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CHAPTER I
INTRODUCTION

The present investigatién was undertaken to determine the effects

, of set and prearranged knowledge of results on a vigilance task.. There
has been no research on the effect of set, while the effect of prear-
ranged knowledge of results has only recently been studied. With re-
search being conducted on the training of individuals for vigilance work;
it is surprising that the effect of these two variables has not “been more
thoroughly examined.

The exact meaning of the word, vigilance, varies from study to
study. In general a vigilance situatiort is one in which an individual
monitors for infrequent; often weak, signals in an isolated environment
over extended periods of time. The task is to detect this signdl. A
radar operator is a prime example of an individual in a vigilance situa-
tion. This example can easily be generalized to display monitors of
early warning systems in our national defense and to automated equipment
monitors in industry. The study of vigilance is receiving more atten-
tion, as indicated by the variety of reporting publications.

Knowledge of results (KR) informs an individual of his performance
during a vigilance task. This information can simply be an indication.
that a signal has been presented or an indication onuﬁhe quality of his
performance. Generally, KR improves performance in a vigilance task.

The recent exploration on the effect of prearranged KR indicates that



it also improves performance although the results are not entirely con-
éistento Prearranged KR refers to informaﬁion that is given to the in-
dividﬁal regardless of his true pefféfman§eg

The ﬁoPuIar theoreticél.models.dealing with vigilance all handle
the effect of KR effectively. However, th§ results of prearranged KR
studies, although few; have proven difficult to explain. More work in
- this area as needed in order to give the va#ious modéls an opportunity
to incorporate these findings. | o

Knowledge of results schedules and the 3's set will be varied in
tﬁe present study. The results will ﬁe interpreted using current vi-
gilance models in an attempt to give a better explanation of these ef--
fects, Also, brief suggestions for application of these results to

field situations will be mentioned.
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CHAPTER II
REVIEW OF THE LITERATURE

The primayy interest in vigilance can be traced to Mackworth's study
(1950) which has been called ‘the classic vigilance study. Preéeﬁtly,_the
applied areas are very much interested in vigilance, and theoretical re-
searchsrs have attempted to formulaté a model to explain the data.

The term, vigilance, usudlly implies the maintenance of attention
sver gxtended periods"of time. The experimental conditions used to test
vigilance vary: considerably, however, as‘illustratqd by the wide range
of tasks reported in the literature. For instaﬁce, one study rqportedf
by Kibler (1965) used a signal rate of 960 per hour, while another study
ppesentqd only an average of 7.5 signals pér‘hour (Jenkins, 1958). Both
were labeled vigilance studies. Thg’intensity.pf-thé signal will also
vary considerably from study to study, as will the typé of signal used.

Kibler (1965) reported one study that required the 5 to remain in
the experimental situation for 9 hoursg while others (MbCormack 1959¢
McCormack & McElherarw, 1963) required the S to remain only forty minutes.
Mbré@vef, McCarmack‘(l959g 1960) kept presenting the signal until the S
responded. Adams ‘and Boulter (1962) used a 5 sec. signal presemtation,
but the ﬁsua1~§igna1 duration is only 100 to 500 millisec.

The use of ths term, vigilance, is somewhat ambiguous. One reason
for this is the vast number of studies reported By'Es who were interested

only in an extremely speéific situation. The wide fange of conditions



reported comes from both the applied areas and theeretical researchers.

The studies of vigilance are normallv one of four types; (a) the
clasaical task, where single, infrequent sicnals are presented and per-
formance measured; (b) multiple display tasks, a complex generalization
of the classical task; (c) thrssheld measurement, wherein a series of
aignals.ia presented to the S; starting with a subthresheld level and
gradually increasing it until the S detects the signal; and (d) observ-
ing response oxperinsnts, where attention is indirectly measured by some
other response that implies attending to the signal (Frankman & Adams,
1962). Most vigilance studies afa baseé either on the classical task or
the multiple display task. :

There are two major measurements used in vigilance studies, per
cent of signals detected and latenc& ;f:;;aponée. Traditionally, the
most popular of these two is per cent of signals detected, although la-
tency of response has been used more frequently in recent years.

The major factor studied in vigilance studies is the decrement in
performance by the S over extended periods of time. This decrement is
seen using either type of response measure. Typically, the decrement
is well advanced by the end of thirty minutes (Chinn & Alluisi, 1964
Church & Camp, 1965) after which performance levels off to a fairly con-
stant plateau. Studies taking observation over durations of 30 te 60
minutes usually yield results comparable to those using much longer trial

gsessions.
Theoretical Models

There are three popular models offered to explain vigilance results.
These models are based on inhibition, expectancy, and attention or arou-



sal. These models presently have little predictive power and are mostly
general explanations for the data.

Mackworth (1950) advanced the first comprehensive interpretation of
vigilance using the principles of Pavlovian classical conditioning. The
Clock Test, since used by many other Es, had a blank circular face with
a hand that moved one step per second. According to a prearranged sche-
dule the hand would occasionally jump two steps per second. This jump
was the critical signal whose detection was reported by pressing a re-
sponse key. The decrement in the per cent of signals detected over time
was explained as an illustration of the extinction perioed in classical
conditioning. The US was the E's informing comment, "Now", during train-
ing when the clock jumped two steps per second, which was the CS. The
CR was the pressing of the key switch during the session. Over the two
hour session extinction, fewer signals detected, took place since the US
was no longer present. The internal inhibition that built up resulted
in the lowering of performance, thus explaining the decrement.

The expectancy model was first set forth by Deese (1955). Perform-
ance in a vigilance task was said to be in part a function eof the indi-
vidual’s expectation of when the signal was going to occur. Other factors,
such as motivation and individual differences, would also have an effect,
however. Deese’s model has the individual taking inteo account the signal
rate of all signals presented up to the present and mentally computing an
average intersignal interval. Performance would be directly related to
this value. The prebability of detecting a signal before this average val-
ue would be lower than the probability eof detection after this average val-
ue had been passed without psrceiving a signal. Response time would also

vary around this value.



Baker (1958, 1959a, 1959b, 1960) has elaborated Deese's original
model to include five major variables that help determine performance.
These are (a) average signal rate, (b) regularity and range of signal
interval, (c) knowledge of results, (d) knowledge of signal location,
and (e) signal intensity. These variables purportedly influence the
S¥s actual perception of the series of signals. For example, an un-
perceived signal about which the S receives no knowledge from E alters
the S’s interpretation of the signal situation by increasing his value
fer the intersignal interval. The more signals missed, the higher would
be the S's average intersignal value and the lower his performance. Con-
versely, the more signals perceived the higher would be his performance.
Any decrement seen in performance would be the result of an increasingly
higher intersignal interval value being formed.

Broadbent (1953) explained performance decrement by using attention.
Any individual is subjected to many more stimuli at one time than his
central nervous system can handle. Consequently, he will respond to cer-
tain stimuli only. Which stimuli he will respond te is a function of (a)
the intensity of the stimulus, (b) the biological impertance of the stim-
ulus, and (¢) the novelty of the stimulus. Intensity and biolegical im-
portance will remain constant in a vigilance situation;, but the critical
signal will lose its novelty over repeated presentation, causing a decrease
in performance. Other parts of the situation have gained in priority re-
sulting in less attention to the critical signal.

Adams and Boulter (1962) report that seme authors attribute perform-
ance level to a stimulus arousal effect. Any stimulus has certain arou-
sal or motivational properties. A drop in performance is the result of

the critical stimulus lesing these properties due to the lack of stimulus



variation in a vigilance task. The more uniform the enviromment, the
quicker the individual becomes adapted leading to less attention being
paid to the critical signal. This leads to a decrement in performance.

This model which has been called the activationist model is closely
related to knewn physiclogical facts en the ascending reticular acti-
vating system (ARAS). The basis for this hypothesis stems from Hebb's
(1955) comments on the dual rele, cue and motivational, of a stimulus.

Each model has its limitations, however. The inhibition medel would
predict complete extinction which has net been observed in a vigilance
task. A high signal rate results in little decrement;, although the Pav-
lovian approach would predict quicker extinction from massed trials.

The expectancy model has not primarily concentrated on the decrement,
but has attempted to explain the data over short time intervals. Over ex-
tended periods of time intersignal interval seems to have proven irrele-
vant (Buckner, Harabedian, & McGrath, 19653 Hardesty & Bevan, 19643 McCor-
mack, 1960). The model is well stated and can’'be readily tested.

The attention model and the arousal model ars loesely stated and dif-
ficult to test by contrast. Many of Broadbent?s explanations seem post
hee; while Adams and Boulter (1962) did not preduce any support for the
activationist models At the present time these medels have net stated the
parameters of their model apqc;fically enougho

Frankman and Adams (1962) conclude that the main shortceming of the
present modele sesms to be a casualness of formulation that makes the de-

finitive testing of their implicatiens difficult.
Knowledge of Results

One variable that seems to eliminate the decrement is knowledge of



results (KR). This is not surprising since KR has been shown to improve
performance in most situations. Ammons (1956) in reviewing the litera-
ture on KR stated that KR will usually result in a higher level of pre-
ficiency. The facilitating effect of KR in vigilance tasks has not been
overlooked. Mackworth (1950) was the first to report that KR eliminated
the decrement, and since then many others have reported similar results.
In all cases reported so far KR will increase performance under beth types
of dependent variables. Knowledge of results will eliminate the decrement
when per cent of signals detected is the dependent variable, but if laten-
¢y of response is the measure used, a decrement may still appear (McCor-
mack, 1959). The type of KR given affects the amount of performance im-
provement, Knowledge of results given by the E in the same room with the
S produces better results than KR given by a machine or lights alene (Har-
desty, Trumbo, & Bevan, 1963). The KR must also be meaningful to the S

in the situation (Weidenfeller, Baker, & Ware, 1962).

The effect of KR is clear-cut, but the reasen behind it is noet. Mack-
worth (1964) stated that KR seems to do two things, provide information
about the task and increase motivatien. Adams and Humes (196L) suggested
that perhaps KR improves performance because of one or more of the follow-
ing reasons: (a) the stimulation properties of the signal, (b) the habit
formed if KR is reinforcing, and/or (¢) the improved temporal expectancies.

The effect of KR in a vigilance task was the chief reason Baker (1959)
chese to use Deese’s expectancy model in explaining performance. Baker
felt that KR served te inform the S on the temporal interval between sig-
nals aleng with a more specific identificatien of the critical signal.

No motivational properties were assigned to KR by Baker,

The other models explain KR equally well. The inhibition medel would



interpret KR simply to be a reinfercer. Broadbent (1953) concluded that
KR maintains the novelty of the critical stimulus. The areusal or acti-
vationist view would held that KR is another source of stimulation that
makes the vigilance situation mere varied. The more stimulation, the
easier it is fer the S to maintain attention fer the critical signal.

A recent development in the use of KR is not handled as well by
these models. What has been labeled "false" knowledge of results (FKR)
has recently been used (Losb & Schmidt, 1960; Weidenfeller et al., 19623
Mackworth, 1964). In these studies part or all of the KR given is not
a true representation of the S's performance. Preplanned KR signals were
presented to the S, indicating that he has missed a signal or gensrally
indicating inaccurate infermation. The results of these experiments are
generally consistent with these studies using nermal KR in that perform-
ance impreves.

Loeb and Schmidt (1940) measured latency of respense teo an auditory
signal in a 50 min. session. They found that initially beth KR and FKR
increased performance equally but that the FKR group showed a significant
decrement over the experiment.

Weidenfeller et al. (1962) studied FKR in a classical situation,
measuring per cent of signals missed. The S's task was teo detect aperioedic
interruptions of a ceentinueus light. Knowledge of results was given by a
pilet lamp located above the signal source with an illuminated lamp indi-
cating & missed signal. For the FKR group the pilet lamp was flashed at
prearranged times during the experiment. These false indications were
presented in addition to the true KR. Beth the KR and the FKR groups per-
formed significantly above the centrol group with neither KR group showing

a decrsment, No difference between the two KR groups was dstected.
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Mackwoerth (1964) studied FKR using the classical Mackwerth Cleck task.
The KR and the FKR were given in a manner similar to Weidenfeller et al.
(1962). The results from this experiment showed that beth the KR groups
exhibited an increase in the per cent of signals detected. The FKR group,
however, exhibited a decrement similar te the ne-KR greup.

Comparing the twe studies using per cent of signals missed as a mea-
sure of performance, it is seen that they differ on whether a decrement
was observed in the performance of the FKR group. Several major differ-
enices in their precedures complicate any such comparison, however. Mack-
worth (1964) informed her Ss of their false responses, responses given
when no signal had been presented, whereas Weidenfeller et al., (1962) did -
not. The signal rate alse differed, Mackworth presenting thirty signals
every ten minutes and Weidenfeller et al. presenting only 24 signals per
hours The Ss were Army trainees for Weidenfeller et al., but Mackworth
used both males and females ranging in age frem 16 to 45 years of age.
These differences make any comparisens questionable. Trying te compare
these two studies with the Leeb and Schmidt (1960) study alse is diffi-
cult since it used a different response measure and a different signal;
an auditery tone. The fact that FKR impreves performance is clear; but
the effect of FKR on performance decrement is incoensistent.

The theeretical medels have net explained the results of the few FKR
studies reperted. In beth the Weidenfeller et al. (1962) and Mackwerth
(1964 ) studies the FKR greups received more total signals. As a result
the attention and arousal models would predict higher perfermance than
the greup receiving regular KR, Higher perfermance would alse be predicted
by the expectancy medel. Due te the manner in which FKR was given;, a lower

intersignal value would result. Cenversely, the inhibition model weuld
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predict lower performance, quicker extinction. The low amount of FKR em-
ployed, 12-17%;, in these studies may not have provided an adequate test

of FKR, however.
Set

Of the studies reviewed none centrelled or reported centrol of the
mental set of the Ss. As a result there is ne information on whether er
net the attitude of the S can affect psrformance. None of the current
models include a variable for this facter, evidently assuming that it is
not a major influence, The Ss used were either cellsge students or mili-
tary trainees in most of the studies, and these studies de not report what
the S?s attitude was ceming inte the experiment, particularly cencerning
the effect of KR Therefere;, the reported increase in performance due te

KR could possibly be the result of a particular set.
Relation to Applied Areas

Vigilance study started in an applied area, the military, and inter-
est has remained high in these areas. Radar operaters in World War II
first showed the decrement in perfermance over time. Since that time re-
searchers have investigated specific tasks in which they were interested
which has helped preduce such a wide range of studies reperted. Moniter-
ing early warning systems, quality contrel inspectien, and monitering semi-
autemated machinery are all examples of vigilance situatiens in applied
areas, Training fer vigilance tasks is also a pepular area of ressarch
fer it has been shown that perfermance in laberatery experiments will car-
ry ever te field perfermance, especially the effect of KR (Adams & Humes,

1963 Wiener, 1963).
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One criticism of present laberatery studies by the applied research-
ers is that laboratory studies rarely have a relation to field conditiens
as they presently exist (Kibler, 1965). Medern technolegy has produced
semi-automated systems that centrel themselves, leaving enly reaction te
emergency signals as the major task. The basic characteristic that has
changed in the last twenty years is the signal intensity. Brief, weak
signals are rarely seen in field systems new. The signals used are rela-
tively streng, centinucus, and frequently bimedal such as visual and au-
dible. In aerespace meniteoring tasks, fer instance; an emergency signal
will be both illuminated and sounded. Beth sources of stimulatien will
remain until action is taken te acknowledge them. In this case speed of
response is critical, since detection of the signals will eventually be
accomplished. Laberatery studies; however, still use weak, brief signals

and mostly measure per cent of missed signals.
Summary and Pertinent wuestions

Vigilance cevers a wide range of applied and theeretical research.
Duratien of task, type of critical signal, signal intensity, signal fre-
quency, signal regularity, type of respense, and response measure are all
variables frequently manipulated by Es. As a result the use of the term,
vigilance, i= semewhat ambiguous.

Vigilance studies are normally one of feur basic types. The twoe mest
frequently used are the classical, single signal task and a cemplex gener-
aligation of it, the multiple display task. The tws pepular performance
measures are per cent of signals detected and latency of response.

The most frequently examined pertion of a vigilance task is the de-

crement in performance over time., This decrement is rapid during the
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initial thirty minutes and then levels off.

There are three popular medels that attempt te explain behavier in
a vigilance task., The inhibitien model is based on Pavlevian classical
conditiening. A vigilance task is viewed as an extinction peried, ac-
counting for the decrement. The expectancy medel has as its major peint
the average intersignal interval value a S cemputes. Perfermance is cen-
tered on this value. Hewever, the expectancy medel dees net specifically
explain the decrement altheugh it is the mest specific of the medels.

The attention/arousal models are based on the stimulus itself., Attention
for the critical signal decreases as this signal leses its nevelty, or as
the individual becomes adapted te the uniform environment. Of the twe
the arousal model is clesely related te knewn physielegical facts. The
main criticism of all the models is that there is a casualness of fermu-
latien that makes specific testing difficult.

Set, the S's attitude toward KR coming inte the experiment, has never
been directly contrelled. Although nene of the models weuld predict an
influence dus te set, it is surprising that this has never been investigat-
ed since in other areas the apprepriate set will influence behavier.

Knewledge of results has been shewn te increase performance in all
vigilance tasks thus far reperted. In studies measuring per cent eof sig-
nals missed KR alse eliminated the decrement. Seme studies using latency
of respense as a measure have reported ne eliminatien ef the decrement,
however, All three medels handle the result ef KR effectively.

Recently, false knowledge of results has been empleyed in vigilance
taskes. False knewledge of results, net an accurate indicater ef the S's
perfermance, increases perfermance in a fashien similar te nermal KR. The

effect of FKR on perfermance decrement is not clear, hewever, The differ-
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ences in the experimental cenditiens in studies using FKR makes any dirsct
comparisen questionable. The present models have had difficulty explain-
ing this data.

One question that is impertant te the whele area of FKR cencerns the
use of the werd, false, te describe the particular KR given. In these
studies the 5 never has any reasen te bslieve that the KR was anything but
accurate, The FKR used informed the S of an errenecus reactien time (RT)
or that he had missed & signal. The éffe@t of this could pessibly produce
differsnt motivational attitudes., Weidenfellsr et al., (1962), for in-
stance, stated that Ss reperted that the signals indicating they had mis-
sed a signal wers Manneying™.

As an example, twe individuals ceming inte the experiment with simi.
lar attitudes might be affected differently. Beth weuld have a similar
idea of what their perfermance sheuld be. If one is given FKR inferming

him that his perfermance is belew this level, he might be motivated to
| impreve his perfermance. The normal KR 3 en the ether hand weuld net be
motivated te inerease his perfermancs.

The different perfermance levels that might result represent a source
of investigation. If differgnt KB schedules could be shewn te preduce va-
rying performance, the present theoretical models weuld need te underge
revision. Alse, such a result might have applicatien te vigilance train-
ing. |

| In order te test FKR vs. KR ene criti@ismﬁmf past studies must be
overcems. In the Weidenfeller et al. (1962) and Mackwerth {1964) studies
FKR greoups received both FKR and mere tetal signals., Seme methed eof equat-

ing the tetal stimulatien reeceived by the tws greups must be developed.
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Statement of the Preblem

This study will investigate the effects of set and KR in a classical
vigilance task empleying latency ef response, as the dependent measurs.
Three levels of set, (a) no set, (b) a KR facilitates performénce set,
and (¢) a KR impairs psrfermance set, will be tested. Prearranged KR will
also be tested sver thres levels, (a) ne KR, (b) a high pesitive ratie KR,
and (e¢) a high negative ratie KR, Due te the nature of this task twe addi-
tional effects, intersignal interval and time in task will be measured.

From a review of the literature and the current vigilance models the
follewing hypotheses are set forth.

There will be ne significant effect due te manipulating the levels
of the S5%s set cencerning the effect of KR.

The groups receiving KR, regardless of schedule, will have lewsr
reaction times than the greup receiving ne KR.

Cemparing the high pesitive ratie KR greup with the high negative
KR group will yield ne significant difference, hewever.

The effect of using several intersignal intervals will alse be neg-
ligible.

In the ne-KR group alene time in task will exert a significant ef-

fect en performance.



CHAPTER LI1
METHOD
Apparatus

The primary apparatus was a spscially designed relay sircuit, a
Kodak Modsl 1 Carousel Programmer, and & standard Wollsnsak menaural
tape recorder. A recerded signal on the tape would trigger the program-
mer. In turn, ths programmsr would send its aignal through the special
gircuit which simult&neeusly turned en the critical signal, a standard
74 watt light bulb, and started a Lafaystte Standard timer capable of
recerding reaction time (RT) in hundredths ef & secend. The S’z pres-
sing a response switech terminated the signal and the timer, alleowing mea-
surement of the S¥s RT,

Alse centained in the circuit wers a reset switch; a sslect switch,
and a present switch. Depressing the reset switch was necessary te resst
the cireuit after each signal presentatien. Depressing ths present
switch weuld 1lluminate either a red or a green KR indicater depending
onn the pssition of the select switeho The KR indicators were 12 watt
clear bulbs with celored lens; lecated en a flat black panel pesitioned
7 fto. in frent of the 5 at appreximately eye level.

The panel which measured 21 in. by 21 in, ecentained beth the KR in-
dicater lights and on the same level a £ in. hele midway between the twe

lights., The critical signal was pesitioned bshind the panel se that it

16
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would ghine threugh the hele when illuminated.

A second Wellensak tape recordsr presented instructions and s mask-
ing tone to the S over a pair of standard earphenes. The S's respense
switch was a Kodak remste coerd switch.

In the reem with the S were the panel; table, remete cerd switch,
sarphenes, and & student desk. The wires frem this equipment led te an

adjacent room where the remaining equipment was lecated.
Experimental Design

A3 x3 x5 x8 facterial arrangement of treatments was employed
using repeated measurss on each S. Facters A and B, set and KR, were
between Ss variables, and facters C and D, intersignal interval and time
in task were within 38 varisbles. Ferty ebservations were taken en each
ef the 346 Sz used.

The experimental session was based on a series of experiments cen-
ducted primerily by MeCermack (McCormack, 1959¢ MeCormack, 1960: MeCor—
mack, Binding, & Chylinski, 19623 MeCermack, Binding, & McElheran, 1963
Mclormack & MeElheran, 1963). These studies censisted of L0 min. ses-
sions and used intersignal intervals ef 30, 45, 60, 75, and 90 sec., aver-
aging ons signal per minute. These five intersignal intervals consti-
tuted a facter in this study with an interval bsing measursd from enset
of signal te snset of signal. The time facter censisted of light five
minute perieds which defined the ferty winute sessien. EBach intersignal
interval was used in each five minute time peried with a separate ran-
domization assigning tﬁ@‘fiva intervals te pesitions within each five
minute perisd. Because of the limitatiens eof the apparatus, all Ss re-

ceived the intersignal intervals in the same srder during any ene five



18

minute peried.

The KR facter was presented at three levels, a centrel level and
two different schedules of indicaters. One of the two KR groups recsived
75% green indicaters with a green indicater inferming the S that his RT
was faster than the éverage RT of Ss net receiving KR, The remaining 25%
KR censisted of red indicaters which infermed the S that his RT was slowsr
than the averages RT of ne=KR Ss. The secend grouﬁ receiving KR was given
75% red (nepative) indicaters te 25% green (pesitive) indicaters. The
cheice of these ratiss centered aresund finding ene ratie that would ade-
quately inferm the S that his RT was abeve average and that weuld; by
inverting the ratio, inferm him that his RT was below average accerding
to the established criterien. The high pesitive ratie KR schedule was
considered equal te the normal KR used in previeus studies, and the high
negative KR scheduls was censiderad equal te the FKR previseusly used.

The decisien te use completely prearranged KR schedules was based on a
critieism of earlier werk inm which the number ef KR signals varied frem
S te S.

Foer the KR greups the indicaters were randemly assignsd en a twenty
minute basis. In sach half ef the sessioen each of the five intersignal
intervals was paired with the 25% indicater. Converssly, the 75% indi-
cater was paired with each inﬁerval three times per half sessien.

Jet was alse presented at three levels, a centrel, a "KR facilitates
perfermance™ set, and a YKR impairs perfermance® set. The particular
portien eof the instructiens ferming the set was writtem se that each S
under either the facilitary or impairment sets received essentially the
same instructisns. Certain interchangeable werds, such as increass/de-

crease, wers used te ferm the applicable set desired. The apprepriate
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centent word was used threugheut these instructiems given belsw.

Interest in vigilance started primarily during the Second Werld War,
Mackworth's classical study in 1950 initiated a peried of intense study
of vigilance in situations where signals are presented at irregular inter-
vals over a psriod of time., The study ef vigilance is still a popular ene
by the military, industry, ana theeretical ressarchers., Wright-Fatterson
Air Ferce Base and the University ef Illineis are beth locations where the
study of vigilance is actively pursusd. One portien of a vigilance situa-
tisn that has been concentrated en is the (detrsmental/facilitating) effect
on perfsrmance caused by telling the individual hew he is deing during the
experiment. This (increase/decrease) in perfermance after inferming the
individual of his prier psrfermance is net clearly understeed, but is ef
interest te ressarchers. This experiment will attempt te repeat the re-
sults reported by Adams in 1965 in which perfermance wis (lewered/increased)
after the subject had bsen infermed ef his results during the sessien,

The greup recelving ne-KR received the abeve instructiens plus the
Tollewing.

Yeu, hewsver, will be part ef a centrel group and will receive ne

information.
Precedure

The Ss censisted of 36 velunteer male students frem basic psychelegy
sections. The Ss whe velunteered received miner ceurse credit fer parti-
cipating in the study. Their ages rangeéd frem 17 te 23 years with a mean
of 18,97 ysars. Subjects were randemly assigned te nine treatment greups,
making & tetal eof feur Ss per group.

One majer medification was made in the presegﬁ study, cempared te
previous work. An attempt was made te centrsl the effect of the E en
each 3, & seurcs of variation in a vigilsnce study reperted by Fraser
(1953). Any such effect was remeved by never having the E and the S come
inte direct esntact. Further, Ss were teld that the entire experiment
was centrelled and presented autematically frem ar adjacent reem and that
tﬁ@ E would net be pressnt while the experiment was being ran. Actually, -

the E's presence in the sther reom was necessary te recerd RT, pr@s@nﬁ
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the KR, and cemtrel the apparatus. Hewever, the Ss seemed te be unaware
of the E's presence in the adjeiming reem. This fact was confirmed by
cenversations with ether Ss used in a pilet study cenducted by the auther
shertly befere the main study.

In srder te better simulate a true vigilance situatien a lew fre-
gquency terne, 150 eps, was fed inte the S's ear during the experimental
sessisn, This frequency has besn shewn te have a lew anneyance value
{Berrien, 1946). Ths tene was presented at 75 db £ 5, as rated by a re-
cently calibrated Brusl - Kjar Dscibel Meter, medel 2203. This level
is considersd te be quiet (Jerisen, 1959 Church & Camp, 1965). The
auditery input served te mask external seunds but net te bleck the ssunds
of the apparatus frem the adjacent resm since these seunds helped te cre-
ate the atmesphere ef autematien.

- Preliminary imstructiens (Appendix A) were distributed te the Ss
witheut their ceming inte cemtact with the E. The S was instructed te
enter the experimental reem and sit at the desk. He was then instrueted
te pesitien the earphenss ever his ears, pick up the switch, and lesk at
the panel.

Upen leeking at the panel the S feumd that the signal light was shin-
ing threugh the 4 in. hele. Having the light en served te familiarize the
S with the eriticel signal and te further the netien that the experiment
wae autemated frem an adjacent resm. The preliminary instrusctisns directed
the S te press the switch which extinguished the light and autematieally
started the apparatus in the other reem. The E was in the adjsining reem,
esnbrelling the eguipment.

When the S pressed the switeh, the E started ene tapes recsrder which

gave further instructisn te the S. All Ss reecsived the basiec imstructiens
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listed in Appendix B. The S's task, to push the switch upen detectisn
of & signal, was explained. Ne set instructiens were given te the ap-
prepriate greups, while the remaining greups received the set instrue-
tien given earlier on pages 18 and 19,

The applicable KR instructiens (Appendix C) were inserted im the
basic instructiens. The apprepriate greups were teld that each stimu-
lus presentatien had an average RT asseciated with it. The average RT
was suppesedly cemputed, en a trial basis, frem a greup of S whe had net
received KR, A pesitive indicater, the gresen light, indicated a faster
respensé while a negative indicater, the red light, indicated a slewer
RT. In erder te keep the S5 frem suspecting the situation, careful empha-
sis was placed on the fact that sach signal presentatien had a differsnt
average RT asseciated with it. The ne-KR greups were instructed te di$=v
regard the indicaters.

At the terminatien of the instructiens, the masking tene began. Alse
at this peint the E started the secend tape recerder which autematically
presented the signal during the session. The signal was presented ferty
times for measurement and ence at the start fer further familiarizatien.
This initial signal presentation was inserted after cempletioen ef the pi-
lot study im whieh it was neticed that the RT te the first signal was much
lenger than the RTs that fellewed.

During the sessien the 5 respended te each signal after which the E
recerdsd the RT, If the S was in ens ef the KR greups, he received a KR
indiecater fer 3 sec. after his respense. This precsdures was fellowad for
the entire sessien. At its terminatien the S was teld of any errensous
infermatien given and of the use ef a prearranged KR scheduls, if applied

te him.



CHAPTER IV
RESULTS

The statistical desipgn used was a 3 x 3 x 5 x 8 facterial arrange-
ment of trestment combinatiens with repsated measures., The first twe
factors, set and KR, were between subjects effects, and the last twe fac-
ters, intersignal interval and time in task, were within subjects effects.
Mean RTs in secends are pregented fer the abeve facters in Tables II, III,
and IV. All 3s tested are included in the everall amalysis given in Ta-
ble I,

Facter A, set, yislded ne significant results, having an F ratis of
less than ene. Thus ene ef the stated hypethesis, that the S's set weuld
net influence his perfermance, was cenfirmed.

The Mean Squars fer KR was imnsignificant. Msan RTs asseciated with
the high pesitive ratie and high negative ratie greups were nearly idea-
tical, while the mean RT fer the ne-KR greup was wuch higher. As was
previeusly indicated, a prieri erthegenal cemparisens were planned. These
cemparisens de net depend on a significant everall F test for a particular
sffect, therefere the apprepriate Mean Square estimates were analyzed eut
of the everall Msan 3gusre asseciated with KR effects, As predicted, the
two KR greups were significantly different frem the ne-KR greup at the
o085 level as illustrated inm Table I. The sescend centrast alse cenlirmed
the hypethesis that no significant differences woeuld exist betweern the twe

KR greups. Therefere it weuld appear that the twe KR schedules did net
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TABLE I

SUMMARY OF THE ANALYSIS OF VARTIANCE AND ORTHOGONAL COMPARISONS
OF THE EFFECTS OF SET, KR, INTERVAL, AND TIME
ON .1 IN A VIGILANCE TASK

Seurce ' ar S MS F

Betwo. Ss 35 3olibididy
Set 2 00,0084 0.0042 {1
KR 2 Oo4572 002286 2.48
- KRy vso KBy + KR, /2 1 O.h552 04552 Lo9i*
_KRl Vs, KR2 1 00020 0,0020 <1
" Set X KR 4 0.4908 0.1227 1.33
Subje We £ZPo 27 2:5880 0,0921
Within 3s 1404  17.0995
Interval o 0.1669 00417 3.35%
Set X Into . 8 000226 A "..' ‘<1
KR x Int. 8 0.115% 1616
. -S5et x KR x Int. . 16 002559 0.0159 1.28
Int. x Subjc wo £PBo 108 L3446 0.0125
Tims 7 0.1861 0.0266 1.89
Set x Time Ly 01566 0.0119 <1
KR x Time 14 0.1041 ©.0074 <1
- Set x KR x Tims 28 0e2320 00,0083 <1
Time x Subjo Wo EWo 1.89 2065,‘)} 0001&;1
Int. x Time 28 0.2378 0.0085 {1
Set x Int. x Time 56 1,36kt 0.024L 2.0%
KR x Int: x Time 1 0.5599 0.0099 £1
Set x KH x Int. x Time 112 0.5795L 0,0079 {1

Into x Time x Subjo we gpo 756 9,024k 0,0119

# - significant at the .05 level
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affect differentially the Ss? metivatien te the peint sf influencing per-

fermance,
TABLE II
SET X KR MEAN RT (SEC.) SUMMARY
Set
4] 1 2 Tetal
0 0,262 0,315 0,279 0.285
KR 1 00259 Q.240 0,248 0.249
2 0.265 0.215 0.259 0246
T@tal @0262 00257 00262 00260

The everall results sf KR were semewhat disappeinting, sinece a pilst
study rum a shert time befere the main study had preduced much greater
differences between KR and ne=KR greups. In the sarlier study the sver-
all effect of KR was significant using enly nine Ss vs. the 36 3s used
in the presemt study.

The set x KR interactien term was insignifiecant, as weuld be assumed
frem the hypethesss en set and KR effsets,

An exswminatien ef the within subjects poertien ef the Analysis reveals
enly twe differsnees that are significant at the .05 level, intersignal
interval and the set x intsrval x time in task intsractien. Hense the hy-
psthesis that RT weuld increase ever time in the ne-KR greup was net cen-
Tirmed. In general; RT did increase ever tims fer all greups ag seen in

Table III. The increase in RT fer the ne-KRE greup was rapid, whereas the



KR X TIME IN TASK MEAN RT (SEC.) SUMMARY

TABLE III

KR
0 1 2 Tetal

0 0,271 00269 002L3 0,261

1 0.280 0024 0,246 00257

Time 2 00261 0,230 0,231 0,240
in 3 0,290 0.237 0.228 0.252
Task 4 0.290 0,247 0,228 00255
5 0,291 0.256 0,273 0,273

6 0.290 0,255 0.251 0,261

7 0.310 00256 0.270 0,279

Tetal 0,285 00249 0o246 0,260

25
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twe KR greups exhibited an initial decrease in RT befere gradually in-
creasing te a higher level,

The Sum ef Squares fer intersignal interval was further analyzed
using the Student-Newman-Kuel test. The results ef these cemparisens
are presented belew in Table IV and shew that the enly signifiecant dif-
ference is betwsen the 75 sec. interval and the 30 and AS'Seeo inter-
vals. In Table IV any twe means net underscered by the same line are
significantly different at the .05 level. Therefore the hypethesis was

net cenfirmed since ne interval differences were predicted.
TABLE IV

INTERSIGNAL INTERVAL CCMPARISONS USING
STUDENT-NEWMAN-KUEL VALUES

Intervals 30 sec. 45 sec, 60 sec. 90 sec, 75 aec,

Means 0.,2738  0.2715  0.2579 0.2510 | 0.2468

The significant set x intersignal inter#al x time in task interae-
tien was net predicted; and ne further analysis was perfermed en this
result. Additienal cemments en this result will be made later.

Overall thres ef the five hypetheses were cenfirmed. Ne set effect
was detected with the three greups yielding nearly identical scsres. A
difference did exist cemparing the twe KR greups with their sceres alse
being almest equal.

Twe hypstheses were net cenfirmed. The increase in RT ever time
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in task fer the ne=KR greup was net significant, rejecting am hypethesis,
Alse, the hypethesis that there weuld be ne interval effects was rejected

since a signifieant difference did ececur.



CHAPTER V
DISCUSSION

The present study investigated the effects ef set, KR, intersignal
interval, and time in task em RT in a vigilance task. As hypethesized
there were ne set effects demenstrated altheugh the "KR facilitates per-
fermance™ greup did have the ghertest RT. Therefcrevit would appear that
KR is net depsndent en the S's attitude. The lack of set x KR interactien
supperts this cenclusien. Since the curremt vigilance medels de net spe-
cifically mentien set, ne direct predictien en this effeect ceuld be made.
Evidently these medels have assumed set te be irrelevant, a fact which
this study cenfirms,

The effect attributable te KR was significant when the twe KR greups
were cempared with the ne-KR greup. Knewledge ef results exerts its ef-
fect regardless ef the per cent of pesitive vs, negative indicatiens. The
greup yielding the shertest tetal RT, hewever, was the facilitating set,
high negative KR schedule greup. The medels reviewed weuld predict that
the twe schedules weuld have a similar effect en perfermance, since nene
of them have includsd a cegnitive variabls. The results ef the present
study cenfirm this predictien.

The methed used in this study answered ens criticism eof previeus FKR
studies, In these studies greups receiving FKR alse received mere tetal
signals than the regular KR greups. In thq preaeﬁt study all greups re-

ceived an equal number. This study, then, yielded a mere accurats piéture
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of the effect of FKR, yielding results that indicate FKR and KR eperate
in a similar fashien.

Several differences prevent an adequate cemparisen ef the present
study with the previeus FKR studies (Weidenfeller et al., 1962; Mackwerth,
1964 ), The signal lasted enly 300 milliseec. in the Weidenfeller et al.
study, while the Mackwerth Cleck Test was used by Mac;wortho In erder to
measure RT the signal in the present study remained until the S respended.

This measure ef perfermance alse differed frem the previeus studies; as

. mentisned.

The diffsrent perfermance measures rssulted in twe KR types. The
previeus studies merely infermed the S that he had missed a signal. Ths
present study®s KR cenfirmed that a signal has bsen presented and evalu-
ated the Ss respense, As seen;, thes evaluatien ef his respense did net
affect the S?s psrfermance ever twe levels ef KR schedules., The mean
RTs given in Table II shew the similar perfermance of the twe KR greups.

Altheugh net statistically signifieant, the general decrement in RT
exhibited by all KR greups was semewhat surprising, but net tatally un=
expected. Others (Adaws & Humes;, 19633 McCermack, 19593 McCermack et al.,
1962) alse reperted this RT decremsnt even when KR was used. The main
difference betwaen the ne-KR and the KR greups was in the enset of the
decrement. The ns<KR greup shewed an immediate increase, while the KR
greups initially decreased their RT then gradually increased it.

The gemeral decrement seen in RT studies is difficult te explain
using the varieus medels. These results indicate that a decrement is
geing te sccur regardless ef the metheds used;! The medels were censtruct-
ed primarily frem studies using per cent ef signals detected as the per-

fermance measure., Hewever, in studiss using per cent of signals detected,
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a cuteff peint beyend which a S's respense is net ceunted has te be esta-
blished, Five secends past the signal is a frequently used peint, if such
a cuteff is reperted. Perfermance, therefere, ceuld decrease greatly be-
fere being detected, The RT measure, hewever, weuld detect a decrease in
perfermance immediately. |

The surprising result in the present study was the significant dif-
ference between the intersignal intervals which is streng suppert fer the
expectancy medel. A S cemputes an average intersignal interval value,
accerding te this medel. Befere this value expectancy, and therefere
perfermance, is lew, As this interval value appreaches; sxpectancy and
psrfermance increase. Once this interval is passed expectancy centinues
te increase, The cemparisens ir Table IV partially cenfirm this medel
with enly the 90 sec. and 75 sec. intervals reversed, By centrast, the
series of studies underlying the present study (McCermack, 19593 MeCermack,
‘ 19603 McCormack et alo, 19623 McCermack et al., 19633 MeCermack & McEl-
| heran, 1963) preduced ne censistent interval effects,

The intersignal interval effect ceuld be the result ef the attempt
made in this study te cenvince ezch S that he was unebserved during the
experiment. Th3385 Eelievad the experiment te be cempletely autemated
and that ne ether persens weuld be present when the test was run. Fraser
(1953), hewever, has shewn that the E's @resenee increases the S's per-
fermancs. The Ss in the previeus studies were perhaps aware 6f the Es
presence and were mere motivated than S5s in the pr@senﬁ study. Baker
(1959) stated that metivatienal levels sheuld net changs the fagt that
intersignal intervals determine psrfermance, but the forty mingute sessien
used by these studies qould be tes shert te accurately measure interval

effect under different metivatisnal levels. 1In the present study the
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effect of the E's presence, actual er implied, was remeved; allewing de-
tection of an interval effect in the ferty minute sessien.

Intersignal interval can net be interpreted alene dus te the signi-
ficant set x interval x time interactien. This interactien prebably re-
flects the influence &f the twe smaller intersignal intervals, 30 and 45
g8c,., which vary censiderably frem sset te set in the last three time perisds.
During the same time the ether intervals, 60, 75, and 90 sec., wers consis-
tent. The significance ef this interactien is net knewn.

The sxpectancy medsl is the enly medel that specifically attributes
perfermance te intersignal interval. The results ef this study clesarly
suppert intersignal interval as being a majer determinant ef perfermance.
Other facters, such as statﬁdLim the inhibitien, attentien, and activa-
tienist medels, were net manipulated in this study but alse ceuld affsct
perfermance. The ether medels; hewever, de net state that interval is a

majer facter.
Applicatien fer Applied Ressarch

Field tasks are usually quite different frem the task used in the
present study. In many instances signals in field situatiems are very
infrequent, ne mere than ens er twe per day. Hewever, the implicatiens
of this study can be utiliged. Perfermance ceuld be increased threugh
the use of prearrangsd signals built inte the wenitering system. Reaetien
time ts these preplenned signals ceuld bs measured, and KR given., The

average interval weuld be lewered, resulting in increased psrfermance.



CHAPTER VI
SUMMARY

The purpese eof this investigatien was te determine the effects ef
set and prearranged KR en perfermance in a vigilance task. Due te the
nature ef the vigilancs task used, twe additienal effects were élss Hea~
sured, intersignal interval and time in task.

A4 review ef the literature revsaled a general lack ef centrel of the
3%s set ceming inte the experiment. RKecent studiss reviewed shewed an
iniéfest in what was labeled false knewledge ef results. In these studies
prearranged infermatisn was given as a perfermance indicatien regardless
sf the S's actual perfermance, The three pepular medels en vigilance,
based en inhibitisn, expectancy, and attentien/areusal, had bsen unable
t® explain the results ef the few studies en false knewledge. This facter
was further studied in an attempt te gain additienal infermatien fer beth
the theeretical medels and the applied aresas interested in vigilance., The
hypetheses were (a) ne set effect, (b) an everall effesct due te KR, (¢} me
difference between greups rsceiving KR, (d) a decrement in perfermance in
the ne-KR greups ever time, and (e) ne intersignal interval effect.

A tetal ef 36 Ss were used ts test thess hypstheses in a classiscal
vigilanee task. The perfermance measurs was latency ef respemse. The
effeet #f the Efs pres@meég actual er implied, was remeved by telling the
88 that the entire expsriment was autemated, This alse ere&te@ a situa-

tisn mers clesely resembling a true vigilance situatien. Twe éompl@t@ly
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gprearranged KR schedules were used which resulted in all the apprepriate
Ss receiving an equal number ef signals. Subjects were tested fer ferty
minutes, each S receiving ferty signal presentatiens.

Three of the five hypetheses were cenfirmed. Ne set effect was de-
tected, KR did exert an effect cempared te ne KR; and ne difference exist-
ed between greups receivimg KE. Hewever, all greups exhibited a dscrement
in perfermance ever time, and a significant interval effect was feund. 24n
unexpected interactien, sét x interval x time, was alse feund.

The results of the set effect and KR effect were esxpscted, based en
the review of the pepular medels., Prearranged KR seems teo act in a manner
similar te neormal KR, Ne significant increase in RT was detected ever
time in the ne<KR greup. The general decrement in all greups was attri-
buted te the respense measure used, RT, which is mere sersitive than ether
measures in detecting such a decrement. The significant interval differ-
ence was interpreted as suppert fer the GX@eeﬁancy medel, Other facters
stated in the inhibitien and attentien/areusal medels were net mesasured,
hewever, and their effects were net cempletely disceunted. A general

applicatien ef the results te agplied areas was briefly discussed.
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APPENDIX A
PRELIMINARY INSTRUCTIONS

Read these instructions carefully befere going te the experiment.
Bring this sheet with yeu. |

Report te Room 206 im Old Cemtral at _____. Pleass be on time, but
do net arrive msre than 5 minutes befere yeur scheduled time. You will
net need te bring any material with yeu. The deer te Reem 206 will be
open, and a sign saying "Psychelegy Experiment? will be en the inside of
the desr. Enter the reem, clesing the deer all the way. Do net turn en
the everhead light.

Sit dewn in the student desk facing the panel en the table with the
"1ights en it. De net meve the desk frem its pesitien during the experi-
 ment. There will be (a) a hand pushbutten switch en the desk and (b) a
pair of earphenes on the back eof theqdeska

Place the earphones ever yeur ears ir a cemfertable pesitien. Once
you have beceme situated in the chair with the earphenes en, pick up the
hand pushbutten switeh im yeur hand. Ieeking at the panel, yeu will ne-
tiée that a light is shining threugh the small hele in the middle.

| Pressing the pushbuttean will extinguish the light and start the ex-
periment. A pregrammer in the adjacent reem will give yeu yeur instruc-
tisns ever the earphenes, present the experiment, and netify yeu when it
is ever.

When yeu have been netified that the experiment is ever; yeu may
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leave. Please place the earphones and hand switch back on the desk.
leave the door open as you depart. To insure that you receive credit
for participating in this experiment, leave this instruction sheet with

your name on it on the desk.



APPENDIX B
BASIC TAPELC INSTRUCTIONS

The purpose of this experiment is to measure pérformance in & vigi-
lance situation., This situation is similar to situations found in the
military w@ere individuals scan radar scopes for meaningful signals and
in industr%’where constant checks on emergency signals are required to

insure proper equipment operation.
(The applicable set instructions were inserted here.)

Your task will be to press the pushbutton switch you have in your
hand as soon as you detect a,light shining through the small hole locat-
ed in the middle of the panel. In other words, to repeat the action you
took to start this experiments The light will appear at irregular inter-
vals during tﬁe expe}iment and will remain lit until you press the button.
A firm, éuick pressure on the button should ;xtinguish the light; however
if the.light should ‘remain on, press thé buttén again.

Your reaction time to the onset of the light will be measured, so
press the button as soon aé you see the light. Do not, howsver, press
the button when the light is not lit.. To“‘inéuf.e fast reaction, keep the
switch in your hand. Do not try to time the light, as this will only
slow your reaction time. To familiarize you with the light, it will be
presented as soon as the experiment starts. You will not be timed on

this first trial, although you will have to respond.
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(The applicable KR instructions were inserted here.)

No smoking will be permitted. Flease remain in the chair aand do
not move the chair from its position. To create a situation more like
a true vigilance task, a low volume noise will be heard over these ear-
phones. The purpose of this noise is to isolate you as much as possi-
ble from external sounds.

You will be notified at the termination of this session. The ex-
periment will now begin.

2

This concludes the experiment. ' Please leave your instruction sheet
with your name on it on the desk. You are free to leave. However, do

not discuss this experimeht with ahyonea Thank you for your time.

(At the termination of the session,,the_s was also told of the pre-
arranged KR schedules and that KR improved performance in a vigilancé

task, if this was applicable.}



APPENPIX C
. KR INSTRUCTIONS INSERT
No KR Group

The two colored lights on either side of the small hole in the panel
~are not part of this particular experiment; so pay no attention to them.

They will not be lit during this session.
KR Groups

The two coloréd lights on either side.of the small hole in the panel
will inform you on how 'your reaction time compares with the average reac-
tion time of groups not receiving any comparison information. This aver-
age reaction-timevyou are being compared with was computed on a trial by
trial basis. That is, ééch light presentation has a different awerage
reaction time associated with it. These average times will naturally wa-
ry, as will your reaction time,

" After each response one of the two lights will appear for a period
of 3 sec, If ths green light is illuminated, it will indicate that your
reaction time was faster than the average for that trial of the group not
receiving this information. If the red light is illuminated, it will in-
dicate that your reaction time was slower on that particular trial. 3o,
a green light indicates a faster response and a red light a slower re-

sponse,
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