957) compared monitoring effi

ciency of one group responding to a single Mackworth Clock 

Test with the other group responding to a triple Mackworth 

Clock Test. It was observed that percent correct detec

tions was substantively reduced for the group monitoring 

the three clocks. Similar results have been reported by 

Wiener (1964) using a multiple voltmeter display and by 

Harris (1966) using a complex inspection task. In fact, 

Harris found correlations of -.91 with ratings of the com

plexity of the task and the percentage of defects detected. 

Gould and Schaffer (1966) varied the complexity of the dis-

the number of values that each channel could hold, and 

the number of different signals. It was found that in

creases in each of these resulted in systematic decreases 

in detection performance. 

The complexity of a display may also be increased by 

requiring the subject to monitor two displays simultaneously, 

each requiring a different sense mode, Buckner and McGrath 

(1961) found that if individuals monitored two displays 

simultaneously, one auditory and the other visual, detec

tion performance for the easier of the two would be facili

tated. These results were later replicated by McGrath 

(1962) who reported that a larger percent of "easy" signals 



were detected under dual-mode conditions than under single 

mode conditions. However, for the "difficult" signals, no 

differences were reported. Baker and Barbadian (19 62) re

ported that simultaneous visual tracking had no effect upon 

auditory monitoring performance. In summary, it appears 

that in some instances, increases in display complexity by 

means of a time sharing task either facilitates or has no 

effect on vigilance performance. In other cases, increases 

in complexity certainly do inhibit performance. Undoubt

edly this represents an area for future research. 

Signal Characteristics 

The characteristics of the signal per se have been 

shown to be related to detection performance in the moni

toring situation, as well as the background against which 

these signals occur. 

Signal Rate,—The literature indicates almost universally 

that increases in the rate of signal presentation result 

in increases in the percentage of correct detection. 

Jenkins (1958) using rates of 7.5, 30, 60, and 480 signals 

per hour found that percent correct detections was propor

tional to the logarithm of signal rate. Similar results 

have been reported by Deese and Ormond (1953), Nicely and 

Miller (1957), Hickey and Blair (1959), Bowen (1964), and 

Martz (1966). However, several studies have produced data 
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at odds with these general findings, Martz (1967) found 

improvement in detection performance for rates up to 15 

signals per hour, but no further increases for rates up to 

120 per hour, Mackworth (1968) found that signal rates of 

30 and 180 per hour produced little differential effect 

upon detection performance in several clock tests. At 

present there seems to be no explanation for these diver

gent results. 

Event Rate,—Most stimuli occur against a background of 

regularly occurring events, although in some cases the 

background "noise" may be continuous (Mackworth, 1968), 

In the discrete case, an observing response is called for 

at each event, Jerison and Pickett (1964) presented 

events at the rate of 5 per minute and 30 per minute. De

tection performance was significantly retarded for the 

high event rate. Mackworth (1965) used event rates of 40 

and 200 per minute and obtained similar results. Gener

ally it appears that for discrete regularly occurring events, 

detection performance decreases as event rate increases. 

Several other studies have obtained similar results (Bowen, 

1964; Jerison, Pickett, and Stenson, 1965), Considering 

signal rate and event rate simultaneously, it is suggested 

that performance decrements are greatest whenever the pro

portion of relevant signals to irrelevant events is smallest 

(Goldstein, Johnston, and Howell, 1969), 
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Signal Duration.—Adams (1956) using a simulated radar 

task, found that percent correct detections increased as 

the signal duration was increased from 1 sec. to 2 sec. 

However, the shape of the decrement function remained the 

same. Likewise, it was found that fewer false alarms 

occurred when 2 sec. signals were presented. These find

ings have been replicated by Baker (1963A) who found that 

signals of shorter duration resulted in inferior initial 

performance, Davenport (1968) reported that the duration 

of the signal affected overall detection rates, but had no 

effect on the decrement function. Consequently, it appears 

that increases in the duration of the signal result in in-

Signal Intensity,--The intensity of the signal is of crit

ical importance for a number of reasons. The characteris

tics of vigilance tasks presented by McGrath et al (1959) 

state that the signal must be of sufficient intensity so 

as to be easily detected by an "alert" observer. Likewise 

it must not be so intense as to elicit an orienting re

sponse, Adams (1956) reported that the use of visual 

stimuli of greater intensity, measured in terms of bright

ness, resulted in superior performance, Bartlett, 

Beinert, and Graham (1955) and Mackworth (1950) found simi

lar results using a simulated radar task. In each case. 
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however, the classical decrement function was still found. 

Similar findings have been reported by Jenkins (1958) and 

Davenport (1968), In a pilot study, Buckner et al (1960), 

using eight different stimulus intensities for both visual 

and auditory signals, found percentage of correct detec

tions to be an increasing function of the intensity of the 

stimulus. The curves for both the auditory and visual 

stimuli were found to be the same shape. In general then, 

it appears that increases in intensity levels of the signal 

produce corresponding increases in detection performance. 

Signal Uncertainty.—A characteristic mentioned previously 

of a vigilance task is that the observer must not be able 

to predict the occurrence of a signal. In all situations 

there must occur some variability of the intersignal inter

val. It should be pointed out that such variability is 

related to signal rate in that the greater the signal rate, 

the less variable and more restricted the intersignal in

terval. In a series of studies Baker (1958, 1959) reported 

that increases in intersignal variability resulted in 

greater performance decrements. Percent correct detections 

was found to increase as the signal became more predictable. 

Wherry and Webb (1959) reported detection performance to be 

the same for different signal rates so long as the inter

signal interval variability remained constant. 
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A number of investigations have reported that the prob

ability of a correct detection increases as the intersignal 

interval increases (Deese and Ormond, 1953; Mackworth, 1950; 

McCormack, 1958) whereas others have reported a decrease as 

intersignal interval increases (Bartlett et al, 1955; 

Jenkins, 1958; Jerison, 1959; Kappauf and Powe, 1959). It 

should be pointed out that the studies in which no change 

or an increase was found all measured the duration as the 

time between two signals regardless of whether the subject 

had detected it. The investigations reporting a decrease 

all measured the duration in terms of the interval between 

a signal and the last correct detection. Harbedian, McGrath, 

and Buckner (1960) in an attempt to resolve the controversy 

demonstrated that the results depended on how the interval 

was determined. 

Baker (1958) proposed that performance drops immedi

ately after a detection and begins to rise to a maximum at 

the mean intersignal interval. Following this maximum at 

the mean intersignal interval, there is again a decline 

in detection efficiency. In support of this hypothesis. 

Baker (1962) found that the maximum probability of detec

tion occurred at the mean intersignal interval. Likewise 

Hardesty and Bevan (1965) reported response latency to vary 

as a function of the difference between the mean inter-

stimulus interval and the duration of the immediately 
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preceding interval. McCormack (1958; 1960) found, however, 

that response times remained constant for different dura

tions of intersignal intervals. Similar findings were 

reported by Boulter and Adams (1963). In a later study, 

however, Adams and Boulter (1964) observed that response 

latencies increased as the temporal and spatial uncertainty 

concerning the signal increased. At present, the issue re

mains unresolved, except for the observation that both the 

variability and duration of the intersignal interval repre

sent important signal characteristics which affect perfor

mance. 

Procedural Characteristics 

All monitoring tasks must occur over a given duration 

of time. Within this framework there are certain proce

dural variations which have been demonstrated to affect 

detection performance. 

Duration of the Monitoring Session,--It is generally re

ported that the most rapid decrement in performance occurs 

early in the task, usually in the first ten to twenty 

minutes. Following this initial period, there is a gradual 

decline until some asymptotic performance level is reached. 

Beyond this, performance remains much the same unless the 

subject falls asleep (Baker, Ware, and Sipowicz, 1962B). 

Jerison (1958) reported that the shape of the performance 
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decrement was dependent upon the subject's expectation of 

the duration of the task. Subjects expecting a watch of 

short duration produced a smaller decrement than those 

expecting a lengthy one, Deese and Ormond (1953), using 

120, 180, and 240 minute durations found no differences in 

detection performance. However, the shapes of the decre

ment functions were different, with the 180 minute group 

exhibiting an initial "warm-up" effect and an "end-spurt" 

effect, Berghum and Lehr (1963A) reported that subjects 

who were aware of the length of the vigil and who had ac

cess to a clock manifested an increase in performance 

toward the end of the monitoring session. This phenomenon 

is referred to as an "end-spurt" effect. 

Several investigators have studied the effects of re

peated sessions on monitoring performance, Adams et al 

(1962) reported no differences in performance across ses

sions. However, performance within sessions followed the 

classical decrement function. Baker, Sipowicz, and Ware 

(1961) reported no significant changes across monitoring 

sessions over a fifteen session, five day period. These 

findings have been replicated by V7are, Sipowicz, and Baker 

(1961) using an auditory task. Buckner et al (1960) , how

ever, found progressive changes for both visual and audi

tory detection over a period of four weeks. Visual 

detection declined somewhat whereas auditory detection 
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performance was facilitated. Likewise Binford and Loeb 

(1966) reported a slight increase in performance over ses

sions. While there is certainly disagreement over the 

effect of repeated sessions on detection performance, it 

has been commonly found that false alarm rates have de

creased (Buckner et al, 1960; Binford and Loeb, 1966), 

Interpolated Rest Periods.--It is universally found that 

the insertion of rest periods during the watch improves 

performance. Solandt and Partridge (1946) reported that 

decrements in pitch discrimination were reduced by the use 

of rest periods. Jenkins (1958) found that the usual dec

rement was greatly reduced whenever 30 sec, rest periods 

were inserted every 4,5 minutes, Mackworth (1950) inserted 

a 30 minute rest period between two 30 minute monitoring 

sessions and found superior performance in comparison to 

a group monitoring the task continuously for 60 minutes. 

Nevertheless, the classical decrement function still oc

curred within each of the two 30 minute sessions, 

McCormack (1958) used interpolated rest periods of varying 

durations for different groups following a 40 minute moni

toring session. After the rest period, each group moni

tored the task for another 10 minutes. Performance during 

this final 10 minutes increased as a function of the length 

of the rest period. Again the usual decrement in perfor

mance was observed. 
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Colquohon (1959) reported that a five minute rest 

pause maintained the initial performance level in an in

spection task, Berghum and Lehr (1963B) provided three 

brief five minute rest periods under two signal rate condi

tions and found performance to be greatly facilitated. 

Similar findings have been reported by Bevan, Avant, and 

Lankford (1967). These investigations suggest that rest 

periods of any length will facilitate performance. How

ever, it appears that several short rest periods are more 

effective than one long one. 

Interpolated Activity.—The effects of interpolated activity 

are similar to those of interpolated rest periods in that 

performance is enhanced. Solandt and Partridge (1946) ob

served an improvement of performance whenever subjects 

monitoring a sonar display were required to briefly monitor 

hydrophone sounds. Jenkins (1958) reported a facilitation 

of performance whenever subjects were allowed to briefly 

leave the testing room. In a classic study Mackworth (1948) 

telephoned his subjects about halfway through the session 

and told them to perform better during the latter half. 

Performance was greatly facilitated, Zuercher (1965) re

quired subjects to stand, breathe deeply, and stretch under 

one condition and to converse with the experimenter under 

the second condition. In each case there resulted an 
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improvement in performance. Bevan et al (1967) reported 

that subjects required to exercise hard for an interpolated 

period of 5 minutes maintained a high level of performance. 

The same was observed for subjects solving anagrams and 

for subjects just resting. Consequently it appears that 

any sort of interpolated activity will facilitate perfor

mance. 

Artificial Signals.--Since increases in signal rate result 

in a higher percentage of correct detections, it would 

appear highly possible that the addition of artificial sig

nals would facilitate the detection of real signals. 

Garvey, Taylor, and Newlin (1959) added a number of arti

ficial signals and obtained a facilitation of performance. 

However, the subjects could not differentiate between the 

"real" and "artificial" signals. Adding warning signals 

for each of the "artificial" signals also improved perfor

mance. Similar findings have been reported by Baker (1960) , 

Pollack and Knaff (1958A), and Regan (1961) . The facilita

tion due to anticipatory alerting signals has been repli

cated by Smith, Lucaccini, Groth, and Lyman (1966). Wilkin

son (1964) , using an inspection task, added both identical 

and different "artificial" signals coupled with variations 

of knowledge of results. He found performance to be maxi

mal whenever identical "artificial" signals were inserted 
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along with the provision of knowledge of results. Lack of 

feedback and the insertion of different artificial signals 

produced lower levels of performance. Consequently it 

appears that performance is improved most effectively when

ever the artificial signals are identical to the real sig

nals. However, this appears to be little more than an 

increase in the signal rate. 

Environmental Variables 

A second major class of variables is concerned with 

the differential characteristics of the environment in 

which the monitoring system with its operator must function. 

In an early study, Broadbent (1953), using a choice 

reaction time task, tested subjects under a low noise (70db) 

and high noise (100 db) condition. He observed that more 

errors occurred under the high noise condition. In a later 

study (Broadbent, 1954) he observed that watchkeeping per

formance was impaired more in a high noise (100 db) condi

tion as compared to a low noise (70 db) condition. Jerison 

(1957) tested subjects under conditions of different task 

complexity (one vs. three Mackworth clocks) and different 

noise intensity (79 db vs. 112.5 db). With the simple task, 

no differences were found under the different noise 
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conditions. For the more complex task, however, perfor

mance was impaired under the high noise condition. 

Loeb and Jeantheau (1958) required subjects to monitor 

a task on the back of a moving army truck. Under these 

high noise and vibratory conditions, the performance decre

ment was enhanced in relation to performance in the absence 

of such conditions. Several studies employing intermittent 

noise have obtained similar findings. Dardano (1962) re

ported intermittent noise to have a detrimental effect on 

performance, with maximal decrements under conditions of 

short intersignal intervals. McCann (1969), comparing 

continuous and intermittent noise, found intermittent stimu

lation to produce the greatest decrement in performance. 

Kirk and Hecht (1963) compared the effects of constant vs. 

variable noise. The results indicated that variable noise 

has a facilitating effect on performance. The average noise 

level, however, was only 64,5 db which cannot be considered 

a high noise condition. In general it appears that high 

noise conditions will have a detrimental effect on perfor

mance. 

Ambient Temperature 

Mackworth (1950) compared monitoring performance for 

subjects operating under conditions of 70°, 79°, 87°, and 

97° effective temperature. The results indicated 
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performance to be superior at 79° in terms of correct de

tections and response latencies. Pepler (1958) reported 

that performance began to deteriorate as the effective 

temperature rose past 81°, Loeb and Jeantheau (1958) re

ported that temperature per se had no effect on monitoring 

performance. However, due to the confounding aspects of 

their design, no adequate test of temperature by itself 

was possible. Bell (1964) and Bell, Provins and Hiorns 

(1964) varied temperature conditions over an extreme range 

from 24,5° to 145°, Using the Broadbent twenty dials test 

and an auditory vigilance task, no differential effects of 

temperature upon performance were found. However, it was 
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perature increased. Studying the effects of cold stress, 

Poulton (1965) reported that response latencies increased 

significantly under conditions of rain and cold, Teichner 

(1966) obtained data suggesting that monitoring performance 

under conditions of cold stress may result from individual 

differences in terms of the rate of vasodilation. In sum

mary it appears that the effect of environmental tempera

ture upon vigilance performance is still largely undetermined 

Extraneous Environm^ental 
Stimulation ~" 

The literature indicates that performance will be 

enhanced by any operation which will produce stimulus change 
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in the environment. Pollack and Knaff (1958B) provided a 

blast from a CMC truck horn whenever subjects failed to de

tect a signal. Such a procedure facilitated performance 

greatly, especially in those subjects not performing too 

well. Randel (1968) reported that the random insertion 

of tones will facilitate performance, Halcomb (1964) 

observed that random variation in the intensity of the 

ambient lighting would also produce a facilitating effect 

on performance. 

In a series of studies McGrath (1962) investigated 

the effects of several types of irrelevant stimulation 

upon performance. First he compared the effects of back

ground noise using white noise for one group and a variety 

of noises for the other group including music, conversa

tion, and mechanical noises. Performance of the group 

receiving varied background noise was significantly better. 

Likewise, he found better performance for a group allowed 

to thumb through a photograph album while simultaneously 

monitoring an auditory display. In a follow-up study, 

McGrath and Hatcher (1961) compared the effects of novel 

irrelevant stimulation upon monitoring performance under 

two stimulus rate conditions. The results indicated that 

under the slow stimulus rate condition, there occurred a 

greater decrement with white noise. For the fast stimulus 
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rate condition, however, there occurred a greater decrement 

with the varied noise, 

Organismic Variables 

There are several types of organismic variables which 

researchers have investigated. Some have investigated the 

effects of a number of variables which may be labeled as 

motivational in nature. Still others have concentrated 

their efforts on the study of various individual differ

ences as they relate to performance. 

Motivation 

The classical construct of motivation as representing 

some type of force v/hich energizes behavior has come under 

attack in recent years (Bolles, 1968), The approach to be 

taken here is purely an operational one. A variable will 

be defined as motivational if through the proper manipula

tion of its reinforcing effects, the behavior in question, 

in this case monitoring performance, can be effectively 

controlled. Within this framework, the effects of a number 

of different variables will be discussed. 

Knowledge of Results,--The literature suggests that the 

effect of knowledge of results is to reduce the decrement 

in performance. Mackworth (1950) reported no significant 

decrement whenever subjects were informed of the 
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correctness or incorrectness of their response and of their 

failure to respond to a signal. McCormack (1959) observed 

that the increase in reaction time was less for groups re

ceiving knowledge of results. Baker (1961) reported that 

a high level of performance could be maintained if knowl

edge of results was given with regard to performance on a 

secondary vigilance task. Montague and Webber (1965) re

ports a study, however, in which knowledge of results was 

not found to facilitate performance. This finding is cer

tainly the exception since other studies have typically 

obtained a facilitating effect (Wiener, 1963; Hardesty 

and Bevan, 1963; Sipowicz, Ware and Baker, 1962). 

Two investigations by Hardesty and Bevan (19 63) and 

Ware and Baker (19 64) have reported that verbal knowledge 

of results is superior to machine presented knowledge of 

results. Furthermore, knowledge of results of misses is 

superior to feedback concerning detections. Johnson and 

Payne (1966) have investigated the frequency of knowledge 

of results and concluded that for groups receiving 50 per

cent, 75 percent, or 100 percent feedback, there are no 

differences. Several studies have investigated the pro

cedure of presenting false knowledge of results. Loeb and 

Schmidt (1963) compared the effects of no feedback, false 

feedback, and true feedback. Response latencies were 

greatest for the no feedback condition and remained 
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unchanged, and hence at a minimum, for the true feedback 

condition. For the false feedback group, latencies were 

intermediary between those for the other two conditions. 

Similar findings were reported by Mackworth (1964). Sev

eral other studies, however, have found no differences 

between latencies under conditions of true knowledge of 

results and false knowledge of results (Weidenfeller, Baker, 

and Ware, 1962; Antonelli and Karas, 1967), At present, 

the question remains unresolved. 

Incentives,--It has been observed that detection performance 

can be enhanced through the introduction of appropriate in

centives. Several investigations have made use of money 

as a reward, Sipowicz, Ware, and Baker (1962), investi

gating the effects of reward and knowledge of results, 

reported both to have a facilitating effect on performance. 

Maximum performance resulted when both treatments were ap

plied. Similar findings have been reported by Berghum and 

Lehr (1964) , Bevan and Turner (1965) , Montague and Webber 

(1965) , and Smith, Lucaccini and Epstein (1967). In several 

studies, however, negative results were obtained. Pollack 

and Knaff (1958B) offered subjects an additional hour's pay 

if they performed perfectly in seven of eight ten minute 

periods. No differences were observed, Wiener (1969) 

utilized a payoff situation in which each detection was 
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rewarded by five cents and each false alarm resulted in a 

minus five cents. No differences were observed. Similar 

findings were reported by Levine (1966) , The effective

ness of money as a reward still remains in question, 

A number of other studies have made use of other types 

of incentives. As mentioned previously. Pollack and Knaff 

(1958B) reinforced a miss with a blast from a CMC truck 

horn. It is quite likely that such a procedure represents 

a strong incentive other than the knowledge of results pro

vided. Smith et al (1967) reported that performance could 

be facilitated through the introduction of punishment for 

different types of errors, Halcomb and Blackwell (1970) 

using college students as subjects offered extra coursework 

credit to those who volunteered. In one group the amount 

of extra credit was made contingent on their performance. 

The results indicated that the detection performance of 

this group was significantly higher. 

Instructional Set.—Monitoring performance can also be 

controlled to an extent by the particular instructions 

which the subjects are given. Baker, Ware, Spires, and 

Osborn (1966) reported that supervisory threat by a supe

rior officer will facilitate performance. Berghum and 

Lehr (1963C) demonstrated that the mere observation by a 

superior officer can have a facilitating effect, Halcomb, 
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McFarland, and Waag (1970) reported a study using college 

students as subjects, in which for one group the experi

menter also happened to be their classroom instructor. For 

the other group, the experimenter was unknown to them. The 

results for the experimental group indicated a bimodal dis

tribution of subject performance. Such data point to the 

need for examining interactions between individual differ

ences and extrinsic motivational variables under direct 

control by the experimenter. 

The content of the instructions has also been reported 

to affect performance. Evans (1965) instructed subjects 

to assume neutral, risky, or cautious sets with regard 

to the accurac^' of their perform.ance* Those adĉ t̂in*̂  a 

risky set produced a higher number of false alarms•than 

those adopting a cautious set, Lucaccini, Freedy, and 

Lyman (1968) attempted to produce either a positive or nega

tive set by telling the subjects the task was either highly 

challenging or extremely boring and monotonous. Perfor

mance was significantly facilitated by the introduction 

of the positive set. 

Individual Differences 

Once a system has been designed and become fully oper

ational, there must always be single individuals performing 

the monitoring function. The system per se may be well 
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designed and efficient, but unless the individual monitor 

performs adequately, it will be prone to failure and errors. 

Ideally it should be possible to match individuals, in 

terms of their capability, to particular monitoring systems. 

The inclusion of individual differences in the prediction 

of monitoring performance presents a critical problem. At 

present there is no selection device which can adequately 

provide a solution. 

That reliable individual differences do exist has 

been confirmed in a number of investigations. In an early 

study, Mackworth (1950) divided subjects into two groups 

on the basis of their initial detection rates. The group 
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cent during the next three half hours. Those detecting 

only 70 percent initially detected less than 50 percent 

in the latter sessions. This points to the possibility of 

roughly dividing people into two classifications based on 

their ability to perform the task--those who can perform 

the task reasonably well or detectors, and those who cannot, 

or non-detectors. The subgroup termed detectors usually 

represents a sizable proportion of the total subject pool, 

ranging anywhere from 2 0 percent to 50 percent as evi

denced by a number of studies (Solandt and Partridge, 1946; 

Mackworth, 1950; Holland, 1958). 
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In terms of reliability across time, Jenkins (1958B) 

reported high correlations between performances on two suc

cessive sessions using a meter deflection task. Buckner 

et al (1960) found that 90 percent of the non-residual vari

ance of the dependent measure, correct detections, was due 

to individual differences. Reliable individual differences 

were found within and between watchkeeping sessions. Corre

lations between ,85 and ,95 were obtained. These results 

were consistent for both auditory and visual tasks. However, 

correlations between visual and auditory tasks were found to 

be quite low. Nevertheless, subjects whose performance was 

in the upper half on the visual task, were also found to be 

in the upper half on the auditory task. 

Cross-Modal Generalization.--This points to the question of 

cross-modality generalization which is of critical impor

tance within the context of an individual differences 

approach to monitoring performance. If performance under 

different tasks is found to be uncorrelated, then the 

assumption of an underlying common vigilance factor must 

be seriously questioned. If such were the case, there 

would be little possibility of obtaining a set of predic

tors which were valid in a variety of situations. As a 

result it would be necessary to obtain a set of predictors 

for each particular task situation a procedure of 
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questionable utility. However, if there does exist a common 

variance among different task situations, then it m.ay be 

possible to derive a set of predictors which are valid for 

a variety of situations. 

At present the question of cross-modal generalization 

remains unresolved. Baker (1963B) reported low correla

tions between performance on two visual monitoring tasks, 

Buckner and McGrath (1963A) in a cross-model study found 

low correlations between detection performance on an audi

tory and visual task. On the other hand, Eijkman and 

Venrick (1965) report that detections of a change in the 

duration of auditory and visual signals were highly corre-
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et al (1971) . Gunn and Loeb (1967) investigated changes 

in intensity as a signal in both auditory and visual sense 

modes. Using sensitivity or d' as a measure of performance, 

significant cross-modal correlations were obtained. Like

wise Hatfield and Loeb (1968) reported significant corre

lations for a number of different monitoring tasks. 

Certainly a programmatic series of studies is needed to 

resolve this issue. 

Despite the issue of cross-modal generalization, a 

number of researchers have attempted to uncover certain 

correlates of monitoring performance in an attempt to 
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obtain a set of predictors which might be useful in the 

selection of individuals who are to perform such a task. 

Intelligence,—Generally the findings with regard to intel

ligence have been negative, Solandt and Partridge (1946) 

and Mackworth (1950) found no relationship between scores 

on an intelligence test and performance on a monitoring 

task. Kappauf and Powe (1959) reported a low but signifi

cant correlation between scores on the Armed Forces Quali

fying Test and vigilance performance. This relationship, 

however, was found only for high signal rates. McGrath 

et al (1960) using the General Classification Test from 

the Navy Classification Battery, found no relationship to 

monitoring performance. Similar findings have been reported 

by Ware (1961), Sipowicz and Baker (1961), and Ware, Baker, 

and Sipowicz (1962) . It appears that intelligence per se 

has no relation to monitoring performance. 

Introversion-Extraversion,—In several early studies it had 

been suggested that certain personality dimensions might be 

related to vigilance performance (Eraser, 1953; Deese, 

1955), One dimension which has been demonstrated to relate 

to performance is that of introversion-extraversion, 

Eysenck (1957) has suggested that those individuals classi

fied as introverts should manifest more stable performance 

than extraverts. Earlier, Broadbent (1958) had reported a 
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series of studies in which extraverts tended to manifest a 

greater decrement rate than introverts, Bakan (1959) using 

the Heron Personality Inventory (Heron, 1956) as a measure 

of introversion-extraversion divided his subjects into two 

groups on the basis of their scores. Each group was tested 

under two conditions--with and without the addition of a 

secondary vigilance task. The results indicated that with 

regard to the primary task alone, introverts show initially 

superior performance. Under the condition with both tasks, 

the initial performance was the same for both groups. How

ever, the introverts improved whereas the extraverts did 

not. On the other hand, extraverts performed better when 

the two tasks were required instead of only one. Overall 

a correlation of -,38 was obtained between extraversion and 

performance. 

In a later study, Bakan, Belton, and Toth (1963) using 

the Maudsley Personality Inventory (Eysenck, 1959) , found 

that introverts manifested no performance decrement whatso

ever, Extraverts on the other hand produced the classical 

decrement. Similar findings of the superiority of the in

trovert with regard to detection performance have been 

reported by Tune (1966) , and Davies and Hockey (1966), In 

the latter study, the addition of noise facilitated the 

performance of the extraverts but had no effect on the 

introverts. 
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Interestingly enough several studies have suggested 

that the introversion-extraversion dimension may interact 

with the time of day during which the monitoring session 

occurs, Colquohon (1960) obtained a significant correlations 

between extraversion-introversion and performance of an 

inspection task. The sign of the correlation was depen

dent, however, on the time of day during which the task 

was performed. In the mornings, introverts were found to 

perform better, while in the afternoon, extraverts were ob

served to perform better, Bakan (1963) has suggested that 

these results may be due to time of day preferences that 

these different groups might have. In support he presents 

extraverts have afternoon preferences. The reason for such 

preferences still remains unclear. In summary it appears 

that the dimension of introversion-extraversion is related 

to monitoring performance. It is likely, however, that 

such factors as task complexity, level of environmental 

stimulation, and time of day might serve as moderator 

variables, thereby modifying this basic relationship. 

Other Correlates,--A number of other studies have singled 

out other individual measures which are related to monitor

ing performance, Halcomb and Kirk (1965) administered a 

personality test composed of six scales from the California 
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Psychological Inventory (Gough, 1956) and an intelligence 

test, the Wonderlic Personnel Test (Wonderlic, 1922), Sig

nificant relationships were found between response laten

cies and the dimensions of self-control and flexibility. 

Subjects scoring high on the self-control measure mani

fested a reduced decrement rate while subjects scoring low 

on the flexibility scale manifested greater response 

latencies. Even though the dimensions of achievement via 

independence and intelligence were not related individually, 

a significant interaction between the two was found. The 

data indicated that those subjects scoring high on both 

achievement via independence and intelligence manifested 
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A number of other potential correlates have also been 

identified, Hartlage (1965) using the Rotter Level of 

Aspiration Board classified subjects as either cautious or 

non-cautious. It was observed that the non-cautious group 

produced a significantly larger number of false alarms 

than the cautious group. In a dissertation, Moses (1967) 

reported that subjects classified as field-independent by 

a hidden figures test manifested higher detection perfor

mance when compared to those classified as field-dependent. 

Using a simpler task, no differences were found. 

Perhaps the most comprehensive study of individual 

correlates of monitoring performance is a series of 
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investigations by McGrath et al (1960) and McGrath (1961), 

A total of 54 subjects monitored both an auditory and a 

visual display for 32 one-hour sessions, 16 on the auditory 

and 16 on the visual, over a period of several weeks. 

Seventeen different psychological tests yielding 30 scores 

were administered to the subjects. Included in the test 

battery were the Navy Classification Battery, several apti

tude tests, several temperament measures including five 

scales from the Guilford-Zimmerman Temperament Survey 

(Guilford and Zimmerman, 1949), and several measures of 

motivational variables. Using simple correlation, a number 

of significant relationships were obtained. In two cross-

validation studies, with sample sizes of 18 and 19 respec

tively, these relations were not found to be replicable. 

Only the 0-dotting Test in which the subject simply places 

a dot in a series of O's was found to have a significant 

relationship to performance in the cross-validation samples. 

Accordingly such findings cast doubt upon an individual 

differences approach. 

The negative findings of this series of investigations 

by McGrath and his associates in conjunction with some of 

the evidence suggesting task specificity with regard to 

individual performance have led some (Buckner and McGrath, 

1963B) to conclude that its not possible to derive a valid 

set of predictors. As pointed out earlier, there is other 
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evidence to suggest that there does exist a common vigi

lance factor and that performance under different sense 

mode conditions is highly correlated. If such is the case, 

then it is possible that the general methodologies which 

have been used thus far in the investigation of individual 

differences may be in need of improvement. 

Statement of the Problem 

The primary goal of an individual differences approach 

to monitoring performance is the development of a set of 

descriptors which derive their validity from their ability 

to predict behavior. The assumption will be made explicitly 

that behavior in the monitoring situation at any instant 

is a joint function of a number of different factors inter

acting in a manner as of yet unknown. Among these factors 

are the set of unique characteristics which describe the 

behavioral history of that individual. It is this set of 

individual characteristics to which our attention focuses. 

The external set of stimulus factors remains constant 

within a given monitoring session. Only individual behav

ioral characteristics and their interactions with the array 

of stimulus factors remain uncontrolled. It is this parti

tion of the total variance which becomes of primary inter

est to those engaged in an individual differences approach. 

It is assumed that some subset of all such individual 
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behavioral characteristics is related to the manner in 

which the individual performs in the monitoring situation. 

Previous research within this context has two general 

characteristics. First, most studies have used a "piece

meal' approach in that the effects of only one variable at 

a time have been investigated. It seems quite unlikely 

that any one factor might account for the observed differ

ences in performance. Furthermore most investigators have 

ignored the previous findings of other investigators. No 

one has attempted to integrate the findings in the area 

in order to arrive at some sort of prediction equation, 

A second characteristic is that the results have usually 

been based on extremely small sample sizes. Attempting 

to derive a set of predictors demands the use of appro

priate multivariate procedures which are extremely prone 

to spurious results due to sampling error. It is unlikely 

that reliable correlations can be obtained when a large 

number of tests is used in conjunction with a small number 

of subjects. 

The present research was an attempt to overcome some 

of the limitations which characterize previous research. 

First an integrated approach to the question of prediction 

of individual differences was attempted. In order to de

rive a test battery with high predictive validity, the 

results of previous research were incorporated into the 
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selection of a set of possible predictors. Therefore mea

sures of introversion-extraversion, need achievement, etc, 

were included. Beyond this, several tests were adminis

tered which purportedly cover the entire range of individual 

behavioral characteristics. In a sense the administration 

of such instruments in the absence of specific hypotheses 

might represent what some term "shotgun empiricism," 

Nevertheless, the present investigation represented an ex

piatory study into an area in which little was previously 

known. Consequently such an approach seemed justified. 

Second, in order to derive a reliable set of predictors, 

the present study in contrast to previous research made 

use of a relatively larae samole size in an attemDt to 
^ ^ ^ X. 

overcome any spurious effects due to sampling error. 

Within the above framework, an attempt was made to derive 

a set of behavioral descriptors, the validity of which 

was based on their ability to predict individual monitoring 

performance. 



CHAPTER II 

METHOD 

Subjects 

The subjects for this investigation were 478 college 

students enrolled in first year psychology courses. All 

subjects were given extra course credit due to the length 

of the experimental sessions. No restrictions were made 

in terms of the sex of the subject or prior experience 

with this particular monitoring task. Of the total sample, 

there were 220 males and 258 females. The mean age for 

all subjects was 19,76. As pointed out in the review, 

there is much evidence to suggest that monitoring perfor

mance is relatively stable over time, thereby justifying 

the inclusion of subjects who had previously participated 

in this task. However, of the total sample, it was found 

that none had performed this task previously. 

General Procedure 

Each subject participated in two experimental sessions, 

each lasting approximately two hours. During the first 

session subjects performed a monitoring task for an hour's 

duration and also completed several other psychomotor per

formance tests. During the second session subjects com

pleted the remainder of the psychometric test battery. 

39 
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During the initial experimental session, a maximum of 

four subjects performed the tasks simultaneously even 

though the tasks were performed independently. Upon enter

ing the testing cubicle, subjects were instructed to remove 

their watches in order to prevent an end-spurt effect 

(Berghum and Lehr, 1963A), Subjects were also told they 

could not put their hands on the display in any v;ay. Sub

jects were then seated in three-sided cubicles and told 

that instructions would be presented over a loudspeaker. 

After an initial preadaptation period of 2 minutes, during 

which time the subjects merely relaxed, instructions were 

presented concerning the performance of the monitoring 

task. Subjects were then given a five minute practice 

period during which signals occurred at the same rate as 

that presented during the regular monitoring session. 

After the completion of the monitoring task instructions 

were presented regarding the psychomotor performance tasks. 

All instructions were presented by tape recorder to ensure 

standardization. 

During the second experimental test session, all of 

the paper-and-pencil tests were administered. All items 

were printed on standardized test booklets or on mimeo

graphed sheets. All items from scales selected from larger 

tests were presented in random sequence in an attempt to 

reduce the effects of item context. Responses to each 
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item were recorded on Digitek answer sheets in an attempt 

to eliminate scoring errors and facilitate data reduction. 

Task Instrumentation 

The primary task of each subject was to monitor a 

visual display for one hour in order to detect aperiodic 

signals occurring against a background of discrete regu

larly occurring events. An event was defined as the appar

ent movement of a dot of light ,32 cm, in diameter. The 

dot moved downward 1.58 cm., returned to its original 

position, and then repeated the sequence. The dot remained 

in the downward position for ,3 seconds, returned to its 

original position for .3 seconds, deflected again for ,3 

seconds, and then returned to its original position for 

the remainder of the event interval. Thirty events per 

minute were presented in this manner, A signal v/as defined 

as an increase in the magnitude of the second deflection 

from 1,58 cm. to 2,22 cm. The display used to produce 

such apparent movement was an lEE one-plane readout. Sig

nal rate was set at 24 per hour. Signals were presented 

at event numbers: 75, 120, 180, 300, 390, 465, 495, 600, 

720, 780, 825, 900, 1000, 1035, 1110, 1200, 1265, 1380, 

1425, 1500, 1530, 1635, 1710, 1800, This sequence of sig

nals was presented by paper tape which controlled the 

operation of automatic programming equipment. 
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Signals, responses, and the particular event number 

were recorded on a BRS-Foringer digital print-out counter. 

The response key was a button placed in the end of a bicy

cle handgrip. Throughout the monitoring session, white 

noise was played through the loudspeaker from recorded 

tape, A Grason-Stadler white noise generator was used for 

the preparation of such tape recordings. 

Three measures of monitoring performance were used— 

the number of correct detections, the number of false 

alarms, and the number of total errors, A correct detec

tion was defined to be a response within 1,6 seconds after 

the presentation of a signal. The number of correct detec

tions was divided by the total number of signals presented 

in order to yield the percentage of correct detections, 

A false alarm was defined to be a response when no signal 

had occurred. The number of total errors was defined to 

be the sum of the number of false alarms and the number 

of misses. 

Psychomotor Performance Tests 

The following psychomotor performance tests were admin

istered to each subject during the first experimental ses

sion. 

Aspiration Level in Coding.—A coding task similar to the 

Digit Symbol Subtest of the Wechsler Adult Intelligence 
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Scale (Wechsler, 1955) was included in the test battery. 

The instructions were modified so as to yield som.e measure 

of aspiration level (Cattell and Warburton, 1967), Each sub

ject performed the task for five one-minute sessions. At 

the end of each session, the subject counted the number he 

had coded correctly and then made an estimate of how many 

he could code in the same length of time. From the result

ing data, three measures were derived: (1) the absolute 

level of aspiration; that is, the total sum of the esti

mates; (2) the absolute level of performance or the sum of 

the performance scores; and (3) the relative aspiration 

level; that is, the difference between (1) and (2), 

0-Dotting Task.—In the studies of McGrath et al (1960), 

the 0-dotting task was the only predictor which remained 

significant in the cross-validation samples. It is a task 

of endurance in that the subject simply places a dot in a 

long list of O's. Each subject performed the task for 

five minutes. At the end of each minute a tone sounded 

which indicated to the subject that he was to mark the 

particular O he was working on at the moment. At the end 

of the fourth minute, subjects were instructed to stop. 

After 45 seconds rest, subjects continued the task for an 

additional minute. From the resulting data, three mea

sures were derived: (1) the total number of O's dotted; 
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(2) decrement level; that is, the sum of the O's dotted for 

the third and fourth minutes subtracted from the sum of the 

O's dotted for the first and second minutes; and (3) the 

recovery level or the average number of O's dotted during 

the third and four minutes subtracted from the number of 

O's dotted during the fifth minute. 

Time Estimation Task.—There is some evidence to suggest 

that time estimation is related to monitoring performance 

in that introverts tend to estimate shorter times than 

do extraverts (Bakan et al, 1963) . For this reason a time 

estimation task was included in the test battery. Time 

estimates were given for three different durations under 

two different condi_tions. Under one condition, the sub

jects were instructed simply to relax and estimate the 

length of the duration between two tones. Under the other 

condition, subjects were instructed to perform a specific 

set of arithmetical computations. The durations, pre

sented in a random sequence, were one minute, two minutes, 

and three minutes. From the resulting six estimates, five 

measures were derived: (1) overestimation of working time; 

that is, the sum of the estimates for the working periods 

divided by the sum of all actual working time; (2) over-

estimation of idle time; that is, the sum of the estimates 

for all idle periods divided by the sum of all actual idle 
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time; (3) overestimation of working time relative to over-

estimation of idle time; that is, the ratio of (1) to (2); 

(4) accuracy of working time estimates; that is, the aver

age difference between the actual and estimated times for 

the three working periods; and (5) accuracy of idle time 

estimates; that is, the average absolute difference between 

the actual and estimated times for the three idle periods. 

Target Identification Task.--A target identification task 

was also included in which the subject was to determine if 

a matrix comprised of 135 T's (9 rows X 15 columns) also 

contained an I. A total of 24 of the 120 matrices pre

sented contained an I, The task was paced so that the sub

ject was allowed to scan each matrix for 10 seconds. The 

subject simply checked v/hether or not each matrix contained 

an I on a separate answer sheet. Two measures of perfor

mance were derived: (1) the number of I's correctly de

tected and (2) the number of false alarms; that is, the 

number of matrices checked that contained no I's. 

Psychometric Test Battery 

The following tests and individual scales were admin

istered as part of the test battery during the second 

experimental session. 
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California Psychological Inventory.—Two scales from the 

CPI (Gough, 1957), achievement via independence and flexi

bility, were included in the test battery since earlier 

research (Halcomb and Kirk, 1965) had indicated these two 

measures to be related to monitoring performance, 

Maudsley Personality Inventory.—The MPI (Eysenck, 1959) 

is a short inventory measuring the dimensions of introversion-

extraversion and neuroticism. As mentioned in the review, 

a number of studies have indicated that subjects classi

fied as introverts according to this scale are likely to 

manifest a higher level of performance than those classi

fied as extraverts. 

Risk Taking,--Several investigations have indicated that 

the degree of cautiousness adopted by an individual will 

affect the rate of false alarms (Evans, 1965; Hartlage, 

1965), In an attempt to measure the dimension of risk 

taking, a scale developed by Kogan and Wallach (1964) was 

included in the test battery. 

Personality Research Form,—The PRF (Jackson, 1965) is a 

new inventory attempting to measure some of the person

ality characteristics originally proposed by Murray (1938), 

Six of the twenty scales were selected for inclusion in 

the test battery. Three of the six scales. Achievement, 
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Endurance, and Play, are concerned with a general orienta

tion toward work. Two of the other scales. Order and 

Cognitive Structure, concern the degree to which an indi

vidual structures or orders his environment. The sixth 

scale, Infrequency, is similar to the Lie Scale found on 

the MMPI (Hathaway and McKinley, 1951). 

Sixteen Personality Factor Questionnaire.—The 16PF (Cattell 

and Eber, 1957) is a self-report inventory developed through 

factor analytic research which yields 16 scores reflecting 

the most salient trait dimensions of personality, according 

to Cattell, Scores from these sixteen first order factors 

as well as four scores measuring second order factors were 

obtained for each subject. 

The Motivation Analysis Test,—The MAT (Cattell et al, 

1964) represents another factor analytically developed 

instrument which attempts to measure the most salient 

dimensions of motivation. Such dimensions are divided into 

what Cattell refers to as primary drive structures and 

acquired sentiment structures. Scores from each of these 

dimensions as well as several other derived scores were 

obtained for each subject. Only scores from the conflict 

and total motivation scales as well as several of the over

all scores were used in the analyses. 
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Data Analysis 

The primary goal of the investigation was the develop

ment of a set of prediction equations for the criterion 

measures of monitoring performance. The three criteria 

used were the number of correct detections, the number of 

false alarms, and the number of total errors. Since the 

primary task was to select from a pool of variables only 

those sharing the most common variance with the criteria, 

a stepwise regression procedure was used. In this manner 

separate prediction equations for each of the criteria 

were developed. Appropriate tests of significance of the 

contribution of each of the variables entered into the 

equation as well as the contribution of the linear combi

nation of all variables were calculated. All analyses 

were performed using the Biomedical Computer Program 

(Dixon, 1970) BMD02R as modified for the IBM 360-50 system 

configuration found at the Computer Center at Texas Tech 

University, 

The second procedure involved the prediction of group 

membership using discriminant analysis. From the total 

pool of subjects, two groups were formed on the basis of 

their total number of correct detections. Subjects de

tecting 23 or 24 signals were classified as "detectors" 

while subjects detecting less than 7 signals were classi

fied as "non-detectors," In order to determine if some 
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combination of the predictor variables would correctly 

classify individuals according to the a priori groups de

fined above, the multivariate procedure of discriminant 

analysis was used. Since the task was to select from the 

pool of variables only those which contributed most to the 

prediction of group membership, a stepwise discriminant 

analysis was used. This procedure was carried out using 

the Biomedical Computer Program (Dixon, 1970) BMD07M. As 

with the stepwise regression procedure, appropriate statis

tical tests were carried out. 



CHAPTER III 

RESULTS 

Prior to the application of the prediction techniques 

described in the last chapter, descriptive measures were 

computed for both criterion and predictor variables. In 

each case raw scores were used except where transformations 

are indicated. 

Criterion Measures 

The data for the three criterion measures, correct 

detections, false alarms, and total errors, were broken 

down into three twenty-minute time blocks. Randomized 

block analyses of variance were performed on all three cri

terion measures in order to determine changes over time. 

The F test for homogeneity of variance was applied to 

the data for each of the criterion measures, A signifi

cant F (p<,01) was obtained for each of the measures 

max ^ 

indicating the need for transformations. Even after appro

priate transformations had been applied, significant F 
^ max 

values were obtained, indicating the assumption of homo

geneity of variance to be untenable. Due to the robustness 

of the F-test (Kirk, 1968) analysis of variance procedures 

were carried out nevertheless. 

50 
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Correct Detections.—The number of correct detections for 

each twenty-minute time block was divided by the total num

ber of signals presented in order to arrive at the percent

age of correct detections. Figure 1 presents the results, 

plotting per cent correct detections against time. The 

means, standard deviations, and variances for per cent 

correct detections over time are given in Table 1. The 

TABLE 1 

DESCRIPTIVE STATISTICS FOR 

Per Cent Correct Detections 

Time 

Time 

Time 

Bio 

1 

2 

3 

Bio 

1 

2 

2 

• ck 

ick 

Block 

1 

2 

3 

Mean 

.7411 

.6135 

.5803 

Mean 

3.7678 

1.8368 

1.6234 

Mean 

5.8389 

4,9289 

4.9812 

False 

Total 

Std. Dev. 

.2416 

.2954 

,3035 

Alarms 

Std. Dev. 

8.9310 

4.8234 

4.7003 

Errors 

Std. Dev. 

9,2318 

5,5396 

5,4850 

Variance 

.0584 

.0873 

.0921 

Variance 

79.7636 

23,2647 

22,0927 

Variance 

85,2256 

30.6868 

30.0856 
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per cent correct detection data were transformed by the arc 

sine procedure suggested by Kirk (196 8), The resulting 

randomized block analysis of variance is presented in Table 

2. The results indicated a significant decrement in per 

TABLE 2 

ANALYSIS OF VARIANCE SOURCE TABLE FOR PER CENT 
CORRECT DETECTIONS 

Source SS df MS F 

Between Treatments 45.4549 2 22,7275 106,4597* 
(Time) 

Blocks 601,8952 477 1.2618 5.9107* 
(Subjects) 

Residual 203,6640 954 ,2135 

*p<.001 

cent correct detections over time [F(2,954) = 106.46, 

p<.001]. Likewise significant block effects [F(477,954) = 

5.91, p<.001] were also found. A Tukey's HSD test for 

pairwise comparisons (Kirk, 1968) indicated all differences 

to be significant. Differences between the first and sec

ond and the first and third time blocks were significant 

beyond the .01 level while the difference between the 

second and third time blocks was significant beyond the 

.05 level. 

Since the primary concern of the investigation was 

individual differences in monitoring performance, a fre

quency distribution was constructed indicating the number 
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and percentage of individuals detecting each possible number 

of correct detections. These results are presented in 

Table 3. 

TABLE 3 

FREQUENCY DISTRIBUTION FOR NUMBER OF 
CORRECT DETECTIONS 

Number Frequency Percentage 

0 0 0.0000 
1 0 0.0000 
2 6 1.2552 
3 8 1,6736 
4 7 1.4644 
5 15 3.1381 
6 7 1.4644 
7 10 2.0920 
8 16 3,3473 
9 18 3,7657 

10 12 2,5105 
11 32 6,6946 
12 24 5,0209 
13 14 2,9289 
14 26 5,4393 
15 21 4.3933 
16 32 6.6946 
17 26 5.4393 
18 28 5.8577 
19 24 5.0209 
20 36 7.5314 
21 26 5.4393 
22 37 7.7406 
23 29 6.0660 
24 24 5.0209 

False Alarms,—The number of false alarms plotted against 

time is presented in Figure 2, The means, standard devia

tions, and variances for the number of false alarms over 

time is given in Table 1, A log transformation (Kirk, 1968) 
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was applied to the data. A randomized block analysis of 

variance was then performed, the results of which are pre

sented in Table 4, A significant decrement in the number 

TABLE 4 

ANALYSIS OF VARIANCE SOURCE TABLE FOR FALSE ALARMS 

Source SS df MS F 

Between Treatments 42,2460 2 21,1230 79.9761* 
(Time) 

Blocks 801,8696 477 1,6811 6.3649* 
(Subjects) 

Residual 251.9669 954 .2641 
_ _ _ _ _ 

of false alarms over time was indicated [F(2,954) = 79.98, 

p<.001]. Likewise significant block effects [F (477,954) = 

6.36, p<.001] were also found. A Tukey's HSD test indi

cated significant differences (p<.01) between time blocks 

one and two and between time blocks one and three. No dif

ferences between time blocks two and three were indicated. 

A frequency distribution indicating the number and percent

age of individuals committing each possible number of false 

alarms is presented in Table 5. 

Total Errors.--The number of total errors, that is, the 

number of misses plus the number of false alarms, plotted 

against time is presented in Figure 3. The means, standard 
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TABLE 5 

FREQUENCY DISTRIBUTION FOR NUMBER OF FALSE ALARMS 

Number Frequency Percentage 

0 116 24.2678 
1 95 19.8745 
2 58 12,1339 
3 38 7,9498 
4 33 6,9038 
5 19 3,9749 
6 15 3,1381 
7 12 2.5105 
8 9 1,8828 
9 6 1,2552 

10 4 .8368 
11 7 1.4644 
12 4 .8368 
13 2 .4184 
14 3 ,6276 
15 3 ,6276 

>15 54 11.2970 

deviations, and variances for the number of total errors 

over time is given in Table 1, Following a log transforma

tion, a randomized block analysis of variance was performed 

on the data. The results are presented in Table 6, The 

TABLE 6 

ANALYSIS OF VARIANCE SOURCE TABLE FOR TOTAL ERRORS 

Source SS df MS 

Between Treatments . .2251 2 .1125 .4925 
(Tim.e) 

Blocks 731.2076 477 1.5329 6.7466* 
(Subjects) 

Residual 216.7644 954 .2272 
_ _ _ _ _ _ _ _ _ _ _ . 
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analysis indicated no significant differences in the total 

number of errors across time [F (2,954) = .49], However, 

significant block effects [F(477,954) = 6,75, p<,001] were 

found, A frequency distribution indicating the number and 

percentage of individuals committing each possible number 

of total errors is presented in Table 7, 

Relationships Among Criterion Measures.--Pearson product-

moment correlation coefficients were computed among the 

criterion measures. Correct detections and false alarms 

were found to be correlated -.106 (p<.05). Correct detec

tions were found to be correlated -,419 (p<,01) with total 

errors. The correlation between false alarms and total 

errors, however, was .947 (p<.01). 

Predictor Measures 

The means and standard deviations for each of the pre

dictor variables as well as their simple correlations with 

the three criteria are presented in Table 8. A more com

plete description of each of the variables is presented in 

Appendix A. The notation used in Table 8 will be adhered 

to throughout the remainder of the paper. 

Regression Analyses 

Three stepwise regression analyses were performed in 

an attempt to develop prediction equations for each of the 
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TABLE 7 

FREQUENCY DISTRIBUTION FOR NUMBER OF TOTAL ERRORS 

Number Frequency Percentage 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1 c 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
>30 

9 1,8828 
16 3,3473 
18 3,7657 
19 3,9749 
20 4.1841 
24 5,0209 
27 5,6485 
25 5,2301 
17 3.5565 
26 5,4393 
24 5.0209 
22 4.6025 
13 2.7197 
22 4.6025 
17 3.5565 
20 4,1841 

18 3,7657 
10 2,0920 
9 1,8828 
14 2.9289 
8 1,6736 
9 1.8828 
9 1.8828 
8 1,6736 
2 0,4184 
4 0.8368 
4 0.8368 
5 1.0460 
1 0.2092 
0 0.0000 

46 9.6234 
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V a r i a b l e 
Name 

SEX 

AGE 

SMOKE 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

1 6 P F 

PRF : 

PRF : 

PRF : 

PRF • 

PRF : 

PRF 1 

MPI ; 

MPI ] 

A 

B 

C 

E 

F 

G 

H 

I 

L 

M 

N 

0 

Q l 

Q2 

Q3 

Q4 

1 

2 

3 

4 

5 

6 

EX 

^E 

C P I A I 

T> TT* C* r^ ^^ ^ •'^ " ^ *^ ^ TT-t 

Mean 

. 5 3 9 7 

1 9 . 7 6 1 5 

. 8 6 8 2 

1 0 . 1 1 3 0 

7 . 7 2 5 9 

1 3 . 8 5 9 8 

1 2 . 3 1 1 7 

1 6 . 0 4 3 9 

1 2 . 8 0 3 3 

1 2 . 7 3 0 1 

1 1 , 2 6 3 6 

9 . 5 1 6 7 

1 2 , 1 0 2 5 

9 . 4 3 5 1 

1 2 . 9 8 5 3 

9 . 3 3 2 6 

7 . 5 1 0 4 

9 . 9 9 7 9 

1 4 . 3 6 6 1 

1 1 . 8 4 3 1 

1 0 . 2 3 4 3 

1 2 . 9 0 3 7 

1 0 . 9 8 9 5 

1 0 . 7 1 1 3 

. 7 3 6 4 

2 7 . 8 8 0 7 

3 0 . 4 5 8 1 

1 8 . 3 4 5 2 

TABLE 8 
(-<rn-rrn-r(-^m-r/^/-< t~\r\T\ TMOT:iT-\XOrn/~\T> »^T7>7\ rTTTTCr" 
O ± / l x X o J. xv_o £<jr\ r r<.jLJi_/xv^ i w i \ riXii-i»juivxji_) 

S t a n d a r d 
D e v i a t i o n 

. 4 9 8 9 

4 . 2 8 8 4 

. 3 3 8 6 

3 . 4 3 1 8 

1 . 7 7 6 3 

4 . 1 2 2 1 

3 . 9 0 9 4 

4 . 3 0 4 3 

3 . 1 0 9 9 

5 . 7 2 4 5 

3 . 3 1 2 0 

2 . 9 5 9 3 

4 . 0 1 2 4 

2 . 6 5 4 6 

4 . 3 6 5 9 

2 . 9 7 2 9 

3 . 1 9 6 3 

3 , 2 1 4 4 

4 , 5 6 8 2 

3 , 6 2 9 6 

3 . 8 3 6 1 

3 . 1 5 5 4 

3 , 6 5 5 1 

4 . 4 0 3 5 

1 , 4 7 5 6 

8 , 4 2 4 2 

9 . 8 2 6 7 

4 . 3 3 2 5 

r w i t h 
CD 

- , 1 9 0 * * 

. 0 4 5 

- . 0 1 7 

- . 1 4 3 * * 

. 0 7 6 

, 1 5 3 * * 

. 0 8 0 

- . 0 1 2 

, 0 1 5 

, 0 0 2 

- , 0 5 7 

- , 0 2 1 

- , 0 0 3 

, 0 3 1 

- . 0 9 0 * 

. 0 1 3 

. 0 3 8 

, 1 0 7 * 

- , 1 4 6 * * 

, 1 4 1 * * 

, 1 2 0 * * 

- , 0 6 2 

. 0 9 3 * 

. 0 1 1 

- . 1 2 2 * * 

- . 0 6 4 

- , 1 2 5 * * 

. 0 6 9 

r w i t h 
FA 

- . 1 0 6 * 

, 0 8 7 

- , 0 4 2 

, 0 4 7 

- , 1 2 3 * * 

- , 0 4 3 

- , 0 0 5 

, 0 1 3 

- , 0 3 3 

- , 0 2 3 

, 0 2 2 

, 0 3 3 

, 0 2 6 

, 0 3 2 

, 0 2 0 

, 0 0 4 

, 0 4 3 

- , 0 7 0 

, 0 6 7 

- , 0 4 8 

- , 0 6 6 

- , 0 0 9 

- . 0 1 9 

. 0 0 1 

. 0 4 1 

- . 0 1 4 

. 0 4 4 

- . 0 4 0 

; 
1 

r w i t h 
TE 

, 1 0 5 * 

, 0 6 5 

- , 0 3 3 

. 0 8 9 

- . 1 3 7 * * 

- . 0 8 9 

- . 0 3 0 

. 0 1 6 

- . 0 3 5 

- . 0 2 2 

. 0 3 9 

. 0 3 7 

. 0 2 5 

. 0 1 9 

. 0 4 7 

- . 0 0 7 

. 0 2 7 

- . 0 9 8 * 

. 1 0 9 * 

- . 0 8 9 

- . 0 9 9 * 

. 0 1 2 

- . 0 4 8 

- . 0 0 3 

. 0 7 7 

. 0 0 7 

. 0 8 0 

- . 0 5 9 



62 

TABLE 8—Continued 

Variable 
Name 

RISK 

CPI FX 

MAT Ml 

MAT M2 

MAT M3 

MAT M4 

MAT M5 

MAT M6 

MAT M7 

MAT M8 

MAT M9 

MAT MIO 

MAT CI 

MAT C2 

MAT C3 

MAT C4 

MAT C5 

MAT C6 

MAT C7 

MAT C8 

MAT C9 

MAT CIO 

MAT PI 

MAT TC 

MAT AO 

IvlAT II 

LA 1 

LA 2 

LA 3 

Mean 

22.9560 

10.1004 

3,3410 

3,9979 

4,2970 

4,6569 

3,7510 

4,8912 

6,4539 

5.0543 

4.1548 

6,0502 

5,5167 

5,9288 

5,0815 

7,1820 

6,2133 

5.5272 

5.5711 

5.4372 

7.6882 

7.2510 

5.0334 

7,5523 

6,8326 

8,9100 

252,6380 

234,4435 

18,1945 

Standard 
Deviation 

6,3949 

3.7441 

2.2230 

2.1924 

2.6109 

2.5077 

2.3656 

2.4177 

2.2179 

2.7004 

2.3864 

2.7778 

2.2012 

2,2577 

2,6389 

2,1461 

2,3067 

2,2040 

2,4465 

2,3164 

1,9738 

2,3310 

1,4518 

1,1584 

2,0283 

1,2991 

36.5491 

32,7536 

13,9522 

r with 
CD 

,006 

,002 

,135** 

-.003 

-.029 

-.055 

-.028 

.063 

.026 

.040 

.046 

-.044 

,022 

-,016 

-,039 

-.047 

,011 

-,006 

-,048 

-,031 

-,039 

-.092* 

,054 

-,095* 

-.008 

,156** 

,050 

,065 

-.021 

r with 
FA 

.090* 

-.053 

-.043 

.046 

.006 

.092* 

-.034 

-.026 

-.070 

.026 

-.011 

.008 

-.020 

.046 

.018 

-.038 

-,067 

,058 

,029 

-.049 

-.055 

-.057 

,011 

-.034 

-.043 

-.009 

-.111* 

-.102* 

-.052 

r with 
TE 

.080 

-.049 

-.083 

.042 

.015 

.101* 

-.022 

-,044 

-.072 

.011 

-.025 

,022 

-,025 

,047 

,029 

-,020 

-,065 

,055 

,042 

-,035 

-.037 

-.022 

-.088 

-.000 

-.037 

-,059 

-,117* 

-.114* 

-.040 
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TABLE 8—Continued 

Variable 
Name 

Mean Standard 
Deviation 

r with 
CD 

r with 
FA 

r with 
TE 

ODOT 1 

ODOT 2 

ODOT 3 

TIME 1 

TIME 2 

TIME 3 

TIME 4 

TIME 5 

TAR CD 

TAR FA 

543.4245 

11,4937 

16,4456 

1,1046 

1.1531 

.9764 

139,4205 

122.8305 

13.2133 

,4811 

111,2482 

27.4827 

13,1508 

,4653 

,4389 

,2957 

112.4268 

120,7424 

3.8487 

1.6831 

061 

060 

094* 

069 

092* 

015 

081 

094* 

148** 

000 

-.121** 

.028 

-.056 

,130** 

.120** 

,019 

,086 

,077 

-.084 

,021 

-,130** 

,006 

-,082 

,141** 

,139** 

,012 

,105* 

,101* 

-,124** 

,019 

*p<,05 
**p<,01 

three criterion measures. As Nunnaly (1967) points out, the 

best predictors of a criterion are those variables which cor

relate highly with the criterion and which have low correla

tions among themselves. In the case where there is a large 

number of predictors, some selection procedure must be used 

since it is found that most variables will not significantly 

contribute to the explanation of the criterion variance 

(McNemar, 19 69), At present the optimal procedure for -^ ' 

selecting predictor variables from a larger set is the step

wise regression method (Draper and Smith, 1966), 

Essentially stepwise regression is a forward selection 

)rocedure in which the first variable to be entered into 
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the regression equation is that one correlating highest 

with the criterion. Partial correlations with the crite

rion are then obtained for each of the remaining variables 

with the effects of the first variable partialed out. The 

variable having the highest partial correlation with the 

criterion is then entered into the equation. New partial 

correlations with the criterion are then obtained for each 

of the remaining variables with the effects of the first 

two variables partialed out. The procedure continues in 

this manner. After each new variable is entered into the 

equation, a test of significance is computed for each 

variable in the equation in order to determine if it is 

contributincf sicnificantl'̂ '̂  to the explanation of the crite

rion variance. Variables which become non-significant are 

deleted from the equation. In this manner, the best set 

of predictors is obtained. The computer program used in 

the regression analyses followed this procedure. 

Correct Detections,--The results of the regression analysis 

using the number of correct detections as the criterion are 

presented in Tables 9 and 10, Table 9 presents a summary 

of the stepwise procedure. Twelve variables were entered 

into the equation and none were deleted. At each step, 

the multiple R, its square, and the increase in the squared 

multiple R is presented. The squared multiple R represents 
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TABLE 9 

SUMMARY OF STEPWISE REGRESSION PKEDICTlWG 
CORRECT DETECTIONS 

Variable 
Entered 

Multiple 
R 

Multiple 
R2 

Increase 
in R̂  

F to 
Enter 

SEX 

TAR CD 

16PF C 

MAT CIO 

16PF A 

MAT 11 

PRF 4 

ODOT 3 

ODOT 2 

TIME 2 

LA 2 

PRF 5 

.1905 

.2519 

.2894 

.3129 

.3370 

.3514 

,3634 

,3747 

.3832 

.3907 

,3972 

, 4036 

.0363 

.0635 

.0837 

.0979 

.1136 

.1235 

,1321 

,1404 

.1468 

.1526 

.1578 

. 1629 

,0363 17.9312****** 

.0272 13.7923****** 

,0203 10,4870***** 

,0142 7,4208**** 

,0157 8,3570***** 

,0099 5,3244*** 

,0086 4,6353** 

,0083 4.5403** 

,0064 3,5334 

,0058 3,2003* 

,0051 2,8420* 

,uur>± 2.e2D8" 

*p<.10 
**p<,05 

***p<,025 
****p<.01 

*****p<.005 
******p<.001 

the percentage of criterion variance which is explained by 

the linear combination of predictors. The F-value is a 

test of significance of the partial correlation between the 

variable entered and the criterion. The degree of freedom 

for the numerator was one while the degrees of freedom for 

the denominator were given by N-k-1, where N is the number 



66 

of observations and k is the number of variables entered 

into the equation. 

Table 10 presents the regression weights and tests of 

significance for each of the variables entered into the 

TABLE 10 

FINAL PREDICTION EQUATION FOR CORRECT DETECTIONS 

Variable 
Name 

SEX 

16PF A 

16PF C 

PRF 4 

PRF 5 

MAT CIO 

MAT II 

LA 2 

ODOT 2 

ODOT 3 

TIME 2 

TAR CD 

(Constant 

Regression 
Weight 

-2,3562 

-0,1977 

0,1953 

0,2423 

-0,1224 

-0,3100 

0.4663 

0.0137 

0,0179 

0,0431 

-0.9548 

0.2144 

6.9336) 

F 
Value 

18.1828 

6.7792 

9.7188 

7.7629 

2.8258 

8.0048 

5,5875 

2.8826 

3.8461 

5.0874 

2.7399 

10.6613 

Significance 
Level 

,001 

,01 

.005 

,01 

,10 

,01 

,025 

,10 

,10 

,05 

,10 

,005 

final equation. An overall test of significance for the 

final regression equation is presented in Table 11, The 

results for the regression analysis predicting the number 

of correct detections indicate that twelve of the predic

tor variables contributed significantly to the explanation 

of the criterion variance. Overall a multiple R of ,4037 
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TABLE 11 

ANALYSIS OF VARIANCE SOURCE TABLE FOR RECESSION 
ON CORRECT DETECTIONS 

Source SS df MS 

Due to 
Regression 2666,406 12 222,201 7.538* 

Residual 13706.180 465 29.476 
*p<.001 — — -

was obtained between the linear combination of these 12 pre

dictor variables and the criterion measure. The analysis 

of variance indicated that the resulting prediction equa

tion explained a significant amount of the criterion 

variance. 

False Alarms.--The results of the regression analysis using 

the number of false alarms as the criterion are presented 

in Tables 12 and 13. Seven variables were entered into the 

prediction equation and none was deleted. As indicated 

each of these seven predictor variables explained a signif

icant amount of the criterion variance. An overall multiple 

R of .2711 was obtained between the linear combination of 

predictor variables and the criterion measure. An analysis 

of variance for the regression on false alarms is presented 

in Table 14. The results indicate that prediction equation 

explains a significant amount of the criterion variance. 

These results were significant beyond the .001 level. 
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TABLE 12 

SUMMARY OF STEPWISE REGRESSION PREDICTING 
FALSE ALARI4S 

Variable 
Entered 

TIME 1 

16PF B 

ODOT 1 

MAT M4 

RISK 

MAT M2 

LA 1 

*p<. 
**p<. 

***p<, 
* * * *p<. 

* * * * *D< 

10 
05 
025 
01 
005 

Multiple 
R 

,1302 

.1783 

.2117 

.2316 

.2466 

.2596 

.2711 

Multiple 

.0169 

.0318 

.0448 

.0536 

.0608 

.0674 

.0735 

Increase 
in R" 

.0169 

.0148 

.0130 

.0088 

.0072 

.0066 

.0061 

F to 
Enter 

8.2068***** 

7.2727**** 

6.4753*** 

4.4031** 

3,6098* 

3,3287* 

3,0837* 

TABLE 13 

FINAL PREDICTION EQUATION FOR FALSE ALARMS 

Variable 
Name 

16PF B 

RISK 

MAT M2 

MAT M4 

LA 1 

ODOT 1 

TIME 1 

(Constant 

Regression 
Weight 

-1,0942 

0,2174 

0,6945 

0,7257 

-0,0371 

-0,0149 

4,4276 

17,1395) 

F 
Value 

6,7529 

3.5152 

3.9451 

5,6791 

3,0837 

4,7005 

7.7069 

Significance 
Level 

.025 

.10 

,05 

,025 

,10 

.05 

.01 



TABLE 14 

ANALYSIS OF VARIANCE SOURCE TABLE FOR 
REGRESSION ON FALSE ALARĴ IS 

Source SS df MS 

Due to 
Regression 

Residual 

9648.813 

121546,813 470 

1378,402 

258,840 

69 

5,325* 

*p<,001 

Total Errors,--The results of the regression analysis in 

which the criterion was the total number of errors are pre

sented in Tables 15 and 16, Nine variables were entered 

TABLE 15 

SUMMARY OF STEPWISE REGRESSION PREDICTING 
TOTAL ERRORS 

Variable 
Entered 

TIME 1 

16PF B 

ODOT 1 

TAR CD 

MAT M4 

SEX 

LA 1 

MAT M2 

RISK 

Multiple 
R 

,1412 

,1958 

.2310 

.2534 

.2712 

.2874 

.3022 

.3136 

.3242 

Multiple 
R̂  

.0199 

.0383 

.0534 

.0642 

.0735 

,0826 

,0913 

,0984 

,1051 

Increase 
in R̂  

,0199 

,0184 

,0150 

.0109 

.0093 

.0090 

.0087 

.0070 

,0067 

F to 
Enter 

9,6830***** 

9,0850***** 

7.5239**** 

5,4992*** 

4.7320** 

4.6455** 

4.5240** 

3.6647* 

3.5390* 

*p<,10 
**p<,05 

***p<,025 
****p<.01 

*****p<.005 
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into the prediction equation and none was deleted. As indi

cated in Table 16 each of these nine variables contributed 

significantly to the explanation of the criterion variance. 

TABLE 16 

FINAL PREDICTION EQUATION FOR TOTAL ERRORS 

Variance 
Name 

SEX 

16PF B 

RISK 

MAT M2 

MAT M4 

LA 1 

ODOT 1 

TIME 1 

TAR CD 

(Constant 

Regression 
Weight 

4,6257 

-1,2479 

0.2365 

0,7186 

0,7995 

-0.0545 

-0,0160 

4,3541 

-0.4659 

34,6702) 

F 
Value 

7,4449 

7,5100 

3,5290 

3,6138 

5,8956 

5,2750 

4,5983 

0,z^«y 

4,9403 

Significance 
Level 

,01 

,01 

,10 

,10 

.025 

.025 

.05 

.025 

.05 

Overall a multiple R of .3242 was obtained between the 

linear combination of predictor variables and the criterion. 

An analysis of variance for the regression on the total num

ber of errors is presented in Table 17, The results indi

cate that the prediction equation explains a significant 

amount of the criterion variance. These results were 

likewise significant beyond the ,001 level. 
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TABLE 17 

ANALYSIS OF VARIANCE SOURCE TABLE FOR 
REGRESSION ON TOTAL ERRORS 

Source 

Due to 
Regression 

Residual 

*p<.001 

SS 

16558.125 

140969.125 

df MS 

468 

1839.792 

301,216 

6,108* 

Discriminant Analysis 

On the basis of the total number of correct detections, 

two groups were defined using a priori criteria, as detec

tors and non-detectors. An individual was classified as a 

detector if he correctly detected either 23 or 24 of the 

signals presented. An individual was classified as a non-

detector if he detected fewer than 8 signals. On the basis 

of this criterion, 53 subjects were classified as detectors 

and 53 subjects were classified as non-detectors. A step

wise discriminant analysis was performed in an attempt to 

uncover a linear combination of the predictor variables 

which would correctly classify individuals into these 

a priori defined groups. The rationale for using a step

wise procedure is the same as that for the use of stepwise 

regression. The computational procedure, in terms of the 

addition and deletion of variables from the equations, is 

identical. 
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A summary of the results of the stepwise discriminant 

analysis are presented in Table 18, The "F to enter" and 

"F to Remove" values are analogous to those obtained in the 

TABLE 18 

SUMMARY TABLE FOR STEPWISE DISCRIMINANT ANALYSIS 

Variable 
Name 

MAT Ml 

TAR CD 

16PF A 

MAT M6 

PRF 1 

MAT M5 

PRF 3 

16PF Q4 

LA 3 

MAT II 

MAT M9 

16PF N 

PRF 5 

PRF 4 

16PF N 

16PF L 

MAT C4 

TIME 1 

MAT M6 

Entered or 
Deleted 

+ 

-f 

-f 

+ 

+ 

•f 

+ 

-1-

+ 

-f 

+ 

-f 

-f 

•f 

— 

•f 

•¥ 

+ 
•— 

F to Enter 
or Delete 

11.7602 

9.6181 

9,5027 

7.5712 

3,8059 

4,4489 

3,1347 
^\ * y" /^ f— 

2,7189 

2,4245 

2.5141 

2,3701 

2,8797 

5,3099 

1.0315 

2,7817 

4,0669 

2,6188 

1,2362 

Significance 
Level 

,001 

,005 

,005 

,01 

,10 

,05 

.10 

. 15 

,10 

,15 

.15 

.15 

.10 

.025 

.35 

,10 

.05 

.15 

.30 

+ Variable Entered 
- Variable Deleted 
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stepwise regression. As indicated, two variables were de

leted from the prediction equations, thereby leaving total 

of 15 variables entered into the equations. The discrimi

nant coefficients and tests of significance for each of the 

variables entered into the equations are presented in Table 

19. As indicated, all variables explained a significant 

TABLE 19 

DISCRIMINANT WEIGHTS FOR PREDICTION EQUATIONS 

Variable 
Name 

16PF A 

16PF L 

16PF Q4 

PRF 1 

PRF 3 

PRF 4 

PRF 5 

MAT Ml 

MAT M5 

MAT M9 

MAT C4 

MAT II 

LA 3 

TIME 1 

TAR CD 

Constants 

Weights For 
Detectors 

0.9860 

1.6170 

-0.1478 

1.2307 

1.7979 

0.8829 

0.0072 

1.7248 

-0.3373 

0.7306 

2.0037 

6.0471 

0.1079 

8.3643 

.1 .3054 

(-89.4704 

Weights For 
Non-Detectors 

1.2282 

1.3825 

0.0640 

0,8951 

1,5343 

0.5744 

0,3342 

1,1838 

0,0524 

1,0761 

2,4283 

5,2820 

0,1619 

9,4951 

1.1357 

-82,50134) 

F 
> Value 

6,0192 

3.4127 

6.9980 

11,1031 

6,7210 

6,9612 

13.1777 

12.6463 

6,6344 

5,4150 

6,1364 

9,1181 

5,4478 

3.3239 

4.5035 

Significance 
Level 

,025 

,10 

,01 

.005 

.025 

.025 

.001 

,001 

,025 

,025 

,025 

.005 

.025 

.10 

.05 
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amount of the criterion variance. An overall test of the 

difference between the group means of the linear combination 

of predictor variables yielded a highly significant value 

[F(15,90) = 6.9089, p<.001]. 

The results of the attempt to correctly classify indi

viduals on the basis of their scores on the predictor vari

ables entered into the prediction equations are presented 

in Table 20. Of a total of 106 cases, 94 were classified 

correctly. A chi-square was performed on the resulting 

TABLE 20 

NUMBER OF CASES CLASSIFIED INTO GROUPS BY 
STEPWISE DISCRIMINANT ANALYSIS 

Group 

Detectors 

Non-Detectors 

Cases Classified by Discriminant Analysis 
Detectors Non-Detectors 

48 5 

7 46 

frequencies in order to determine if the number of correct 

classifications was above the chance level. The obtained 

value was highly significant (x = 63,5244, p<.001), 

A series of t-tests was then performed on each of the 

predictor variables according to the a priori classifica

tion. The means and standard deviations for each group, 

as well as the t-value and significance level, are pre

sented in Table 21. 
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OUi'U' 

Variable 
Name 

SEX 

AGE 

SMOKE 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

16PF 

PRF 

PRF 

PRF 

PRF 

PRF 

PRF 

MPI : 

MPI i 

CPI -

A 

B 

C 

E 

F 

G 

H 

I 

L 

M 

N 

0 

Ql 

Q2 

Q3 

Q4 

1 

2 

3 

4 

5 

6 

EX 

NE 

?\I 

/t7\'n\r /^-p rTi„ 

Mean 
Detect 

.4528 

20.6604 

.8867 

8.3773 

7.8301 

14.3585 

12.8491 

15.5660 

13.0198 

12.0755 

10.7385 

9.7358 

12.1887 

9.6981 

13.1698 

9,3207 

7,9434 

10,1321 

14.1321 

13.3774 

11.4528 

12.4340 

11.5660 

10.2075 

.6415 

26.2830 

29.6981 

18.3207 

TABLE 21 
rTTpcmc' Tnc^T) 

SD 
Detect 

.5025 

6.4775 

.3198 

3.4653 

1.7179 

4.2430 

3.5916 

4.3567 

2,5831 

6,1732 

3,4089 

3.0137 

4.4421 

2.8594 

4.3178 

3.1425 

3.1342 

2.9485 

4.7110 

2.7331 

3.4449 

3.4890 

3.6664 

4,4304 

1,0758 

8.2912 

10.3247 

3.7250 

r>-qi rn TP r'rri r^ p o 

Mean 
No-Det 

.6415 

19.6918 

.8679 

10,4717 

7,2641 

12,5094 

11,9434 

15.3396 

13,0377 

11,8113 

11.1321 

9,5094 

12,5849 

9,1132 

13,6415 

0.6603 

7.6037 

9.5471 

15.8679 

11.3588 

9.4528 

12.4906 

10,2453 

10.5660 

1,2641 

27,5471 

33,3207 

17,9434 

AND NON-DETECTORS 

SD 
No-Det 

,4841 

5.0823 

.3418 

3.0672 

1,6773 

3,8561 

3,6711 

4,8711 

2,9869 

5,4457 

2,9288 

3,0039 

3,9146 

2,6865 

4,3725 

3,0188 

3.4100 

3.3024 

4.7354 

4.0339 

3.9201 

3.4841 

3.3218 

4.7777 

3.1994 

8.3056 

9.6272 

4.3958 

t 
Value 

1.9495t* 

,8508 

,2961t 

3,2946*** 

1,7162* 

2,3478** 

1,2837 

.2522 

,0347 

,2336 

,6418 

,3873 

,4871 

1,0853 

,5588 

,5673 

.5338 

.9618 

1,8918* 

3,0163*** 

2,7899*** 

.0835 

1.9434* 

.4005 

1.3428 

.7842 

1,8682* 

.4767 
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TABLE 21—Continued 

Variable 
Name 

RISK 

CPI FX 

MAT Ml 

MAT M2 

MAT M3 

MAT M4 

MAT M5 

MAT M6 

MAT M7 

MAT M8 

MAT M9 

MAT MIO 

MAT CI 

MAT C2 

MAT C3 

MAT C4 

MAT C5 

MAT C6 

MAT C7 

MAT C8 

MAT C9 

MAT CIO 

MAT PI 

MAT TC 

MAT AO 

MAT II 

LA 1 

LA 2 

LA 3 

Mean 
Detect 

22.9057 

9.6981 

4.2452 

3.7924 

4.2264 

4.7547 

3.3773 

5,0188 

6.5660 

4.7358 

3,9434 

5,5849 

5,4905 

5,7169 

4,9245 

7,2075 

6,0188 

5,4717 

5.1320 

5.3396 

7.6037 

6,9811 

4,9622 

7,3396 

6.4717 

9.1698 

255.6792 

238.3207 

17.3585 

SD 
Detect 

6.4039 

3.4617 

2.2266 

1.9151 

3.0149 

2.5563 

2.1414 

2,7209 

2,5077 

2,8966 

2,4683 

2.6623 

2.1088 

2,1871 

2,2604 

1,9841 

2,3817 

2,0153 

2,1216 

2.4490 

2,0223 

2,5831 

1,3722 

1,0731 

1,9375 

1.0694 

42.5578 

36,9077 

16,2552 

Mean 
No-Det 

23,1887 

9,6981 

2,8301 

4,0188 

4,0754 

4,9622 

3,8490 

4,2641 

6,1320 

5,0566 

4.1509 

5,6415 

5,2452 

6.1509 

5.3773 

7.4905 

6.1698 

5.2074 

5.4717 

5.5094 

7,7358 

7,5283 

4,6037 

7,6037 

6,3962 

8,5094 

248.1320 

227,3207 

20,8113 

SD 
No-Det 

6,7540 

3,2319 

2,0166 

2,9995 

2.3357 

2.7870 

2,4050 

2,4663 

2.1841 

2.7345 

2.2308 

3.0261 

2,0930 

2,3237 

2,9037 

2,1981 

1,9974 

1.8224 

2,6428 

2,1179 

1.9626 

1.8770 

1.2761 

1.0978 

1.9349 

1.4887 

32.7303 

31.2267 

10.3979 

t 
Value 

.2213 

.0000 

3.4293*** 

.5507 

.2883 

.3995 

1.0663 

1.4961 

.9499 

.5862 

.4541 

.1022 

.6010 

.9900 

.8958 

,6958 

,3535 

,7077 

,7295 

,3818 

,3411 

1,2475 

1,3927 

1,2525 

,2006 

2,6228** 

1,0233 

1,6564 

1,3026 
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TABLE 21—Continued 

Variable Mean SD Mean SD t 
Name Detect Detect No-Det No-Det Value 

ODOT 1 569,2829 105,5849 556,1696 176,3805 ,4644 

ODOT 2 12,4906 26,5971 11.5094 43.3112 1.6245 

ODOT 3 17.2453 16.9216 13.7358 15,7726 1,1044 

TIME 1 ,9864 ,3496 1,1486 ,6401 1,6194 

TIME 2 1,0981 ,4203 1,2682 .7171 1,4904 

TIME 3 ,9516 ,3254 ,9411 ,2938 ,1745 

TIME 4 122.5849 67,1274 146,9245 191,1797 .8745 

TIME 5 115.0754 109.9485 152.5849 231.6527 1.0649 

TAR CD 14.4340 4.2039 12,1509 4,1202 2,8235** 

TAR FA ,4905 1.4887 ,3207 .6131 .7678 

tz-values 
*p<,10 

**p<,05 
***p<,01 



CHAPTER IV 

DISCUSSION 

As stated earlier the primary concern of this inves

tigation was the prediction of individual differences in 

monitoring performance, A set of variables was assembled 

in hopes that some linear combination of these might be 

predictive of the different measures of monitoring perfor

mance. No theoretical position was assumed and conse

quently no theoretical discussion will follow. Nevertheless 

an attempt will be made to relate the present findings to 

previous research. Speculation regarding the direction of 

future research will also be presented. 

Criterion Measures 

The findings of the present investigation with regard 

to the criterion measures are typical of those reported in 

the vigilance literature. Concerning per cent correct de

tections it is apparent from Figure 1 that there is a decre

ment in performance over time. Furthermore as seen in 

Table 1 there is an increase in variability. The analysis 

of variance, while confirming the significance of the decre

ment, also produced a significant subjects effect indicating 

that individual differences among subjects accounted for a 

significant portion of the within group variability. 

78 
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Some mention should be made of the significant F 
^ max 

values obtained in the analyses of all three criterion 

measures. With 478 subjects in the sample it is found that 

an F^^^ only slightly above the value one will be statisti

cally significant. In the analyses of the criterion mea

sures none of the F_^^ values exceed 1,70, While these 
max 

values were statistically significant, it is unlikely that 

they seriously affected the resulting analyses of variance. 

Furthermore it seems likely that there are real differences 

in variability across time for such measures. In fact such 

increases in variability may be considered one of the de

fining characteristics of the classical decrement. 

Concerning the number of false alarms, it is apparf̂ nt 

from Figure 2 that there is a significant decrease over 

time. Such results are likewise consistent with previous 

findings. As indicated in Table 1, there is a decrease 

in variability over time for this measure. Significant 

subject effects were also found in the analysis of vari

ance. Concerning total errors, it is interesting to note 

that the number remained fairly consistent across time. 

In fact the analysis of variance yielded no significant 

differences. It is apparent that the increase in the 

number of misses across time canceled out the decreasing 

number of false alarms. Again significant subject effects 

were found. 
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In Chapter I the assumption was implicitly made that 

there are two classes of individuals which might be cate

gorized as detectors and non-detectors. This does not 

imply however that these two classes are exhaustive since 

it is highly unlikely that all subjects' performance could 

be so neatly classified. As stated, one of the major prob

lems is obtaining a workable criterion. The results of 

the frequency distributions for the three criterion mea

sures as well as the three between-measure correlations 

provide some insight as to the selection of the best 

criterion. 

Considering the frequency distribution for correct 

detections it is apparent that there is a trend toward 

increasing frequencies as a function of the number of cor

rect detections. The distribution for false alarms indi

cates the frequency to be a decreasing function of the 

number of false alarms. It is interesting to note that 

approximately 44 per cent of all subjects committed no 

more than one false alarm and that nearly 25 per cent 

committed no false alarms. Considering total errors it 

is observed that the frequency is an increasing function 

of the number of total errors up to a maximum at six and 

then decreases in a manner similar to that for false 

alarms. It is surprising to note that only 9 subjects 
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which is less than 2 per cent of the total sample performed 

with no errors. 

On the basis of these distributions, it might seem 

that total number of errors would provide the most suitable 

criterion since it includes information about both of the 

other measures, correct detections and false alarms. How

ever, a quick perusal of the correlations among these cri

terion measures indicate that such a choice would be poor. 

First, it is observed that correct detections and false 

alarms are slightly negatively correlated. Second, only 

a moderate correlation is found between correct detections 

and total errors. Again the correlation is negative. How

ever, false alarms and total errors correlate quite highly. 

In fact these two measures share approximately 90 per cent 

of their total variance. Consequently the measure of total 

errors is predominantly reflective of the number of false 

alarms rather than the number of correct detections. 

As mentioned previously it is consistently found that 

false alarms decrease over time and tend to be eliminated 

altogether (Buckner et al, 1960), On the other hand, de

tection performance remains fairly consistent. Conse

quently our criterion measure should be more heavily 

weighted by detection performance as opposed to errors of 

commission. Using such a rationale it is apparent that 

the number of correct detections represents the most 
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appropriate criterion. Consequently the categorization of 

subjects as detectors or non-detectors was based on the 

number of correct detections rather than the total number 

of errors. 

Predictor Measures 

As Table 8 indicates, a number of the predictor vari

ables were significantly correlated with the criterion mea

sures. However, the magnitudes of these correlations were 

generally quite low. It is interesting to note that the 

variable correlating most highly with correct detections 

was sex. The direction of the correlation indicates that 

males tended to have a higher number of correct detections. 

However, males also tended to have a higher number of false 

alarms as indicated by the significant negative correlation. 

To add to the confusion, it was found that females tended 

to produce a higher number of total errors. 

As pointed out in Chapter I, one of the more typical 

findings has been the relation of the introversion-

extraversion dimension to monitoring performance. Gener

ally those classified as introverts tend to detect a 

greater percentage of signals. The present investigation 

does not support the previous findings. The dimension of 

introversion-extraversion as measured by the Maudsley 

Personality Inventory (Eysenck, 1959) was found to be 



83 

unrelated to any of the criterion measures. However, one 

of the dimensions of the 16PF, Factor A, was found to be 

significantly related to detection performance. It should 

be pointed out that this particular dimension is one of the 

factors weighted heavily on the second order dimension of 

introversion-extraversion on the 16PF. A low score on 

Factor A, indicating an individual to be quiet and reserved, 

was associated with a higher number of correct detections. 

Interestingly enough, a number of scales attempting 

to measure different dimensions of anxiety and neuroticism 

were found to be related to detection performance. The 

directions of the correlations were consistent, indicating 

scores reflecting low anxiety and low neuroticism to be 

associated with higher detection performance. Included 

within this category were the variables 16PF C, 16PF 0, 

16PF Q4 and MPI NE. Of the six scales taken from the Per

sonality Research Form (Jackson, 1965), four were found to 

be significantly correlated with detection performance. 

High scores on achievement, endurance, and cognitive struc

ture, and low scores on infrequency were associated with 

higher levels of detection performance. 

Only a few scores derived from the Motivation Analysis 

Test (Cattell et al, 1964) were found to correlate signifi

cantly with the criteria. It is interesting to note a posi

tive relation between MAT II, a measure of informational 



84 

intelligence, and detection performance, A negative corre

lation was found between the derived score measuring total 

conflict and detection performance. The only other signifi

cant relationships with the measures derived from the MAT 

were between detection performance and the variables MAT Ml 

and MAT CIO. MAT Ml, a measure of total motivation toward 

career goals, was positively correlated, while MAT CIO, a 

measure of affectional conflict, was negatively correlated. 

Of the psychomotor performance tasks, variables ODOT 3, 

TIME 2, TIME 5, and TAR CD were found to be significantly 

correlated with detection performance. The largest of 

these correlations was with detection performance on the 

target identification task, variable TAR CD. Higher detec

tion performance was also found to be associated with over-

estimation of idle time and greater error in the estimation 

of idle time. 

Considering the other measures of performance, false 

alarms and total errors, the number of significant corre

lations was fewer. Factor B on the 16PF, a measure of 

intelligence, was found to be negatively correlated with 

the number of false alarms and total errors. The choice 

dilemma scale measuring risk-taking v;as found to be posi

tively correlated with the number of false alarms suggest

ing that individuals willing to take greater risks produce 

a higher number of false alarms. The greatest number of 
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significant relationships with false alarms and total 

errors were found in the psychomotor performance tasks. 

Higher scores on LA 1 and LA 2 were associated with a lower 

number of false alarms. Likewise the number of O's dotted 

in the entire session was negatively correlated with false 

alarms and total errors. Furthermore, estimation of time 

for both idle and working intervals was found to be posi

tively correlated with these two measures, A negative 

correlation was found between target detection on TAR CD 

and total errors. 

These results clearly indicate that significant corre

lates of monitoring performance can be found. However, 

they also indicate that no single variable can adequately 

provide significant levels of prediction in a practical 

sense. Recall that the largest obtained correlation was 

-,19, a value which accounts for less than four per cent 

of the criterion variance. It is apparent that multivari

ate procedures will be required if practically significant 

predictions are to be attained. 

Regression Analyses 

One of the m.ajor advantages of the stepwise procedure 

in regression analysis is that it tends to eliminate redun

dant variables, that is, variables which might be correlated 

with the criterion, but which are also correlated with other 
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predictor variables. Consequently from a relatively large 

pool of variables significantly correlated with the crite

rion, only a small number of these are selected and entered 

into the regression equation. The resulting multiple corre

lation represents a simple correlation between the criterion 

and the linear combination of predictor variables entered 

into the equation. The results of the regression analysis 

predicting correct detections yielded a multiple R of 

,4037. This indicates that the predictor variables ex

plained only a little more than sixteen per cent of the 

criterion variance. 

As indicated in Table 10 by the F Values, the vari

ables SEX and TAR CD contributed most to the correlation 

with the criterion. Of some interest is the observation 

that several of the variables entered into the regression 

equation, when considered alone, did not correlate signifi

cantly with the criterion. This suggests a great deal of 

redundancy among the predictor variables. Such was found 

to be the case for each of the criteria. 

The results of the regression analysis predicting 

false alarms yielded a multiple R of only ,2711. The two 

variables contributing most to the explanation of the cri

terion variance were 16PF B and TIME 1. As indicated there 

is no overlap of variables entered into the regression 

equations predicting correct detections and false alarms. 
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This would be expected as a result of the extremely low 

correlation between correct detections and false alarms, 

A multiple R of ,3242 was obtained when the criterion 

variable was total number of errors. Since total errors 

is a composite score of false alarms and correct detections 

it would be expected that the regression equation be com

prised of the most important variables for predicting each 

of these criteria. However, due to the extremely high 

correlation between false alarms and total errors and the 

moderate correlation between correct detections and total 

errors, it would be expected that the variables from the 

regression on false alarms be most prevalent. Such an 

occurrence was found to be the case. Of the nine variables 

entered into the equation, seven were those entered into 

the equation for the prediction of false alarms. The other 

two were those most important in predicting correct detec

tions, SEX and TAR CD. These results further support the 

contention that the measures of false alarms and total 

errors are redundant. 

The multiple correlations yielded through the regres

sion analyses, while not extremely high, nevertheless are 

encouraging. This is especially true for the results ob

tained for correct detections as the criterion. Even though 

the magnitude of such correlations are not exceedingly high, 

they can still be of great practical value. This is 
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especially true whenever some selection device is required 

to pick individuals who are to be trained for a particular 

job. If a large number of individuals is required and the 

training program is expensive, then even the most modest of 

correlations can result in saving large sums of money. In 

this context, the above results seem promising. 

Discriminant Analysis 

The results of the discriminant analysis suggest that 

the linear combination of variables entered into the equa

tions did an adequate job of correctly classifying individ

uals into their a priori defined categories. In fact only 

12 of 106 cases were misclassified, A quick perusal of 

Tables 10 and 19 indicate that the set of variables entered 

into these different equations are not the same. The best 

discriminators appear to be the variables PRF 1, PRF 5, 

and MAT Ml, Only one of these, PRF 5 is entered into the 

regression equation and its contribution as indicated by 

its F Value is relatively small. 

It should be made clear that the discriminant analysis 

for two groups is actually a stepwise regression with a 

dummy variable, group membership, as the criterion; that 

is, all correlations with the criterion are point-biserials, 

The finding that different variables load significantly in 

each of these two procedures suggest that different 
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correlations are obtained whenever the set of detectors and 

non-detectors is used and whenever the entire sample is 

used. Such results suggest the possibility of a number of 

curvilinear relationships among the predictor variables 

and criteria. 

Implications for Future Research 

It must be admitted that the present investigation 

represents but the first step in a series of studies whose 

purpose is the development of an adequate set of predictors 

of monitoring performance. The ultimate goals of such a 

series of investigations are twofold. First, on a theo

retical level, the ultimate aim is to develop a set of 

behavioral descriptors which are characteristic of individ

uals who could be classified as "good" as opposed to "poor" 

monitors. Essentially what are the behavioral characteris

tics of "detectors" and "non-detectors"? To what extent 

are such differential characteristics related to one an

other and to what extent do they interact with the host of 

other variables affecting performance in the monitoring 

situation? 

Second, on a practical level, the ultimate aim is to 

develop a measuring instrument for the purpose of pre

dicting individual differences in monitoring performance. 

The utility of such an instrument would be great. 
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especially in the selection of individuals for certain 

types of jobs within the military-industrial complex, 

A question which eventually must be faced concerns the 

applicability of laboratory results to real-world situations 

In the broadest sense this concerns the generalization of 

individual differences across different types of monitor

ing situations. As indicated in Chapter I, the issue is 

unresolved. Despite the controvery, it is apparent that 

any set of predictors derived from laboratory research 

must be cross-validated against the results obtained from 

their application to real-world situations. In any case, 

the application of the obtained set of predictors remains 

an empirical question. 

The results of this study are encouraging in that 

they have demonstrated the feasibility of obtaining such 

a valid set of predictors, at least in a laboratory sit

uation. The obtained relationships, though small, do 

suggest that individual correlates of detection performance 

can be found. The results obtained through discriminant 

analysis are especially encouraging, indicating that dif

ferential characteristics between detectors and non-

detectors can be isolated. The applicability of the 

obtained prediction equations to the general population 

remains an empirical question. Before any pronouncement 

of the usefulness of these predictors can be made, they 
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must survive the test of cross-validation. As indicated, 

the present investigation does not represent a finished 

piece of research. The success of the endeavor to obtain 

a valid set of predictors will depend upon future research. 

Nevertheless the groundwork has been laid. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The selection of individuals to perform jobs in which 

there is a monitoring component has remained a persistent 

problem. The attempts to find individual correlates of 

vigilance performance have been disappointing for the most 

part. Two criticisms of the previous research emerge. 

First, no attempts have been made to integrate the previous 

findings within the literature. Second, the procedure of 

employing a small number of subjects relative to the number 

of variables investigated most often results in spuriously 

high correlations which are not replicable. 

The present investigation represented an attempt to 

overcome the limitations inherent in most of the earlier 

studies. A sample of 478 college students participated in 

two experimental sessions, each lasting about two hours. 

During the first session subjects performed a monitoring 

task for an hour's duration and also completed several 

other psychomotor performance tasks. During the second 

session subjects completed the remainder of the psycho

metric test battery. 

The monitoring task employed a light projection dis

play in which apparent movement of a dot of light was pro

duced. Two deflections of the dot of light was defined 
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as an event, A signal was defined as an increase in the 

magnitude of the second deflection. Event rate was thirty 

per minute and signal rate was twenty-four per hour. Three 

measures of monitoring performance were obtained: the num

ber of correct detections; the number of false alarms; and 

the number of total errors. 

Included in the psychomotor performance tests were a 

coding task, an 0-dotting task, a time estimation task, 

and a target identification task. The psychometric test 

battery included the Maudsley Personality Inventory, the 

Sixteen Personality Factor Questionnaire, the Motivation 

Analysis Test, selected scales from the California Psycho

logical Inventory and Personality Research Form, and a 

choice-dilemma questionnaire measuring risk-taking. 

The data were analyzed using several stepwise regres

sion analyses and a stepwise discriminant analysis. Three 

regression analyses were performed, one for each of the 

three criteria. Significant multiple R's of ,40, ,27 and 

.32 were obtained for correct detections, false alarms, 

and total errors respectively. Subjects were then cate

gorized as detectors or non-detectors on the basis of their 

detection performance. According to the criterion set, 53 

subjects were classified as detectors and 53 as non-

detectors. Employing the stepwise discriminant procedure, 

94 of the total 106 subjects were correctly classified. 
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The results clearly indicated that significant corre

lates of monitoring performance can be isolated. It is 

concluded, however, that no one single measure will serve as 

an adequate predictor. This points to the necessity of 

employing multivariate procedures. The size of the predic

tions, though small, can be extremely useful in situations 

where the selection of many personnel is required. Even 

the most modest of correlations could result in substantial 

benefits. 
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of artificial siqnals. Journa"' ô^̂  AT-.r>.T •; e*̂  Pc;̂ rr-v̂ r>loa\/. 
1960, 44, 336-338, 

Baker, C, H, Maintaining the level of vigilance by means 
of knowledge of results about a secondary vigilance 
task. Ergonomics, 1961, 4, 311-316. 

Baker, C. H, Signal duration as a factor in vigilance 
tasks. Science, 1963A, 141, 1196-1197. 

Baker, C. H. Consistency of performance in two visual 
vigilance tasks. In D. N. Buckner and J. J, McGrath 
(Eds,), Vigilance: A Symposeum. New York: McGraw-
Hill, 196^1': 

Baker, C, H., & Harabedian, A. Performance in an auditory 
vigilance task while simultaneously tracking a visual 
target. Technical Report 740 2, April 1962. Human 
Factors Research Inc., Los Angeles, Calif. 

Baker, R. A., Sipowicz, R. R., & Ware, J. R. Effects of 
practice oi. visual monitoring. Perceptual and Motor 
Skills, 1961, 13, 291-294. 

Baker, R. A., Ware, J. R., & Sipowicz, R, R, Vigilance: 
A comparison in auditory, visual, and combined audio
visual tasks, Canadian Journal of Psychology, 1962A, 
16, 192-198. 

Baker, R. A., VJare, J. R, , & Sipowicz, R. R. Sustained 
viqilance: I, Signal detection during a 24-hour 
continuous watch. Psychological Record, 1962B, 12, 
245-250, 

Baker, R, A,, Ware, J, R., Spires, C. H,, & Osborn, W, C, 
The effects of supervisory threat on decision making 
and risk taking in a simulated combat game. Behav
ioral Science, 1966, 11, 167-176, 

Bartlett, S, C , Beinert, R, L, , & Graham, J. R, Study of 
visual fatigue and efficiency in radar observation. 
Final report, RADC Technical Report 55 100, 1955. 
Royal Air Development Committee, Cambridge, England. 

Bell, C, R, Climate, body temperature and vigilance per
formance. Ergonomics, 1964, 169-172. 



97 

Bell, C. R., Provins, K. A., & Hiorns, R. W. Visual and 
auditory vigilance during exposure to hot and humid 
conditions. Ergonomics, 1964, 7, 279-288, 

Berghum, B, 0., & Lehr, D, J, End-spurt in vigilance. 
Journal of Experimental Psychology, 1963A, 66, 383-
Jss": _ _ 

Berghum, B, 0., & Lehr, D. J. Vigilance performance as a 
function of task and environmental variables. 
HumRRO Research Report 11, May 19 6 3B. Human Resources 
Office, George Washington University, Alexandria, Va. 

Berghum, B, 0., & Lehr, D, J. Effects of authoritarianism 
on vigilance performance. Journal of Applied Psy
chology, 1963C, 47, 75-77, 

Berghum, B, O,, & Lehr, D, J, Monetary incentives and 
vigilance. Journal of Experimental Psychology, 1964, 
67, 197-198. 

Bevan, W., & Turner, E. D. Vigilance performance with a 
qualitative shift in reinforcers. Journal of Experi
mental Psychology, 1965, 70, 83-86, 

Bevan, W,, Avant, L, L,, & Lankford, H, G, Influence of 
interpolated periods of activity and inactivity upon 
the vigilance decrement. Journal of Applied Psy
chology, 1967, 51, 352-356. 

Binford, J. R,, & Loeb, M. Changes within and over re
peated sessions in criterion and effective sensitivity 
in an auditory vigilance task. Journal of Experimental 
Psychology, 1966, 72, 339-345, 

Bolles, R, C. Theory of Motivation. New York: Harper & 
Row, 1968, 

Bowen, H, M, Vigilance as a function of signal frequency 
and flash rate. Perceptual and Motor Skills, 1964, 
18, 333-338, 

Boulter, L, R., & Adams, J. A, Vigilance decrement, the 
expectancy hypothesis, and intersignal interval. 
Canadian Journal of Psychology, 1963, 17, 201-209, 

Broadbent, D, E, The twenty dials test under quiet condi
tions, APU 130/50, Aug, 1950, Applied Psychology 
Research Unit, Medical Research Council, Cambridge, 
England, 



98 

Broadbent, D, E. Noise, paced performance, and vigilance 
tasks. British Journal of Experii-^ental Psychology, 
1953, 44, 295-303, 

Broadbent, D. E, Some effects of noise on visual perfor
mance. Quarterly Journal of Experimental Psychology, 
1954, 6, 1-5, '~ 

Broadbent, D, E. Perception and Communication. London: 
Pergamon Press, 1958. 

Buckner, D, N,, & McGrath, J, J. A comparison of perfor
mance on single and dual sensory mode vigilance tasks. 
Technical Report 8, Feb. 1961. Human Factors Re
search Inc., Los Angeles, Calif. 

Buckner, D, N,, & McGrath, J. J. A comparison of perfor
mances on single and dual sensory mode vigilance 
tasks. In D, N. Buckner & J, J. McGrath (Eds.), 
Vigilance: A Symposeum. New York: McGraw-Hill, 
1963A. 

Buckner, D. N., & McGrath, J, J, (Eds.), Vigilance: A 
Symposeum, New York: McGraw-Hill, 1963B. 

Buckner, D, N,, Harabedian, A., & McGrath, J, J, A 
study of individual differences in vigilance perfor
mance. Technical Report 2, Jan, 1960. Human Factors 
Research Inc., Los Angeles, Calif. 

Cattell, R, B, , & Eber, H, VJ. Sixteen Personality Factor 
Questionnaire, Champaign, 111,: Institute for 
Personality and Ability Testing, 1957, 

Cattell, R, B. , & Warburton, F, V7. Objective Personality 
and Motivation Test, Chicago: University of Illinois 
Press, 1967. 

Cattell, R. B., Horn, J. L., Sweney, A. B., & Radcliffe, 
J. A. Motivation Analysis Test. Champaign, 111.: 
Institute for Personality and Ability Testing, 
1964. 

Colquohon, W. P. The effect of a short rest-pause on 
inspection efficiency. Ergonomics, 1959, 2, 367-
372. 

Colquohon, W. P. Temperament, inspection efficiency, and 
time of day. Ergonomics, 1960, 3, 377-378. 



99 

Dardano, J. F, Relationships of intermittent noise, inter
signal interval, and skin conductancy to vigilance 
behavior. Journal of Applied Psychology, 1962, 46, 
106-114, "~" "-

Davenport, W, G, Stimulus variables in vigilance: Signal 
duration and intensity. Australian Journal of Psy
chology, 1968, 20, 129-133, 

Davies, D, R,, & Hockey, G, R, The effects of noise and 
doubling the signal frequency on individual differ
ences in visual vigilance performance. British 
Journal of Psychology, 1966, 57, 381-389. 

Deese, J, Some problems in the theory of vigilance. Psy
chological Review, 1955, 62, 359-368, 

Deese, J,, & Ormond, E. Studies of detectability during 
continuous visual search. VJADC Technical Report 
53-8, 1953. Wright Air Development Center, Wright-
Patterson AFB, Ohio. 

Dixon, W, J, BMP Biomedical Computer Programs. Berkeley, 
Calif,: University of California Press, 1970, 

Draper, N, R., & Smith, H, Applied Regression Analysis, 
New York: John Wiley, 1966, 

Eijkman, E,, and Venrick, A. J, H. Can a sensory system 
be specified by its internal noise? Journal of the 
Acoustical Society of America, 1965, 37, 1102-1109, 

Evans, G, W, Risk-taking set and target detection perfor
mance. Journal of Applied Psychology, 1965, 49, 
243-244, 

Eysenck, H, J, The Dynamics of Anxiety and Hysteria, 
New York: Praeger, 1957, 

Eysenck, H, J, The Maudsley Personality Inventory, 
London: University Press, 1959, 

Eraser, D, C, The relation of an environmental variable 
to performance in a prolonged visual task. Quarterly 
Journal of Experimental Psychology, 1953, 5, 31-32, 

Garvey, W, D,, Taylor, F. V,, & Newlin, E, P, The use of 
"artificial signals" to enhance monitoring performance 
Report 5629, Feb, 1959, USN Research Laboratory, 
Washington, D.C. 



100 

Goldstein, I. L. , Johnston, W. A., & Howell, W. C. Complex 
vigilance: Relevant and irrelevant signals. Journal 
of Applied Psychology, 1969, 53, 45-48. 

Gough, H. G. California Psychological Inventory. Palo 
Alto, Calif.: Consulting Psychologists Press, 1956. 

Gould, J. D., & Schaffer, A. Visual monitoring of multi
channel displays. Institute of Electrical and Elec
tronics Engineers Transactions on Human Factors in 
Electronics, 1966, HFE-7, 69-76. 

Guilford, J. P., and Zimmerman, W. S. The Guilford-
Zimmerman Temperament Survey. Beverly Hills, Calif.: 
Sheridan Supply Co., 1949. 

Gunn, W. J., & Loeb, M. Correlation of performance in 
detecting visual and auditory signals. American 
Journal of Psychology, 1967, 80, 236-242. 

Halcomb, C. G. The effect of environmental manipulation 
upon the performance of a vigilance task. Unpublished 
PH.D. dissertation, Baylor University, Jan. 1964. 

u^l<-.r^mK r C z Rl^r-Vwf^ll . P. Mot i ̂ r P11 r>n pivic] the hnm^^r; 
monitor: I. The effect of contingent credit. Per
ceptual and Motor Skills, 1969, 28, 623-629. 

Halcomb, C. G,, & Kirk, R. E. Organismic variables as 
predictors of vigilance behavior. Perceptual and 
Motor Skills, 1965, 21, 547-552. 

Halcomb, C, G,, McFarland, B, P,, & Waag, W, L, Motiva
tion and the human monitor, II: Source of instructions 
Perceptual and Motor Skills, 1970, 31, 145-146, 

Harabedian, A,, McGrath, J, J,, & Buckner, D, N, The 
probability of signal detection in a vigilance task 
as a function of intersignal interval. Technical 
Report 3, Feb, 1960, Human Factors Research Inc., 
Los Angeles, Calif, 

Hardesty, D,, & Bevan, W. The influence of knowledge of 
results on performance in a monitoring task. Per
ceptual and Motor Skills, 1963, 16, 629-634, 

Hardesty, D,, & Bevan, W. Response latency as a function 
of the temporal pattern of stimulation. Psychological 
Record, 1965, 15, 385-392. 



101 

Harris, D. H. Effect of equipment complexity on inspec
tion pcrformtQncc. Journal of Applied Psychology, 
1966, 50, 236-237. ' 

Hartlage, L. C. Knowledge of results and cautiousness in 
signal detection. Psychonomic Science, 1965, 2, 347-
34 8. 

Hatfield, J. L., & Loeb, M. Sense mode and coupling in 
a vigilance task. Perception and Psychophysics, 
1968, 4, 29-36. ~ 

Hathaway, S. R., & McKinley, J. C, Minnesota Multiphasic 
Personality Inventory, New York: Psychological 
Corporation, 1951. 

Hawkes, G. R., & Loeb, M, Vigilance for cutaneous and 
auditory signals. Journal of Auditory Research, 1961, 
1, 272-284, 

Hawkes, G, R,, & Loeb, M. Vigilance for cutaneous and 
auditory stimuli as a function of intersignal interval 
and signal strength. Journal of Psychology, 1962, 53, 
211-218. 

Heron, A. A two-part personality measure for use as a 
research criterion. British Journal of Psychology, 
1956, 47, 243-251. 

Hickey, A. E., & Blair, W, C. Engineering control I. 
Multiple display monitoring. Electric Boat Technical 
Report SPD59 002, Jan. 1959. General Dynamics Corpora
tion, Groton, Conn. 

Holland, J, G, Human vigilance. Science, 1958, 128, 61-67, 

Jackson, D, The Personality Research Form. Goshen, New 
York: Research Psychologists Press, Inc,, 1965, 

Jenkins, H, M. The effect of signal rate on performance 
in visual monitoring, American Journal of Psychology, 
1958, 71, 647-661, 

Jerison, H, J, Performance on a simple vigilance task in 
noise and quiet. The Journal of the Acoustical So
ciety of America, 1957, 29, 1163-1165. 



102 

Jerison, H, J. Experiments on vigilance: Duration of vigila 
and the decrement function. Fourth in a series. Tech
nical Report 58 369, Dec, 1958, Wright Air Development 
Center, WRight-Patterson AFB, Ohio, 

Jerison, H, J. Experiments on vigilance: The empirical 
model for human vigilance. Fifth in a series. Tech
nical Report 58 526, Jan, 1959, Wright Air Development 
Center, Wright-Patterson AFB, Ohio. 

Jerison, H, J,, & Pickett, R, M. Vigilance: The importance 
of the elicited observing rate. Science, 1964, 143, 
970-971. 

Jerison, H. J., & Wallis, R. A. Experiments on vigilance: 
One-clock and three-clock monitoring. Technical 
Report 57 206, April 1957. Wright Air Development 
Center, Wright-Patterson AFB, Ohio. 

Jerison, H. J,, Pickett, R, M,, & Stenson, H, H, The 
elicited observing rate and decision processes in 
vigilance. Human Factors, 1965, 7, 107-128, 

Johnson, E, M,, & Payne, M, C, Vigilance: Effects of 
frequency of knowledge of re^^ults. Journal of Applied 
Psychology, 1966, 50, 33-34, 

Kappauf, W, E., & Powe, W, E, Performance decrement at an 
audio-visual checking task. Journal of Experimental 
Psychology, 1959, 57, 49-56, 

Kirk, R, E. Experimental Design: Procedures For the Behav
ioral Sciences. Belmont, Calif.: Brooks-Cole, 1968. 

Kirk, R. E., & Hecht, E. Maintenance of vigilance by pro
grammed noise. Perceptual & Motor Skills, 1963, 16, 
553-560. 

Kogan, N. , & Wallach, M. A, The effect of anxiety on rela
tions between subjective age and caution in an older 
sample. In P, H, Hock and J. Zubin (Eds,), Assess
ment of Human Motives, New York: Rinehart, 1958. 

Levine, J, M. The effects of values and costs on the de
tection and identification of signals in auditory 
vigilance. Human Factors, 1966, 8, 525-537, 



103 

Loeb, M,, & Hawkes, G. R, Rise and decay time in vigilance 
for weak auditory and cutaneous stimuli. Perceptual 
and Motor Skills. 1961, 13, 235-242. 

Loeb, M,, & Jeantheau, G, The influence of noxious environ
mental stimuli on vigilance. Journal of Applied Psy
chology, 1958, 42, 47-49. 

Loeb, M., & Schmidt, E. A. A comparison of the effects of 
different kinds of information in maintaining effi
ciency of an auditory monitoring task. Ergonomics, 
1963, 6, 75-81. 

Lucaccini, L. F., Freedy, A., & Lyman, J. Motivational 
factors in vigilance: The effects of instructions on 
performance in a complex vigilance task. Perceptual 
and Motor Skills, 1968, 26, 783-786, 

Mackworth, J, F, The effect of true and false knowledge of 
results on the detectability of signals in a vigilance 
task, Canadian Journal of Psychology, 1964, 18, 106-
117, 

Mackworth, J, F, Deterioration of signal detectability 
during a vigilance task as a function of backgrouncl 
event rate, Psychonomic Science, 1965, 3, 421-422, 

Mackworth, J, F. The effect of signal rate on performance 
in two kinds of vigilance tasks. Human Factors, 1968, 
10, 11-18, 

Mackworth, N, K. Notes on the clock test-a new approach 
to the study of prolonged visual perception to find 
the optimum length of watch for radar operators. 
MRC 46/34 8, APU 1, May 1944, Applied Psychology 
Research Unit, Medical Research Council, Cambridge, 
England, 

Mackworth, N, H, The breakdown of vigilance during pro
longed visual search. Quarterly Journal of Experimen
tal Psychology, 1948, 1, 6-21. 

Mackworth, N. H, Researches on the measurement of human per
formance. Medical Research Council Special Report 
Series 268, April, 1950. In H. W. Sinaiko (Ed,), 
Selected Papers in Human Factors in the Design and Use 
of Control Systems, New York: Dover, 19 61, 



104 

Martz, R, L. Signal presentation rate, auditory threshold, 
and group vigilance. Perceptual and Motor Skills, 
1966, 23, 463-469, """ 

Martz, R. L, Auditory vigilance as affected by signal rate 
and intersignal interval variability. Perceptual and 
Motor Skills, 1967, 24, 195-203. 

McCann, P. H. The effects of ambient noise on vigilance 
performance. Human Factors, 1969, 11, 251-256, 

McCormack, P, D, Performance in a vigilance task as a 
function of inter-stimulus interval and interpolated 
rest, Canadian Journal of Psychology, 1958, 12, 
242-246. 

McCormack, P. D. Performance in a vigilance task with and 
without knowledge of results, Canadian Journal of 
Psychology, 1959, 13, 68-71, 

McCormack, P, D, Performance in a vigilance task as a 
function of length of interstimulus interval, 
Canadian Journal of Psychology, 1960, 14, 265-268, 

McGrath, J, J, Cross-validation of some correlaLes of 
vigilance performance. Supplementary note to 
technical report 4, Feb, 1961. Human Factors Re
search Inc., Los Angeles, Calif, 

McGrath, J, J, Performance sharing in dual-mode monitoring. 
Technical Report 740 1, Jan, 1962. Human Factors Re
search Inc., Lost Angeles, Calif, 

McGrath, J, J,, & Hatcher, J, F, Irrelevant stimulation 
and vigilance under fast and slow stimulus rates. 
Technical Report 7, Feb. 1961, Human Factors Re
search Inc, Los Angeles, Calif. 

McGrath, J, J,, Harabedian, A,, & Buckner, D, N, Human 
factor problems in anti-submarine warfare. Review 
and critique of the literature on vigilance pdrfor-
mance. Technical Report 1, Dec, 1959, Human Factors 
Research, Inc., Los Angeles, Calif, 

McGrath, J. J,, Harbedian, A., & Buckner, D, N, An ex
ploratory study of the correlates of vigilance perfor
mance. Technical Report 4, Feb, 1960, Human Factors 
Research Inc, Los Angeles, Calif, 



105 

McNemar, Q. Psychological Statistics. New York: John 
Wiley, 1969. 

Montague, W. E., & Webber, C. E. Effects of knowledge of 
results and differential monetary reward on six un
interrupted hours of monitoring. Human Factors, 
1965, 7, 173-180. 

Moses, J. L. Field dependence and the prediction of 
vigilance performance. Dissertation Abstract, 1967, 
28(4-b), 1719. 

Murray, H. A. Explorations in Personality, Cambridge: 
Harvard University Press, 1938, 

Nicely, P, E,, & Miller, G. A, Some effects of unequal 
spatial distribution on the detectability of radar 
targets. Journal of Experimental Psychology, 1957, 
53, 195-198": 

Nunnaly, J. C. Psychometric Theory, New York: McGraw-
Hill, 1967, 

Pepler, R. D, Warmth and performance: An investigation in 
the tropics. Ergonomics, 1958, 2, 63-88. 

Pollack, I., & Knaff, P, R, Effect of rate of target 
presentation on target detection probability, Ameri
can Psychologist, 1958A, 13, 414. 

Pollack, I,, & Knaff, P. R, Maintenance of alertness by a 
lous auditory signal. Journal of the Acoustical So
ciety of America, 1958B, 30, 1013-1016, 

Poulton, E, C, Effect of cold and rain upon the vigilance 
of lookouts. Ergonomics, 1965, 8, 163-168, 

Randel, J, M, Attenuation of the vigilance decrement 
through stimulation in a second modality. Human Fac
tors, 1968, 10, 505-512. 

Regan, R. A. Facilitation of signal detection by the use 
of artificial signals and by the use of longer view
ing time. Technical Report 3, Oct. 1961. University 
of Pittsburgh, Engineering Psychology Laboratory. 

Sipowicz, R, R,, & Baker, R, A, Effects of intelligence 
on vigilance: A replication. Perceptual and Motor 
Skills, 1961, 13, 398. 



106 

Sipowicz, R, R, , Ware, J, R., & Baker, R, A, The effects 
of reward and knowledge of results on the performance 
of a simple vigilance task. Journal of Experimental 
Psychology, 1962, 64, 58-61, 

Smith, R, L, , Lucaccini, L, F., & Epstein, M. H. Effects 
of monetary rewards and punishments on vigilance per
formance. Journal of Applied Psvcholoa\', 19 67, 51, 
411-416. ~~~ ~ "" ""' 

Smith, R. L., Lucaccini, L. F., Groth, H., & Lyman, J. 
Effects of anticipatory alerting signals and a com
patible secondary task on vigilance performance. 
Journal of Applied Psychology, 1966, 50, 240-246. 

Solandt, D. Y., & Partridge, D. M. Research on auditory 
problems presented by naval operations. Journal of 
Canadian Medical Services, 1946, 3, 323-329. 

Teichner, W. H. Individual thermal and behavioral factors 
in cold-induced vasodilation. Psychophysiology, 1966, 
2, 295-304. 

Tune, G. S. Errors of comjnission as a function of age and 
temperament in a type of vigilance task. QuarLeily 
Journal of Experimental Psychology, 1966, 18, 358-
361. 

Tyler, D. M. , V7aag, W. L. , & Halcomb, C, G. A comparison 
of individual differences in the performance of a 
cross-model monitoring task. In Preparation, 

Waag, W, L,, & Halcomb, C, G. Monitoring team performance 
under conditions of varied team size and decision 
rules. Human Factors, 1971, In Press, 

Ware, J, R, Effects of intelligence on signal detection 
in visual and auditory monitoring. Perceptual and 
Motor Skills, 1961, 14, 99-102. 

Ware, J. R., & Baker, R. A. Effects of method of presenta
tion, modes of response category knowledge of results 
on detection performance in a vigilance task. Journal 
of Engineering Psychology, 1964, 3, 111-116. 

Ware, J. R., Baker, R. A., & Sipowicz, R. R. Performance 
of mental deficients on a simple vigilance task. 
American Journal of Mental Deficiency, 1962, 66, 647-
650. 



107 

Ware, J. R., Sipowicz, R. R., & Baker, R, A, Auditory vigi
lance in repeated sessions. 
Skills, 1961, 13, 127-129. 
lance in repeated "̂p*=;'=; i rsnc: T:><̂ V-̂ ,-N-̂ 4-I->-,I -.>-I/̂  A/T/-X+-/->-.̂  

Wechsler, D, Wechsler Adult Intelligence Scale. New York: 
Psychological Corporation, 1955. 

Weidenfeller, E, W, , Baker, R. A., & Ware, J. R, Effects of 
knowledge of results (true and false) on vigilance per
formance. Perceptual and Motor Skills, 1962, 14, 
211-215, ~ 

Wertheimer, M. The variability of auditory and visual 
absolute thresholds in time. Journal of General Psy
chology, 1955, 52, 111-147. 

Wherry, R. J,, & V7ebb, W. B. An experiment in prolonged 
vigilance, U.S. Naval School of Aviation Medicine, 
Naval Air Station, Pensacola, Florida. 

Wiener, E. L. Knowledge of results and signal rate in 
monitoring: A transfer of training approach. Journal 
of Applied Psychology, 1963, 47, 214-222, 

Wiener, E, L. Multiple channel monitoring. Ergonomics, 
1964, 7, 453-460. 

Wiener, E. L. Money and the monitor. Perceptual and 
Motor Skills, 1969, 29, 627-634, 

Wilkinson, R, T. Artificial "signals" as an aid to an 
inspection task. Ergonomics, 1964, 7, 63-72. 

Wonderlic, E. F. Wonderlic Personnel Test. Glencoe, 111,: 
Author, 1922, 

Zuercher, J, D, The effects of extraneous stimulation on 
vigilance performance. Human Factors, 1965, 7, 101-
105, 



APPENDIX A 

DESCRIPTION OF PREDICTOR VARIABLESt 

108 



109 

SEX. Males were coded 0 and females were coded 1. 

AGE. Subjects were instructed to report their age 

to the nearest year. 

SMOKE, Subjects who were smokers were coded 0 and 

subjects who were non-smokers were coded 1, 

16PF A, Factor A of the 16 PF measures the dimension 

of sizothymia versus affectothymia. An individual scoring 

low on this scale (sizothymia) can be characterized as 

reserved, detached, critical, aloof, and stiff whereas one 

scoring high (affectothymia) can be characterized as out

going, warmhearted, easygoing, and participating, 

16PF B. Factor B is a measure of intelligence. High 

scores are indicative of greater intelligence, 

16PF C, Factor C is a measure of ego strength, A 

low score is indicative of one easily affected by feelings, 

emotionally less stable, and easily upset, A high score 

is indicative of one who is emotionally stable, mature, 

calm and who faces reality, 

16PF E, Factor E is a measure of submissiveness 

versus dominance. Those scoring high on this factor are 

characterized as assertive, aggressive, competitive, and 

stubborn. Those scoring low are seen as humble, mild, 

docile, and accommodating, 

16PF F, Factor F measures the dimension of surgency 

versus desurgcncy. Those scoring lov7 on th.is scale are 
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seen as sober, taciturn, and serious. Those scoring high 

on this scale may be characterized as happy-go-lucky, gay, 

and enthusiastic 

16PF G, Factor G is a measure of superego strength. 

An individual scoring low on this scale is seen as one who 

is expedient and who disregards rules. Those scoring high 

on this scale are characterized as conscientious, persis

tent, and moralistic, 

16PF H, Factor H measures the dimension of threctia 

versus parmia. One who scores low on this scale is charac

terized as shy, timid, and sensitive. One who scores high 

on this scale is seen as venturesome, uninhibited, and 

\^ K^ JL. (.A O. X y *^ \^ .J-̂ A , 

16PF I, Factor I measures the dimension of harria ver

sus premsia. One scoring low on this scale is seen as 

tough-minded, self-reliant and realistic. One scoring high 

on this scale is characterized as tender-minded, sensitive, 

and overprotected, 

16PF L, Factor L measures the dimension of alaxia 

versus pretension. Those scoring high on this scale are 

seen as suspicious and hard to fool while those at the 

other end of the dimccnsion are seen as extremely trusting. 

16PF M. Factor M measures the dimension of praxernia 

versus autia. Those scoring high on this scale are seen 

as imaginative, bohemian, and absent-minded while those 
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at the other end of the dimension are seen as practical 

and "down-to-earth." 

16PF N. Factor N measures the dimension of artless-

ness versus shrewdness. Those scoring high are seen as 

astute, polished, and socially aware whereas those scoring 

low are seen as forthright, unpretentious, and socially 

clumsy. 

16PF 0. Factor 0 is a measure of untroubled adequacy 

versus guilt proneness. Those scoring high on this scale 

are seen as apprehensive, self-reproaching, insecure, 

worrying, and troubled. Those scoring low on this scale 

are seen as self-assured, placid, secure, and complacement, 

16PF Ql. Factor Ql is a m.easure of conservatism.. 

Those scoring high on this scale are characterized as 

liberal, free-thinking, and experimenting. Those scoring 

low on this scale are seen as conservative and respecting 

of traditional ideas. 

16PF Q2. Factor Q2 is a measure of group adherence 

versus self-sufficiency. Those scoring high on this scale 

are seen as self-sufficient and resourceful while those 

scoring low on this scale are viewed as group-dependent, 

16PF Q3. Factor Q3 is a measure of the strength of 

self-sentiment. Those scoring high on this scale are 

seen as controlled, socially precise and compulsive while 
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those scoring low are characterized as lax and careless of 

social rules. 

16PF Q4. Factor Q4 is a measure of ergic tension. 

Those scoring high on this scale are seen as tense, frus

trated, driven and overwrought, whereas those scoring low 

are characterized as relaxed, tranquil, torpid, unfrus-

trated, and composed. 

PRF 1, This scale is a measure of achievement. Those 

scoring high on this scale are seen as aspiring to accom

plish difficult tasks, maintaining high standards, and 

willing to work to accomplish distant goals, 

PRF 2, This scale is a measure of endurance. Those 
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work long hours, persevering, even in the face of great 

difficulty, and unrelenting in his work habits. 

PRF 3. This scale is a measure of play. Those scoring 

high on this scale are characterized by their doing things 

just for fun and spending a great deal of time participa

ting in games, sports, social activities and other amuse

ments. 

PRF 4, This scale is a measure of cognitive structure. 

Those scoring high on this scale do not like ambiguity or 

uncertainty in information and prefer to make decisions 

based on definite knowledge rather than upon guesses or 

probability. 
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PRF 5. This scale is a measure of order. Those scor

ing high on this scale are concerned with keeping personal 

effects and surrounding neat and organized. They dislike 

clutter, confusion, and lack of organization, 

PRF_6. This scale is a measure of inconsistency. 

Those scoring high on this scale are responding in an im

plausible or pseudo-random manner, possibly due to care

lessness, poor comprehension, confusion, or gross deviation, 

MPI EX, This scale is a measure of introversion-

extraversion. Those scoring high on this scale are charac

terized as extraverts while those scoring low are 

characterized as introverts, 

MPI NE, This scale is a measure of neuroticism. 

Those scoring high on this scale are characterized by neu

rotic symptoms, 

CPI AI, This is a measure of achievement via indepen

dence. Those scoring high on this scale are seen as mature, 

forceful, strong, dominant, demanding, and foresighted 

while those scoring lev; on this scale are seen as inhibited, 

anxious, cautious and dissatisfied. 

RISK, This scale is a measure of risk-taking. Those 

scoring high on this scale are characterized as willing to 

take greater risks as compared to individuals scoring low 

on this scale. 
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CPI FX. This scale is a measure of flexibility. Those 

scoring high on this scale are seen as insightful, informal, 

idealistic, and assertive. Those scoring low are seen as 

deliberate, cautious, and worrying, 

MAT_M1, This is a measure of the total motivation 

toward with regard to the pursuit of career goals, 

MAT_M2, This is a measure of the total motivation 

toward the home-parental complex, 

MAT M3, This is a measure of the total motivation 

toward escape from unpleasant and dangerous situations, 

MAT M4. This is a measure of the total motivation 

toward narcicistic or comfort goals. 

jViAx riD. i i i x S xS cL meat juxt : ux uiit; cvjuax l u u t x V a t l O n 

toward the superego sentiment, 

MAT M6, This is a measure of the total motivation 

toward the self-sentiment or self-concept. 

MAT M7, This is a measure of the total motivation 

toward the mating erg, 

I4AT M8. This is a measure of the total motivation 

toward drive of aggression, 

MAT M9. This is a measure of the total motivation 

toward the erg of assertiveness or ambition. 

MAT MIO, This is a measure of the total motivation 

toward the fulfillment of the need for affection. 
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MAT Cl-ClO. These are measures of the total conflict 

m each of the motivational areas measured in scales Ml-MlO. 

M?VT PI. This is a total measure of the individual's 

motivation toward life in general. 

MAT TC. This is a measure of total conflict consider

ing all of the ten motivational areas. Those scoring high 

on this scale are likely to be extremely frustrated. 

MAT AO. This is a measure of an individual's optimism 

toward the future. Those scoring high are likely to be 

quite optimistic. 

MAT II. This is a measure of informational intelli

gence. It corresponds quite closely to the Information 

Subtest found cn the WAIS (v:echsler, 1955) . 

LA 1-3, These are measures of level of aspiration. 

The procecures for obtaining each of these scores are pre

sented in Chapter II, 

ODOT 1-3, These are measures of performance on the 

0-dotting task. The procedures for obtaining each of 

these scores are presented in Chapter II, 

TIME 1-5. These are measures of performance on the 

time estimation task. The procedures for obtaining each 

of these scores are presented in Chapter II. 

TAR CD. This score represents the number of correct 

detections on the target identification task. 
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TAR FA. This score represents the number of false 

alarms on the target identification task. 

tThe descriptions presented are those given by the 
authors of each of the measures. In no way does the 
terminology used reflect the theoretical orientation of 
the present author. 






