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Research investigated the utility of an altermnative

technique for the study of vigilance performance. The usual approach
has been to study how well subjects responded to a signal of given
difficulty; this technique altered the difficulty of the task to
ensure a fixed level of performance. A computer-based, self-adjusting
program presented background stimuli--a pair of dots U4.25 inches
apart displayed on a cathode ray tube--and special stimuli--a pair of
dots with wider spacing. The amount by which the latter width
exceeded 4.25 inches was raised if subjects failed to discriminate it
and lowered as they succeeded, to maintain a fixed discrimination -
rate. Results indicated that the adaptive variable behaved in a
manner consistent with the usual measures of vigilance
decrement--i.e., that vigilance dropped sharply at first and then
levelled off. Thus, increased widths for the special stimuli wvere
required over time. It was concluded that this technique could be
used as a research tool in vigilance studies and that it has
practical applications foi the training of human monitors of
equipmernt in military, industrial, health and computer fields.
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Adaptive Measurement of Vigilance Decrement

By E. L. WiexER

University of Miami, P.O.-Box 8294, Coral Gables. Florida, U.S.A.

This paper describea a computer-hased monituring task which is adaptive, or self-
adjusting, with the size of the wsignal stimulus {compared to a fixed pou-signd
stimulus) being mediated by ihe detection scare of the subjeet, so as to maintmn a
constant detection rate. Data are presented which indicate that in ordler ta
maintain & fixed detortion criterion over a 48.min vigil, the adaptive variable
(separation distance of a pair of dots presented simultancously) bebaved 1 a
manner consistent with the usual measures of vigilance decremsat. Several
adaptive atrategies are divcunsed.

1. Introduction

In the clessical vigilance task, subjects are presented occasional sigials,
stimuli which are abnormal along some dimension compared to a train of
normal stimuli, or a blank display. The usual performance measure is whether
the subjects respond to the signal or not, though reaction timie is used by souic
experimenters and commissive errors (falsc alarms) may also be recorded,
This paper suggests an alternative technique for the study of vigilance per-
formance, particularly the familiar time decrement reported by Mackworth
{1950) and innumerable other authors. _

Adaptive, or self-adjusting, tasks are those in which some aspect of the task,
usually its difficulty level, is mediated by some measure of quality of task
performance in such a way that as the subjcet masters the task to & preset
criterion the task is made more difficult. If his performance drops below
some specified lower limit, the task is made easier. Thus the task is essentinlly
o closed-loop control system which is performance-adjusted. In this study
we have followed essentially the logic advocated by Kelley (1069), wherein
wdjustments in task difficulty are made so as to ensure a fixed level of system
performance: thus the measure of proficiency at any given- time is not the
output of the system, but the difficulty level at which it is operating. -

Specifically in the vigilance task employed here the difficulty level of the
task, or ‘ adaptive variable ’ to use Kelley’s terminology, was tho cxtent to
which the signal was larger than the background, or normal, stimulus. This
was mediated by the hit rate of the subject—as his detection performance
increascd heyond a preset upper limit the difference between the signal and the
aon-signal was decreased, and a contrary adjustment was made when his
performance descended below the lower limit. The adaptive logic for making
these adjustments will be described in detail shortly. If results using this
technique were consistent with most monitoring studies, vigilance decrement
would be observed as an increasing signal size, necessary to maintain a fixed

-detection rate, as the vigil progressed. Such a procedure could be employed

manually, with en experimenter keeping track of the performance acores,

adjusting the size of the next signal according to some set of decision rules, and

recording the setting. Kxperimenter error under such a heavy workload
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354 E. L. Wiener

would seem very likely, especially if more than one subjeet were ran simultan-
cously. Lxperiments using adaptive techniques have been made practical by
the appearance of small, stored-program digital computers.

At this point it may be worthwhile to review the difference between vigilance
tasks and traditional psychophysical methods, as the technique described above
may sound very much likg the up-and-down method of threshold determination
(Kappauf 1969). The essential difference is in the effect of time. In psy-
chophysieal measurement *he subject is highly alert and expectsthe presentation
of a signal upon which he will pass judgement. In vigilance, the subject
awaits a signal which he may or may not detect when it is presenicd. Bt
in any psychophysical sense the signal is very much above threshold-—that. is,
if he were alerted and were presented with a two-alternative, forced choice
of signal and non-signal his discrimination would be correet cvery tim.,
Thus, in vigilance studies, the subject fails to detect a signal for reasons which
authors of various theoretical persuasions would dispute, but certainly not
because the signal is psychophysically indistinguishable to an alerted operator.

The adaptive technique as reported here must also not be confused with
vigilance experiments-in which the signal strength (or effective threshold) waa
increased until the subject responded, as in the studies of Elliott (1957) and
Adams (1956). These would more resemble the ‘ up ' portion of the up-and-
down method. Signial magnitude in these cases was mediated only by the
subject’s fuilure to respond to the presently displayed signal, not his scored
past performance. '

Since we believe this to be a first attempt to use adaptive techniques in
vigilance, and since as Kelley and others point out (see McGrath and Harris
1971) that these techniques are still very much of an art and not a science,
we will share with the reader some of our early, unsuccessful attempts, on the
road to what we consider a successful self-adjusting task.

2. Method
2.1. The Basic Vigilance Task

The entire experiment was run under the control of a Digital Equipment
Corporation PDP-12 computer. This included the scheduling and timing of
stimuli, signal and non-signal stimulus generation, and response recording and
scoring, as well as adaptive adjustments. Subjects viewed a 6:5 by 9in.
cathode ray tube display located at the end of a table approximately 4 ft from
their scated position at approximately 12in. below eye level. Once every
second a stimulus eonsisting of two dots appeared on the scope at mid-scope
vertically but separated horizontally by 4-25in. symmetrical about the
centre of the scope. The dots were illuminated for the first 0-15 sec of cach
sec. The signul was a presentation of two dots slightly more separated hor-
izontally. The adaptive variuble was the width (W) or separation of these
two signal dots. The two non-signal dots were always displayed in the samne
location. Thus the subject viewed a steady train of brief flashes of two
horizontally separated dots, with an occasional presentation of two dots
slightly further separated. The task resembles somewhat that used by Jerison
and Pickett (1964).

The horizontal position of the stimulus dots was determined by setting a
digital value into a register. When a display instruction was encountered in
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the timing loop, this value was eonverted to an anale voltage determining
its actual position on the scope. The horizontal widt  of the scope was 512
points. The width of the signal will be expressed from this point on in terms
of these points, with 1in. equal to 60 points. The non-signal value of W
(4:25in.) was 256. The reader familiar with computers of this type will be
aceustomed to expressing seope positions in octal notation (the total scope
width being 000 to 777 oetal), but for elarity and statistical analysis, all seope
values in this paper are expressed in decimal.

2.2, Signal Schedule

The signal schedule was the same as that previously used by the author
(Wiener 1968), a 48-mi run with 32 signals randomly inserted during the run,
with the restrietion that eight signals occurred during caeh 12-min block, and
no two signals oeeurred closer than 0.3 min apart.  With these eonstraints, the
inter-signal intervals were drawn from & random uniform distribution with a
niean of 1.6 min.

2.3, Iuitial Celibration

As this display had not been employed before, the author having previously
used a voltmeter display, initial ealibratica runs were performed to find a
suitable signal value of W. With the non-signal B set at 256, various larger
values of W were tricd until a satisfactory value was determined; this being
316 (5-2hin.). This was eonsidered acceptable in the sense that it yielded
mean deteetion rates under fixed, non-adaptive 48-min runs whieh were
consistent with previous work done by the author: approximately 809 in the
first 12-min block, with rapid decreases to below 60%, in the final block. The

signal/non-signal relationship eould be described in terms of Weber's funetion,
Al 316-256 .
_A[.. - -‘);6'-', or 123

1

2.4, Subjects

Subjects were undergradnate students in elementary psychology elasses.
They were recruited by posted ‘ signup ’ sheets and were not sereene:d, exeept to
exelude anyone who had previously served in the experiment.

2.5. Nen-Adaptive Procedure

After initial calibration, a new group of 21 subjeets was run under non-
adaptive conditions to establish baseline data, with the signal value of 316,
Two subjeets were run simultaneously in separate booths. IZach had his own
scope which was independently programmable, though under non-adaptive
conditions the stimuli displayed to the two subjeets were identical throughout.
Subjects were seated in their boeths, the computer started so that a train of
non-sighals was presented as tape-recorded instructions were read (o the
subjects. After the basic task was explained, six signals, appearing as every
10th stimulus, were displayed. The experimenter asked each subject to point
out at least ore signal to be sure that the instructions were understood and the
signals were eclearly discriminable. No problem oceurred with this. At the
end of these signuls further taped instructions cautioned the subjeets that the
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siggnitls would be less frequent, and rvould be irregularly spaced during the actual
run.  The subjects had an opportunity to ask questions (there were seldom
any) and the computer was halted and restarted for the beginning of the run,
No kanowledge of results was offered, other than the coufirmation during
the instructions that the subject had correctly pointed out a signal to the
experimenter.  Subjects had their watehes removed.  Subjeets responded by
pressing s normally open push-hutton switch mounted in front of them on
their table.  They had 25 sces in which to vespond, and could thus observe
up to two more non-signals before responding.  Any response not preeeded
within 2:5 sees by a signal was counted as a commissive evror,

2.6, Adaptive Prucedure

The procedure for running adaptive subjects was identical to the non-
adaptive, exeept that one additional sentence in the instruetions pointed out
that the width of the signal pair of dots might vary, but would always be larger
than the non-signal pairs.

2.7. Adaplive Control

In an experiment of this type a huge variety of adaptive schemes would be
possible. First there is the question of how often to adapt—before each
signal, or each A signals.  Next there is the measure of performance to be used
for determining the adaptation, and finally, the logic, a set of decision rules, by
which the adjustment is made to W as a funetion of the performanee measure.
Guidelines for selecting the adaptive strategy are given by vavious authors
{(see Kelley and Kelley 1970), but each task is novel, and oneis at aloss to come
up with ready answers on adaptive logic (MeGrath and Harris 1971),  Therefore
we groped our way through a series of adaptive strategies with pilot subjects
until developing what we considered a satisfactory program. We no.w shall
briefty deseribe four of the strategies.

The general routine followed in all programs is shown in the flowchart in
IYigure 1. Prior to the presentation of each signal, the program tested whether
it would be an * adaptive signal’, that is one on which an adjustment might
be made. For example, in the final version every odd-numbered signal (except
the first) was an adaptive signal.  Depending on the subjects’ immediate past
performance an adjustment might be made on the value of W prior to the
presentation of an odd-numbered signal.  The next signal to appear would not
be adaptive: it would be displayed at the same value of W as the last. Reecall
that the two subjects’ displays were independent; each might have a different
value of W, beginning with the first adaptive signal.

‘Thus, as the fluwehart illustrates, prior to the time the next signal in the
schedule is to be delivered, the program first determines whether it is a signal
on which an adjustment might he made.  If not, the entire adaptive process is
bypassed. If it ix an adaptive signal, the program then tests whether or not
an adjustment is warranted by each subject’s score, arul if so, the adjustment
i made in sinal magnitude (V) before the signal is displayed.

One further check was perfarmed ta be sure that the limits of the seope and
the task were not exeeeded. If adaptation to a larger W (casier task) were
called for, o check was made that W would not exceed the scope limits. I the
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Figure 1. Flow chart of portion of computer program for adaptive adjustment of signal size.
The lower portion is ropeated for Subjoct 2,

subject were performing so badly as to be at the outer limit, W simply remained
at that value until his score improved to the point where an inward ad justient.
was required. Similarly, a check was made on the lower limit, so that the
signal W could not become reduced to a level that was not at least four points
larger than the non-signal W. Having passed ali of these tests, adaptation
by an amount A being added to, in the case of low performance, or being
subtracted from, in the case of a high score, the previous value of W. This
value signal was then displayed.

2.8. The Aduptive Strategies

The first program, ADAPT-1, was a fast-adapting system. Prior to each
odd-numbered signal (except the first), the score on the previous twe was noted,
H the subject had scored two detections, W was decreased (usually five points),
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and if no detections, ¥ was increased the same amount.  [For a score of one
out of two detections, there was no change in W. According to Kelley, this
would result in an oscillating value of W, with hit rates stabilized near 500,
In practice, it worked very poorly, with very low detection rates, resulting in
continual increases in W, but failure to bring the hit rate up. We believe this
strategy scored too small a sample of past performance.

In ADAPT-2 we atteinpted to take a larger sample on which to base the
performance measure, and to adjust with a A whicl: varied with the
score.  'This time the adaptive signal followed cach four signals (number 5, 9,
etc.), the score being the number of signals detected out of the previous four.
For detection scores of 4 out of 4, W decreased; for 3, remained the same: for
2, 1 and 0, incrcased by various amounts, with a rather sizable increase for
O hits. This program was also quite unsuceessful. causing severe oscillations,
tliough an improved control of the hit rate. The basic problem with this
scheme was that adaptation was too slow, with only seven opportunities for
adjustments.  The use of a variety of values of A related to the score, rather
than just a single plus-and-minus value, still has some allure, and may be
investigated later, but at this point we abandoned the procedure.

ADAPT-3 was designed to utilize the entire deteetion history asa performmance
measure, in hopes of locking in on a predetermined detection rate. Again the
adaptive signal was every odd one, and the score was the total pereentage of
signals detected to date. A register counted the number of signals delivered to
dite, and a register for each subject counted his number of hits. Before each
adaptive signal, the ratio was computed, and W was dccreased if the ratio
exceeded the upper limit (759,); if the ratio equaled or was less than the lower
limit (70%), W was increased. Otherwise no adjustment was made.

This program was very nearly sutisfactory, in that there was no large
oscillations in W, but it contained one defect.~ In some cases subjects might
have a run of missed signals, and soon develop ratios that were so low there was
no possible recovery during the run. W econtinued to increase, and in many
cases subjects responded to the signals, but could not pull their scores ahove
the 759, upper adjustment threshold, so W remnained stationary or continued
downward, even in the face of high recent scores. We might mention in
passing that though ADAPT-3 was considered unsatisfactory asan experimental
program even its flaw represents a class of real-werld adaptive systems: those
with long lags in which an opérator gets off to a bad start, and in spite of
adjustive mechanisms which cause his performance to improve, ean never
recover. The author is struck by the parallel to the engineering student who
does poorly in difficult courses early in his career, finds himself with an un-
satisfactory grade point average and threat of suspension, and then makes an
adaptive adjustment by taking easier courses to ‘ pull his average up'. But
often he is so far down by the time he adapts that the best he can do'is approach
o satisfaetory average asymptoticailly from below. There are probably many
other adaptive systems which contain this quirk.

ADAPT-4 medified the previous program by evaluating only the last eight
signals. The first cight were scored as in ADAPT-3, but after the eighth
signal, tho score was messured by looking at the hit ratio only of the last eight
presented. Thus all earlier performance was expunged and the subject’s
mastery was determined from a recent history of performance, overcoming the
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previous defect. Since the same limits were used, W increased if fewer than
six out of the last eight signals were detected, and decreased if seven or cight
were detected, with no change in the case of six detections. Again the adaptive
signal was every odd one, and A was cigls. A group of 13 subjects was run
under this strategy. 16.

3. Results
3.1. Non-Adaplive Performance
The non-adaptive or fixed ¥ group represents a typical vigilance task.
The data recorded were detections, expressed in Figure 2 in terms of percentages,
and commissive crrors, recorded by 12-min blocks. This figure displays what
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Figure 2, Porcont signals detectod by non.adaptive and adaptive groups.

is generally regarded as the typical vigilance decrement function, with the
most rapid drop in detection rate occurring early in the vigil. Statistical
analysis of these data seems unnecessary. The number of commissive errors
by time blocks is shown in Table 1. As the author has written before
(Wiener 1967), the distribution of commissive crrors by subjects is highly.
positively skewed, with most subjects making few such errors, and a small
number of subjects contributing heavily to the total. There remains the

Table 1. Commissive orrors by time blocks

Block
Fixed 1 2 3 4 Total
Errors 258 178 168 160 764
No. > Md. 8 5 5 5
No. < Md. b 8 8 8
Cell Md.=2, x*=2-1
Adaptive : ’
Errors ~.208 179 118 103 808
No.> Md. 14 9 7 8
No. <M. 7 12 14 13

Cell Md. =1, x*=56
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interesting question of whether the subjects who made laxge numbers of com-
missive crrors have high detection rates: that is, do they simply have a relaxed
criterion for responding which ailows them to deteet more signals at the cost
of mcre false alarms, as statistical decision theory predicts. To examine this,
we have computed the median number of commissive errors per subject (15)
and the median number of hits per subject (19), and tallied the frequency of
subjects whose total places them above or below cach median, casting these
frequencies into a 2-by-2 contingency table (Table 2). A x* test for row
and column independence yields a value, corrected for continuity, of 0,

Table 2.  Frequoncy count of subjects above and below the median on detections dnd conunissive
errors. Fixed W group

Detections
No.<Md.,  No.>Md.
Commissivo
Errors
No.<Md. 4 7
No. > Md. 6 4

Mid. Detections=19-
Md. Comunissive orrors= 15
xt- 041

which is non-significant.  Indeed, the table indicates that a preponderance
of those with high false alarm scores had low detection scores, and vice versa,
Another median test was performed on commissive errors across time blocks.
by tallying the number of subjects in cach time block above and below or
equal to the cell (subject-by-block) median, which was two. This analysis
resulted in a x* of 21 with df=3, a non-significant value. This median
test is also summarized in Table 1.

3.2, Adaeptive Performance
The performance of the adaptive group, expressed in terms of mean, the
width of the signal stimulus, is displayed in Figure 3. The detection rate is

300 -
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Figuro 3.  The ndaptive variablo W, the width of the separation between the two signal stinulus
dots, plotted against signals. W is expressed in oscilloscope points, with 60 points equal
to one inch.
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shown in Figure 2, indicating the system output (percent detected) was held
at a very constant level. The curve displayed inf Fignre 3 is clearly typical of
vigilance functions.  In fact it looks rather similar to that of Jerison and Wallis
(1957) who plotted signal-by-signal detection rates instead of the usual block
means.  Near the end of the vigil, W reached a maximum value of 350 (5-85 in.),
vielding w AL/l of (350 — 256)/256 =0-37. Therefore this value, the increase in W
neenssary to hold a constant system output in terms of percent detection rate,
represents a novel view of vigilance decremment. It is interesting that the
figure even shows a slight upswing (reduction of W) at the end, which is a
familiar finding in vigilance literature, for reasons unknown. This phenomenon
has often been carelessly referred to as an * end spurt * effect, without sufficient
empirical support, in view of the fact that subjeets usually have their watches
removed and generally underestimate the timne they have been on wateh.

The number of commissive errors by timo blocks is shown in Table 1, and a
median test resulted in a non-significant ¥  Also a 2-by-2 table was formed
by counting the number of subjcets above and below {(or equal to) the
median of commissive errors (10) and the median number of detections (21).
Of the 13 subjects, three each were tallicd in three of the cells and four were
in onc cell.  Obviously detections and false alarms arc not corrclated in this
group either.

To test whether this apparent decrement was statistically significant, the
value of W for each subject (row) was ranked from 1 to 15 (the first value,
- W =316, at signal. No. 2 was not used, as it was not a random variable, but a
fixed starting point). Then the sum of the ranks for each column was computed.
Under the null hypothesis that the mean valne of W did not change over
columns (adaptive signals; in effect, time), the column rank sums should be
stochastically equal. This hypothesis was tested by Friedman's 2 of the ranks
test, with a computed value of 545, significant at the 0-001 level with df =14,
A median test of the snme hypothesis was performed. The grand median for
all values of W was found to be 328, and the number of values of W above and
below was computed and cast into a 2-by-15 contingency table. A x?of 356
was computed, with 14 degrees of freedom, significant at the 0-002 level.

4. Discussion

This stndy reports a novel methodology for measuring vigilance decrement,
scen as an increasing level of signal intensity or magnitude necessary to guarantec
o stationary detection rate, This is in distinction to the usual dependent
variable whigh shows decreasing detection rates for signals of equal dimensions. -
We believe that adaptive techniques have high promise as rescarch tools in
vigilance work, cspecially in those situations, such as transfer designs, where
the experimenter may wish to run various conditions in which subjects may
~ have different performance levels, but a similar exposure to detected signals.

There may be practical applications of these techniques as well, in those
industrial, military or perhaps health settings in which monitors can be trained
to some preset criterion by adjusting the parameters of a signal. This would
particularly be feasible in elaboratc systems, such as power plants or air-defenee
installations, where computer-driven displays are monitored, and falsc signals of
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kuown characteristies can be inserted.  The purpose of such insertions would
he training the watchkecper, keeping his alertness at o high level by elevating
the apparent signal rate, or prov iding a running (hc(l\ on his pvrtorumuw
(monitoring the monitor).

To be sure, the adaptive program employcd here might be improved upon.
The signal detection rate, while extremely stable and \uthlu the preset limits,
tended to be near the lower limit, slightly above the level of five out of eight
signals deteeted. This may be corrected by some fine tuning of the program
parameters: probably changing the values of A by, using a larger value for
increasing W than for deereasing, as suguested by I\Ollov and Kelley (1970).
Aunother avenue whieh we have not oxplowd in these strategies, but which we
think might have high potential for adaptive eontrol of vigilance tasks, would
be to inelude commissive errors in the scoring eriterion. In one such strategy,
a composite seore could be formed from a weighted sum of detections and false
alarms. The weights, ideally, would be based on a utility analysis of the costs
to tiic system of the two types of crrors.

Alternatively, adaptive adjustment eould hinge on either of the two criteria
independently, with adjustment in W being orderced if either measure is out
of limits. For example, the ADAPT-4 program, could have an additional
check to adapt outward if the number of commissive crrors exceeded a certain
value. Most reasonably, though not necessary, this would be an asymmetric
limit test, adapting only in the ease of high error rates, sinee a lower limit at
or neer zero would be expeeted.

This suggests the intriguing possibility of a conflict in adﬂ\ptlve criteria;
i.e., a high detection rate and high false dlarm rate, which would prompt
opposing adaptive commands. This is exactly what the thcory of signal
deteetion suggests: that some subjects set a very loose eriterion for responding,
thus obtaining high hit rates at the eost of high false alarm rates. Though the
author is not inclined toward such an interpretation of vigilance results, as
the data from both this and previous experiments indicate that this is simply
not the case, an instaneo of this sort would have to be covered in the adaptive
rleeision rules.

Until now the author has earefully avoided using the term * adaptive trammg ,
which is often erroncously interchanged with adaptive mecasurement, when no
training is involved. But the author’s past studies of training for vigilarce
(Wiener 1967, 1968, Attwood and Wiener 1969) and the apparent sueeess of -
adaptive measurement as reported here, convinee him that adaptive methods
could be used in transfer of training designs to enhanee vigilanec performance.
With the proper management of training pariables, subjects may be trained to
maintain a constant W throughout a vigil, or even deerease the W requisite to
insuring a preset deteetion rate. We intend to investigate this shortly.

Finally, o word of caution may be neceded. Vigilanee tasks are altogether
different from tracking tasks, where adaptive teehniques have achieved their
most conspicuous suecess. In vigilanee, responses are discrete, spaced far
apart, and a time lag exists between the last response to be scored and the
delivery of the riext adaptive signal. Thus there is a considerable * phase lag ’
. hetween past performance, however scored, and the next adjusted stisaulus.
I'urthermore, there are few opportunities for adaptive adjustment during a run,
as most cxperimenters choose to keep their signal rate low. Therefore, while
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adaptive techuiques arc attractive for vigilance rescarch, they must be employed
with a fair measure of caution and scepticism.  The highly alert subject will
contizace to detect signals until they are adjusted downward to seceming psycho-
physical limits, if not the limits of resolution of the apparatus; and likewise,
drowsy, inattentive, or poorly motivated subjects will overlook signals which
have been adjusted to a level of conspicuity that no operator should be able to
miss. In short, the aythor recommends further research in self-adjusting
vigilance tasks, but with the caveat that experimental results may be far
from perfect. [nvestigators who possess a highly developed servo-mechanistic
view of the world are likely to be disappointed in their data.

This investigation was supported by PH.N, Research Grant No. ROT OH 00346, from the
National Inatitute for Ocenpationnl Safety amdd Health,  The author gratefully acknowladges the
agsistanes of Larry Koeolor, Anne Manchoester, Rhea Sehwaber, Kea Bradour, and the staff of the
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Cobantiele déerit uno thahe de survoillanee gévée par un ordinatour ot gqui ost. adaptative,
e'est-i-dive nuto-pjnstable dins co sons que T ditmeasion du stimudus-signal (en comparaison avee
un stitnulus ordingire eonstunt) vario on fonetion du tnux do déteetions da sijol, on nmintenant.
co tnux constant,  Lox donndoes issies do cotto étude montrent qua pour maintenir un eritore do
détaetions constant pandant une périodo d’obsarvation do 48 i, la varinble adaptative (distanco
qui sépare un couple do points peésontés simultunémont) doit &tro njustée de manidro & suivre I
détérioration de ln vigilaneo habituollomont déerito. L discussion porte sur fes diverses stratdgios
udaptatives possiblos,

Dio Arbeit besghreibt cine Computer-gestounerte {"herwachungsaulgube, die adaptiv oder
selbststouernd (durch Vergleich mit oineni fixierten Nicht-Signal-Reiz) die Stirke des Signalroizes
an dio Entdeckungs-Hiufigkoit so anpasst, dass diese konstant bleibt,  Ergebnisse zeigen,
dass zur Binhaltung cinor fixiertrn Entdeckungsrate in 48 Minuten Wachzeit die adaptibe
Vuriable (Tronnungsdistanz einos gleichzeitig prissentierten Punktepaares) sich in cinor Weiso
vorhiclt. dio mit der {iblichon Grosse der Wachssamkeitsabnahme iibereinstimmte,  Verschiedene
Ntrategion der Anpassung werden diskitiert,
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