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CHAPTER I 

INTRODUCTION 

Head (1923) used the term vigilance to describe the 

physiological state of readiness of the nervous system to 

react in a purposeful manner to incoming stimuli. 

Physiological arousal theories of vigilance have retained 

this definition. Mackworth (1957) described vigilance as 

"a state of readiness to detect and respond to certain 

specified small changes occurring at random intervals in 

the environment." This definition does not make specific 

reference to the nervous system and is, therefore, more 

compatible with alternate theories of vigilance 

performance. 

In a broader perspective, vigilance refers to only 

one aspect of attention. As Posner (1975) pointed out, 

attention is not a single concept, but rather refers to a 

complex field of study. Posner and Boies (1971) 

suggested that attention deals with a) the alertness of 

an observer to external stimuli; b) the ability to 

concentrate on one source of information over another; 

and c) a limited processing capacity, which reflects a 

tendency of people to be able to process only one task at 

a time. Vigilance or sustained attention is concerned 



with the first two aspects of attention. Selective 

attention deals primarily with the last two aspects of 

attention (Jerison, 1977; Davies and Parasuraman, 1982). 

The different definitions share the idea of conscious 

processing of information, be it external (data driven) 

or internal (memory driven) (Parasuraman, 1986). 

McGrath (1963) and Warm (1977) listed four criteria 

to define a vigilance task and to distinguish it from 

other attentional tasks. They are: 

a. the task is prolonged. 

b. the signals to be detected are clearly perceivable 

when the operator is alert. 

c. the signals occur infrequently, aperiodically, and 

without warning. 

d. the observer's response has no effect on the 

occurrence of the signals. 

Today, these four criteria are the most widely accepted 

definition of a vigilance task (Warm, 1984). 

Interest in the topic of vigilance is 

understandable when one considers that vigilance, or the 

ability to sustain attention, is a fundamental adaptive 

behavior of all organisms. Without vigilance, the 

detection of sources of danger would be impossible 

(Dimond and Lazarus, 1974). Additionally, vigilance 



represents a primary aspect of perceptual functioning 

(Jerison, 1977). 

More recently, interest in vigilance has increased, 

as man's role in a technologically advanced and automated 

society has shifted more and more from an active 

participant to a passive observer who must remain alert 

to detect malfunctions or changes in the system status. 

Air traffic controlling, patient monitoring in intensive 

care, and operating nuclear power plants are some of the 

tasks that rely on human vigilance performance (Davies 

and Parasuraman, 1982). Media reports of serious 

accidents based on poor vigilance are numerous. 

Catastrophic loss of lives and/or property destruction 

can be traced to poor vigilance performance. 

Additionally, as monitoring systems increase in 

complexity, the likelihood of vigilance performance 

failures will continue to rise. Many accidents point to 

a failure of the operator(s) to be able to monitor 

complex systems (Wiener, 1984). Less spectacular, but no 

less important, are everyday activities that involve 

vigilance performance such as driving a car, industrial 

inspection tasks, and operation of machinery, to name 

only a few. Dimond and Lazarus (1974) and Jerison (1977) 

pointed out the pervasiveness of vigilance performance in 



any behavior by calling it a fundamental process, 

essential to any organism. Attentional processes and 

their explanation will continue to gain importance with 

continued computerization and automation of the work 

place and other aspects of our daily life. 

Historical Background 

Before WW II, there was occasional concern about 

quality control in assembly lines where workers had to 

observe products for defects. Wyatt and Langdon (193 2) 

observed quality control to be U shaped over a 4-hour 

period, reaching a low after 90 minutes. The initial 

interest in vigilance was limited because the phenomenon 

was not considered to be of general theoretical 

importance (Mackie, 1977). 

The major push for an examination of the problem 

came during and directly following WW II. The Royal Air 

Force found evidence that sonar operators failed to 

detect enemy contact on the radar screen, which resulted 

in the loss of many lives and valuable equipment. 

Ditchburn (1943), working for the Admiralty, made the 

discovery that vigilance performance showed a decline 

almost from the onset of the watch period. Similar 

findings were obtained independently in the United States 



(Lindsley, 1944) and Canada (Solandt and Partridge, 

1946). It became apparent, through man machine 

interactions, that attention cannot be maintained 

indefinitely without cost. The initial studies lacked a 

systematic approach to be able to explain the problem and 

are, therefore, not considered the beginning of vigilance 

research. They served primarily to create interest in 

the topic and set the stage for the research to follow 

(Stroh, 1971). 

The first controlled laboratory experiments on 

sustained attention are credited to Mackworth (1948, 

1950). He devised a series of clock and auditory tests 

to study the problem of U boat contacts missed by radar 

observers on anti-submarine patrol. To simulate a radar 

display, a black pointer was mounted on a white faced 

clock, devoid of any markings or reference points. 

Normally, the hand on the clock moved in 0.3-inch 

increments. Occasionally the pointer would move 

0.6-inches. Subjects had to detect irregularly occurring 

double jumps of the clock hand among single jumps. 

During 2-hour long tests, Mackworth observed steadily 

declining performance among the observers with the 

largest decline occurring from the first to the second 

1/2 hour. Subsequent declines in vigilance performance 



over the remainder of the vigilance period were much more 

gradual and less pronounced. This decline was later 

called the vigilance decrement (Davis and Parasuraman, 

1982) or the decrement function (Dember and Warm, 1979) . 

Mackworth (1948, 1950) further found that a rest period 

after 30 minutes, as well as a short telephone message, 

knowledge of the results, and the use of amphetamines 

improved the operator's performance. 

These initial studies stimulated much of the 

subsequent research. The number of review articles and 

books that have been published over the years attest to 

the proliferation of vigilance experiments (Broadbent, 

1971; Craigh and Colquhoun, 1975; Davies and Parasuraman, 

1982; Warm, 1984; Parasuraman, 1986). Over the years, 

investigators have attempted to explain both the overall 

level of vigilance and the vigilance decrement. 

Several general findings have been reported in 

regard to the decrement function, regardless of the type 

of vigilance task used or research strategy employed 

(Davies and Parasuraman, 1982). The decrement has 

occurred in visual, auditory, and cutaneous tasks as well 

as tasks using a combination of sensory modalities. The 

majority of the decrement takes place in the first 3 0 

minutes of the task (Davies and Tune, 1969). Half the 



loss is completed within the first 15 minutes of the 

vigil (Davies and Parasuraman, 1982; Warm, 1984). The 

vigilance data would suggest that the decrement is the 

result of merely looking or listening for an infrequently 

occurring signal over a period of time. 

Evaluation of Vigilance 

Studies of vigilance performance have employed a 

variety of discrimination, monitoring, and search tasks. 

This diversity has resulted in many performance measures 

such as detection rate, false alarm rate, reaction time, 

search time, and absolute or differential threshold, to 

name only a few (Davies and Tune, 1969; Davies and 

Parasuraman, 1982). A complete description of the 

vigilance paradigm has to include both response and 

stimulus specifications. 

Response Specification 

Three direct measures, detection rate, false alarm 

rate, and reaction time, have shown to be the most 

reliable and useful measures of vigilance performance 

(Buck, 1966; Warm, 1984). In addition, a number of 

derived measures, mainly observer sensitivity (d') and 

response criterion (beta) have been used (Swets and 
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Kristofferson, 1970; Swets, 1977; Parasuraman and Davies, 

1976; Parasuraman, 1979). These response measures are 

explained in connection with the Signal Detection Theory 

(SDT) of vigilance performance. 

Detection Rate 

Beginning with Mackworth's experiments (1948, 

1950), the most frequently reported response measure has 

probably been the probability of correct detections of 

signals, also called the hit or detection rate (Davies 

and Tune, 1969). The rate of correct detection of the 

signals normally declines during the vigilance task. 

Typically, the vigilance task is divided into a number of 

successive time periods and the detection rate for each 

period is computed (Parasuraman, 1986). 

This analysis of vigilance performance by 

relatively large time blocks may underestimate and even 

obscure the extent of the decrement if the decrement 

occurs very rapidly (Nuechterlein, Parasuraman, and 

Jiang, 1983). In that case, a signal by signal analysis 

may reveal a vigilance decrement which might otherwise go 

unnoticed (Jerison, 1959) . 



False Alarm Rate 

The vigilance performance over time cannot be based 

on the detection rate of signals alone, but must include 

the false alarm rate. Errors of commission or false 

alarms occur when the observer reports a signal when none 

has occurred. Normally, the signal detection and false 

alarm rate show a similar decline over time (Parasuraman 

and Davies, 1976). 

The false alarm rate may also indicate a vigilance 

decrement even if the hit rate shows no such decline. If 

the false alarm rate remains the same or increases over 

time, any decrement in the detection rate could be masked 

by the overall increase in responding. This measure is 

also used to determine changes in d' and beta in 

connection with the SDT paradigm. 

Reaction Time 

Reaction time to signals, i.e., the elapsed time 

between the occurrence of the signal and the subject's 

response to it, typically increases over time (Warm, 

1984; Davies and Parasuraman, 1982). Depending on the 

type of vigilance task used, this measure can either be 

the major dependent variable (Broadbent, 1958) or a 
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secondary vigilance measure (Parasuraman and Davies, 

1976). 

Even when reaction times remain stable throughout 

the vigilance task, an increase in the variability of the 

reaction time has been observed, indicating a change in 

the level of vigilance (Jerison, 1959). 

Stimulus Specification 

A complete description of the different tasks 

employed in vigilance experiments would be beyond the 

scope of this paper, and the reader is referred to a 

number of excellent review sources (Mackworth, 1970; 

Teichner, 1974). The different tasks employed can be 

categorized along several dimensions. 

Discrete—Dynamic 

In discrete tasks, the observer is asked to detect 

the onset or termination of an event. In this type of 

experiment, all events are critical signals for 

detection. More common, however, is the dynamic type of 

task that Mackworth (1950) employed. Here, observers are 

required to detect a signal among a continuous stream of 

neutral events. 
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The discrete-dynamic distinction is important for 

two reasons. First, the decrement function is more 

pronounced for dynamic tasks compared to discrete tasks 

(Davies and Tune, 1969). Secondly, the presentation rate 

of the neutral events or background rate has been shown 

to play a critical role in vigilance performance. 

Sensory—Cognitive 

Two types of signals can be used in vigilance tasks 

which are distinguished along a sensory-cognitive 

dimension (Davies and Tune, 1969). In the former, 

signals and non-signals vary along a physical dimension, 

for example, the length of a line to be detected. The 

jump of the pointer in Mackworth's experiment (1950), 0.3 

inches versus 0.6 inches, would be an another example of 

a sensory discrimination. In the latter, the 

discrimination is more of a symbolic nature. Bakan 

(1959), for example, asked subjects to detect a sequence 

of three consecutive odd digits. 

Performance on cognitive tasks differs in important 

ways from vigilance experiments employing sensory tasks 

(Sprague, 1981; Lysaght, 1982). In a cognitive vigilance 

task, signal conspicuity takes on a different meaning 

compared to sensory tasks. In order to make a 



12 

differentiation between signals and non-signals, certain 

mental operations are required since there is no inherent 

physical difference between the two types of signals. 

Signal conspicuity then refers to the number and 

complexity of the mental operations involved in the 

discrimination. 

Theories of Vigilance 

Since Mackworth's experiments (1948, 1950), several 

theories have been employed to explain vigilance 

behavior. They can be grouped into three separate areas: 

a) neurological models; b) learning models; and c) 

information processing models (Loeb and Alluisi, 1984). 

This distinction should not be considered an absolute. 

Some overlap exists between and within categories. A 

successful theoretical account of vigilance performance 

must be able to explain some general, well established 

findings (Warm and Jerison, 1984) which are: 

a. The detectability of the signal is positively 

related to the amplitude, duration, and frequency of the 

signal (signal conspicuity). Loeb and Binford (1963), 

for example, varied the signal amplitude from 2.1 dB to 

5.1 dB. They found that the decrement was most 

pronounced at the lowest level of signal amplitude. 
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Other studies have shown that the response latency is 

similarly affected (Adams, 1956; Hawkes and Loeb, 1962). 

b. The event rate, the presentation rate of the 

neutral background stimuli, plays a crucial role in 

vigilance performance. Jerison and Pickett (1964) 

demonstrated that an event rate of five signals per 

minute produced a higher detection rate compared to 3 0 

events per minute, despite the fact that the critical 

signal rate remained constant at 15 signals per hour. 

These findings were also confirmed when the signal to 

neutral event rate remained constant (Parasuraman, 197 9). 

c. Another set of factors, labeled second order 

(Warm, 1984), refer to temporal and spatial uncertainty 

(Dember and Warm, 1979). Warm and Alluisi (1971) 

developed a mathematical model that describes a linearly 

increasing relationship between signal uncertainty and 

response time. Experimental findings by Smith, Warm, and 

Alluisi (1966) and Warm and Alluisi (1971) have confirmed 

this model. Kulp and Alluisi (1967) have proposed a 

similar model for spatial uncertainty. 

d. Other variables and their effects that must be 

explained by any theory could best be summarized as 

subject variables. They include individual differences, 

such as personality factors (Berch and Kantner, 1984), 
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the effects of knowledge about the experiment, feedback 

during the vigilance period, and environmental variables 

such as heat (Hancock, 1984), 

While most theories can account for several 

variables and their effect on the vigilance performance, 

no single theory can account for all the results. Some 

theories have been discounted in the face of contrary 

findings, while other theories have been modified to 

accommodate new findings. Loeb and Alluisi (1984) have 

pointed out that theories of vigilance performance have 

followed the trends evident in psychology in general. It 

is, therefore, not surprising that today, in the age of 

computers and information exchange, information 

processing models seem to dominate the field. 

Neurological Models 

Arousal Theory 

A physiological model of vigilance performance can 

be traced back to Head's (1923) definition of sustained 

attention. Vigilance tasks sometimes induce boredom or 

drowsiness due to the length of time involved in the 

vigil and the monotony of the task (Warm, 1984). The 

activation or arousal theory assumes a link between 

physiological arousal and vigilance performance (Davies 
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and Parasuraman, 1982). It suggests that a progressive 

reduction in the arousal level of the nervous system 

takes place due to the monotony of the task. Broadbent 

(1953) proposed an inverted U relationship between 

physiological arousal and vigilance performance. 

According to this theory, vigilance performance is at an 

optimum at intermediate levels of arousal. Extremely lov; 

or high levels of arousal would lead to a decrement in 

vigilance performance. 

Based on the physiological distinction between the 

autonomic (ANS) and central nervous system (CNS), the 

level of arousal can be measured either by autonomic or 

electrocordical indices. In order to attribute the 

vigilance decrement to levels of physiological arousal, a 

change in either autonomic or electrocordical indices 

should accompany the performance decrement. 

Additionally, the direction of the change in autonomic 

arousal should correspond to the changes in vigilance 

performance. 

Autonomic Arousal 

Most measures of autonomic arousal such as heart 

rate and skin conductance have either shown no or only a 

weak correlation to sustained attention (O'Hanlon, 1970). 
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Adrenalin levels, on the other hand, have shown to be 

positively correlated with vigilance performance 

(O'Hanlon, 1965). Similarly, the oral administration of 

amphetamines can prevent the occurrence of the vigilance 

decrement (Mackworth, 1950). The detection efficiency is 

also increased by environmental stimuli which increase 

physiological arousal such as vibration (Poulton, 1978) . 

Detection efficiency can be reduced by stimuli which 

reduce physiological arousal such as heat (Poulton, 197 7) 

and alcohol (Erwin et al., 1978). 

Electrocortical Arousal 

The electroencephalographic (EEG) activity in an 

alert person usually exhibits desynchronized, low 

amplitude waves. During a vigilance task brain wave 

activities shift to more regular, lower frequency waves 

which is a sign of reduced arousal. A significant 

inverse correlation between the alpha and theta wave 

activity, signs of drowsiness and finally sleep, and 

vigilance performance has been found (O'Hanlon and 

Beatty, 1977). As the recording of EEG activities have 

become more refined, predictions based on these measures 

have also become more accurate (Kramer, Sirevaag, and 

Brown, 1987; Mangun and Hillyard, 1987). 
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Habituation Theory 

This theory, first proposed by Mackworth (1968), 

suggests that repeated stimulation, especially at high 

event rates results in a decrease or elimination of the 

neural response amplitude (desynchronization) and a 

corresponding drop in vigilance performance. A sudden 

shift in stimuli should then result in dishabituation of 

the neural responses with a concomitant increase in 

vigilance performance. To test this theory, Krulewitz, 

Warm, and Wohl (1975) changed the event rate halfway 

through a vigilance task. One group of subjects 

experienced a decrease of the event rate while another 

group experienced an increase of the event rate. 

According to Mackworth (1968), both shifts in the event 

rate should have resulted in an increase in vigilance 

performance. However, an increase in performance was 

only observed in the group that was shifted from a high 

to a low even rate. Furthermore, this improvement only 

occurred approximately 20 minutes into the shift, which 

is incompatible with what is known about the time frames 

for neural habituation (Warm, 1984) . 

The major problem with a physiological arousal 

(habituation) theory of the vigilance decrement is that a 

reduction in neurological arousal has a number of 
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different behavioral results (Warm, 1984). While 

response latencies do increase with decreased arousal, 

the latencies of correct rejections and omission errors 

do not change (Parasuraman and Davies, 1976). 

Furthermore, Davies and Parasuraman (1982) pointed out 

that an individual's pupil diameter which is highly 

correlated with physiological arousal does not correspond 

with the performance on individual stimulus events. 

On a general level, it can be said that the overall 

vigilance performance shows a monotonically increasing 

relationship to the physiological arousal level. To use 

an extreme example, one can assume that a person who has 

been deprived of sleep will exhibit a low level of 

vigilance performance. Individual stimulus detections 

and the vigilance decrement can not be predicted with 

this model (Warm, 1984). Posner (1975) pointed out that 

the physiological arousal theories were developed based 

on the stimulus-response view of the organism. Today, 

the emphasis is placed on information processing and its 

different stages. It can not be assumed that one state 

of arousal is optimum for all stages of information 

processing. 
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Learning Models 

Inhibition Theory 

Mackworth (1950) explained the vigilance decrement 

with the classical conditioning and the corresponding 

extinction process. The training period, when the 

experimenter reinforces correct detections, was 

considered the conditioning period. The actual vigilance 

performance was considered the extinction period since no 

feedback or reinforcement was given. Mackworth showed 

that the decline in detections over time was comparable 

to those found in extinction experiments. Feedback 

during the vigil and knowledge of results, which improved 

performance, were said to act as reinforcers. 

If the inhibition theory were accurate, the 

detection rate should decrease to zero after some time. 

Stroh (1971) pointed out that detection rates usually 

stabilize at approximately 70% and show no further 

decrease thereafter which is incompatible with observed 

extinction curves. Also, inaccurate feedback to the 

subject (Dember and Warm, 1979) which improves 

performance cannot easily be explained with a 

reinforcement theory. 
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Observing Responses 

Holland (1958) has viewed vigilance performance as 

an operantly controlled observing response, consisting of 

eye and head movements. He suggested that these 

behaviors were reinforced by the occurrence of the 

signal. This theory eliminated the necessity of an 

internal construct to explain the decrement. Schroeder 

and Holland (1968) described a progressive tendency of 

subjects to observe signals not related to the target 

display during the vigilance period which coincided with 

the vigilance decrement. A similar line of reasoning has 

been offered by Jerison, Pickett, and Stenson (1965). 

This theory assumes that observing occurs when the 

observer focuses on the display which does not 

necessarily have to be the case (McGrath, 1963). 

Mackworth, Kaplan, and Metlay (1964) reported that 

signals were missed at comparable rates regardless of 

whether or not the observing responses occurred. 

Information Processing Theories 

Filter Theory 

Broadbent (1958) suggested that the human 

perceptual capacity to handle information is limited. He 

reasoned that a filter exists which biases the observer 
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to receive information from some sources and not from 

others. The filter system, it is theorized, has a 

tendency to ignore similar signals that are presented 

repeatedly, a description of the classical vigilance 

task. Instead, it biases the observer towards novel 

stimuli and stimuli with greater intensities. 

This theory would predict that as the signal 

density increases, the vigilance decrement would also 

increase. Warm (1977) has pointed out that an inverse 

relationship exists between the signal density and the 

vigilance decrement. The filter theory involves a 

theoretical construct, the filter, which makes it 

difficult to test this hypothesis experimentally. 

Expectancy Theory 

Mackworth (1950) and Broadbent (1953) first 

suggested that expectancy could play a role in vigilance. 

Deese (1955) was the first to formally propose this 

theory. He suggested that subjects develop expectancies 

about the signal occurrence based on previous signal 

rates. This theory would predict that if a signal 

occurred during an expected time interval the probability 

of detection would be high but if a signal occurred 
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outside the expected interval the probability of 

detection would decrease. 

Krulewitz et al. (1975) found that switching from 

fast to slow event rates increased performance, while 

switching from low to high event rates decreased 

performance. Similar results were found by Colquhoun and 

Baddeley (1967) who manipulated the signal rate. 

Smith, Warm, and Alluisi (1966) pointed out that 

people are poor at estimating longer time intervals, 

which usually is the case for signals in vigilance tasks. 

This theory also can not explain why observers perform 

better when given inaccurate feedback (Warm and Jerison, 

1984) . While expectancy effects do occur in vigilance 

tasks, it is not clear what mechanisms are responsible 

for this phenomenon. 

Probability Matching Theory 

A variant of the expectancy theory, the probability 

matching theory, was proposed by Craig (1976). He 

suggested that observers initially have a higher response 

rate expectancy than the actual stimulus occurrence. 

They then gradually adjust their response rate expectancy 

downward to match the actual stimulus event frequency, 

thus the vigilance decrement occurs. This theory could 
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be viewed as an elaboration of the expectancy theory 

(Loeb and Alluisi, 1984) . 

This theory can not explain the fact that high 

background event rates have a detrimental effect on the 

signal detection performance (Parasuraman, 1979). This 

theory is also difficult to verify experimentally since 

the observer's expectancy can not be determined 

empirically. 

Signal Detection Theory (SDT) 

In the traditional signal detection paradigm, an 

observer is presented with a weak stimulus and has to 

decide whether the particular sensory event is a signal. 

SDT postulates that the observer makes sampling 

observations from two sensory event curves, a noise (N) 

and a signal plus noise (SN) curve. These distributions 

are assumed to be normal and to have equal variances. 

The discrimination of a signal from noise by the observer 

depends on the amount of overlap of the two 

distributions. If no overlap exists between the two 

curves, signals can always be distinguished from noise. 

When the two distributions overlap, the detection of 

signals reflects the observer's sensitivity to 

discriminate signals from noise. The distance between 
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the means of the two distributions determines the 

detectability of the stimulus from the background noise. 

The observer's bias or criterion for responding 

positively to signals is reflected in the false alarm 

rate. If a large overlap exists between the two 

distributions, the observer has to decide if an event was 

a signal or part of the background noise. Conservative 

responding will result in a relatively low false alarm 

rate. This also means that the observer will miss more 

signals compared to liberal responding. Conversely, a 

liberal response criterion means a higher hit rate and a 

higher false alarm rate. 

Sensitivity 

The observer sensitivity (d') or signal 

discriminability can be expressed with the formula: d' = 

ZP(FA)-ZP(H). ZP(FA) represents the transformed 

probability of false alarms, and ZP(H) represents the 

transformed probability of hits. D' represents a measure 

of the distance between the means of the signal and noise 

distribution 'scaled to the standard deviation of the 

noise distribution (Green and Swets, 1966). A large d' 

indicates a signal which is easily discriminable, while a 
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small d' indicates a large overlap between the two 

distributions. 

Decision Criterion 

The observer applies a decision criterion (beta) 

before responding to the observed sensory event. The 

measure beta reflects the observers willingness to 

identify a stimulus as a signal. If the false alarm and 

the hit rate are low, beta would indicate conservative 

responding. Conversely, a high hit and false alarm rate 

would suggest a lax response criterion. Beta can be 

expressed according to the formula: beta = FP(H)/FP(FA). 

Beta is the ratio of the normal ordinate corresponding to 

the detection rate to the normal ordinate corresponding 

to the false alarm rate (Green and Swets, 1966). 

Both d' and beta depend on the assumption that the 

N and the SN distributions are normally distributed and 

have equal variance. This assumption is not likely to be 

met by most vigilance tasks (Jerison, 1977; Swets, 1977). 

In the typical vigilance experiment, the signal is easily 

discriminable from the noise under alert conditions which 

can lead to an error free performance. With a standard 

deviation and a variance of zero, the measure d' cannot 

be computed. As an alternative, Davies and Parasuraman 
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(1982) have suggested an estimate of false alarms and 

miss probabilities to correct for error free performance. 

Several alternative methods of computing observer 

sensitivity have been suggested that do not include the 

equal variance assumption (Green and Swets, 1966; Simpson 

and Fitter, 1973; Pollack and Norman, 1964). One measure 

in particular. A', has been recommended as an alternative 

measure to d' (Pollack and Norman, 1964). Craig (1979) 

pointed out that this measure can be computed when either 

the conditional probability of hits is one and/or the 

false alarm rate is zero. Additionally, A' showed a very 

high degree of correlation (.959) to d' which makes a 

comparison between the two measures across studies 

possible (Craig, 1979). A' is computed with the 

following formula: 

1 - 1/4 
P(FA) [ 1 - P(H)] 

+ 
P(H) [ 1 - P(FA) 

In addition to the above mentioned criticisms about 

the basic assumptions of SDT as applied to vigilance. 

Long and Waag (1981) have raised further questions. They 

suggested that, due to the low number of stimulus trials, 

the observer may not have sufficient information to 

establish the N and SN distributions against which to 

apply a decision criterion. Jerison, Pickett, and 
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Stenson (1965) also pointed out that vigilance 

experiments do not follow the normal psychophysical 

settings for which SDT was developed. Instead, changes 

in vigilance performance over time may be due to changes 

in observing behavior, for example from an alert to a 

distracted mode, with concomitant changes in d' and beta 

(Schroeder and Holland, 1968). While some progress has 

been made to adapt the sensitivity measure to vigilance 

tasks, the use of beta remains problematic (Parasuraman, 

1986) . 

A consensus seems to exist that the use of the 

Signal Detection Theory in the interpretation of 

vigilance performance outweigh its shortcomings, since 

SDT takes changes in both hit and false alarm rates into 

account. Most other theories only try to explain the 

changes in hit rate over time (Davies and Parasuraman, 

1982; Warm, 1984; Parasuraman, 1986). Loeb and Alluisi 

(1984) suggested that the use of STD may yield some 

insight into the vigilance process if its application to 

vigilance performance takes the above mentioned 

shortcomings into consideration. 
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Task Taxonomy 

The complexity and diversity of the available 

vigilance research has made a comprehensive theoretical 

explanation difficult, if not impossible. Many factors 

have been implicated as sources of the vigilance 

decrement. Signal frequency, event rate, signal to 

stimulus ratio, discrimination type, and signal 

distribution have all been shown to influence vigilance 

performance over time. In addition, task complexity, 

knowledge of results, spatial and temporal uncertainty, 

performance measures, and modality can serve to modulate 

the occurrence and rate of the vigilance decrement. 

The need for the development of a taxonomic system 

in psychology, especially in the area of human 

performance, has been advocated by a number of 

researchers (Melton, 1964; Alluisi, 1967). A taxonomic 

approach does not adhere to a specific theoretical 

orientation. Instead, the classification allows for the 

specification of certain phenomena and the circumstances 

under which they occur. Using this approach, Levine, 

Romashko, and Fleishman (1973) analyzed 58 vigilance 

experiments. They suggested that vigilance tasks could 

be dichotomized into a 'perceptual speed' and a 

•flexibility of closure' category. The former referred 
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to the observer's ability to identify and compare sensory 

patterns, while the latter referred to the observer's 

ability to identify a specified stimulus embedded in a 

complex field. Levine et al. (1973) found that for 

vigilance tasks which involve perceptual speed, the 

steepest vigilance decrement occurred within the first 

hour and leveled off thereafter. When the vigilance task 

fell into the flexibility of closure category, the 

vigilance performance improved following the initial 

decrement. 

Davies and Parasuraman (1977) and Parasuraman 

(1979) further developed the taxonomic analysis of 

vigilance tasks using SDT as a model to interpret the 

changes in performance. Four dimensions were proposed as 

important factors in a taxonomic approach to vigilance. 

They included sensory modality, source complexity, 

attentional requirements and discrimination type. 

Sensory Modality 

Initial experiments indicated that vigilance 

performance was superior for auditory stimuli compared 

with visual stimuli (Baker, Ware, and Sipowicz, 1962). 

Even though the decrement was still present in auditory 

discriminations, its slope was less steep. These results 
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implied that sustained attention in different modalities 

may be based on different neurological processes. 

Hatfield and Loeb (1968) showed that this difference in 

vigilance performance was due to methodological rather 

then biological difference. They showed that vigilance 

performance was similar when they controlled for head 

movements away from the display in visual tasks. They 

concluded that, within limits, typical vigilance 

performance is a general characteristic regardless of the 

signal modality. 

Source Complexity 

Source or task complexity can be distinguished 

along a sensory and cognitive dimension (Davies and Tune, 

1969; Warm, 1984). Traditionally, laboratory experiments 

have employed tasks that vary along a sensory dimension. 

This practice can be traced back to the historical 

origins of the vigilance paradigm. The initial vigilance 

research setting tried to mimic the conditions of the 

radar operator which involved a sensory discrimination 

task. More recently, vigilance tasks in the real world 

have shifted towards the cognitive dimension such as in 

computer operations and computer work flow. It can, 

therefore, be expected that a shift will (and should) 
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occur in the laboratory setting towards cognitive 

vigilance tasks. 

Sensory Complexity 

Jerison (1963), using Mackworth's clock design 

(1950), asked subjects to monitor either one, two, or 

three displays simultaneously. The results of that study 

suggested that the performance decrement was eliminated 

for multiple displays. Performance for the multiple 

displays started out considerably lower compared to 

single displays but remained stable throughout the 

observation period. A response by response analysis did 

reveal the occurrence of a vigilance decrement which was 

masked in a 3 0-minute block analysis. 

McGrath (1965) found performance was enhanced when 

he asked observers to monitor a second, non-redundant 

display in a different sensory modality. Similarly, 

Adams, in a series of experiments using up to 3 6 stimulus 

sources, found little or no evidence for the vigilance 

decrement even if the vigil lasted for several hours 

(Adams and Humes, 1963; Adams, Stenson, and Humes, 1961; 

Adams, Humes, and Stenson, 1962). 
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Cognitive Complexity 

In one of the earliest examples of cognitive 

complexity, Bakan (1959) asked subjects to report the 

occurrence of either three identical digits (low 

complexity) or an odd-even-odd digit sequence (high 

complexity). A vigilance decrement occurred only in the 

more complex condition. 

Warm et al. (1984) compared the effects of simple 

and complex cognitive processes on vigilance performance. 

Subjects were asked to monitor pairs of numbers for 

critical signals which were defined as any pair of 

numbers that differed by no more than one in the simple 

task. In the complex task the sum of the signals also 

had to fall between 4 and 14. The results showed a 

vigilance increment for the complex cognitive 

discrimination. In the simple cognitive discrimination 

the results showed that a vigilance decrement had 

occurred. 

Other studies have failed to find a vigilance 

increment for complex tasks. Noonan et al. (1984) 

repeated the Warm et al. (1984) experiment, using 

additional levels of cognitive complexity, but found 

increasingly poorer performance with increasing levels of 

complexity. Warm et al. (1985) argued that an increase 
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in vigilance performance for complex conditions is 

limited to an 'optimal' degree of challenge to the 

observer. Levels of complexity outside of this narrow 

band would effect the vigilance performance 

differentially. 

It would appear at this point that different 

approaches to increasing the task complexity have 

different effects on vigilance performance. Based on the 

approach chosen, the vigilance decrement can either be 

amplified, eliminated or reversed (Warm and Jerison, 

1984). Sensory and cognitive complexity have to be 

differentiated due to different underlying processes. 

Event Rate 

Researchers have included the neutral event rate as 

one of the major dimensions in the classification of 

independent variables, influencing vigilance performance 

directly and modulating other variables (Davies and 

Parasuraman, 1982; Warm and Jerison 1984). 

Critical signals usually occur in the context of 

neutral background events. This event rate can be 

manipulated independent of the rate of occurrence of 

target events. Jerison and Pickett (1964) showed that 

the detection rate was considerably lower (30%) for a 
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high event rate compared to a low event rate (90%). They 

also reported a vigilance decrement for the high event 

rate condition but not for the low event rate condition. 

These findings have been confirmed by a number of other 

investigators using different vigilance tasks (Loeb and 

Binford, 1968; Parasuraman and Davies, 1976; Parasuraman, 

1979) . 

The change in vigilance performance based on a 

comparison of high and low event rates was first 

attributed to the signal to noise ratio which is lower 

for high event rates (Colquhoun, 1961). An increase in 

the neutral background event rate results in a decreased 

probability of signal occurrence if the signal rate is 

not changed. Subsequent research found that the 

detection probability varied inversely with the event 

rate even if the probability of critical signals is 

adjusted within event rates (Jerison, 1965; Parasuraman, 

1979) . In addition, subjects responded more 

conservatively in the presence of high event rates 

(Jerison and Pickett, 1964). Parasuraman (1979) 

concluded that the quality of sustained attention and d' 

is inversely related to the rate of presentation of the 

neutral event regardless of the signal rate. 
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In addition to influencing sustained attention, the 

event rate also influences other independent variables. 

Metzger et al. (1974) demonstrated that the event rate 

can interact with the signal amplitude. In this 

experiment, correct detection of signals decreased 

considerably more for a low amplitude signal than for a 

high amplitude signal after the event rate was increased 

from six to twenty-one per minute. McGrath (1963) 

demonstrated that added external stimulation can increase 

as well as decrease performance based on the event 

presentation rate. 

Discrimination Type 

In simultaneous discriminations, the information 

needed to make the discrimination is present in the 

stimulus event. Successive discriminations, on the other 

hand, require the observer to compare a stimulus event 

with a standard held in memory (Parasuraman, 1979; Davies 

and Parasuraman, 1982). Based on a review of twenty-

seven vigilance experiments and their own findings, 

Parasuraman (1979) and Davies and Parasuraman (1982) 

suggested that the vigilance decrement was the result of 

a decline of d' when the combination of successive 

discrimination and high event rate was used. In all 
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other combinations of discrimination type and event rate 

the decrement was due to an elevation of the response 

criterion. 

Using an information processing model, Parasuraman 

(1979) suggested that successive discriminations produced 

a greater memory load compared to simultaneous 

discriminations. The decline in d' was in part 

attributed to limitations in the allocation of effortful 

attention over time. Secondly, high event rates required 

the observer to consistently devote attentional resources 

to target discriminations. Based on a limited 

attentional capacity model (Kahneman, 197 3) the observer 

sensitivity may decrease because of an inability to 

devote these resources to the discrimination task over a 

long period of time (Parasuraman, 1986). 

In light of some recent studies (Glaser, 1982; 

Nuechterlein, Parasuraman, and Jiang, 1983; Parasuraman 

and Mouloua, 1987; Wisdom, 1987) other factors may also 

have to be incorporated into the taxonomic approach to 

vigilance performance. Glaser (1982), varying the number 

of signals and non-signals, found a vigilance decrement 

in all combinations of event rate and discrimination 

type. This decrement occurred relatively late (between 

48 and 60 minutes) during the vigil for simultaneous 
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discriminations and low event rates. Furthermore, Glaser 

(1982) found that the number of possible targets and 

non-targets modulated the temporal occurrence of the 

vigilance decrement. Parasuraman (197 9) conducted the 

vigilance task for only 45 minutes which could have 

accounted for the lack of a decrement in all but the 

successive discrimination condition with a high event 

rate. 

Nuechterlein, Parasuraman, and Jiang (1983) showed 

that observer sensitivity also declined in a simultaneous 

discrimination task at high event rates for highly 

degraded (blurred) signals compared to moderately or 

undegraded signals. These results were confirmed in a 

similar experiment by Parasuraman and Mouloua (1987) . 

Wisdom (1987) also showed a decrease in sensitivity for 

successive discriminations at low event rates when the 

signal was difficult to discriminate compared to an easy 

discrimination. 

As originally stated, Parasuraman's taxonomic 

approach to vigilance (Parasuraman, 1979) and the 

predictions of the occurrence of the vigilance decrement 

do not seem to hold true (Glaser, 1982; Nuechterlein, 

Parasuraman, and Jiang, 1983; Wisdom, 1987). Rather, 

when predicting whether or not a decrement will occur and 



38 

at what point, factors such as signal discriminability, 

the number of targets and non targets, and the length of 

the vigilance task must be taken into consideration. 

Statement of the Problem 

An unresolved issue for those who study vigilance 

tasks is the question of how task complexity affects 

vigilance performance. When addressing task complexity, 

a clear distinction between sensory and cognitive task 

complexity has to be made (Davies and Tune, 1969; Warm, 

1984) . Bakan (1959) found no vigilance decrement in a 

simple cognitive task but reported a decrement when the 

cognitive complexity was increased. Warm et al. (1984) 

reported a vigilance increment for a complex cognitive 

vigilance task compared to a simple cognitive vigilance 

task, where a vigilance decrement occurred. In an 

extension of that study, Noonan et al. (1984) used four 

levels of complexity and found increasingly poorer 

overall performance with an increase in task complexity. 

The trends over time, however, remained essentially flat 

within each level of complexity. 

Kibler (1965) stated that more complex vigilance 

tasks, the norm for 'real world' tasks, are less likely 

to involve a vigilance decrement and, therefore, current 
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research with its simplified experimental conditions is 

not of practical importance. This view has been echoed 

by Morgan (1980) who suggested that vigilance research 

should include studies closer to 'real world' problems if 

they are to be of practical use. These recommendations 

suggest that vigilance experiments should employ 

cognitive instead of visual discrimination task. 

Secondly, the investigation of system complexity becomes 

apparent. Since task variables were first systematically 

manipulated within the taxonomic model by Parasuraman 

(1979), the manipulation of cognitive task complexity and 

system complexity have been neglected. In light of the 

recent modifications to the taxonomic vigilance model 

based on signal discriminability, length of the vigilance 

task, and the number of targets and non-targets, it would 

seem that the inclusion of cognitive tasks and system 

complexity will require further modifications of this 

model. 

Hypothesis 

The present experiment was conducted to determine 

the effects of system complexity on vigilance 

performance, using a cognitive vigilance task. The 



40 

following predictions were made based on the above cited 

research: 

1. The use of a cognitive vigilance task should 

eliminate the vigilance decrement in all 

conditions. 

2. As task complexity increases, the hit rate should 

decline and the response time should become 

longer. 

3. A faster event rate should result in a lower hit 

rate compared to the low event rate, regardless 

of discrimination type and complexity level. 

4. The hit rate in the successive discrimination 

condition should be lower compared to the hit 

rate in the simultaneous discrimination 

condition. 

5. A vigilance increment over time is possible for 

the condition that is less complex. 
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METHOD 

Subjects 

Ninety-six (96) male and female undergraduate 

students from the Psychology Departmental pool 

participated in this study. Twelve subjects, six males 

and six females, were randomly assigned to each of the 

eight conditions. All subjects were screened for defects 

in vision. 

Apparatus 

Tests were conducted in three 240 cm x 120 cm x 120 

cm sound-insulated cubicles which were illuminated by low 

ambient light. Ambient light levels were checked across 

cubicles with a light meter to assure comparable levels 

of contrast and glare. This procedure was repeated every 

day prior to the experimental sessions. Low level white 

noise (65 dBA) served as additional insulation from 

outside noise. Stimuli were displayed on high resolution 

(720 X 350) amber Samsung monitors using Hercules 

compatible graphics cards. The monitors were placed 

approximately 70 cm from the subjects at eye level. The 

monitor was connected to a central processing unit (CPU) 

41 
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which was located behind the cubicle. The CPU was used 

for stimulus presentations to the screen, timing of the 

stimuli, and data collection. Subject were asked to 

respond to a target by pressing either the left or the 

right button on a joystick. The buttons could be used 

interchangeably, based on the subject's preference. They 

served as the input device for the CPU. 

Display 

The display consisted of a 30 cm (diagonal) screen 

with an active display area of 20.75 cm in width and 

15.75 cm in height. A bright (bold) program generated 

line (see Appendix D) bordered the active display area. 

A similar horizontal and vertical line divided the screen 

into four quadrants of equal size. These lines remained 

visible at all times. Each quadrant was 10.4 cm in 

height and 7.9 cm in width. 

Stimuli 

A random number generator, as part of the Pascal 

program, generated numbers between zero (0) and twenty 

(20) which were displayed in the center of each active 

quadrant. These numbers served as the stimulus events 

that the subjects were asked to monitor. A number that 
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fell between five (5) and fifteen (15) was defined as a 

non-target. A number that was smaller than 5 (0-4) and 

greater than 15 (16-20) was defined as a target. 

Subjects were asked to ignore non-targets and respond 

when a target occurred. 

Task Complexity 

Task complexity was defined by the number of 

quadrants the subjects were asked to monitor. In the low 

complexity condition numbers were displayed 

simultaneously in only two quadrants, while the other two 

quadrants remained inactive. To be considered a target, 

the numbers had to fall between zero (0) and four (4) 

and/or sixteen (16) and twenty (20). If only one number 

fell in that range, it was considered a non-target and 

subjects were asked to ignore it. 

To negate any preference in visual scanning 

pattern, the active quadrants in the low complexity 

conditions were varied. Therefore, the particular 

combination of two active screens changed after two 

subjects had been exposed to it. This procedure made it 

possible for the six screen combinations to be presented 

in each low complexity condition. 



44 

In the high complexity condition all four quadrants 

were active. Numbers between zero (0) and twenty (20) 

were again randomly displayed in the center of each 

quadrant simultaneously. Subjects were asked to respond 

when at least three of the four quadrants contained a 

target. The definition of a target remained the same as 

in the low complexity conditions. Two or less targets 

required no action by the subjects. 

Discrimination Type 

In the simultaneous discrimination condition the 

target numbers were continuously displayed above the 

active display area. This display provided a visual 

model of the target numbers (0, 1, 2, 3, 4, 16, 17, 18, 

19, 20). 

In the successive discrimination condition the 

target numbers were not displayed on the screen. 

Instead, subjects were asked to remember targets and 

non-targets from sample presentations prior to the 

vigilance task. 

Event Rate 

In the low event rate condition 15 numbers were 

displayed in each active quadrant per minute. This event 
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rate translated to an intersignal rate of 4 seconds. In 

this condition one target (both numbers falling within 

the target range) was generated per minute. Since the 

target could be generated at any time during the 1-minute 

interval, the probability that the displayed numbers were 

a target was 0.067. Numbers were presented for 1.5 

seconds, followed by a 2.5-second delay. 

In the high event rate condition 3 0 numbers were 

displayed in each active quadrant per minute. This event 

rate translated to an intersignal rate of 2 seconds. In 

this condition two targets were generated per minute. 

The probability that a target occurred was again 0.067 

per event. Numbers were presented for 1.5 seconds, 

followed by a 0.5 second delay. 

For both the high and the low event rate 

conditions, the event was displayed for 1.5 seconds. The 

area where the numbers were displayed then went blank 

until the next event was scheduled to occur. Responses 

to a particular stimulus event were recorded until the 

next event was diplayed. This meant that in the low 

event rate condition a response could occur for 3.9 

seconds. A response could only occur for 1.9 seconds in 

the high event rate condition. Subjects were not 

informed of this arrangement. 
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Procedure 

Subjects were randomly assigned to the three 

cubicles where experimental sessions were simultaneously 

conducted. Males and females were equally distributed 

across all conditions. Subjects were asked to leave all 

materials with the experimenter for the duration of the 

experiment. A general explanation of the purpose of the 

experiment was provided verbally prior to the actual 

experiment. 

After the subject was seated in the test cubicle 

task instructions were presented on the monitor. The 

pacing of the individual instruction displays was 

controlled by the subject. Following the instructions, 

sample targets and non-targets were displayed to 

demonstrate the task. 

Each subject was then given a 10-minute training 

session. The training session was similar to the actual 

task but the subject was informed when a hit, a miss, or 

false alarm had occurred. The message 'A Hit,' 'A Miss,' 

or 'A False Alarm' appeared in the center of the screen 

based on the subject's response. The display was then 

frozen until the response button was pressed once again. 

The time that elapsed while the display was frozen did 

not count as part of the ten minute practice session. 
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The computer program calculated the subject's hit 

rate for the last 5 minutes of the 10-minute training 

session. If a 90% hit rate had not been achieved during 

the interval, another 5-minute training period was 

automatically added to the training session. The hit 

rate was then calculated for the additional 5-minute 

training session. If the 90% hit criterion was not 

reached after 15 minutes, the subject's data was excluded 

from the experiment. The subject was informed of his/her 

performance via a screen display showing the hit rate, 

false alarm rate, and misses at the end of the practice 

session. Following a brief explanation by the 

experimenter of the displayed score, the subject was 

given the opportunity to ask questions. 

Next, a 5-minute practice session was conducted 

where no immediate feedback was given to the subject. At 

the end of the practice session, the total score was once 

again displayed on the screen. This session was, 

therefore, comparable to the actual vigilance task. 

Another question and answer period followed the practice 

session. 

The experimental session lasted 60 minutes. The 

data were recorded and saved on the computer in 1-minute 

intervals. At the end of the vigilance task, subjects 
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were debriefed and a specific explanation of the purpose 

of the study was given. Upon request, subject could 

obtain the results of the 1-hour experimental session. 

Experimental Design 

In this experiment, the effects of stimulus 

discrimination type (successive or simultaneous), event 

rate (high or low), and task complexity (2 and 4 

monitoring fields) over time (4 15-minute intervals) were 

tested, using a Split Plot Factorial (2,2,2,4) design. 

Response Measures 

The hit rate, false alarm rate, and the hit 

response latency were recorded in one minute intervals 

throughout the experiment. The hit rate and false alarm 

rates were used to calculate the observer sensitivity 

(A') and the decision criterion (beta) for all 

conditions. 



CHAPTER III 

RESULTS 

A 90% hit rate criterion was established for the 

training session. The data of subjects who failed to 

detect at least 90% of the signals was not used in the 

final data summary and analysis. Table 1 presents a 

summary of the rejection rate for each condition. 

In the low complexity conditions 2 5% of the subjects 

did not meet criterion for the simultaneous 

discrimination at the high event rate. In the other 

three combinations of event rate and discrimination type, 

all subjects met criterion when only two quadrants had to 

be monitored. 

When the subjects were asked to monitor all four 

quadrants, failure to meet criterion during the training 

session increased considerably. When High Complexity and 

High Event Rate were combined, 4 3% and 59% of the 

subjects failed to meet criterion respectively for 

Successive and Simultaneous Discriminations. 14% of the 

subjects failed to meet the practice criterion in the Low 

Event Rate and Successive Discrimination while 2 5% did 

not meet criterion in the Low Event Rate and Simultaneous 

Discrimination. 

49 
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Table 1 

Rejection Rate Summary 

Condition # of Subjects Percent 

Successive Discrimination 

High Event Rate 

Low Complexity 0 0% 

High Complexity 9 4 3% 

Low Event Rate 

Low Complexity 0 0 

High Complexity 2 14 

Simultaneous Discrimination 

High Event Rate 

Low Complexity 4 2 5 

High Complexity 11 50 

Low Event Rate 

Low Complexity 0 0 

High Complexity 4 2 5 
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During a pilot study, several modifications were 

made that led to the final experimental manipulations. 

Events were initially presented for 1/2 second and were 

gradually increased to the final 1.5 seconds. This 

increase was necessary due to the fact that subjects were 

unable to meet criterion at shorter presentation 

intervals. The 1.5 seconds event presentation conformed 

to the presentation length used by Noonan et al., (1984) 

and Warm et al., (1984). 

A second modification concerned the simultaneous 

discrimination conditions. During the pilot study, the 

targets were displayed in each of the active quadrants. 

It was the consensus of all pilot subjects that this 

arrangement unnecessarily cluttered the screen and made 

the task more difficult. Only one target was, therefore, 

displayed above the top border line. 

All data were recorded at 1-minute intervals. A 

separate analysis of these data was performed to see if a 

vigilance decrement had occurred at the onset of the 

vigil (Jerison, 1963). The statistical analysis revealed 

no significant differences between the 1-, the 5-, and 

the 15-minute interval data. For the final analysis 

presented in this study, only the fifteen minute interval 

data were used. This data presentation is more in 



52 

conformance with the way data is reported in the 

literature and it makes a visual inspection of the graphs 

easier. 

Hit Rate 

The hit rate was computed by dividing the number of 

correct detections by the sum of correct detections and 

misses for each 15-minute interval to arrive at an 

average hit rate for each interval. The descriptive 

statistics, means and standard deviations (SD), for each 

15-minute interval for the low complexity condition are 

presented in Table 2. Means and standard deviations for 

the high complexity condition are presented in Table 3. 

An analysis of variance summary for hit rates is 

presented in Table 4. Only the complexity main effect 

was significant (p < .01). A comparison of Figures 1 

(low complexity) and 2 (high complexity) shows that 

subjects in the low complexity condition showed a 

significantly higher hit rate compared to subjects in the 

high complexity condition. 

Hit Reaction Time 

The reaction time for hits was computed by dividing 

the total hit reaction time by the number of hits for 
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Table 2 

Means and Standard Deviations for Hit Rate 
in the Low Complexity Condition 

Conditions Minutes 

Low Complexity 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

15 

0.97 
0.12 

0.98 
0.13 

30 

0.98 
0.12 

0.98 
0.13 

45 

0.98 
0.11 

0.98 
0.13 

60 

0.97 
0.13 

0.97 
0.17 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 0.94 
0.19 

0 
0 

94 
17 

0 
0 

95 
16 

0.92 
0.22 

Mean 
SD 

Low Event Rate 0.94 
0.23 

0 
0 

93 
26 

0 
0 

90 
30 

0.93 
0.26 

Mean 
SD 
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Table 3 

Means and Standard Deviations for Hit Rate 
in the High Complexity Condition 

Conditions Minutes 

High Complexity 15 30 45 60 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

0.87 
0.25 

0.94 
0.24 

0.85 
0.26 

0.91 
0.29 

0.88 
0.24 

0.83 
0.32 

0.87 
0.26 

0.88 
0.32 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 0.87 
0.24 

0 
0 

90 
22 

0 
0 

89 
23 

0.87 Mean 
0.27 SD 

Low Event Rate 0.88 
0.33 

0 
0 

90 
30 

0 
0 

83 
38 

0.89 Mean 
0.31 SD 
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Table 4 

Analysis of Variance Summary for Hit Rate 

SOURCE SS df SS F 

Complexi ty ( C) 

Discrimination (D) 

Event Rate 

C X 

C X 

D X 

C X 

S(C 

D 

E 

E 

D X 

X D 

TIME (T) 

C X 

D X 

E X 

C X 

C X 

D X 

C X 

T X 

Tnt; 

T 

T 

T 

D X 

E X 

E X 

D X 

S(C 

1̂ 

E 

X 

T 

T 

T 

E 

X 

( 

E) 

X 

D 

E) 

T 

X E) 

0.5104 

0.0617 

0.0042 

0.0363 

0.0091 

0.0278 

0.0038 

2.3368 

0.0153 

0.0028 

0.0092 

0.0309 

0.0110 

0.0079 

0.0144 

0.0034 

1.1636 

4.2483 

1 

1 

1 

1 

1 

1 

1 

88 

3 

3 

3 

3 

3 

3 

3 

3 

264 

383 

0.5104 

0.0617 

0.0042 

0.0363 

0.0091 

0.0278 

0.0038 

0.0266 

0.0051 

0.0009 

0.0031 

0.0103 

0.0037 

0.0026 

0.0048 

0.0011 

0.0044 

19.22+ 

2.32 

0.16 

1.37 

0.34 

1.05 

0. 14 

1.16 

0.21 

0.69 

2. 34 

0.83 

0.59 

1.09 

0.25 

+ p < 0.01 
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Figure 1. Mean hit rate over 15-minute intervals in the 
low complexity condition as a function of 
discrimination type and event rate. 
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Figure 2. Mean hit rate over 15-minute intervals in the 
high complexity condition as a function of 
discrimination type and event rate. 
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each recording period. In case no hits occurred during a 

recording period, the hit reaction time was left blank. 

Table 5 presents the mean reaction times in seconds 

for hits and the standard deviations for each 15-minute 

time interval as a function of Discrimination Type and 

Event Rate in the low complexity condition. Table 6 

presents the mean reaction times for hits and the 

standard deviations in the high complexity condition. 

The analysis of variance summary for reaction times 

for hits is presented in Table 7. Significant main 

effects occurred for Complexity (p. < .01) and Event Rate 

(p. < .01). A comparison of Figure 3 and Figure 4 shows 

that subjects in the low complexity condition reacted 

significantly faster when a target was displayed compared 

to subjects in the high complexity condition. Reaction 

times to targets was significantly slower in the low 

event rate condition compared to the high event rate 

condition. 

A significant interaction occurred for Task 

Complexity and Discrimination Type (p. < .01). Table 8 

presents the simple main effects analysis summary for the 

Complexity by Discrimination Type interaction. The 

reaction time for hits was significantly faster when 

Successive Discrimination was combined with Low 
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Table 5 

Means and Standard Deviations for Hit Reaction Time 
in the Low Complexity Condition 

Conditions Minutes 

Low Complexity 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

15 

0.52 
0.13 

1.07 
0.32 

30 

0.50 
0.11 

1.07 
0.25 

45 

0.50 
0.15 

1.15 
0.30 

60 

0.54 
0.15 

1.13 
0.24 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 0.56 
0.17 

0 
0 

57 
22 

0.55 
0.22 

0.55 
0.21 

Mean 
SD 

Low Event Rate 1.22 
0.34 

1 
0 

31 
46 

1.47 
0.54 

1.45 
0.53 

Mean 
SD 
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Table 6 

Means and Standard Deviations for Hit Reaction Time 
in the High Complexity Condition 

Conditions Minutes 

High Complexity 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

15 

0.75 
0.33 

1.38 
0.36 

30 

0.74 
0.35 

1.32 
0.37 

45 

0.71 
0.33 

1.43 
0.44 

60 

0.73 
0.32 

1.43 
0.40 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 0.72 0.70 0.69 0.69 Mean 
0.29 0.30 0.31 0.26 SD 

Low Event Rate 1.32 1.30 1.38 1.43 Mean 
0.36 0.35 0.48 0.40 SD 



Table 7 
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Analysis of Variance Summary for 
Hit Reaction Time 

SOURCE SS df MS 

Complexity 

Discriminat 

Event Rate 

C X D 

C X E 

D X E 

C X D X E 

S(C X D X E 

TIME (T) 

C X T 

D X T 

E X T 

C X D X T 

C X E X T 

D X E X T 

C X D X E X 

T X S(C X D 

(C) 

ion (D) 

(E) 

) 

T 

X E) 

2.6268 

0.3789 

44.3909 

0.8332 

0.0204 

0.2765 

0.2494 

10.0316 

0.3290 

0.0389 

0.0469 

0.3927 

0.0212 

0.0212 

0.0493 

0.0242 

3.0848 

1 

1 

1 

1 

1 

1 

1 

88 

3 

3 

3 

3 

3 

3 

3 

3 

264 

2.6268 

0.3789 

44.3909 

0.8332 

0.0204 

0.2765 

0.2494 

0.1140 

0.1097 

0.0130 

0.0156 

0.1309 

0.0071 

0.0071 

0.0164 

0.0081 

0.0117 

23.04+ 

3.32 

389.41+ 

7.31+ 

0.18 

2.43 

2. 19 

9. 39 + 

1.11 

1.34 

11.20+ 

0.61 

0.60 

1.41 

0.69 

Total 62.8160 383 

+ P < 0.01 



62 

Table 8 

Hit Reaction Time Simple Main Effects Analysis of 
Variance Summary for the Complexity by 

Discrimination Interactions 

SOURCE SS df MS F 

Between Subjects 

Between C at D(l) 3.2094 1 3.2094 28.15+ 

Between C at D(2) 0.2506 1 0.2506 2.20 

Between D at C(l) 1.1680 1 1.1680 10.25+ 

Between D at C(2) 0.0442 1 0.0422 0.39 

C X D 0.8332 1 0.8332 7.31+ 

S(C X D X E) 10.0316 88 0.1140 

Within Subjects 

T X S(C X D X E) 3.0848 264 0.0117 

Total 18.6218 383 

+ p < 0.01 
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Figure 3. Mean hit reaction time over 15-minute 
intervals in the low complexity condition as a 
function of discrimination type and event 
rate. 
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Figure 4. Mean hit reaction time over 15-minute 
intervals in the high complexity condition as 
a function of discrimination type and event 
rate. 
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Complexity compared to the reaction time for hits in the 

combination of Simultaneous Discrimination and Low 

Complexity (p. < .01). 

Time on task had a significant effect on the 

reaction time for hits (p. < .01). A significant 

interaction between Time and Event Rate occurred 

(p. < .01). Table 9 present the simple main effects 

analysis summary for the Time by Event Rate interaction. 

The reaction time for hits increased significantly over 

time in the low event rate condition (p. < .01). 

Subjects reacted slower to targets between Time Interval 

30 and 45. Figure 5 presents the mean reaction times for 

hits collapsed over Complexity and Discrimination Type. 

False Alarm Rate 

The false alarm rate was calculated by dividing the 

number of responses to non-targets by the number of non-

targets for each recording period. A summary of the mean 

false alarm rates and the standard deviations as a 

function of Discrimination Type and Event Rate in the low 

complexity condition is presented in Table 10. Means and 

standard deviations for the high complexity condition are 

presented in Table 11. 
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Table 9 

Hit Reaction Time Simple Main Effects Analysis of 
Variance Summary for the Event Rate by 

Time Interactions 

SOURCE SS df MS F 

Between Subjects 

Between E at T(l) 9.0322 1 9.0322 242.15+ 

Between E at T(2) 9.2285 1 9.2285 247.41+ 

Between E at T(3) 13.7359 1 13.7359 368.25+ 

Between E at T(4) 12.7870 1 12.7870 342.82+ 

Within Cell 13.1164 352 0.0373 

Within Subjects 

Between T at E(l) 0.0134 3 0.0045 0.36 

Between T at E(2) 0.7083 3 0.2361 6.33+ 

E X T 0 . 3 9 2 7 3 0 . 1 3 0 9 1 1 . 2 0 + 

T X S(C X D X E) 3.0848 264 0.0117 

Total 62.8160 383 

+ p < 0.01 
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Figure 5. Mean hit reaction time over 15-minute 
intervals as a function of event rate. 
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Table 10 

Means and Standard Deviations for False Alarm Rate 
in the Low Complexity Condition 

Conditions Minutes 

Low Complexity 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

15 

0.012 
0.038 

0.002 
0.012 

30 

0.009 
0.030 

0.002 
0.011 

45 

0.013 
0.046 

0.002 
0.011 

60 

0.010 
0.032 

0.001 
0.009 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 0.004 0.003 0.003 0.003 Mean 
0.013 0.010 0.011 0.012 SD 

Low Event Rate 0.002 0.005 0.006 0.004 Mean 
0.013 0.018 0.024 0.017 SD 
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Table 11 

Means and Standard Deviations for False Alarm Rate 

in the High Complexity Condition 

Conditions Minutes 

High Complexity 15 30 45 60 
Successive 
Discrimination 

High Event Rate 

Low Event Rate 

0.013 
0.025 

0.013 
0.031 

0.011 
0.024 

0.007 
0.026 

0.010 
0.021 

0.008 
0.023 

0.012 
0.021 

0.009 
0.028 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 0.009 0.008 0.007 0.006 Mean 
0.019 0.018 0.017 0.015 SD 

Low Event Rate 0.015 0.004 0.007 0.008 Mean 
0.034 0.017 0.023 0.023 SD 
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The analysis of variance summary in Table 12 shows 

that no significant main effects occurred for the false 

alarm rate. Figure 6 and Figure 7 present the false 

alarm rate over 15-minute time intervals in the low and 

high complexity conditions, respectively. 

Time on task had a significant effect on the false 

alarm rate (p. < .01). A significant interaction 

occurred between Complexity and Time (p. < .05). Table 

13 presents the simple main effects analysis summary for 

the Complexity by Time interaction. The false alarm rate 

was significantly higher during the first 15-minute time 

interval compared to the other three time intervals 

(p. < .01). 

Observer Sensitivity (A') 

Observer sensitivity was calculated using the 

nonparametric measure A' (Pollack and Norman, 1964). 

Table 14 presents the means and standard deviations for 

observer sensitivity as a function of Discrimination Type 

and Event Rate in the low complexity condition. Means 

and standard deviations for the high complexity condition 

are presented in Table 15. 

The analysis of variance summary, presented in Table 

16, shows that a significant main effect occurred for 



Table 12 

Analysis of Variance Summary for 
False Alarm Rate 
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SOURCE SS df MS 

Complexity (C) 

Discrimination (D) 

Event Rate ( 

C X 

C X 

D X 

C X 

S(C 

D 

E 

E 

D X E 

X D X E) 

TIME (T) 

C X 

D X 

E X 

C X 

C X 

D X 

C X 

T X 

T 

T 

T 

D X T 

E X T 

E X T 

D X E X 

S(C X D 

Total 

+ p < 0.01 

++ p < 0.05 

E) 

T 

X E) 

0.0017 

0.0006 

0.0006 

0.0000009 

0.0003 

0.0012 

0.0003 

0.0598 

0.0004 

0.0004 

0.000004 

0.0001 

0.0001 

0.0002 

0.000004 

0.0001 

0.0098 

0.0755 

1 

1 

1 

1 

1 

1 

1 

88 

3 

3 

3 

3 

3 

3 

3 

3 

264 

383 

0.0017 

0.0006 

0.0006 

<0.0000 

0.0003 

0.0012 

0.0003 

0.0007 

0.0001 

0.0001 

<0.0000 

<0.0000 

<0.0000 

0.0001 

<0.0000 

<0.0000 

0.000037 

2.42 

0.83 

0.82 

<0.00 

0.44 

1.70 

0.43 

3.88 + 

3.68++ 

0.03 

0.49 

0.67 

2.16 

0.31 

0.48 
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Figure 6. Mean false alarm rate over 15-minute intervals 
in the low complexity condition as a function 
of discrimination type and event rate. 
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Figure 7. Mean false alarm rate over 15-minute intervals 
in the high complexity condition as a function 
of discrimination type and event rate. 
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Table 13 

False Alarm Rate Simple Main Effects Analysis of 
Variance Summary for the Complexity by 

Time Interactions 

SOURCE SS df MS F 

Between Subjects 

Between C at T(l) 0.0014 1 0.0014 7.00+ 

Between C at T(2) 0.0002 1 0.0002 1.00 

Between C at T(3) 0.0001 1 0.0001 0.50 

Between C at T(4) 0.0004 1 0.0004 2.00 

Within Cell 0.0696 352 0.0002 

Within Subjects 

Between T at C(l) 0.0008 3 0.0003 1.50 

Between T at C(2) 0.0001 3 0.00003 0.15 

C X T 0.0004 3 0.0001 3.68++ 

T X S(C X D X E) 0.0098 264 0.00004 

Total 0.0755 383 

+ p < 0.01 

++ p < 0.05 
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Conditions 

Table 14 

Means and Standard Deviations for A' 
in the Low Complexity Condition 

Minutes 

Low Complexity 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

15 

0.99 
0.03 

1.00 
0.03 

30 

0.99 
0.03 

1.00 
0.03 

45 

0.99 
0.04 

1.00 
0.03 

60 

0.99 
0.03 

0.99 
0.04 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 0.98 
0.05 

0.99 
0.04 

0.99 
0.04 

0.98 
0.06 

Mean 
SD 

Low Event Rate 0.99 
0.06 

0.98 
0.07 

0.97 
0.08 

0.98 
0.07 

Mean 
SD 
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Conditions 

Table 15 

Means and Standard Deviations for A' 
in the High Complexity Condition 

Minutes 

High Complexity 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

15 

0.96 
0.06 

0.98 
0.06 

30 

0.96 
0.07 

0.98 
0.07 

45 

0.97 
0.06 

0.97 
0.08 

60 

0.96 
0.07 

0.97 
0.08 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 0.96 
0.06 

0.97 
0.06 

0.97 
0.06 

0.97 Mean 
0.07 SD 

Low Event Rate 0.97 
0.08 

0.97 
0.08 

0.96 
0.09 

0.97 Mean 
0.08 SD 
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SOURCE 

Table 16 

Analysis of Variance Summary for A' 

SS df MS 

Comp )lexity ( C) 

Discrimination (D) 

Event Rate 

C X 

C X 

D X 

C X 

S(C 

D 

E 

E 

D X E 

X D X 

TIME (T) 

C X 

D X 

E X 

C X 

C X 

D X 

C X 

T X 

T 

T 

T 

D X T 

E X T 

E X T 

D X E 

S(C X 

Total 

'• ( 

E) 

X 

D 

+ p < 0.01 

E) 

T 

X E) 

0.0368 

0.0030 

0.0008 

0.0024 

0.0005 

0.0027 

0.0002 

0.1670 

0.0009 

0.0001 

0.0006 

0.0018 

0.0009 

0.0006 

0.0010 

0.0002 

0.0747 

0.2942 

1 

1 

1 

1 

1 

1 

1 

88 

3 

3 

3 

3 

3 

3 

3 

3 

264 

383 

0.0368 

0.0030 

0.0008 

0.0024 

0.0005 

0.0027 

0.0002 

0.0019 

0.0003 

<0.0000 

0.0002 

0.0006 

0.0003 

0.0002 

0.0003 

0.0001 

0.0003 

19.41+ 

1.57 

0.44 

1.24 

0.26 

1.42 

0.08 

1.02 

0.17 

0.64 

2. 13 

1.01 

0.65 

1.12 

0.27 
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Complexity (p. < .01). A comparison of the observer 

sensitivity in the low complexity condition in Figure 8 

and the high complexity condition in Figure 9 shows that 

the observer sensitivity was higher in the low complexity 

condition compared to the high complexity condition. 

Beta 

Beta was calculated using a procedure described by 

Green and Swets (1964). Ordinate values were obtained 

from tables provided by Hochhaus (1972). 

Table 17 presents the means and standard deviations 

for beta in the low complexity condition over time as a 

function of Discrimination Type and Event Rate. Table 18 

presents the means and standard deviations of beta in the 

high complexity condition. 

Table 19 presents the analysis of variance summary 

for beta. A significant main effect occurred for 

Complexity (p. < .01) and Event Rate (p. < .01). Figure 

10 presents beta over time in the low complexity 

condition while Figure 11 presents beta over time in the 

high complexity condition. 

A significant interaction occurred for Complexity 

and Event Rate (p. < .0 1). Table 20 presents the simple 

main effects analysis of variance summary for the 
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Figure 8. Mean observer sensitivity (A') over 15-minute 
intervals in the low complexity condition as a 
function of discrimination type and event 
rate. 
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Figure 9. Mean observer sensitivity (A') over 15-minute 
intervals in the high complexity condition as 
a function of discrimination type and event 
rate. 
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Table 17 

Means and Standard Deviations for Beta 
in the Low Complexity Condition 

Conditions Minutes 

Low Complexity 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

15 

1.55 
2.93 

0.98 
0.14 

30 

1.32 
2.33 

0.98 
0.12 

45 

1.42 
2.55 

0.98 
0.12 

60 

1.76 
3.39 

0.99 
0.11 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 1.83 1.97 2.09 1.96 Mean 
3.39 3.40 3.78 1.96 SD 

Low Event Rate 0.97 0.95 0.95 0.95 Mean 
0.15 0.21 0.20 0.20 SD 



Table 18 
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Conditions 

Means and Standard Deviations for Beta 
in the High Complexity Condition 

Minutes 

High Complexity 15 30 45 60 

Successive 
Discrimination 

High Event Rate 

Low Event Rate 

3.30 
5.20 

0.86 
0.31 

3.28 
5.02 

0.94 
0.22 

3.09 
4.88 

0.92 
0.25 

2.89 
4.74 

0.91 
0.26 

Mean 
SD 

Mean 
SD 

Simultaneous 
Discrimination 

High Event Rate 3.38 
5.26 

2 
4 

72 
53 

3 
4 

04 
95 

2.82 Mean 
4.72 SD 

Low Event Rate 0.85 
0.32 

0 
0 

98 
01 

0 
0 

92 
24 

0.92 
0.25 

Mean 
SD 
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SOURCE 

Table 19 

Analysis of Variance Summary for Beta 

SS df MS F 

Comp )lexity (C) 

Discrimination (D) 

Event Rate 

C X 

C X 

D X 

C X 

S(C 

D 

E 

E 

D X E 

X D X 

TIME (T) 

C X 

D X 

E X 

C X 

C X 

D X 

C X 

T X 

T 

T 

T 

D X T 

E X T 

E X T 

D X E 

S(C X 

Total 

(E) 

E) 

X T 

D X E) 

+ P < 0.01 

38.4089 

0.4672 

205.2944 

1.9284 

46.0348 

0.6495 

2.3606 

264.1050 

0.3344 

1.1079 

0.2826 

0.7317 

0.9397 

1.6277 

0.2770 

1.0713 

149.3834 

714.9695 

1 

1 

1 

1 

1 

1 

1 

88 

3 

3 

3 

3 

3 

3 

3 

3 

264 

383 

38.4089 

0.4672 

205.2944 

1.9284 

46.0348 

0.6495 

2.3606 

3.0012 

0.1115 

0.3693 

0.0942 

0.2439 

0.3132 

0.5426 

0.0923 

0.3571 

0.5658 

12.80+ 

0.16 

68.40+ 

0.64 

15.34+ 

0.22 

0.79 

0.20 

0.65 

0. 17 

0.43 

0.55 

0.96 

0. 16 

0.63 
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Figure 10. Mean decision criterion (Beta) over 15-minute 
intervals in the low complexity condition as a 
function of discrimination type and event 
rate. 
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Figure 11. Mean decision criterion (Beta) over 15-minute 
intervals in the high complexity condition as 
a function of discrimination type and event 
rate. 
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Table 2 0 

Beta Simple Main Effects Analysis of Variance 
Summary for the Complexity by Event 

Rate Interactions 

SOURCE SS df MS 

Between Subjects 

Between C at E(l) 84.2712 

Between C at E(2) 0.172 5 

Between E at C(l) 28.4500 

Between E at C(2) 222.8792 

C X E 46.0384 

S(C X D X E) 264.1050 

Within Subjects 

T X S(C X D X E) 149.3834 

Total 714.9695 383 

+ p < 0.01 

1 

1 

1 

1 

1 

88 

64 

84.2712 

0.1725 

28.4500 

222.8792 

46.0384 

3.0012 

0.5658 

28. 

0. 

9. 

74. 

15. 

.08 + 

.06 

.48 + 

,26 + 

,34 + 
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Complexity by Event Rate interaction. Beta was 

significantly higher in the high event rate condition 

compared to the low event rate condition. Beta was lower 

in the high event rate and low complexity condition 

compared to the high event rate and high complexity 

condition. 



CHAPTER IV 

DISCUSSION 

The dual problems of sustained attention and the 

vigilance decrement have occupied psychologists and human 

factors practitioners for many years. The Human Factors 

Society recently devoted a complete journal issue to the 

topic (Human Factors. December 1987). Several critical 

variables that affect vigilance performance, such as 

event rate, discrimination type, and task complexity, 

have been identified. The questions that the 

experimenters set out to solve, starting with Mackworth's 

(1950) classic experiments, are still very much with us 

today as the above mentioned Human Factors Journal issue 

shows. 

One question in particular, the issue whether the 

vigilance decrement occurs in applied settings, or is an 

artifact of the laboratory setting, is still debated 

(Mackie, 1987; Wiener, 1987; Adams, 1987). Elliot (1960) 

was one of the first researchers to assert that the 

vigilance decrement did not occur in the applied setting. 

Over the years, many researchers have repeated that 

assertion (Kibler, 1965; Smith and Lucaccini, 1969; 

Teichner, 1974). Adams (1987) has summarized the 

88 
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criticisms leveled at the vigilance research being 

conducted: 

(1) There are few, if any, troublesome vigilance 
decrements in the operational 
tasks of the real world. A vigilance 
problem for major military or industrial 
systems does not exist. 

(2) Even if an operational vigilance 
problem did exist, the laboratory 
research being done with comparatively 
simple tasks will generalize poorly 
to complex tasks in operational 
situations-the data will not solve 
the problem, (p. 737) 

The first assertion would imply that people maintain 

a high level of attention over prolonged periods of time 

and that this high level of attention does not change. 

Anyone who has driven a car for several hours at a time 

would probably disagree with this assertion. The 

accidents at Three Mile Island and Chernobyl have, at 

least in part, been attributed to poor vigilance 

performance. All currently available evidence points to 

the fact that human errors do occur as a result of poor 

vigilance performance or a decrement of performance over 

time (Lauber, 1987; Wiener, 1987). 

Morgan (1980) and Mackie (1984, 1987) have strongly 

argued in favor of the second criticism and suggested 

that we use the real world conditions as models for our 

experimental design. If we go back to the origins of the 
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vigilance research, we find that Mackworth's (1950) clock 

task did represent the type of real world task it was 

supposed to examine. Monitoring a radar screen for the 

occurrence of a particular blip which signaled the 

presence of the enemy involved only sensory 

discriminations. Mackworth's task also involved a 

sensory discrimination, albeit a simplified version of 

the real world task. The findings of this and similar 

research were easily applicable to the work setting of 4 0 

years ago. /Today, monitoring tasks have changed in two 

aspects. First of all, the monitoring task itself has 

shifted from being primarily sensory in nature to more 

cognitive manipulations. Today's air traffic 

controllers, for example, monitor symbols such as 

altitude, speed, and flight trajectories instead of blips 

on the radar screen. Secondly, the monitoring system has 

become more complex. To use the same example, the air 

traffic controller monitors many flights at the same 

time. The concurrent monitoring of many flights requires 

the air traffic controller to not only evaluate the data 

for one flight, but to evaluate one set of data in 

relation to all other sets of data. Laboratory vigilance 

research, therefore, has to shift its focus from sensory 
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tasks in simple systems to cognitive tasks in complex 

systems. 

Percival and Noonan (1987), as part of a large scale 

industry survey, examined the task requirements for 

system operators in data communication networks. 

According to that survey, system operators monitor 

variables on computer video displays over prolonged 

periods of time. These variables indicate the 

performance status of the system network. The system 

operator has to observe the display for variables that 

represent a change in the status of the network. 

The current experiment was designed to address some 

of the criticisms levied against the laboratory vigilance 

tasks. It was also designed to incorporate some of the 

suggestions that Percival and Noonan (1987) have made 

concerning a realistic vigilance task. 

The task, a comparison of numbers, satisfies the 

cognitive requirement because it involves a symbolic 

rather then a sensory discrimination. Percival and 

Noonan (1987) indicated that the system operators usually 

deal with numerous signals rather than just one. The 

vigilance task employed in this experiment involved the 

discrimination of 10 different signals (numbers between 0 
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and 4 and 16 and 20) out of 21 possible events which 

would satisfy this requirement. 

Another common aspect of 'real world' tasks includes 

the requirement of task interdependence (Percival and 

Noonan, 1987). Task interdependence refers to the fact 

that an event only becomes a signal based on the value of 

another event. In the current study, at least two 

signals had to occur simultaneously to satisfy the 

definition of a target. 

The current study also used a computer video display 

setup similar to those used by computer system operators. 

The video display in this experiment was divided into 

four quadrants where either two or four tasks were 

running simultaneously. System operators usually monitor 

several nodes in a computer network simultaneously in a 

similar fashion. 

The data in this study seem to support the assertion 

that if 'real world' conditions are duplicated in the 

experimental setting, the vigilance decrement will 

disappear. According to the taxonomic model developed by 

Davies and Parasuraman (1982), a vigilance decrement 

should have occurred in the high complexity, successive 

discrimination condition because of the memory load 
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imposed on the observer. The hit rate performance did 

not decrease over time in this experiment. 

The overall hit rate performance was, however, 

affected by the complexity of the task. The hit rate was 

continuously lower in the high complexity condition 

compared to the low complexity condition. The lower hit 

rate was accompanied by a lower observer sensitivity (A') 

and a more stringent decision criterion (beta) in the 

more complex condition. These results are similar to 

those reported in the literature (Noonan, Ash, and Loeb, 

1984; Loeb et al., 1987). Dember et al., (1984) and Warm 

et al., (1984) reported a performance increment over time 

with increasing levels of task complexity. The current 

experiment found no evidence for such an increase in 

vigilance performance based on task complexity. 

Some researchers have suggested that the overall 

vigilance performance in complex tasks is so low from the 

onset of the vigil that the performance is, at best, 

comparable to simple tasks after the decrement has 

occurred. The lowest hit rate performance during any 15 

minute interval was at 83% with an overall average of 

86%, which is well above the performance observed after 

the typical decrement has occurred (Stroh, 1971). 
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Warm (1986) has pointed out that an increase in the 

level of responding over time could mask a vigilance 

decrement. This increase in responding over time would 

eliminate a decrease in the hit rate but would also 

necessitate an increase in the false alarm rate. An 

increase in the false alarm rate over time did not occur 

in this experiment. Instead, false alarms were generally 

higher during the first 15-minutes of the vigil. Craig 

(1976) proposed the probability matching theory to 

account for the vigilance decrement. He suggested that 

the subject's initial response rate is partially governed 

by his/her expectancy of the signal rate, which is 

usually higher than actual signal frequency. The 

initially elevated false alarm rate could be an 

indication that the observers expected a higher signal 

rate, thus responded when no signal had occurred. As it 

was pointed out in the introduction, however, an 

observer's expectancy can not be determined empirically 

in this or in any other vigilance experiment. 

Warm (1984) and Parasuraman (1986) have pointed out 

that an increase in hit reaction time may also signal a 

decrease in the level of vigilance. In this study, the 

reaction time showed an increase over time, but it 

occurred in the low event rate condition. Normally, this 
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decrease can be explained by a shift in either observer 

sensitivity or response criterion over time (Warm, 

19866). The two measures remained stable over time in 

this experiment. It is not readily apparent why the 

reaction time increased over time. 

The overall reaction time was slower for the low 

event rate condition compared to the high event rate 

condition. Warm et al. (1984) reported that the 

differential effects of event rates are modulated when a 

complex cognitive task is used. This study supports 

those findings. While the event rate affected the hit 

reaction time, it did not affect the hit rate or the 

false alarm rate. In the low event rate condition 2.5 

seconds elapsed between signals compared to only 0.5 

seconds in the high event rate condition which allowed 

the observer more time to make a decision. It can, 

therefore, be assumed that the slower reaction time in 

the low event rate condition was the result of the 

imposed event presentation speed. 

This experiment was conducted to resemble real world 

tasks more closely. Using a cognitive task and 

increasing the task complexity eliminated the vigilance 

decrement. The study seems to support the critics who 

maintain that the vigilance decrement is an artifact of 
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the laboratory setting. if that is the case, different 

taxonomic models will have to be developed for sensory 

and cognitive vigilance tasks. 

Several questions concerning the vigilance decrement 

in the real world remain unanswered, however. Percival 

and Noonan (1987) mentioned that signal rates are usually 

much higher in the experimental setting compared to those 

encountered in the work setting. That criticism applies 

to the current study as well. Signal rates of 60 and 120 

per hour were used in order to compare this study to 

similar studies conducted in the laboratory. It is 

possible that a vigilance decrement would have occurred 

if the signal rate had been reduced to one target per 

week or per month as Craig (1984) has suggested. 

Similarly, Wiener (1987) suggested that the vigil should 

last 8 hours a day for six months. At that point, 

conditions would be more like the real world. Wiener 

(1987) is quick to add that he would not want to conduct 

that research himself and this experimenter could not 

agree more. There seems to be a large discrepancy 

between what is desirable as compared to what is feasible 

research. 

Another unanswered question concerns the event 

presentation. While most of the vigilance research has 
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used discrete event presentations, real world tasks, 

especially those described by Percival and Noonan (1987), 

are continuous. In the discrete presentation the 

observer has a clear indication when one presentation 

stops and the next one begins. This procedure makes it 

possible for the observer to attend to other stimuli 

between presentations. Continuous presentation 

procedures, on the other hand, require continuous 

vigilance since the observer does not receive a cue 

between signals. The differences in vigilance 

performance between the two types of event presentations 

also have to be examined. 

Percival and Noonan (1987) also criticize the 

starkness of the laboratory setting. They argue that the 

laboratory setting does not provide the sensory 

stimulations that work settings provide. Trying to 

simulate the work setting in every aspect in the 

laboratory would probably introduce extraneous variables, 

not under the control of the experimenter. Adams (1987) 

pointed out that basic research has somewhat different 

methods and goals compared to applied research. While 

basic research proceeds from the simple to the more 

complex in order to understand basic laws, applied 

research is conducted to solve practical problems. At 



98 

the present time, vigilance research is still concerned 

with the basic laws governing attention. Once they are 

discovered, they can be translated into practical 

applications and the research focus can then shift to 

more work like settings. 

This experiment does not answer all the questions 

asked by the practitioner concerning vigilance 

performance in the real world, nor was it designed to do 

so. It does, however, provide a framework to explore 

issues such as how to define task complexity, signal 

continuity, and signal frequency. 
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APPENDIX A 

TRAINING INSTRUCTIONS FOR TWO QUADRANTS 

During this training session two numbers will 

periodically flash on two quadrants of the screen. If 

the numbers fall between 5 and 15 it is 

called a non-target and you can ignore it. 

Even if one of the numbers is outside this range, 

between 0 and 4 or 16 and 20, you do not respond. 

HIT BUTTON WHEN READY 

If both numbers are outside of the range, between 

0 to 4 (0,1,2,3,4) and 16 to 20 (16,17,18,19,20), it 

is considered a target, and you should press the 

button in front of the joystick to indicate that you 

have seen the target. 

HIT BUTTON WHEN READY 

If two or more numbers are outside of the range, 

0 to 4 (0,1,2,3,4) or 16 to 20 (16,17,18,19,20) it 

is considered a target, and you should press the 

button in front of the joystick to indicate that you 
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have seen the target. 

HIT BUTTON WHEN READY 

Press the button as quickly as possible when you see 

a target and release it immediately. The button makes 

a click so that you know it has been pressed. 

You can press either the left or the right button, 

whichever is more comfortable. The button on top of 

the joystick has no effect, so please ignore it. 

HIT BUTTON WHEN READY 

During the training session, feedback will appear on the 

screen so that you know how well you are doing. 

This will tell you about Hits which means there was a 

signal and you pressed the button correctly. 

HIT BUTTON WHEN READY 

If a signal appeared and you did not press the 

button, the word Missed will appear. 

If you pressed the button and a non-target was on 

the screen, the message False Alarm will appear. 
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HIT BUTTON WHEN READY 

At the end of the session your total score will 

be displayed on the screen. 

I would like to review targets and non-targets 

one more time. 

As long as one number falls between 5 and 15 it 

is considered a non-target and you should not 

respond. 

HIT BUTTON WHEN READY 

If both numbers are outside that range, you 

push the button. That also means that one number could 

be above 15 such as 16 17 18 19 20, while the 

other number could be below 5, for example 4 3 2 1. 

HIT BUTTON WHEN READY 

*[To help you remember what is considered a target, 

the target numbers will be displayed at the top of the 
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screen throughout the experiment the way they will 

appear at the top of the screen shortly.]* 

HIT BUTTON WHEN READY 

IF YOU HAVE ANY QUESTIONS CONCERNING THE 

PROCEDURE, 

PLEASE CALL YOUR EXPERIMENTER NOW 

HIT BUTTON WHEN READY 

PLEASE, DO NOT DISCUSS THIS EXPERIMENT WITH 

OTHER STUDENTS 

* Only for simultaneous discrimination 



APPENDIX B 

TRAINING INSTRUCTIONS FOR FOUR QUADRANTS 

During this training session four numbers will 

periodically flash on four quadrants of the screen. If 

the numbers fall between 5 and 15 it is 

called a non-target and you can ignore it. 

Even if one of the numbers is outside this range, 

between 0 and 4 or 16 and 20, you do not respond. 

HIT BUTTON WHEN READY 

If two or more numbers are outside of the range, 

0 to 4 (0,1,2,3,4) or 16 to 20 (16,17,18,19,20) it 

is considered a target, and you should press the 

button in front of the joystick to indicate that you 

have seen the target. 

HIT BUTTON WHEN READY 

Press the button as quickly as possible when you see 

a target and release it immediately. The button makes 

a click so that you know it has been pressed. 

You can press either the left or the right button. 
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whichever is more comfortable. The button on top of 

the joystick has no effect, so please ignore it. 

HIT BUTTON WHEN READY 

During the training session, feedback will appear 

on the screen so that you know how well you are doing 

This will tell you about Hits which means there was a 

signal and you pressed the button correctly. 

HIT BUTTON WHEN READY 

If a signal appeared and you did not press the 

button, the word Missed will appear. 

If you pressed the button and a non-target was on 

the screen, the message False Alarm will appear. 

HIT BUTTON WHEN READY 

At the end of the session your total score will 

be displayed on the screen. 

I would like to review targets and non-targets 



116 

one more time. 

As long as one number falls between 5 and 15 it 

is considered a non-target and you should not 

respond. 

HIT BUTTON WHEN READY 

As long as three numbers fall between 5 and 15 it 

is considered a non-target and you should not 

respond. 

HIT BUTTON WHEN READY 

If two or more numbers are outside that range, you 

push the button. That also means that some numbers 

could be above 15 such as 16 17 18 19 20, while 

other numbers could be below 5, for example 4 3 2 1. 

HIT BUTTON WHEN READY 

*[To help you remember what is considered a target, 

the target numbers will be displayed at the top of the 

screen throughout the experiment the way they will 
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appear at the top of the screen shortly.] 

HIT BUTTON WHEN READY 

IF YOU HAVE ANY QUESTIONS CONCERNING THE 

PROCEDURE, 

PLEASE CALL YOUR EXPERIMENTER NOW 

HIT BUTTON WHEN READY 

PLEASE, DO NOT DISCUSS THIS EXPERIMENT WITH 

OTHER STUDENTS 

* Only simultaneous discrimination 



APPENDIX C 

PRACTICE SESSION INSTRUCTIONS 

You are now beginning the practice session. The 

task will be the same as in the actual experiment. It 

differs from the training task in that no feedback will be 

given on the screen. Your total score will appear at the 

end of the session, telling you your hits, misses, and 

false alarms. Remember, the task is to detect signals and 

respond by pressing the button on the joystick. Once 

again, a signal occurs when two numbers fall between 0 to 4 

or 16 to 20. 

At the end of the practice session the reminder will 

appear to call the experimenter. Good Luck. 
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APPENDIX D 

PASCAL PROGRAM 

program vigi; 
label 

exit; 

{******Setting Up Data Array********} 

type 
data_array = record 

recording_period : integer; 
hit_rate : integer; 
miss_rate : integer; 
false_alarm_rate : integer; 
hit_reaction_time : real; 
false_alarm_reaction_time : real; 

end; 

(********Declaring Variables********} 

var 

subject : text; 

portbyte : byte; 

hour,min,sec,frac : integer; 
discr_type,i,j,k,l,m,n,quadvall,quadval2,quadval3, 

quadval4,recording_count,random_numberl, 
random_number2,timeframe_count,timeframe_value, 
whichquad : integer; 

false_alarm_time,hit_time,num_hits,num_misses, 
num_false_alarms,rate_value : integer; 

qlrow,qlcol,q2row,q2col,slrow,slcol,s2row,s2col, 
q3row,q3col,q4row,q4col,s3row,s3col,s4row, 
s4col: integer; 

which_discrim_type,which_quadrant,which_rate, 
which_test : char; 

complexity_two_or_four : string[3]; 
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subject_num : string[4]; 
filename : string[14]; 

signal : array [1..2,1..60] of byte; 
signalval : array [1..10] of byte; 
results : array [1..60] of data_array; 
event_flag,exist,port_flag,rate_flag,selectflag, 
signal_flag,which_test_flag : boolean; 

procedure build_quadrants; forward; 
procedure check_port(var port_flag : boolean); forward; 
procedure clear_quad2; forward; 
procedure clear_quad4; forward; 
procedure event_presentation_2 (quadvall, 

quadval2 : integer); forward; 
procedure event_presentation_4; forward; 
procedure initialize_variables; forward; 
procedure random_quad2(var whichquad : integer); forward; 
procedure select_discrim_type; forward; 
procedure select_quad; forward; 
procedure select_rate; forward; 
procedure timer(var hour,min,sec,frac : integer); forward; 
procedure timerset; forward; 

{********Building Screen Quadrants********} 

procedure build_quadrants; 
begin 

gotoxy(2,2); write(chr(201)); 
for i := 3 to 78 do 

write(chr(205)); 
write(chr(187)); 

for j := 3 to 23 do begin 
gotoxy(40,j); write(chr(179)); 
gotoxy(2,j); write(chr(186)); 
gotoxy(79,j); write(chr(186)); 

end; 
gotoxy(2,24); write(chr(200)); 

for i := 3 to 78 do 
write(chr(205)); 
write(chr(188)); 

for i := 3 to 39 do begin 
gotoxy(i,13); 
write(chr(196)); 

end; 

for i := 41 to 78 do begin 
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gotoxy(i,13); 
write(chr(196)); 

end; 
gotoxy(2,13); write(chr(199)); 
gotoxy(40,13); write(chr(197)); 
gotoxy(79,13); write(chr(182) ) ; 
gotoxy(40,2); write(chr(209) ) ; 
gotoxy(40,24); write(chr(207) ) ; 

end; 

{********Checking Game Port********} 

procedure check_port; 
var 

portbyte : byte; 
begin 

portbyte := port[$201]; 
portbyte := portbyte and $fO; 
if (portbyte = $dO) then 

port_flag := true; 
end; (check_port} 

(********Clearing Display********} 

procedure clear_quad2; 
begin 

gotoxy(qlcol,qlrow); write(' ' ) ; 
gotoxy(q2col,q2row); write(' ' ) ; 

end; {clear_quad2} 

procedure clear_quad4; 
begin 

gotoxy(qlcol,qlrow); write(' ') 
gotoxy(q2col,q2row); write(' ') 
gotoxy(q3col,q3row); write(' ') 
gotoxy(g4col,q4row); write(' ') 

end; (clear_quad2} 

(********Event Presentation********} 

procedure event_presentation_2; 
begin 

gotoxy(qlcol,qlrow); write(quadvall:2); 
gotoxy(q2col,q2row); write(quadval2:2); 

end; (event_presentation_2) 
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procedure event_presentation 4; 
var ~ 

i,j,k,l : integer; 
begin 

i := random(4) + l; 
repeat 

j := random(4) + l; 
until (i <> j); 
if (signal flag) then begin 

If (I = 1) or (j = 1) then begin 
k := random(10) + 1; 
quadvall := signalval[k]; 

end 
else 

quadvall := random(21); 
if (i = 2) or (j = 2) then begin 

k := random(10) + 1; 
quadval2 := signalval[k]; 

end 
else 

quadval2 := random(21); 
if (i = 3) or (j = 3) then begin 

k := random(10) + 1; 
quadval3 := signalval[k]; 

end 
else 

quadval3 := random(21); 
if (i = 4) or (j = 4 ) then begin 

k := random(10) + 1; 
quadval4 := signalval[k]; 

end 
else 

quadval4 := random(21); 
end 

else begin 
repeat 

1 := random(4) + 1; 
until (1 <> i) and (1 <> j); 
if (i = 1) or (j = 1) or (1 = 1) then 

quadvall := 5 + random(11) 
else 

quadvall := random(21); 
if (i = 2) or (j = 2) or (1 = 2) then 

quadval2 := 5 + random(11) 
else 

quadval2 := random(21); 
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if (i = 3) or (j = 3) or (1 = 3) then 
quadval3 := 5 + random(11) 

else 
quadval3 := random(21); 

if (i = 4) or (j = 4) or (1 = 4) then 
quadval4 := 5 + random(11) 

else 
quadval4 := random(21); 

end; 
gotoxy(qlcol,qlrow); write(quadvall:2) 
gotoxy(q2col,q2row); write(quadval2:2) 
gotoxy(q3col,q3row); write(quadval3:2) 
gotoxy(q4col,q4row); write(quadval4:2) 

end; {event_presentation_4} 

(********Setting All Variables to zero********} 

procedure initialize_variables; 
begin 

num_hits := 0; 
num_misses := 0; 
num_false_alarms := 0; 
signal_flag := false; 

for i := 0 to 4 do 
signalval[i+1] := i; 

for i := 16 to 2 0 do 
signalval[i-10] := i; 

for i := 1 to 60 do begin; 
results[i].recording_period := 0; 
results[i].hit_rate := 0; 
results[i].miss_rate := 0; 
results[i].false_alarm_rate := 0; 
results[i].hit_reaction_time := 0.; 
results[i].false_alarm_reaction_time := 0.; 

end; 
end; {initialize_variables} 

procedure random_quad2; 
begin 

whichquad := random(2) + 1; 
end; {random_quad2} 

l********Selecting Independent Variables********} 
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procedure select_discrim_type; 
begin 
repeat 

clrscr; 
writeln(' Select appropriate discrimination type:'); 
writeln; 
writeln('l) Successive.'); 
writeln('2) Simultaneous'); 
writeln; 

write('Enter: ' ) ; read(kbd,which_discrim_type); 
case which_discrim_type of 

#49 : begin 
discr_type := 1; 

end; 
#50 : begin 

discr_type := 2; 
end; 

end; 
until (which_discrim_type = #49) or 

(which_discrim_type = #50); 
end; {select_discrim_type) 

procedure select_quad; 
begin 
repeat 

clrscr * 
writeln(' Select appropriate TEST type:'); 
writeln; 
writeln('2) Two quadrants only.'); 
writeln('4) Four quadrants.'); 
writeln; 
write('Enter: ' ) ; 
read(kbd,which_test); 
case which_test of 

#50 : begin 
which_test_flag := true; 
complexity_two_or_four := 'CL2'; 
repeat 

clrscr; 
writeln(' 
Select appropriate quadrant pair: 
' ) ; 

writeln; writeln('l) 1:2'); 
writeln('2) 1:3'); 
writeln('3) 1:4'); 
writeln('4) 2:3') ; 
writeln('5) 2:4') ; 
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#49 

#50 

#52 

#53 

#54 

#52 

writeln('6) 3:4 ') ; 
writeln; 
write('Enter: ' ) ; 
read(kbd,which_quadrant); 

case which_quadrant of 
begin 
qlrow 
q2col 
s2row 

begin 
qlrow 
q2col 
s2row 
qlrow 
q2col 
s2row 

begin 
qlrow 
q2col 
s2row 

begin 
qlrow 
q2col 
s2row 

• 

• 

• 

• = 

: = 
: = 
• ^ 

: = 
I = 

• 

• 
• 
• 
• — • 

7; 
60; 
3; 

7; 
21; 
14; 
7; 
60; 
14; 

7; 
21; 
14; 

7; 
60; 
14; 

qlcol := 
slrow := 
s2col := 

qlcol := 
slrow := 
s2col : = 

qlcol := 
slrow := 
s2col : = 

qlcol := 
slrow := 
s2col : = 

qlcol := 
slrow := 
s2col : = 

21; 
3; 
48; 

21; 
3; 
= 9; 
21; 
3; 
= 48 

60; 
3; 
= 9; 

60; 
3; 
= 48 

q2row := 7; 
slcol := 9; 
end; 

q2row := 18; 
slcol := 9; 
end; #51 : begin 
q2row := 18; 
slcol := 9; 
; end; 

q2row := 18; 
slcol := 48; 
end; 

q2row := 18; 
slcol := 48; 
; end; 

begin 
qlrow := 18; qlcol := 21; q2row := 18; 
q2col := 60; slrow := 14; slcol := 9; 
s2row := 14; s2col := 48; 
end; 
end; 
until (which_quadrant > 

#48) and (which_quadrant < #55); 
end; 
begin 
which_test_flag := false; 
complexity_two_or_four := 'CL4'; 
qlrow 1=1; qlcol := 21; slrow := 3; 

slcol := 9; 
q2row := 1; q2col := 60; s2row := 3; 

s2col := 48; 
q3row := 18; q3col := 21; s3row := 14; 

s3col := 9; 
q4row := 18; q4col := 60; s4row := 14; 

s4col := 48; end; 
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end; 
until (which_test = #50) or (which test = #52) ; 

end; {select_quad} ~ 

procedure select_rate; 
begin 
repeat 

clrscr; 
writeln(' Select appropriate event rate:'); 
writeln; 
writeln('2) 2 seconds.'); 
writeln('4) 4 seconds.'); 
writeln; 
write('Enter: ') ; 

read(kbd,which_rate); case which_rate of 
#50 : begin 

rate_value := 2; 
timeframe_value := 30; 
rate_flag := true; 

end; 
#52 : begin 

rate_value := 4; 
timeframe_value := 15; 
rate_flag := false; 

end; 
end 

until (which_rate = #50) or (which_rate = #52) ; 

{****x***selecting Random Number******'^^} 

if (not rate_flag) then begin 
for i := 1 to 60 do begin 

signal[l,i] := 1 + random(15); 
signal[2,i] := 0; 

end; 
end 

else begin 
for i := 1 to 60 do begin 

signal[l,i] := 1 + random(30); 
signal[2,i] := 1 + random(30); 
while (signal[l,i] = signal[2,i]) do begin 

signal[2,i] := 1 + random(30); 
end; 

end; 
end; 

end; (select_rate} 
{********presentation in Time********} 
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procedure timer; 
type 

regpack = record 
ax,bx,cx,dx,bp,si,di,ds,es,flags: integer; 
end; 

var 
regs : regpack; 

begin 
with regs do 

begin 
ax := $2cOO; 
msdos(regs); 
hour 
min 
sec 
frac 

end; 
end; {timer} 

= hi(ex); 
= lo(cx); 
= hi(dx); 
= lo(dx); 

procedure timerset; 
type 

regpack = record 
ax,bx,cx,dx,bp,si,di,ds,es,flags: integer; 
end; 

var 
regs : regpack; 

begin 
with regs do 

begin 
ax := $2d00; 
ex := 0; 
dx := 0; 
msdos(regs); 

end; 
end; {timerset} 

I******************* MAIN PROGRAM *******************} 

begin 
ihitiali2e_variables; 
clrscr; 
repeat 

write('Enter subject number: ' ) ; 
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readln(subject_num); 
filename := •a:subj•+subject num+•.dat•; 
assign(subject,filename); 
{$1-} reset(subject); close(subject); {$i+} 
exist := lOresult = 0 ; / w y 
if (exist) then (bad news, file exists} 

writeln('File ',filename,' already 
,, J- • -I / ^ . exists. ') ; 
until (not exist); 
rewrite(subject); 
select_discrim_type; 
select_quad; 
select_rate; 
clrscr; 
port[$03B4] := 10; (select register 10 on 6845 chip) 
pcrt[$03B5] := 32; {turn cursor off} 

{********Instructicns********} 

(•••Displays Targets for Simultaneous Discriminations***} 

if (discr_type = 2) then begin 
gotoxy(25,1); 
write('0 1 2 3 4 16 17 18 19 20•); 

end; 
build_quadrants; 
delay(3000); 

(••••••••Event Presentation********} 

recording_count := 1; 
while (recording_count <=60) do begin 

timeframe_count := 1; 
hit_time := 0; 
false_^alarTn_time := 0; 
num_hTts := 0; 
num_false_alarms := 0; 
num_misses := 0; 
while (timeframe_count <= timeframe_value) do begin 

if keypressed 
then goto exit; 

if (signal[1,recording_count] = timeframe_count) or 
(signal[2,recording_count] = timeframe_count) 

then begin 
signal_flag := true; 
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random_numberl := random(10) + 1; 
random_numberl := signalval [random_numx:erl ] ; 
random_number2 := random(10) + 1; 
random_^number2 := signalval [random_nur.ber2 ] ; 
if (whTch_test_flag) then 

event_presentation_2(random_number1, 
random_number2) 

else 
event_presentation_4; 

end 
else begin; 

signal_flag := false; 
random_numberl := random(11) + 5; 
random_number2 := random(21); 
random quad2(whichquad); 
if (whlch_test_flag) then 

if (whichquad = 1) then 
event_presentat ion_2 (randoin_numberl, 

random_number2) 
else 

event_presentation_2(random_number2, 
random_number1) 

else 
event_presentation_4; 

end; 
{*in loop for 4 seconds: 1.5 sec event, 2.5 sec pause*} 

event_flag := true; timerset; 
timer(hour,min,sec,frac); port_flag := false; while 
(sec < rate_value) do begin 

if (not port_flag) then begin 
check_port(port_flag); 
if (port_flag) then begin 

if (signal_flag) then begin 
num_hits := num_hits + 1; 
hit time := ((sec * 1000) + 

(frac * 10)) + 
hit_time; 

end 
else begin num_false_alarms := 

num_false_alarins + 1; 
false_alarm_time := 
((sec * 1000) + 

(frac * 10)) + 
false_alarm_time; 

end; 
end; 

end; 
if (sec > 0) and (frac > 49) and 
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(event_flag) then begin 
if (which_test_flag) then 

clear_quad2 
else 

clear_quad4; 
event_flag := false; 

end; 
timer(hour,min,sec,frac); 

end; 
if (nor port_flag) and (signal_flag) then 

num_misses := num_misses + 1; 
timeframe_count := timeframe_count + 1; 

end; 

(••••••••Recording Data********} 

results[recording_count].reccrding_periGd := 
recording_counT:; 

results [ recording_count] .hit_rate := num_hiT:s; 
results[recording_count].miss_rate := num_misses; 
results[recording_count].false_alarm_rate := 

num_f alse_alarr:is; 
if (num_hits = 0) then 

results[recording_count].hit_reaction_time := 0 
else 

results [recording_count] .hit_^reaction_time : = 
hit_tTme / num_hits; 

if (num_false_alarms = 0) then 
results[recording_count].false_alarm_reaction_ 

time :=0 
else 

results[recording_count].false_alann_reaction_ 
time := false_alarm_time / 

num_false_ala rms; 
recording_count := recording_count + 1; 

end; 
for i := 1 to 60 do begin; 

writeln(subj ect,subj ect_num:4, ' ', 
results[i].recording_period:2,' ', 

discr_type:1,' ', 
rate_value:1,' ', 
complexity_two_or_four,' ', 
results[i].hit_rate:1,' ', 
resultsfi].miss_rate:1,' ', 
results[i].false_alarm_rate:2,' 
', results[i].hit_reaction_ 
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exit: 
end; 

close(subject); 

time:8:3,' ', 
results [ i] . f alse_alarr:i_ 

react:ion_time : 8 : 3 , ' ') ; 

( • • • • • • • • • • • • • • • • * * * £ j ^ ^ Qf pj-Qgj-^j^***^^**^^**.J|f^X**^*^ } 

clrscr; 
gotoxy(15,11); 
writeln(' THANK YOU FOR YOUR PARTICIPATION'); 
gotoxy(15,13); 
writeln ( ' PLEASE LET YOUR INSTRUCTOR ICNOW 

THAT YOU ARE FINISHED'); 
gotoxy(15,15); 
writeln(' REMEMBER NOT TO DISTURB ANY OTHER 

STUDENTS STILL IN THE EXPERIMENT'); 
delay(4000); 

port[$03B4] := 10; {select register 10 on 6845 chip} 
port[$03B5] := 11; {turn cursor on} 

end. 


