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A signal-detection-theory analysis was used to assess the sensing and decision-making compo­
nents ofthe signal-regularity effect in vigilance performance-enhanced efficiency when critical
signals for detection appear in a temporally regular as opposed to a temporally irregular man­
ner. The signal regularity effect was found to be rooted in perceptual sensitivity and was un­
related to response bias. This finding was robust; it occurred with both a simultaneous (compara­
tive judgment) and a successive (absolute judgment) vigilance task. Implications for an expectancy
model of the signal-regularity effect are discussed.

The signal regularity effect-enhanced performance ef­
ficiency when the temporal intervals between critical sig­
nals for detection occur in a regular and predictable
fashion as opposed to an irregular and unpredictable one­
is an old and well-established finding in the study of vigi­
lance or sustained attention (Adams & Boulter, 1964;
Lisper & Tornros, 1974; Warm, Epps, & Ferguson,
1974). This effect has primarily been accounted for in
terms of an expectancy model proposed by Deese (1955)
and modified by Baker (1959, 1963) . According to that
position, subjects in vigilance experiments serve as tem­
poral averaging instruments, forming expectancies as to
the approximate schedule of critical signal appearances
on the basis of task-related experience. Readiness to de­
tect a signal is assumed to be positively related to the level
of expectancy, which is likely to be more veridical when
the time course of signal occurrences is predictable than
when it is not.

The signal regularity effect appears to be well under­
stood. However, as Loeb and Alluisi (1984) have pointed
out, the expectancy model is incomplete in that it does
not specify how expectancies affect subjects ' readiness
to detect signals. Expectancies might somehow "tune"
the perceptual system so that it is more responsive to
stimulation. It is also conceivable that heightened expec-
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tations about when signals are about to appear render sub­
jects more willing to emit detection responses, a result
reflecting response bias rather than perceptual sensitiv­
ity per se. The issue is reminiscent of the problem of per­
ceptual set and whether its effects reside in the percep­
tual system itself (perceptual tuning) or in subjects'
responses to perceptual experience (Haber, 1966).

This issue can be attacked experimentally by employ­
ing a signal-detection-theory analysis (Green & Swets,
1974) to assess the sensing and decision-making compo­
nents of the signal-regularity effect and the temporal ex­
pectancies presumed to underlie it. Although signal­
detection-theory methodology has been widely employed
in vigilance research (Davies & Parasuraman, 1982;
Warm & Jerison, 1984), surprisingly little effort has been
made to use it in regard to signal regularity. Except for
the passing mention by Parasuraman (1973) of heightened
perceptual sensitivity (d') in the presence of temporally
regular signal presentations, the issue remains virtually
unexplored. Hence, the present study was designed to de­
termine more fully whether perceptual or response bias
factors were at the root of the signal regularity effect.
Toward that end, the study utilized two types of tasks fea­
tured in a taxonomy of vigilance developed by Davies and
Parasuraman (1982) . Included were a simultaneous or
comparative judgment task , in which all of the informa­
tion needed to separate signals and nonsignals is present
in the stimulus display, and a successive or absolute judg­
ment task, in which subjects are required to appeal to
working memory in order to separate signals and non­
signals. Considerable evidence has accumulated to sup­
port the meaningfulness of Davies and Parasuraman's task
distinction by showing that the effects of several psycho­
physical factors in vigilance are task dependent (Parasura­
man , Warm, & Dember, 1987; Warm, in press). Accord-
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Table 1
Mean Percentages of Correct Detections in All

Experimental Conditions

ingly, these two types of tasks were utilized with an eye
toward maximizing the generality of the results to be ob­
tained.

METHOD

Subjects
Sixty-four students from the University of Cincinnati, 35 women and

2~ men, served as subjects. They ranged in age from 17 to 23 years,
WIth a mean of 20.6. All of the students had normal or corrected-to­
normal vision, and all participated in order to fulfill a course requirement .

Task

Simultaneous

Successive

M

Regularity

Regular
Irregular

Regular
Irregular

Periods of Watch (10 min)

I 2 3 4 5 6

85 74 60 65 61 56
76 63 59 51 49 38

80 69 65 63 61 59
71 64 54 56 45 43

78 68 60 59 54 49

M

67
56

66
56

Apparatus and Procedure
Sixteen subjects were assigned at random to one of four factorial com­

binations of task type and signal regularity (simultaneous/regular, simul­
taneous/irregular, successive/regular, successive/irregular).

All subjects participated in a 6O-minvigil. In all conditions, they moni­
tored the repetitive presentation of a pair of 35 X I mm vertical red lines
(lateral separation = 27 mm) which were centered on a black background
on a video display terminal . The lines were flashed for a duration of
150 msec once every 2 sec, for an event rate of30/min. In the simulta­
neous task, critical signals for detection were occasional 2-mm incre ­
ments in the height of one of the lines in a pair . The spatial position
of the higher line (left or right) was varied at random for each subject
across the watch. In the success ive task , critical signals were occasional
4-mm increments in the height of both lines in a pair . Pilot work in­
sured that the tasks were psychophysically equated at the outset of the
watch . The luminance of the stimuli was . 11 cd/m! in all experimental
conditions.

The vigil was divided into six continuous IQ.-min periods of watch .
Ten critical signals were presented per period in all conditions (signal
probability = .033). In the regular signal conditions, critical signals
appeared once every 60 sec . In the irregular signal conditions, critical
signals appeared on the average of once per minute, but with intersig­
naI intervals (ISIs) of 24, 48 , 72, 96, and 120 sec . These intervals were
varied at random for each subject within each IQ.-min period, with the
restriction that critical signals were separated three times by ISIs of 24
and 72 sec , twice by an lSI of 48 sec , and once each by ISIs of 96 and
120 sec .

Subjects were tested individually in an Industrial Acoustics sound
chamber. They were seated in front of a table containing the video dis­
play terminal , which was mounted at eye level. Ambient illumination
in the chamber was provided by a 15-W bulb shielded by a conical light
fixture . The fixture was positioned away from the display in order to
minimizeglare. An Apple lIe microcomputer generated the stimuli and
controlled the presentation of critical signals and neutral events in all
experimental conditions. The computer also recorded the subjects ' re­
sponses. The subjects indicated their detection of critical signals by
depressing the spacebar on the computer keyboard. In all conditions,
responses occurring within 1.85 sec after the onset of a critical signal
were recorded automatically as correct detections (hits). All other re­
sponses were recorded as errors of commission (false alarms). Subjects
surrendered their watches at the outset of the vigil and had no knowl ­
edge of its duration other than that it would not exceed 90 min .

RESULTS

Traditional Measures
Percentages ofcorrect detections and false alarms were

determined for each subject within each period of watch.
Mean percentages of correct detections in all experimen­
tal conditions are presented in Table I .

An analysis of variance based upon an arcsin transfor­
mation of the data of Table I indicated that the probabil­
ity of signal detection was significantly greater when crit­
ical signals appeared in a temporally regular (M = 66.5 %)
as opposed to an irregular (M = 56%) fashion [F(1,60) =

5.22, p < .05], and that performance efficiency declined
significantly over the course of the watch [F(5,3OO) =
33.43, p < .001] . No significant difference in the over­
all probability of signal detection was noted between the
two types of vigilance tasks (Ms for the simultaneous and
successive tasks were 62% and 61%, respectively, F < 1),
and all of the interactions in the analysis lacked signifi­
cance (p > .05).

A similar analysis based upon an arcsin transformation
of the percentages of false alarms indicated that the fre­
quency of false alarms declined significantly with time
on task [Ms for Periods 1-6 = 6.6% , 5.2% , 5.5%, 5.1 %,
4.2% , and 4.0%, respectively; F(5,3OO) = 9.79, p <
.001], and that the overall likelihood of false alarms was
significantly greater when subjects were confronted with
the successive (M = 6.8%) than when they were con­
fronted with thesimultaneous(M = 2.8%) task [Ftl ,60) =
12.36,P < .00 1]. None of the remaining sources of vari­
ance in the analysis of the false-alarm data were signifi-
cant (p > .05). .

Signal-Detection-Theory Measures
Nonparametric indices of perceptual sensitivity (A') and

response bias (B"; Grier, 1971) were computed from the
percentages of correct detections andfalse alarms for each
subject in all experimental conditions. Nonparametric
measures were used in response to arguments that the as­
sumptions governing the use of their parametric analogs
d' and {j (normality and equal variance in the noise and
signal-plus-noise distributions) are unlikely to be met in
vigilance experiments (Warm & Jerison, 1984).

Mean A I scores for the regular and irregular signal con­
ditions are plotted as a function of time on watch in Fig­
ure 1. Data for the simultaneous and successive tasks are
presented separately in each panel.

It is evident in the figure that perceptual sensitivity was
greater with regular than with irregular signal presenta­
tions, and that this effect was obtained with both the simul­
taneous and successive tasks . Also evident in the figure
is a decline in perceptual sensitivity across the watch, a
result observable with both types of tasks and in both con­
ditions of signal regularity. An analysis of variance of the
A I scores revealed significant main effects for signal
regularity [F(l ,60) = 5.45, p < .025] and for periods
of watch [F(5,3OO) = 15.42, P < .001). In addition, per­
ceptual sensitivity was significantly greater in the simul-
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Visual vigilance tasks are typically considered to be " loosely cou­
pled," since subjectsare free to make head and eye movements which
are incompatible with viewing the monitored display (Warm & Jeri­
son, 1984). When subjects anticipate the imminentarrival of a critical
signal, they may be more likely to engage in appropriate observing be­
haviors such as reducingtheir head movementsand orienting their gaze
directly to the display. Such behavior would increase the chances of
foveal rather than peripheral viewing, thereby enhancing visual acuity
and rendering the signals more salient. Moreover, reductions in head
movements would reduce the paraIIax changes which make the separa­
tion of signals from noise more difficultwith the spatial discriminations
required in the presentstudy.Indced, Warm, Chin, Dittmar,and Dember
(1987), who used the samedisplayas the onein the presentstudy, found
that close couplingachieved through head stabilizationenhancedsignal
delectability in the case of both simultaneous and successive vigilance
tasks.

While observing behaviors that decrease the signal-to-noise-ratio in
the presence of heightened levelsof expectation maybe one route through
whichexpectancy formationaffects signal delectability. it is worth not­
ing that subjects miss signals in a vigilance task even when the display
is visually fixated(Mackworth,Kaplan, & Metlay, 1964).Accordingly,
more central factors, such as increments in the processing resources
devotedto the task (Davies& Parasuraman, 1982; Wickens, 1991),may
also be involvedin the role playedby expectancy formationin the signal­
regularity effect.

In addition to its implications for the signal-regularityeffect, the re­
sults of this study also have ramifications for the decrement function­
the decline in the probabilityof signaldetectionsacross the watch which
typifies vigilance perfonnance. In the present case, the decrement in
detections was accompanied by criterion elevations and by reductions
in perceptual sensitivity in both the simultaneousand successive tasks.
In the original formulation of their vigilance taxonomy, Davies and
Parasuraman (1982)suggested thatcriterion-bued decrements werec0m­

mon in vigilance experiments, but that sensitivity decrements were re­
strictedto successivetasks in the presenceof fastevent rates (> 24/min).
On the basis of later findings, however, Parasuraman and his colleagues
(Parasuraman et aI., 1987)concludedthat sensitivitydecrements could
also occur in the caseof simultaneous tasks when a fast event rate was
combined withdifficultdiscrimination conditions. The simultaneous task
criteriondecrementin the presentstudy is consistentwiththe latterview,
since this study featured a fast event rate (JO/min) and required sub­
jects to discriminate small (2- or 4-mm) changes in the height of very
briefly exposed (ISO msec) stimuli. Hence, the resultsof this studypro­
vide additional evidence for the occurrence of a sensitivity decrement
in a simultaneous vigilance task.
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whencriticalsignalsappearedin a temporallyregularthan in an irregular
fashion, and that this outcome was accompanied by parallel changes
in perceptual sensitivity. No evidence was obtained for any association
between signal regularity and changes in the subjects' response crite­
rion. Thus, the present findings indicate that the signal-regularity ef­
fect is broadbased, that it is rooted in perceptualfactors, andthat it does
not simply reflect an increased willingness on the part of subjects to
emit detection responses. This result confirms Parasuraman's (1973)
earlier report of heightened perceptual sensitivity under conditions of
signal regularity. It is also consistent with the results of Egan, Green­
berg, and Schulman's (1961)study, whichdemonstrated that even under
alerted conditions, uncertainty about the time of signal presentationde­
grades perceptual sensitivity.

From the point of view of expectancy theory, it would appear that
the beneficial effects of heightenedexpectations in the presence of sig­
nal regularity are also perceptual in origin, and that efforts to further
understand the implications of expectancy formation in regard to the
signal-regularity effect should treat the issue as a perceptual problem.
While the present study was not designed to investigate specific fea­
tures in the expectancy/perception relation, we can suggest some pos­
sible ways in which heightenedlevelsof expectation might increase the
perceptibility of signals in visual vigilance tasks, such as those utilized
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.80

.85

.90

.95

.75

Figure 1. Perceptual sensitivity for regular and Irrqu1ar signals
as a function of periods of watch. Data for the simultaneous and
successive tasksare plotted separately ill each panel. (A' lICOI'eS can
range from .SO,cbaDce performance, to 1.00, maximum semitivity.)
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