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CHAPTER I 

INTRODUCTION 

Statement of the Problem 

The purpose of the present study was to investigate 

the applicability of laboratory findings of vigilance 

behavior to an industrial inspection task. Vigilance 

behavior refers to the attentiveness of the human operator, 

or, more specifically, to human capabilities for detecting 

small changes in stimulus events over relatively long per

iods of sustained monitoring. Interest in this area origi

nally developed during World War II with the alarming dis

covery that man is poorly suited to function in the role 

of monitor. As noted by Howell, Johnson, and Goldstein 

(1966) : 

Viewed in the context of an automation-oriented soci
ety, this discovery had obvious and serious implica
tions: since man seemed destined to become monitor 
of increasingly broad and important operations whether 
suited for it or not--it seemed imperative that psy
chologists find ways to render him more proficient. 

Psychologists, responding eagerly to this clarion call 

to their applied abilities, retired to their laboratories 

where they extensively studied this important human limita

tion for the ensuing thirty years. As a result, vigilance 

behavior has become one of the most popular areas of applied 

research with investigators spread over several continents 



and publishing under the sponsorship of various military 

and academic organizations. A recent annotated bibliogra

phy by Halcomb and Blackwell (1969) has identified over 

700 studies that cast considerable light on this area of 

human performance. 

Recently this whole body of voluminous literature has 

been impugned by several authors who have suggested that 

the results of laboratory experiments cannot be uncriti

cally relied upon to solve real-world monitoring problems. 

In general these critics feel that the typical vigilance 

laboratory experiment fails to duplicate the important 

aspects of real life monitoring situations and that conse

quently these experimental findings are of limited practi

cal value. 

In spite of the fact that the applicability of liter

ally hundreds of vigilance studies has been seriously ques

tioned, no investigation has yet addressed itself to resolv

ing this disturbing censure. The study reported here repre

sents one attempt to provide empirical data upon which an 

eventual determination of the controversy can be made. 

Vigilance Defined 

Before the vigilance problem described above can be 

discussed in detail, the term "vigilance" should first be 

defined. Vigilance has been defined in many different 

ways by numerous investigators and therefore has acquired 



a certain amount of ambiguity. Although there is a great 

disparity in these various definitions, they can be grouped 

under three general categories. These three categories 

refer to vigilance as a central process, performance on a 

certain type of task, or an area of study. 

The term vigilance has often been used to describe a 

central process or state of the nervous system. Henry 

Head, the British neurologist who first used the term vigi

lance in a technical sense, advanced this view. N. Mack

worth (1957) has also defined vigilance as a state of the 

nervous system which mediates performance on certain kinds 

of tasks. Although there are many varieties of definitions 

within this broad category, a common point of agreement is 

that an increase in vigilance results in an increase in 

performance on discriminative tasks. 

The second type of definition of vigilance refers sim

ply to performance on a vigilance task. The performance 

concerns the observable response behavior of the subject 

and is measured in terms of number of correct detections, 

number of false alarms, total number of errors, response 

latencies, etc. By vigilance tasks is meant a group of 

tasks having certain features in common. In general, the 

task requires an observer to monitor a display and report 

certain specified infrequent changes in that display. 

Because this method of defining vigilance does not require 



the postulation of a separate vigilance construct, as does 

the first, it has become increasingly popular. 

The third way of referring to vigilance is really not 

a definition at all, but rather a rubric under which a large 

body of experimental investigations may be grouped. Ac

cording to this position, vigilance simply refers to the 

subject matter common to a number of different investiga

tors. An example of this type of approach can be found in 

McGrath, Harabedian, and Buckner's review article (1959) 

on vigilance performance in which they state that, "The 

term vigilance is used here . . . simply as a convenient 

label to facilitate discourse." This will be the approach 

taken in this report, since to adhere to either of the 

first two definitions could introduce bias when discussing 

the work of other investigators. 

Background of Vigilance Performance Research 

There are two ways of viewing the vigilance problem 

historically. One way is to consider the interest in vigi

lance a logical extension of psychology's long interest in 

the subject of attention. Viewed in this manner, the his

torical antecedents of vigilance can be traced back to Sir 

William Hamilton's work in the middle of the 19th century, 

and encompass the work of Wundt, Helmholtz, Titchener, 

and James and the many early studies of attention. This 

was, in fact, the approach taken by Mackworth (1950) in 



his classic monograph in which he credited Wundt, Helmholtz, 

and James as being the progenitors for his work. This way 

of regarding attention as the parent of vigilance has gen

erally been replaced by the belief that the current inter

est in vigilance performance had a much more recent origin. 

The other way of historically viewing vigilance is to 

acknowledge the past interest in attention, but to concen

trate upon the vigilance problem as it relates to applied 

man-machine systems. This position has gained general 

acceptance for several reasons. First, the early studies 

in attention were largely unproductive; as a result the 

status of attention fell into disrepute (Woodworth and 

Schlosberg, 1954). A second reason is that the early 

interest in vigilance has been largely applied. A third 

reason for viewing vigilance apart from attention is that 

while the focus of attention still remains dubious and 

uncertain as a research area, vigilance research has be

come a most sophisticated and respected area of psycholog

ical investigation (Chapanis, 1967). In fact, some inves

tigators have indicated that perhaps the concept of atten

tion should be subsumed under the vigilance topic 

(Bicknell, 1970) . 

Considered as a separate area of applied interest, 

the area of vigilance research can be dated to the work of 

several investigators during the Second World War. There 

were, however, several studies in the 1930's which predated 



the military findings. Blackwell (1970) stated that 

"interest in the vigilance problem arose in the field of 

quality control" and cites Wyatt and Langdon's 1932 study, 

the findings of which anticipated the results of later 

work. The Wyatt and Langdon study was concerned with a 

decline in inspection accuracy of cartridge cases over 

time. Their study identified a marked decline in the detec 

tion of flaws in the cartridge cases after the first 32-

45 minutes of work. They also found little correlation 

between the intelligence of the inspectors and their in

spection accuracy. A third finding of the study was that 

a break in the continuous monitoring resulted in a recovery 

of inspection accuracy. 

Wyatt and his associates conducted several studies 

during the 1930's concerned with the effects of boredom 

and fatigue on monotonous, repetitious industrial tasks 

(see Welford, 1965 for an excellent review of these stud

ies) . The implication of these studies was that boredom 

and monotony are related to poor performance. Since bore

dom and monotony are often assumed to be related to the 

poor performance found in most vigilance tasks, it is some

what surprising that these early studies have received 

scant attention. One possible reason for this neglect is 

that the studies are open to criticism in terms of both 

the methodology used and the conclusions drawn (Smith, 

1953) . 



In spite of these early industrial studies, the area 

of vigilance research is usually dated to discoveries made 

during World War II. Investigators in both the United 

States (Lindsey, 1944) and Great Britain (Ditchburn, 1943, 

and Mackworth, 1944, 194 5) made the disquieting discovery 

that man was poorly suited to function in the role of moni

tor. This was an alarming discovery because the successful 

development of radar in both Britain and the United States 

in the 1930's and 1940's had placed heavy reliance upon 

this new technical breakthrough as a defensive surveil

lance tool. The fact that the efficiency of this sophisti

cated electronic device was to be curtailed by the ineffi

ciencies of its human monitors was of great concern. Al

though this human deficiency engaged the interest of sev

eral researchers, the exigency of wartime prevented any 

systematic investigation of the area. It was only in the 

post-war period with the establishment of several human 

factors laboratories that the vigilance problem was sub

jected to programmatic research. 

Although the early interest in the vigilance problem 

was shared by several investigators, there is little doubt 

that Mackworth was the father of the modern interest in 

the vigilance area. He was the first to subject the vigi

lance problem to thorough, systematic investigation. 

His classical monograph Researches on the Measurement of 

Human Performance (1950), which reported a series of 
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experiments conducted over several years, is credited with 

stimulating much of the later interest in the area. 

During the war Mackworth was assigned to the Air 

Ministry as a research psychologist. He found that air

borne antisubmarine surveillance crews were consistently 

failing to detect signals which should have been easily 

detected. The seriousness of this finding (from a military 

standpoint) prompted Mackworth to initiate a series of 

studies on this behavioral deficiency. Because of the prob

lem of control, Mackworth quite properly rejected field 

studies in favor of studying this performance anomaly in 

the laboratory. This turned out to be a most fateful deci

sion for the future of research in the vigilance area. 

Equally as fateful was the fact that rather than resorting 

to expensive, time consuming simulation of real task dynam

ics, he devised a laboratory task based on what he judged 

to be the essential task dynamics of the real situation. 

Mackworth first carefully examined the conditions 

under which radar operators, particularly air-borne radar 

operators, worked. He listed the following critical fac

tors: (a) the task was prolonged, (b) often the task was 

a matter of "waiting for nothing to happen," (c) "false 

alarms" were not unusual, for example, fishing vessels 

were registered on the radar screen and were indistinguish

able from military vessels until visual contact was made, 

(d) the operator worked in isolation save for occasional 



telephonic inter-communication, (e) no check on efficiency 

was made, (f) the object of the operator's search was dif

ficult to discriminate, being a small spot of light about 

1 mm in diameter appearing on a radar screen covered in 

noise, (g) the visual signal, if one appeared, was brief 

and the time limit for action necessarily short (Davies 

and Tune, 1969) . 

Taking careful note of these task characteristics, 

Mackworth devised a task, his famous clock test, which he 

believed simulated the essential characteristics of the 

radar operator's task. In the clock test subjects were 

required to monitor a plain white clock face upon which a 

black pointer made discrete movements around the blank 

face. The pointer made 100 jumps in a complete revolution, 

each jump taking one second. At irregular intervals the 

pointer would move through twice its usual distance and 

subjects were required to respond to this double jump by 

pressing a key. 

Mackworth conducted 12 experiments using the clock 

test and published the results in his 1950 monograph. In 

these various studies with the clock test, Mackworth con

sistently found that the subject's performance decreased 

as a function of time. This pronounced decrement in per

formance (in terms of the per cent of signals detected) as 

the watch progressed is shown in Figure 1. 
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'I'hc time since World War II has witnessed a remarkable 

second industrial revolution in which automation has in

creasingly displaced man as an operator of machines and 

reassigned him to the role of a monitor of machines. The 

significance of these early findings that man is poorly 

suited to function as a monitor along with the practical 

need to find ways to increase man's monitoring ability, 

resulted in an intense interest in the vigilance problem. 

At last count the number of studies in the vigilance area 

was well over 700 (Halcomb and Blackwell, 1969). As a 

result of this proliferation of experimental investigation 

it has been found that a subject's performance on a vigi

lance task may be influenced by three classes of variables: 

task, environmental, and organismic. A great deal of 

research has centered around the task variables while 

relatively little work has been devoted to environmental 

and organismic variables. Some task variables which have 

been shown to have a facilitory effect upon vigilance per

formance are: an increase in the rate of signal presenta

tion; an increase in inter-signal interval; an insertion 

of rest periods; and knowledge of results. 

Concomitant with the proliferation of data was the 

generation of several theories which have attempted to 

account for the data. These theoretical approaches have 

been diverse and have ranged from explanation in terms of 

inhibition (Mackworth, 1948), to expectancy (Baker, 1963: 
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Deese, 1955), to arousal (Hebb, 1955; Zuercher, 1965), to 

reinforcement (Jerison and Pickett, 1964) to filtering 

(Broadbent, 1954). The interested reader can find excel

lent reviews of these theoretical approaches in the follow

ing sources: Blackwell (1970), Frankman and Adams (1962), 

Bergum and Klein (1961), Jerison and Pickett (1963), 

McGrath, Harabedian, and Buckner (1959), Baker (1963), and 

Deese (1955). Despite the great amount of attention that 

has been devoted to theoretical approaches within recent 

years, it should be noted that none of these theories has 

achieved general acceptance. The reason for this is that 

even at a very gross level of explanation, none has been 

able to account for more than a small portion of the re

ported phenomena (Howell, Johnston, and Goldstein, 1966). 

Perhaps even more disheartening, none has been especially 

productive in generating testable hypotheses (Frankman and 

Adams, 1962; McGrath, 1963). 

Vigilance Tasks 

Along with the generation of data and the development 

of theoretical approaches to the vigilance problem, several 

additional laboratory techniques were developed to study 

vigilance performance. McGrath et. aĵ . (1959) have reviewed 

the various tasks used in vigilance studies and have listed 

the following as being the most popular. 
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The Clock Test.—Mackworth's basic display of a clock 

face with a black pointer has probably been used in more 

studies than any other type of display. 

The 20 Dials Test.—Broadbent (1954) developed a com

plex display consisting of 20 steam pressure dials. The 

dials, each 6 inches in diameter, are arranged in 2 rows 

on 3 sides of a square booth. The observer, who is seated 

in the booth, is required to respond whenever one of the 

dial pointers makes a slight deflection from the null posi

tion. The subject responds by pressing a button which in 

turn resets the pointer. 

The 20 Lights Test.--This display, which is highly 

similar to the 20 dials test, consists of a display of 

20 lights. At irregular intervals one of the lights will 

flash on at a low intensity level. The subject responds 

to this signal by pressing a button which turns out the 

light. 

Scopes.--Various types of simulated radar displays 

have been used. These displays may involve actual cathode-

ray tubes or some type of simulated representation. The 

signals, usually a dot of light, appear against a back

ground of visual noise. 

Meters.--Another popular display is a simple voltmeter 

dial. The actual signals generated on these voltmeter 
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dials have taken several forms. A signal may be a deflec

tion of the pointer from the normal position, in which 

case the observer must press a button to reset the pointer 

to the null position, or the signal may be a brief deflec

tion from the null position to which the observer presses 

a button to indicate that a signal has occurred. 

Lights.--Various types of light displays are also 

commonly used. The signal may be a change in the intensity 

of the light source or it may be a short break in a con

stant light source. 

Auditory Displays.--Although visual displays have been 

used much more frequently than auditory displays, several 

types of auditory tasks have also been used. Probably the 

most commonly used auditory task is a series of spoken 

digits, a signal being defined as some particular combina

tion of digits, such as 3 odd digits in a row. 

Although there is a great diversity in these various 

forms of vigilance tasks, there are a number of essential 

characteristics common to all of them. Kibler (1965) has 

characterized these common elements of vigilance tasks as 

follows: 

a. The signals to be detected are weak and brief 
(usually less than .5 seconds). 

b. The signals occur infrequently and at irregular 
intervals. In most studies, signal rates of 36 
or less per hour have been employed. 
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c. The observer is usually required to react only to 
the presence of the critical stimulus dimension. 
Interpretive identification is typically not re
quired. 

d. The tasks require sustained attention for pro
tracted periods--usually one hour or longer. 

f. Motor involvement is slight (e.g. pressing a 
button). 

g. The decision functions are rarely more demanding 
than simply judging whether or not the specified 
signal is present. Neither sorting nor interpre
tation of the signals is usually required. 

The fact that the above characteristics are common to 

the various existing vigilance tasks is not a fortuitous 

accident, but rather the result of careful design. Although 

Mackworth took meticulous note of the conditions under 

which radar operators worked, and then simulated these con

ditions in the clock test, subsequent developers of vigi

lance tasks have not followed his lead. Rather than se

lecting an actual monitoring task and then duplicating the 

essentials of it in the laboratory, they have been content 

with relying upon the supposed applicability of Mackworth's 

findings and have instead simulated the essential charac

teristics of Mackworth's simulated task. As Kibler (1965) 

states, "The dynamics of the experimental task are often 

selected to produce the expected decrement in performance 

rather than on the basis of a rational analysis of applied 

tasks characteristics." 

Task Complexity 

There is one notable exception to the preceding com

ments regarding the lack of concern for the essential 
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requirements of real monitoring tasks. Several investiga

tors have recognized the change in present day monitoring 

tasks as opposed to the type of monitoring tasks that con

cerned the World War II investigators. Where the military 

monitor of World War II was required to monitor a single 

stimulus source such as a surveillance radar scope or sonar 

auditory source, monitoring tasks in present day man-machine 

systems almost always require attending to multiple visual 

sources (Adams, 1967) . In response to this change in moni

toring requirements, several experiments of multiple source 

monitoring, also called complex monitoring, have been con

ducted. A very curious finding with these complex monitor

ing experiments is that the ubiquitous vigilance decrement 

was not found. The Jerison and Wallis (1957) study can be 

taken as a representative complex monitoring experiment. 

They compared the performance of 2 groups of monitors. 

One group was required only to monitor a single Mackworth 

clock while the second group monitored 3 identical clocks 

which operated simultaneously. All the subjects monitoring 

the single clock showed the usual vigilance decrement over 

time. The subjects on the triple clock display performed 

at an essentially constant level throughout the vigil. 

Although this group did not show the decrement as a func

tion of time, their overall level of performance was much 

lower than the single clock group. Broadbent (1950) and 

Loeb and Jeantheau (1958) using a 20 dials test and Howland 
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(1958) using 4 meters as the display all found no decre

ment. 

A series of studies by Adams and his associates (Adams 

and Boulter, 1960, 1962; Adams and Humes, 1963; Adams, 

Humes, and Stetson, 1962; Adams, Stetson, and Humes, 1961) 

at the University of Illinois have found decrements for 

visual monitoring tasks with multiple stimulus sources. 

However, in these studies a persistent signal lasting up 

to 20 seconds was used and latency of response was the 

dependent measure. It is therefore somewhat difficult to 

compare these findings with the studies already mentioned. 

Recent Criticisms of Vigilance Research 

As a result of the hundreds of published studies, a 

great deal of data has been collected concerning human per

formance in tasks having the characteristics already enu

merated. A pertinent question at this point would seem to 

be, "What is the significance of this extensive body of 

research?" The answer to this question is usually found 

in the introductory paragraph of most vigilance publica

tions. The rational for the study usually goes something 

like this: As a result of increased technology and automa

tion, man's role is rapidly changing from that of an opera

tor to that of a monitor. The present study will in some 

way or another give us a better understanding of this moni

toring ability. Since the interest in vigilance research 
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originated in, and has been sustained by, applied concerns, 

it would appear that the significance of vigilance research 

lies, at least in part, in its applicability to real world 

monitoring tasks. 

Buckner and McGrath (1963) have identified the various 

tasks where the vigilance data should be applicable. They 

state. 

Vigilance behavior is required for successful per
formance in a variety of situations and jobs. It can 
safely be said that our defense against all-out nu
clear attack depends in our early warning stations 
throughout the world. It depends upon the skill of 
our radar and sonar operators and image interpreters 
. . . Vigilance performance is required in industry-
systems, in detecting unacceptable units coming off 
an assembly line, in proofreading a manuscript. It 
is required in operating vehicles—automobiles, ships, 
aircraft, even spacecraft. 

According to these authors, the applicability of vigilance 

research can be found in military and industrial monitor

ing tasks as well as in the operation of various vehicles 

such as an automobile. 

Recently, however, certain investigators have begun 

to criticize the majority of vigilance studies as being 

unrepresentative of the various tasks to which the results 

should apply. The relevance of laboratory vigilance re

search to each of the three areas identified by Buckner 

and McGrath has been questioned. 

In the operation of vehicles, Dobbins e_t aĴ . (1963) 

studied the effect of prolonged driving on the vigilance 

of army truck drivers. A vigilance decrement was predicted 
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on the basis of experimental conditions (noise, truck vibra

tion, long hours, boredom, fatigue). He found, however, 

that detection performance began at a high level and stayed 

at a high level. Dobbins concluded his study with the fol

lowing remarks: 

Performance decrements have been found repeatedly for 
simple (single source) vigilance tasks, but the evi
dence for decrement in complex (multiple single 
source) vigilance tasks is scant. The present study 
suggests that the rapid, severe decrement found in 
the passive monitoring of laboratory displays, may be 
of limited generality. 

In regard to military monitoring tasks, Kibler in an 

article entitled "The Relevancy of Vigilance Research to 

Aerospace Monitoring Tasks" (1965) compared the basic task 

dynamics of typical vigilance research with those of repre

sentative contemporary monitoring tasks. He made the fol

lowing comments: 

It would seem that technological change, although 
admittedly placing increased emphasis on the use of 
humans in monitoring activities, is simultaneously 
reducing the number of tasks having characteristics 
approximating those typically employed in laboratory 
vigilance research. The task characteristics which 
appear to be changing in contemporary monitoring can 
be summarized as follows: 
a. The weak, brief duration signals as typically 

employed in laboratory vigilance studies are 
rarely encountered in applied monitoring tasks. 

b. The human monitor typically is required to keep 
watch over multiple information sources, and fre
quently more than one type of target or informa
tion class is the object of his vigil. 

c. The signals are often complex and multidimensional 
rather than simple and unidimensional events such 
as those typically employed in laboratory studies. 

d. In most monitoring tasks, determining the appro
priate response to a signal event entails a deci
sion process much more complex than those required 
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in laboratory vigilance studies. Situations 
which at one time may have required a simple well 
defined response to an unambiguous signal can be, 
and often are, accomplished entirely by machines. 

Elliott (1960) has also examined the problem of gener

alizing vigilance laboratory data to military monitoring 

tasks and made the following observations: 

Whenever we have studied real military watchkeeping 
tasks, we have achieved some results which could not 
have been predicted from published test data, and, 
indeed, we have often found the published material 
quite misleading. . . . [In regard to the vigilance 
decrement] this form of behavior has never been found 
in any closely simulated radar or asdic search. . . . 
Social isolation, which has been a deliberate feature 
of most laboratory researches, may be an interesting 
psychological phenomenon, but is not relevant to most 
military tasks. 

Jerison and Pickett (1963), who have worked for years 

in the area of vigilance research, stated the following in 

their critical review of vigilance research: 

Although vigilance research received its major 
impetus from practical problems of sustained visual 
monitoring of radar displays, it does not, at this 
time, contribute in clear and unequivocal ways to the 
solution of similar problems in manned space systems 
or, for that matter, in any systems that are planned 
for field operation. 

Industrial monitoring tasks were the third area that 

Buckner and McGrath identified as having relevancy to vigi

lance laboratory findings. Here again, the similarity 

between the task of the vigilance subject and the task of 

the industrial inspector has been questioned by several 

authors. Smith and Luccaccini (1969), in an article explor

ing the application of vigilance research to industrial 
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problems, maintain that a vigilance decrement has never 

been demonstrated in an industrial situation. They attri

buted this lack of decrement to the complexity of the indus

trial task. They suggested that the reason for the decre

ment found in laboratory settings was a motivational one, 

that is "a sufficient number of subjects were simply not 

motivated enough . . . to continuously observe the display." 

The authors also emphasized another important difference 

between the task of the vigilance subject and the task of 

the industrial inspector. 

Possibly the most demanding task requirements [of the 
industrial inspector] are perceptual. While subjects 
in vigilance studies are asked to judge whether a sim
ple stimulus is present or absent, industrial inspec
tors must make far more difficult judgements regard
ing the quality of a complex, mechanical or electronic 
part. 

Colquhoun (1957, 1964) agreed with Smith and Luccaccini 

that the task facing the industrial inspector is far more 

complex than that facing the vigilance subject. He empha

sized that the detection of a fault in a product is highly 

contingent upon what is defined as a fault. "The complex

ity of faultiness in many products is such as to defy anal

ysis . . . Discriminations are made even more difficult by 

the fact that the tolerance limits will vary from customer 

to customer." Colquhoun also considered the responses 

required of the vigilance subject as compared to those of 

the industrial inspector. 
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The response required of the examiner is rather 
more elaborate than it is in the laboratory. Thus, 
he must either pick up the defective article and place 
it aside, sort the object in some way, or mark the 
defective part of a large article with chalk or other 
similar material. He may also be required to enter 
his observations on a work sheet. If the object is 
of any size or complexity he may have to manipulate 
it so that all parts of it are examined. 

Harris (1969) made a detailed examination of the basic 

elements in industrial inspection tasks. While he agreed 

that "vigilance" was necessary in the successful perfor

mance of the different types of inspection tasks, he con

cluded that, 

. . . the application of findings from research on 
vigilance to the design of inspection jobs should be 
approached with considerable caution . . . most inspec
tion tasks are typically more complex and more intel
lectually demanding than the tasks studied in vigi
lance research and, as a consequence, the findings 
from vigilance research should be applied to indus
trial inspection tasks only with considerable care. 

Chapanis (1967) , in considering criticisms such as 

the ones given above, has cautioned, "Statements such as 

these are disturbing enough to shake us from our comfor

table complacency about the usefulness of laboratory experi

ments. " 

In general, then, the criticisms detailed above seem 

to revolve around the fact that the typical vigilance labo

ratory experiment does not duplicate the important aspects 

of real life monitoring situations, and that as a conse-

quency these experimental findings are of limited practical 

value. It is important to note that all of the above 
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authors are highly respected contributors to the area of 

applied research, including vigilance research. For any

one to maintain that research in an applied field has 

little application is indeed a severe criticism; coming 

from these particular individuals the criticism is doubly 

dcunaging. 

Purpose of the Study 

The purpose of the present study was to investigate 

the validity of the criticisms directed against laboratory 

vigilance research. The approach taken was to compare the 

performance of subjects in a typical laboratory vigilance 

task to the performance of the same subjects in a simulated 

industrial inspection task. The simulated inspection task 

used is representative of the most common type of industrial 

inspection task, the scanning task (Harris, 1969). It is 

also representative of the scanning behavior required in 

complex vigilance tasks. 

While the industrial inspection task was representa

tive of industrial inspection tasks, the testing sessions 

were not representative of industrial working conditions. 

The most desirable procedure for making this comparison 

would have been to collect the inspection data in an indus

trial quality control setting. However, this type of pro

cedure has been rejected by most investigators in the field 

of industrial inspection (Williges and Streeter, 1971; 
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Badalamente and Ayoub, 1969; Wallack and Adams, 1969; 

Harris, 1968; and Harris, 1966) because of the difficulty 

in controlling the multitude of extraneous variables found 

in an industrial setting, and the impossibility, therefore, 

of collecting meaningful data. 

Sex was included as a variable in this study since 

the literature is replete with conflicting data concerning 

sex differences and vigilance performance, although there 

is virtually no information in the literature concerning 

possible sex differences in inspection tasks. Of particu

lar interest in this regard is the fact that most vigilance 

studies have used young men as subjects, whereas industrial 

inspection tasks are performed by both men and women. 



CHAPTER II 

METHODS 

Subjects 

Subjects were 40 undergraduate students, 20 males and 

20 females, who were enrolled in introductory psychology 

courses during the summer of 1971. The subjects, who par

ticipated in the experiment in order to satisfy a course 

requirement, were solicited by means of a sign up sheet 

(see Appendix A). The only restriction imposed on partici

pation was that the subject must have normal vision (or 

20/20 with corrected lens) and must not be currently taking 

medication. Subjects ranged in age from 17 to 27 years of 

age, with the mean age being 20.4. None of the partici

pants had previously served as a subject in a vigilance 

experiment nor had any of them been employed as an indus

trial inspector. 

General Procedure 

Each subject participated in both experimental tasks, 

each lasting approximately 75 minutes. The order of presen

tation of the two tasks was counterbalanced across subjects, 

with half (20) of the subjects being tested on the vigi

lance task first, followed by the inspection task, and half 

25 
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of the subjects being tested on the inspection task first, 

followed by the vigilance task. Ten males and 10 females 

were randomly assigned to each of the two experimental con

ditions . 

The two testing sessions were also matched according 

to the time of day. That is, if the first session occurred 

in the morning, the second session was also scheduled for 

a morning period (8 A.M. to 12 noon). Afternoon (12 noon 

to 6 P.M.) and evening (6 P.M. to 9 P.M.) sessions were 

likewise matched. The time of day was controlled in this 

manner since Colquhoun (1960) has shown that there may be 

significant variation in vigilance performance within sub

jects according to the time of day. 

Considerable effort was made to minimize the differ

ences between the two tasks. External environmental condi

tions were identical in both tasks. Temperature was held 

constant at 76° F. for all testing sessions. A constant 

level of background auditory stimulation was provided in 

all testing sessions by recorded 75 db ambient white noise 

as measured by an Allison audiometer calibration unit. 

Lighting was not held constant in both experimental condi

tions, but was rather optimally set for each task, with 

5 foot candles being used in the vigilance task and 25 foot 

candles used in the inspection task. 

Instructions for the two tasks were equated in so far 

as possible and were recorded to insure standardization. 
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The liequence of events and signals for the two tasks were 

also equated with 1600 events and 8 signals being presented 

within each 10 minute time period, giving a total of 

9600 events and 48 signals for the 60 minute period. The 

event-signal schedule for the vigilance task was determined 

by generating five 60 minute schedules on the inspection 

task and then randomly selecting one of these for the vigi

lance task. In order to prevent any possible experimenter 

biasing, the instruction and practice periods, as well as 

the actual testing sessions, were conducted without the 

presence of the experimenter in the testing chambers. 

One notable difference between the two tasks was that 

subjects were tested in groups of up to 4 subjects in the 

vigilance situation, but were tested individually in the 

inspection task. However, previous work by Bergum and Lehr 

(1963) and Wiener (1964) has indicated no significant dif

ferences between individual and group testing in the vigi

lance task. This group versus individual difference was 

therefore disregarded. 

When subjects reported for an experimental session 

they were instructed to remove any time pieces and were 

informed that smoking would not be permitted. At the end 

of the first testing session subjects were scheduled for 

the second session by means of a sign up sheet (see Appen

dix B). At the conclusion of the second testing session a 

brief interview was conducted with each subject. The 
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purpose of this debriefing was to acquire personal informa

tion from the subject, such as age, height, and hand pre

ference, as well as to question the subject concerning his 

preference for the two tasks. The subject was specifically 

asked which of the two tasks he preferred and the reasons 

for his preference. This information v/as entered under the 

"comments" section of the data sheet (see Figure 2). 

Vigilance Task 

Apparatus 

The stimulus objects, 4 and 5 dots of light, were pro

duced and displayed by an Industrial Electronics Engineers 

one-plane readout which was mounted to a stimulus display 

panel on the rear of each subject cubicle. An event was 

defined as 4 dots of light, each dot measuring .32 cm in 

diameter. The length of the row of 4 dots was 1.99 cm. A 

signal was defined as a row of 5 dots. The dots of light 

were also .32 cm in diameter with the length of the 5 dot 

row being 2.54 cm. An event was presented every .375 milli

seconds with the duration of the signal being .185 milli

seconds. The intervals of the events and signals were 

punched on paper tape to control the automatic programming 

equipment. 

The signals occurred at the following event numbers: 

177, 327, 519, 612, 855, 1056, 1155, 1362, 1602, 2046, 

2106, 2187, 2427, 2781, 2117, 3210, 3525, 3624, 3909, 4176, 
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Name 

Sex M 

Age 

Hand Preference: Right Left 

Session 1st 

Vigilance Task 

2nd Date Time 

Practice Period: Correct Detections False Alarms 

10 Minute Time Periods 

2 3 4 5 

Correct 
Detections 

False 
Alarms 

Session 1st 

Inspection Task 

2nd Date Time 

Practice Period: Correct Detections False Alarms 

10 Minute Time Periods 

2 3 4 5 

Correct 
Detections 

False 
Alarms 

Comments 

Fig. 2.--Form for recording subject's responses. 



30 

4434, 4488, 4629, 4878, 5034, 5388, 5679, 5922, 5988, 6228, 

6313, 6528, 6729, 6921, 7104, 7344, 7380, 7626, 7869, 8004, 

8247, 8469, 8697, 8976, 9111, 9256, 9414, 9594. The num

ber of correct detections and false alarms for each 10 min

ute time period were recorded on a BRS-Foringer print-out 

counter. A signal was considered to have been missed if 

the subject failed to respond within 1.125 seconds follow

ing its presentation. A false alarm was defined as a re

sponse when no signal had occurred. The response to a sig

nal was made by pressing a button (microswitch) which was 

mounted in the end of a standard bicycle grip. Not only 

did this arrangement eliminate feedback from one subject 

to another, but it allowed the subject to hold the grip 

without pressing the button. To insure complete standardi

zation, the ambient white noise was recorded from a Grason-

Stadler white noise generator directly onto the instruc

tion tape. 

Procedure 

The vigilance testing sessions were conducted in the 

vigilance laboratory, located in room 205 of the Psychology 

Department. The floor plan for this laboratory can be seen 

in Figure 3. The subjects followed the experimenter from 

the programming entry room through a short hallway to the 

experimental room. Subjects were then directed to place 

all books, packages, purses, and time pieces on a nearby 
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SUBJECT CUBICLES 

• I • 

(^NE-WAY 
WINDOW 

PROGRAMMING 
EQUIPMEN 

ING^ 

SCALE r=50" 

Fig. 3.—Floor plan of experimental room (After Blom, 
1970) . 
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table. Subjects were next instructed to be seated in one 

of the 4 tostinq cubicles (see Figure 4). The experimen

ter then told the subjects that smoking would not be per

mitted during the experiment. He also instructed them not 

to talk with one another during the experimental session 

nor make any unnecessary, distracting noises, such as whis-

ling or singing. The experimenter told the subjects that 

they would hear complete instructions through a loud

speaker located directly behind them and then left the 

experimental room. Shortly thereafter the following pre

recorded instructions were presented: 

The experiment you are going to help with today is 
a test of your alertness. We want to find out how 
alert you can stay when you have to do a task for an 
extended period of time. It is very important for 
you to remain as alert as you can for the entire ex
periment. You will perform this task by yourself, 
although there are other people in the room. The task 
they will perform is similar to yours; it is essential 
that you do not disturb them because you may cause 
their performance to be affected. Now, sit straight 
in the chair and make yourself comfortable. Pick up 
the bicycle grip on the table in front of you with 
your preferred hand so you can press the button with 
your thumb. Try pressing the button a few times to 
get the feel of it. (Pause) Your only task for the 
next few minutes will be to relax and sit comfortably. 

Ambient white noise was then presented and continued 

throughout the 2 minute adaptation period. At the end of 

the adaptation period the instructions resumed as follows: 

Now, look at the small rectangle in front of you. 
You will notice four small white dots in a row which 
flash on and off. 

At this point 4 events were presented. 
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Occasionally five dots of light will be presented 
rather than the usual four, like this. (Pause) 

Four signals were presented here, followed by the instruc

tions : 

That is a signal. I'll show it to you again. (Pause) 

Again, 4 separate signals were presented. The instructions 

continued: 

Now, pick up the bicycle grip on the table in front 
of you with your preferred hand so you can press the 
button with your thumb. Try pressing the button a 
few times to get the feel of it. (Pause) 

Whenever you see a signal, that is, five dots 
instead of four, press the button as quickly as pos
sible. Press the button firmly but don't hold it 
down longer than about a second. Be sure to press 
the button only once when a signal occurs. Don't 
press the button unless you see a signal. 

You will now be given a practice period. Signals 
will occur at about the same rate as they will be pre
sented during the experiment. We will start the prac
tice period now. 

The automatic programming equipment was then activated. 

The equipment had been pre-progrcimed to present 4 signals 

within a 5 minute period at events 9, 56, 272, and 361. 

The ambient white noise was again played throughout the 

practice period. The practice period was included to famil

iarize the subjects with the events and signals and to 

serve as a check on their understandings of the task. One 

subject was subsequently eliminated from this study because 

his poor performance during the practice period indicated 

a lack of understanding of the instructions. At the end of 

the 5 minute practice period the instructions continued: 
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Fine. We are now ready to begin. Remember to 
remain alert during the entire experiment. We will 
begin now. 

The automatic programming sequence was initiated at this 

point and continued for the next 60 minutes. The ambient 

white noise was also played throughout the 60 minute vigil. 

The subjects were observed during the experimental session 

by means of the one way mirror shown in Figure 3. At the 

end of the one hour session subjects were either scheduled 

for the second session, if the vigilance task was the first 

session, or were interviewed, if this were the second 

session. 

Inspection Task 

Apparatus 

In order to duplicate the essential environmental con

ditions of the vigilance laboratory, a testing booth was 

designed and built for the inspection task. To isolate 

the subject from visual and auditory distractions, the 

booth was completely enclosed and fully insulated with 

acoustical dampening materials. The internal dimensions 

of the cubicle were 116.84 X 110.49 X 209.65 meters. The 

interior walls of the booth were lined with sheets of 

1.27 cm sound deadening material which in turn were cov

ered with 30.48 X 30.48 cm acoustical tiles. The floor of 

the cubicle had 3 layers of the 1.27 cm insulating sheets 

and was covered with thick carpeting to further reduce the 
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transmission of sound and vibration. Lighting was provided 

by 4 incandescent 100 watt bulbs which were mounted on the 

interior top of the cubicle. A suspended ceiling of dif

fusing plastic panels provided indirect, shadow-free light

ing for the inspection task. A ventilating fan mounted on 

the top of the cubicle maintained a comfortable supply of 

fresh air within the booth. A 30.48 X 45.72 cm one-way 

mirror was located on the back wall of the cubicle and 

allowed the subject to be observed at all times. 

The inspection task was performed on a 100% Inspection 

Machine. This machine was built by technicians in the 

Industrial Engineering Department from plans supplied by 

the Timken Roller Bearing Company of Canton, Ohio. The 

inspection machine was originally developed by the Timken 

Company to test the aptitude of potential inspectors. The 

machine used in this study was previously utilized by 

Sosnowy (1967) in an investigation of inspector accuracy. 

The 100% Inspection Machine was mounted on a sturdy 4 leg

ged table (see Figure 5). The height of the table placed 

the stimulus objects, white plastic balls, 87.63 cm above 

the floor, the optimal height for this type of task as 

determined from anthropomorphic data found in Morgan, Cook, 

and Chapanis (1963) . 

The inspection machine was powered by a 1/7 0 horse

power, single speed, A.C., synchronous, Bodine motor. The 

machine consisted of a conical hopper which metered 10 mm, 
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Fig. 5.-"100% Inspection Machine in testing booth 
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white, Lucite balls, the simulated product, to a .32 cm 

thick plexiglass indexing disc containing forty 1.11 cm 

holes around the circumference of a 17.78 cm diameter cir

cle (see Figure 6). 

A felt covered disc, revolving below the plexiglass 

indexing disc, kept the balls in the index holes and turned 

them slowly. In this manner all surfaces of the balls were 

exposed for visual inspection. Through a system of gears 

the plexiglass indexing disc was driven at 4 revolutions 

per minute. Since the plastic disc contained 40 holes, the 

inspection rate was 160 balls per minute. Thus, 1600 balls 

were presented in a 10 minute period, giving a total of 

9600 balls to be inspected during the 60 minute session. 

The task of the subject was to inspect the balls as they 

went by him, removing all defective balls and allowing all 

good balls to roll by and drop from the disc into an alumi

num channel trough. 

The balls were defined as "defective" if they had a 

.48 cm black decal with the letter A, D, H, or N on them. 

A view showing each type of defective ball is shown in 

Figure 7. A plain ball, or a ball having a black spot on 

it, or a ball having any other letter of the alphabet on 

it, was defined as being good. The subject should have 

allowed all good balls to pass on and drop into the trough. 

A small hole was drilled into each defective ball and a 

steel pin was inserted. A small amount of white glue 
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Fig. 6.—Close-up view of 100% Inspection Machine 
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Fig. 7.—Four types of stimulus objects classified 
as defective. 
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filled the hole. The presence of the steel pin in the 

defective balls allowed the experimenter to quickly and 

positively identify them with the aid of a powerful magnet. 

The fact that the defective balls contained a steel pin 

was indistinguishable to the subjects by weight. However, 

to eliminate the possibility of identifying the defective 

balls by means of the hole, many of the good balls were 

also drilled and the holes sealed with white glue. 

Whenever a subject would fail to identify a defective 

ball it would fall into the aluminum trough along with the 

good balls. The trough was inclined at a slight angle so 

that the balls would roll down its length and exit through 

the back of the booth. A wooden container located on the 

exterior rear of the booth collected the balls as they 

dropped from the end of the trough. A 5 pound magnet was 

placed in the container in such a way that the balls would 

strike its surface. The good balls would bounce off the 

surface of the magnet unaffected, but the steel pins embed

ded in the defective balls caused them to be attracted to 

the magnet. It was therefore a simple matter for the 

experimenter to identify defective balls missed by the 

inspector. 

When the subjects identified and removed defective 

balls from the indexing disc, they placed them into a 

funnel-shapped container labeled "defectives." Another 

aluminum channel mounted underneath the funnel delivered 
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the balls to a second box at the rear of the booth. A mag

net located in this container likewise attracted defective 

balls, while allowing good balls to collect on the bottom 

of the box. 

In order to insure that 8 signals were presented 

within each 10 minute period it was necessary to recycle 

the 1600 balls every 10 minutes. This was accomplished by 

a length of square aluminum tubing that extended from the 

rear of the booth to the hopper of the inspection machine. 

The balls could be set into the tubing by means of a fun

nel mounted on the exterior rear of the booth. It was an 

easy matter for the experimenter to transfer the balls 

from the exit containers to this intake funnel. 

Procedure 

The inspection task took place in room 203 of the 

Psychology Building, which is adjacent to the vigilance 

laboratory. When subjects reported for an experimental 

session, they were instructed to place all personal belong

ings, including time pieces, on a nearby table. When this 

was done, they were seated in the inspection booth and 

told that they would shortly hear the complete instructions 

for the experiment through a small speaker setting on the 

table. The experimenter then closed the door to the test

ing chamber and started the tape recorded instructions. 

The instructions were as follows: 



43 

The experiment you are going to participate in 
today is a test of how well you can perform an indus
trial inspection task. The task will be performed on 
the machine in front of you, which is called a 100% 
Inspection Machine. A similar machine was first 
designed and built by the Timken Roller Bearing Com
pany to test the ability of potential inspectors. 
This experiment is designed to represent the inspec
tion procedure that is necessary for many small, 
assembly line parts, such as ball bearings. 

Sit straight in the chair and make yourself com
fortable. Your only task for the next few minutes 
will be to relax and sit comfortably. 

Ambient white noise at 75 db was introduced at this point 

and continued throughout the 2 minute adaptation period. 

At the end of the 2 minute pre-task adaptation period the 

instructions were resumed: 

Now, look at the machine in front of you. Rather 
than ball bearings, the inspection machine will re
volve small, white, plastic balls before you. The 
purpose is for you, as an inspector, to spot defec
tive balls before they drop into the trough. As the 
balls roll past you, you should identify and remove 
all defective balls and allow all good ones to pass 
on. The balls will be deemed defective and should 
be removed if they have the letter A, D, H, or N on 
them. A plain ball or a ball with any other letter 
is defined as good and should be allowed to pass on. 
You will now see some of these defective balls. 
(Pause) 

The experimenter put one of each of the defective types of 

balls into the hopper via the square aluminum tubing. 

These balls are all defective. I'll show them to you 
again. (Pause) 

The experimenter again fed an A, D, H, and N ball into the 

hopper at this point. 

Whenever you see a defective ball, that is, a ball 
with the letters A, D, H, or N on it, you should 
remove it and put it into the funnel-shaped container 
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marked "defectives." A plain ball, or a ball with any 
other letter on it, or a ball with a black spot on it 
is defined as good and should be allowed to pass on. 

You will now be given a practice period. There 
will be about as many defective balls as there will 
be during the experiment. We will start the practice 
period now. 

White ambient noise at 7 5 db was again introduced and con

tinued throughout the 5 minute practice period. Eight hun

dred balls with 4 signals, one of each kind of the defec

tive types, were released into the intake funnel. The num

ber of correct detections and false alarms were recorded 

at the end of the 5 minute practice period. At the comple

tion of the practice period the white noise stopped and 

the following message was heard: 

Fine. We are now ready to begin. Remember to 
remove as many of the defective balls as you can. We 
will begin now. i 

At "We will begin now" the experimenter filled the hopper * 

with the first 10 minute supply of balls. The balls were j 

recirculated throughout the remainder of the experiment 4 

with the stipulation that 8 defective balls be presented i 

within each 10 minute time period. A stop watch was used 

to time each 10 minute period and the number of correct 

detections and false alarms was entered on the data sheet 

at the end of each time period. At the conclusion of the 

60 minute testing session the subjects were either resched

uled for the vigilance task or were interviewed if the 

inspection task was the second session. 
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Experimental Design 

The analysis of variance design which was used in the 

analysis of the dependent variables (per cent correct 

detections and false alarms) was a split-plot factorial 

design (SPF-2,2 .2 ,6) as outlined by Kirk (1968). The be

tween subject variables were the sex of the subject and 

the order of presentation of the two experimental tasks. 

The within subject variables were the two experimental 

tasks and the successive 10 minute time periods. 
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CHAPTER III 

RESULTS 

The data obtained in this research consisted of the 

number of signals detected and false alarms made by each 

subject during each 10 minute time period. Two transfor

mations were applied to the correct detection scores. 

First they were converted to percentages by dividing the 

number of correctly detected signals in each 10 minute 

time period by 8, the number of signals within each time 

period. Second, since a significant F test (Kirk, 1968) 
^ ^ max 

indicated a lack of homogeneity of variance, an arc sine 

transformation (Kirk, 1968) was applied to each score as 

follows: 

X' = 2 arcsin ^x 

This transformation resulted in homogeneity of variance. 

A test of homogeneity of variance of the false alarm 

data also revealed a significant F test; therefore a 
max 

log transformation (Kirk, 1968) was applied to each score 

as follows: 

X' = log^Q (X + 1) 

The transformation resulted in homogeneity of variance. 

Power for the analysis of variance was calculated using 
procedures outlined in Cohen (1969) and Kirk (1968). The 
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power at the .05 level for oach treatment effect is shown 

in Table 1. 

Detections 

The means for each of the experimental conditions are 

presented in Table 2. The results of the split plot analy

sis of variance are summarized in Table 3. No statisti

cally significant differences were found for sex, the order 

of presentation of the two tasks, or for time on tasks. 

There was a significant difference between the two tasks 

(p < .001), with the performance on the inspection task 

being higher. There was also a significant interaction 

between tasks and time-on-task. An analysis of simple 

main effects (Kirk, 1968) was performed to clarify the na

ture of this interaction; the summary of this analysis is 

shown in Table 4. This analysis indicates that the time-

on-task effect was significant for the vigilance tasks 

only. The analysis also indicates that significant differ- J 

ences were obtained between the two tasks in time periods ! 

4, 5, and 6. Figure 8 graphically represents this inter

action. Of particular interest in Figure 8 is the contrast 

between the marked performance decrement found over time 

in the vigilance task and the essentially constant perfor

mance found on the inspection task. 
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Power at the .05 
Effects and 
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Dependent 
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Source 
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A X B 
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A X C 
B X C 
A X D 
B X D 
C X D 
A X B X 
A X B X 
A X C X 
B X C X 
A X B X 
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C 
D 
D 
D 
C X D 

(A) 
(B) 

(C) 
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Correct Detect 
Power 
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TABLE 2 

Treatment Means for Correct Detections 

Vigilance First 5.6667 
Male 

Female 
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Task Sex Order of Presentation X X 

Inspection First 5.9000 
Vigilance 5.7250 

Vigilance First 5.8500 

Male 

Inspection First 5.4833 

Vigilance First 7.2333 -i 

Female 
Inspection First 7.0666 

Inspection First 6.7833 i 
Inspection 7.0083 ; 

Vigilance First 6.9500 Jj 



TABLE 3 

Analysis of Variance of Correct Detections 
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Source df Mean Square 

Between Subjects 39 

Sex (A) 
Order of Presentation (B) 
A X B 
Subjects Within Groups 

Within Subjects 

Tasks 
Time on 
A X C 
B X C 
A X D 
B X D 
C X D 
A X B 
A X B 
A X C 
B X C 
A X B 
D X Si 

X 
X 
X 
X 
X 
lb-

Task 

C 
D 
D 
D 
C X D 
iects 

(C) 
(D) 

1 
1 
1 

36 

224 

1 
5 
1 
1 
5 
5 
5 
1 
5 
5 
5 
5 

180 

0.122 
0.243 
0.018 
0.437 

10.848 
0.217 
0.001 
0.056 
0.090 
0.073 
0.372 
0.689 
0.144 
0.055 
0.174 
0.067 
0.102 

0.279 
0.555 
0.041 

36.140*** 
2.134 
0.002 
0.187 
0.883 
0.718 
4.407*** 
2.295 
1.413 
0.646 
2.061 
0.798 

1 

* * • p< .001 
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TABLE 4 

Analysis of Variance of Simple Main Effects 
on Correct Detections 

Source df Mean Square 

Between Subjects 

Between 
Between 
Between 
Between 
Between 
Between 

C 
C 
C 
C 
C 
c 

at 
at 
at 
at 
at 
at 

Within Cell 

Within Subjects 

Between 
Between 

D 
D 

at 
at 

1 
1 
1 
1 
1 
1 
36 

2.20 
19.00 
25.30 
46.50 
59.50 
70.30 
6.72 

.327 
2.493 
3.766 
6.919* 
8.854** 
9.226*** 4 

i 
ii 

H 

a 
1 

D X Subjects Within Groups 

5 
5 

180 

9.06 
.38 

1.39 

6.517* 
.273 

< 

< 

P < 

05 
01 
001 
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Fig. 8.--Mean percentage signals detected as a 
function of time-on-task. 
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False Alarms 

The false alarm means for each of the experimental 

conditions are presented in Table 5. Analysis of variance 

was carried out on the transformed false alarm data; the 

results are shown in Table 6. As was the case with correct 

detections, there were no significant differences on sex, 

or order of presentation, and there was a significant dif

ference between the two experimental tasks, with more false 

alarms being made in the vigilance task. There was, how

ever, a significant time-on-task effect for false alarms. 

There was also a significant sex X task interaction. The 

difference in performance on the two tasks and the effect 

of time-on-task is graphically shown in Figure 9. An anal

ysis of variance of simple main effects was computed on 

the A X C interaction. The results of this analysis are 

shown in Table 7. This analysis revealed that there was 

a significant sex difference in the number of false alarms 

on the vigilance task but no such difference was found in 

the inspection task. Table 6 also shows that there was a 

significant difference on the males' performance on the 

two tasks. Figure 10 illustrates this difference, and 

shows that males made significantly more errors on the 

vigilance task but made fewer errors on the inspection 

task. 



TABLE 5 

Treatment Means for False Alarms 

Male 
Vigilance First .3667 

Female 
Inspection First .0667 
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Task Sex Order of Presentation X X 

Inspection First .4500 
Vigilance .5167 

Vigilance First .5333 
Female 

Inspection First .7167 

Vigilance First .6000 J 
Male V 

Inspection First .1167 
Inspection .2417 

Vigilance First .1833 



TABLE 6 

Analysis of Variance of False Alarms 
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Source 

Between Subjects 

Sex (A) 
Order of Presentation (B) 
A X B 
Subjects Within Groups 

Within Subjects 

Tasks (C) 
Time on Task (D) 
A X C 
B X C 
A X D 
B X D 
C X D 
A X B X C 
A X B X D 
A X C X D 
B X C X D 
A X B X C X D 
D X Subjects Within Groups 

*p < .05 
**p < .01 

df 

ii 

1 
1 
1 
36 

224 

1 
5 
1 
1 
5 
5 
5 
1 
5 
5 
5 
5 

180 

Mean Square 

0.001 
0.019 
0.108 
0.092 

0.557 
0.094 
0.310 
0.190 
0.016 
0.002 
0.011 
0.001 
0.025 
0.011 
0.029 
0.035 
0.021 

F 

0.000 
0.206 
1.169 

8.414** 
4.406*** 
4.676* 
2.867 
0.771 
0.105 
0.488 
0.020 
1.160 
0.513 
1.316 
1.591 

* * * p < 001 
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TABLE 7 

Analysis of Variance of Simple Main Effects 
on False Alarms 

Source df Mean Square 

Between Subjects 

A at c, 
A at Cp 
Within Cell 

1 
1 

36 

12.02 
3.02 
2.01 

5.98* 
1.50 

Within Subjects 

C at a, 
C at a^ 
C X SuBjects Within Groups 

1 
1 
36 

39.21 
1.02 
1.96 

20.01*** 
.52 

p < .05 
P < ***r. X .001 
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Correlations 

The correct detection and false alarm raw data was 

analyzed by means of a number of product moment correla

tions to determine if any functional relationship between 

tasks was present. The first correlation computed was 

between the total number of correct detections in the vigi

lance task and the total number of correct detections in 

the inspection task. The resulting correlation of .1472 

was not significant at the .05 level. The correlation 

between the false alarms on the two tasks was .07, also 

not significant at the .05 level. 

To test for possible relationships between performance 

on the practice periods and performance on the subsequent 

tasks, correlations were computed between the number of 

correct detections in the practice periods and the number 

of correct detections in the vigilance and inspection tasks. 

Correlations for false alarms were computed in a similar 

manner. The results of these correlations are shown in 

Table 8. A test of significant differences between corre

lations (Brunning, 1968) was computed on the two signifi

cant false alarm correlations in Table 8. No significant 

differences at the .05 level were found for these two cor

relations . 

In order to determine whether there was a functional 

relationship between superior performance on one task and 

superior performance on the other task, as well as a 
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functional relationship between poor performance on one 

task and poor performance on the other task, the data was 

next dichotomized at the mean. The correlations for cor

rect detections and false alarms for those above and below 

the mean are shown in Table 9. 

TABLE 8 

Performance Correlations Between 
Practice Periods and Tasks 

Task Measure 

Vigilance Correct Detections .27 

Vigilance False Alarms .31* 

Inspection Correct Detections .008 

Inspection False Alarms .76** 

*p < .05 
**p <̂  .01 

The relatively low correlations found in Table 9, 

indicate a great deal of performance variability across 

tasks. The results also indicate that the "good" monitor 

in the vigilance task is not necessarily a good monitor in 

the inspection task, nor does superior performance on the 

inspection task predict superior performance on the vigi

lance task. 

To provide a more sensitive measure of superior and 

inferior monitoring ability on the two tasks, the upper 
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TABLE 9 

Performance Correlations Between Tasks for Cases 
Falling Above and Below the Mean 

Position Relative 
to Mean Task 

Above Mean 
Above Mean 

Above Mean 
Above Mean 

Below Mean 
Below Mean 

Below Mean 
Below Mean 

Vigilance 
Vigilance 

Inspection 
Inspection 

Vigilance 
Vigilance 

Inspection 
Inspection 

N 

20 
12 

22 
8 

20 
28 

18 
32 

Measure 

CDs 
FAs 

CDs 
FAs 

CDs 
FAs 

CDs 
FAs 

r 

.1730 

.0251 

.0460 

.7827* 

.3028 

.1220 

.2250 

.2310 

*p ̂  .05 
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and lower 20% of the performers on each task, in terms of 

both correct detections and false alarms, were selected. 

Correlations were then computed on the number of correct 

detections and false alarms on these superior and inferior 

monitors on each task. The results are shown in Table 10. 

While these correlations are higher than the correlations 

shown in Table 9, only one of them is significant at the 

.05 level. 
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TABLE 10 

Performance Correlations Between Tasks for Upper 
and Lower 20 Per Cent of Cases 

Upper or Lower 
20S of Cases 

Upper 
Lower 

Upper 
Lower 

Upper 
Lower 

Upper 
Lower 

*p <- . 

20% 
20% 

20% 
20% 

20^ 
20% 

20% 
20% 

.05 

Task 

Vigilance 
Vigilance 

Inspection 
Inspection 

Vigilance 
Vigilance 

Inspection 
Inspection 

N 

8 
8 

8 
8 

8 
8 

8 
8 

Measure 

CDs 
CDs 

CDs 
CDs 

FAs 
FAs 

FAs 
FAs 

r 

-.3968 
-.4552 

.3235 

.3408 

-.1541 
.0000 

.7827* 

.0000 



CHAPTER IV 

DISCUSSION 

This investigation was in no way intended to be defini

tive, and the results cannot, and should not, be viewed as 

conclusively answering the criticisms directed against 

typical laboratory vigilance research. Rather, the data 

should be considered as the first of a larger empirical 

endeavor which must be undertaken before this controversy 

can be resolved. It should also be remembered that the 

results of this study can be considered relevant only to 

industrial monitoring situations and sheds little, if any, 

light upon the applicability of vigilance findings to mili

tary monitoring situations or to the monitoring require

ments of vehicular operation. 

Despite these limitations upon the applicability of 

the findings in this study, the impressive nature of the 

results strongly indicate that the data from laboratory 

vigilance research cannot be indiscriminately applied to 

the solution of industrial inspection problems. The highly 

reliable differences on both correct detections and false 

alarms and the fact that little correlation between perfor

mance on the two tasks was found, strongly suggests impor

tant and perhaps fundamental differences between them. 

64 
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This should not lead one, however, to the premature conclu

sion that laboratory vigilance work has no applicability 

to industrial inspection work and consequently should be 

disregarded. 

That vigilance findings do have practical value is 

supported by the fact that despite the large differences 

found in this study between the performances on the two 

tasks, all findings could have been predicted from the 

existing vigilance literature. For example, the marked 

performance decrement found on the vigilance task is not 

dissimilar to the decrement found in most vigilance studies, 

and if performance were replotted in terms of three 20 

minute periods instead of six 10 minute periods, the shape 

of the resulting curve would conform quite well to Mack-

worth's typical vigilance decrement curve (see Figure 1). 

The overall low level of performance found on the vigilance 

task was also highly predictable when the high event rate 

(9600 events per 60 minute period) and low signal proba

bility (.005) used in the study (Jerison and Pickett, 1964; 

Jerison, 1965, 1967) are considered. The essentially con

stant performance on the inspection task (i.e., the lack 

of a vigilance decrement) is also consistent with the find

ings of complex vigilance studies (Jerison and Wallis, 

1957; Broadbent, 1950; Loeb and Jeantheau, 1958; Howland, 

1958) . 
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More difficult to reconcile, but still not entirely 

unpredictable, was the lack of significant correlation 

between the two tasks. However, in view of the fact that 

several investigators (Gruber, 1964; Buckner, Harabedian, 

and McGrath, 1960; Pope and McKechnie, 1963) have found 

low correlations between different sensory modes of vigi

lance tasks, even though the overall performance on the 

two tasks was not significantly different, the low corre

lations found in this study are not unprecedented. 

Perhaps the most surprising finding in the present 

study was the relative difference in performance found on 

the two tasks. While the experimental conditions of the 

vigilance task would have predicted a low level of perfor

mance, previous work using complex and simple vigilance 

tasks (Jerison and Wallis, 1957) would have predicted an 

even lower level of performance on the inspection task. 

The overall high level of performance found on the inspec

tion task strongly suggested the operation of extraneous 

variables on this task. A post hoc examination of the 

experimental setting of the industrial task did, in fact, 

reveal two such uncontrolled variables. 

The first variable that was present in the inspection 

task but not present in the vigilance task was intermittant 

noise. Although a constant level of auditory stimulation 

was provided in both tasks by recorded white noise, the 

recycling of the white plastic balls in the inspection 



67 

task introduced an additional source of intermittant noise. 

Although the white noise largely masked this recycling 

noise, subjects did report that they were aware that the 

balls were occasionally fed into the hopper. The introduc

tion of this source of variable noise into the experimental 

setting would be expected to increase the performance level 

on the inspection task. While several investigators (Kirk 

and Hecht, 1963; Halcomb, 1964) have identified the facili

tating effect of variable noise upon vigilance performance, 

their results would not have predicted the high overall 

level of performance found under the high event-low signal 

rate used in the inspection task. The results would there

fore seem to indicate the presence of a much more potent 

source of variability between the two tasks. Such a source 

was identified during the interviews conducted at the end 

of the second experimental session. 

During these debriefing interviews the subject was 

asked which of the two tasks he preferred. All subjects 

except one indicated a preference for the inspection task. 

When questioned as to the reasons for their preference, 

several subjects (8) verbalized the opinion that the inspec

tion task was "more real," "more interesting," and "made 

more sense." The vigilance task, on the other hand, was 

characterized by such comments as "meaningless," and 

"pointless." It was apparent from the replies of the sub

jects that there was a greater face validity for the 
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inspection task than for the vigilance task. This differ

ence in face validity could have resulted from the instruc

tions for the two tasks. In the instructions the inspec

tion task was identified as being representative of indus

trial inspection tasks and that the subject would be serv

ing in the experiment in the role as an industrial inspec

tor. The vigilance task was simply identified as a test 

of alertness and subjects were told that the experimenter 

was interested in how alert they could remain for a long 

period of time. Another possibility is that the greater 

face validity of the inspection task inherently resulted 

from the physical appearance and dynamics of the task and 

that the instructions had little effect. Whatever the 

cause, the differential effects of this source of motiva

tion could well account for the high level of performance 

found in the inspection task. It is interesting to note 

that this high level of performance (87%) has been obtained 

in vigilance studies using motivation as a variable. 

Blackwell (1970), for example, obtained performance levels 

from 89% to 95% in a motivational study conducted in the 

same laboratory, although using a different display. 

It should be noted that the presence of these two 

uncontrolled variables does not invalidate the findings of 

this study. First, the presence of variable noise in the 

inspection task is highly representative of the type of 

auditory stimulation found in industrial settings. Since 
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the inspection task was a simulated industrial inspection 

task, the variable noise can be considered an essential 

task characteristic of the inspection task. 

The fact that the inspection task had a higher level 

of motivation associated with it can also be considered 

highly representative of real industrial inspection tasks. 

The consequences to the industrial inspector of poor moni

toring performance are apparent to him in the form of such 

things as customer complaints, reproofs from his supervi

sors, loss of bonus, and disciplinary measures such as dis

missal. The fact that the average vigilance subject has 

no such incentives has led Smith and Luccaccini (1969) to 

maintain that the poor performance found in the vigilance 

laboratory is simply a result of the subject's lack of 

motivation. 

The results of this study could be criticized on the 

basis that the large differences between the characteristics 

of the two tasks make a comparison of them impossible and 

that therefore the results obtained are the result of "com

paring apples and oranges." Even if this were true, the 

comparisons made would still be valid since the primary de

pendent variable, correct detection, was measured in terms 

of percentages in both cases and it is possible to compare 

percentages of performances even in dissimilar tasks. It 

should be noted that this apple versus orange controversy 

is simply another way of stating what the various critics 
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have claimed, i.e., the essential characteristics of the 

two tasks are so dissimilar as to make it meaningless to 

generalize from one to the other. The fact that all of 

the findings in this experiment could have been predicted 

from a knowledge of the vigilance literature would seem to 

negate this criticism. What seems to be more likely the 

case, using the same apples-oranges analogy, is that the 

vigilance task represents, for example, an apple and the 

inspection task represents an apple plus other ingredients, 

not an orange. 

There is another important consideration which has 

yet to be made. The differences between the two tasks 

used in this experiment can be considered as differences 

in degree rather than differences in kind. Since both 

tasks have several characteristics in common, i.e., both 

are monotonous, both are repetitive, and both place small 

intellectual demands on the subject, the vigilance task 

could be considered as an extreme case of the monotonous 

conditions found in the inspection task. If this were 

true, a decrement would be expected if the inspection task 

were extended for longer periods of time, say 8 hours. 

The vigilance task, then, would represent a time-condensed 

version of the inspection task and would represent a very 

efficient and parsimonious method for studying industrial 

inspection tasks. This intriguing possibility has been 

advanced by Smith and Luccaccini (1969) but unfortunately 
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represents only speculation at the present time. 

Finally, the possibility must be considered that the 

findings of this study are indicative of the overall lack 

of correspondence between the laboratory and practical 

monitoring situations. Even if this should be shown to be 

the case in the future, it is doubtful that the interest 

in the vigilance problem would abate. Although the ration

ale for vigilance studies is often stated in terms of prac

tical applicability, the fact that few vigilance researchers 

have themselves attempted any direct application of their 

findings seems to belie their stated aims. It would ap

pear more plausible to speculate that the interest in the 

vigilance problem stems primarily from the fact that the 

vigilance problem itself is a highly interesting and in

triguing behavioral phenomena and any applicability that 

the vigilance findings might have is secondary. 

Even if it is found in the future that the vigilance 

laboratory work has little relevance to practical monitor

ing problems, the status of vigilance research would still 

seer;i to be secure. The interest in vigilance as a purely 

theoretical problem and the use of the vigilance setting 

as an ancillary method for studying such things as atten

tion, arousal, and sensory deprivation would alone justify 

a continued interest in the vigilance paradigm. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary 

Vigilance research, one of the most popular and re

spected areas of applied psychological research, originated 

in, and has been sustained by, applied interests. Within 

the past few years, however, the whole area of vigilance 

research has been impugned by several highly respected 

authors who feel that the results of typical vigilance 

research are not particularly germane to contemporary moni

toring problems. In general they agree that the typical 

vigilance laboratory experiment does not replicate the 

important aspects of real monitoring situations and that 

therefore these experimental findings are of limited prac

tical value. The purpose of the present study was to 

investigate the validity of these criticisms of laboratory 

vigilance research. 

Forty subjects were tested on two experimental tasks, 

each task lasting 60 minutes. Half of the subjects, 

10 males and 10 females, first participated in a typical 

laboratory type vigilance experiment in which they moni

tored a visual display for aperiodic signals (5 dots of 

light) against a background of regularly appearing events 
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(4 dots of light). One to three days later, the subjects 

participated in a representative industrial inspection 

task in which they inspected simulated ball bearings. 

Their task was to monitor white plastic balls as they 

rolled past them and remove any ball that had the letter 

A, D, H, or N on it. The remaining half of the subjects, 

10 males and 10 females, participated in the quality con

trol inspection task first, followed one to three days 

later by the vigilance task. The time of day for testing 

was held constant in both sessions. Environmental condi

tions were equated in both situations. Event rates and 

signal rates were identical in both tasks. The dependent 

measures were per cent correct detections and number of 

false alarms. 

A split-plot factorial analysis of variance revealed 

a significant difference between the two experimental tasks 

on both per cent correct detections and number of false 

alarms, with subjects performing at a much higher level on 

the inspection task. No sex differences were found, nor 

did the order of presentation of the two tasks have a sig

nificant effect. While there was a considerable decrement 

in performance over time in the vigilance task, performance 

in the inspection task was relatively constant. There was 

a significant task by time-on-task interaction in correct 

detections, with the performance during the last 30 minutes 

of the two tasks being significantly different. In terms 
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of false alarms, there was a significant sex by task inter

action, with males making more false alarms on the vigi

lance task but fewer false alarms on the inspection task. 

The following correlations for both correct detections and 

false alarms were computed: correlation between tasks, 

correlation between practice period and task, correlation 

between tasks for those above and below the mean, and 

correlation between tasks for upper and lower 20% of cases. 

Virtually all of the obtained correlations were not signi

ficant. 

Although the results would seem to support the criti

cisms against the applicability of laboratory vigilance 

research to applied monitoring situations, it was noted 

that all of the results found in this study could have 

been predicted from a knowledge of existing vigilance data. 

Two variables in the inspection task, increased motivation 

and variable noise, were identified as being at least partly 

responsible for the high level of performance on the in

spection task. 

Conclusions 

While the results of this investigation tend to dis

credit the applicability of laboratory vigilance work to 

applied situations, they cannot be considered as unequivo-

cably rejecting the applicability of the vigilance data. 

Before the full significance of the present study can be 
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properly assessed, at least two additional studies must 

be conducted to answer questions raised by this study. 

The first of these studies concerns the face validity 

of the vigilance task. The question that needs to be 

answered is whether the greater face validity of the in

spection task was the result of the instructions or was 

the result of the task itself. This could easily be deter

mined by testing two groups of subjects on the inspection 

task. In one group the instructions would be identical to 

those used in the present study. In the second group the 

instructions would identify the task simply as a test of 

alertness and subjects would be urged to do their best. 

If significant differences were found between the two con

ditions in the expected direction, it could be concluded 

that the greater face validity of the inspection task in 

the present experiment was at least partly the result of 

the instructions. 

The second study that needs to be undertaken concerns 

the suggestion by Smith and Luccaccini (1969) that the 

vigilance task represents a short-term method for studying 

industrial inspection tasks. The implications of this 

suggestion are extremely important and a study addressed 

to this issue should be conducted in the near future. 

Since the decrement in performance over time may proceed 

differently for each task, validity studies using identical 

time comparisons could be misleading. The accuracy of this 
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hypothesis could be tested by running subjects in the in

spection task for long periods of time, for example, up to 

8 hours. 

Until the above two studies are conducted, and the 

results assessed, generalizations from the present study 

should be made only with caution. It is hoped that the 

present study represents the first step in a continuing 

line of research directed toward determining the applica

bility of vigilance findings to actual monitoring situa

tions . 
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APPENDIX A: SIGN UP SHEET 

Participation in this experiment will require approximately 
two hours of your time. The experiment will involve two 
1 hour sessions. If you wish to participate, sign up be
low for a time for the 1st hour session. The 2nd 
session will be held later in the week and you may 
for the 2nd session when you report for the 1st 
The only restriction for subjects is that 
(or 20/20 with corrected lens). 

hour 
sign up 

session, 
vision be normal 

DO NOT SIGN UP UNLESS YOU ARE WILLING TO PARTICIPATE IN 
BOTH SESSIONS! If you find you cannot keep an appointment, 
notify the experimenter at the following telephone number: 

• The experiment will take place in room 
203 of the Psychology Building. Please be on time. 

DAY DATE TIME NAME TELEPHONE NO. 
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APPENDIX B: SIGN UP SHEET FOR 2ND EXPERIMENT 

Sign up for a time below for the second session in this 
experiment. This second session will also last about one 
hour. DO NOT FORGET ABOUT YOUR SCHEDULED TIME. Remember, 
your instructor will give you negative credit if you fail 
to appear for an experiment. 

Report to Room 205 of the Psychology Building. 
on time. 

Please be 

DAY DATE TIME NAME TELEPHONE NO. 


