California State University, San Bernardino

CSUSB ScholarWorks

Theses Digitization Project John M. Pfau Library

1986

Age and vigilance: The effects of event rate and task pacing

Jack D. Mohney

Follow this and additional works at: https://scholarworks.lib.csusb.edu/etd-project

b Part of the Gerontology Commons, and the Psychology Commons

Recommended Citation

Mohney, Jack D., "Age and vigilance: The effects of event rate and task pacing" (1986). Theses Digitization
Project. 329.

https://scholarworks.lib.csusb.edu/etd-project/329

This Thesis is brought to you for free and open access by the John M. Pfau Library at CSUSB ScholarWorks. It has
been accepted for inclusion in Theses Digitization Project by an authorized administrator of CSUSB ScholarWorks.
For more information, please contact scholarworks@csusb.edu.


https://scholarworks.lib.csusb.edu/
https://scholarworks.lib.csusb.edu/etd-project
https://scholarworks.lib.csusb.edu/library
https://scholarworks.lib.csusb.edu/etd-project?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F329&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1276?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F329&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/404?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F329&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.lib.csusb.edu/etd-project/329?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F329&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@csusb.edu

N e .
W AGE AND VIGILANCE: THE EFFECTS OF

EVENT RATE AND TASK PACING

A Thesis
Presented to the
Facﬁlty of
California State

University, San Bernardino

In Partial Fulfillment
of the Requirements for the Degree
 Master of Arts
In

Psychology

by
Jack D. t]iohney

December 1986



AGE AND VIGILANCE: THE EFFECTS OF

EVENT RATE AND TASK PACING

A Thesis
Presented to the
| Faculty of
California State University,

San Bernardino

by

Jack D. Mohney

December 1986

Approved by:

v/a[/e/a{;

Date /

hairperson




. ‘_ABSTR”A,.CT -

The effects of age, background event rate,‘and pacing
(self versus yoked) on vigilance performance were examined
.fin this study.' Thirty-six male and twelve female volunteers
- ages 18 to 76 responded during the one hour time on task
'.g(TOT) to infrequent critical stimuli presented on a
three-block lighted bar display. Background events 7"PH“
C“consisted of two blocks flashing on and off while the.°’“
critical signals were all three lights flashing on.vﬁ“'i'h
ﬂSubjects responded to the critical signals by pressing a .
" telegraph key with the index finger of their preferred hand.'"
Two- subjects participated during each session.nghe‘
‘ background event rate (BER) for both subjects was controlled
nby one subject, a condition unknown to either subject.
_Reaction times (RTs), false alarms (FAs), and missed
']critical signals were manually recorded by the experimenter
.’while event rate data were recorded by computer. ANOVAs‘_‘
‘hwere performed on both RT and BER data in addition to trend o
'analysis and signal detection theory analysis. Resultsv' g
bd'indicated that RTs increased with age and TOT self—pacing
kiadramatically improved miss and FA performance, older
subjects reduced BER and younger subjects' performance{""

_fbenefited more from self pacing during TOT ‘These can ée

iii



é
|
»
_ o
Interpreted as criteria for human factors engineers when
. : v i
designing systems that incorporate older people to perform

: |
sustained attention. ' . _ ﬁ

iv
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'IN_TRODUCTION

American corporate and governmental organizations arec’y
'faced with a phenomenon of major significance."Theb
population in the United States is growing older and is
".projected to continue to age dramatically past the turn of
the century. Older people ‘seem destined to become a
larger and. more influential segment of American working
society. For example, in 1900 approximately 6 percent of
the U.S. population was over age 60 with 4 percent over age
,‘65 In 1981 15 percent of the U S population ‘Wwas- over'
age 60, with 10 percent over age 65 By the year 2020 it
is projected that 22 percent will be over age 60 with 15
vpercent over age 65 (Botwinick 1981) This also coincides
| iwith the projection that the total number of younger e
“ workers entering the labor force will decrease sharply
‘ during the next two decades (Copperman and Keast 1983)?
’:These demographic trends will directly affect the .
"composition of the 1abor force. Although the percentage of‘
»women working may continue to rise, most women who are |
"finterested and available to work are in all likelihood o
'talready working\: The bulk (though not all) of the younger
mmale labor force population is also employed.. In addition;h

there are ever- increasing numbers of handicapped also



‘Joining the working ranks.g Thus, the most readily
available worker pool will soon consist of persons in the’f,fi

‘older3age;groups.

.Human Factors Implications of Aging

Aging is a" natural process that manifests itself in."

;changing environmental interactions.' Kochnar (1979) states;vf,

', that aging is a multidimensional process in which people age, ;
at differing rates.. For example, a person may be

‘ functionally younger or older than the chronological age B

‘ itypically exhibited by his or her contemporaries (cohorts)

In addition, using chronological age as a determining factor‘r

‘mfor employment has recently come under increasing scrutiny -
and critioism,.especially in the highly visible area of |
isfforced retirement of airline pilots. The‘United States

| Supreme Court recently upheld a lower court ruling which
;found Trans World Airlines gullty of age discrimination bys
not allowing pilots to become flight engineers and forcing
i‘them to: retire at age 60 : A new employer viewpoint in jobf
Q”assessment may ‘thus be in order. | o y,v | L e
. With these factors in mind,}it would seem that the lr‘ff

fhuman factors engineer in the year 2000 and beyond will bes

~w.dealing with problems quite different from those of today. .

",In the past decade, there has been a rapid inerease in thes ’
E exploration of applications of human factors knowledge and,di

“-technology to aging and the aged., The scope of human i«




factors has broadened and the concept "engineering for human .
use" has become more differentiated. With the aging of the |
'.population, it seems that it may behoove human factors
'specialists to take a progressive attitude when designing
: environments and machinery rather than designing for a
g.fixed-age range population (as many present corporate and
,military acquisition philosophies now practice) WOrk |
designs that enhance the capabilities of older people and
assist in maintaining satisfactory performance could be
"developed and implemented. Industrial applications havei

‘also become increasingly apparent especially in the fields

L';of inspection, vehicular and workstation operation, and

civilian air traffic control. In addition to the widespreadzlk

potential military and civilian application of this research7
-philosophy,uspace applications are also obvious._ With the ';f
.increase in space experimentation and industrialization'hh

brought on by the convenient space shuttle, there have

already been older, experienced engineers as crew members.;,fg_

Satisfactory performance by all personnel, regardless of p*
_.age, is mandatory in the hostile environment of space. w“if
‘ Along with the military and civilian human factors
:'engineer,bthe perceptive employer, government or otherwise,l,w
thould be interested in. how this changing demographic

’ composition will affect performance of the corporation or .

y}agency, i. €., how does the’ older work force affect product



‘ quality, quantity, or reliability? How ‘can the older work
force respond to compressed time schedules or changing

workloads? How can the older work force adapt to the

’evolving‘role-of computers’ These and many more management'djfr

.issues must be answered correctly if personnel policy is tog
be congruent with corporate or agency goals. An important: 7;
and- logical prerequisite for designing valid management
philosophies and policy is to have a general understanding

-~ of the psychological characteristics ‘of the older worker."
It is assumed that most interested agencies place strong
,emphasis on the psychological aspects of the worker as welly
-as'pay,»physical health, additional benefits,vand‘other
‘issues. It is also assumed that a major corporate concern
associated with the projected aging of the work force is

sustained work performance.

Evolving Human—Machine Interface’

The aging work force must- cope with the changing

N phenomenon of expanding machine complexity. As devices and

equipment have become‘more,complicated andvmorefautomated,
the human operator's active controllervrole has_changed to’a
,manager, monitor, and director. Sheridan‘(1970) describes‘k
this as representing a shift from activeitog"supervisory"
control.‘ In today's‘highly‘automated'systems, criticalb
’bevents or conditions ‘may be discovered by instruments, and

the necessary actions and processes may ‘be executed by



machines with speed and accuracy-far beyond human

‘capabilities. Nevertheless, countless deteriorating human»¥
‘sperformance and substandard monitoring operations still
' occur during tasks of prolonged duration when these |

‘ a»automated systems fail or. some out-of tolerance but. rare"
"mcondition happens. The incident at the Three Mile Island
;hnuclear power plant and the recent fatal mishap of the Air
1;Force Bl A test aircraft (whose pilot was 55 years old) are*-il
iltwo extremely visible American examples of this occurrence.zvf

5Notwithstanding the public inquiry and outcry, the possible

}”outcome of these incongruent human—machine interfaces couldt;,h

ﬂ‘have resulted in the loss of many lives, (not to mention the.Tv'

millions of dollars in 1aw suits) The Soviet Chernobyl

”‘nuclear accident is a vivid example of a rare occurrence

"fhappening, critical signals being ignored, and actions being"

';untimely or incorrect. The results were disasterous, lives
were. lost, the environment dangerously polluted, and b_
neighboring nations psychologically and politically shaken.

'Moreover, the exploration of space will only compound the{ﬁf

‘viyproblem._ Highly automated spacecraft must be monitored over“

‘hgextended periods of time. With increased exploration,.these
”,periods will certainly expand,;and s0 will the increased

need for sustained human attention.

"fiThe Vigilance Decrement

To understand why performance levels decrease over.~



‘ prolonged time, an understanding of the processes involved

X is needed. As defined by Mackworth (1957), the pioneer in

‘vaigilance research after WOrld War II, vigilance (synonymousfilu"

*,with sustainedvattention) is "a state of readiness to detect?fgg'*

"‘3and respond to certain small changes occurring at random

-time intervals in the environment.‘;h " over a sustained
"period of time (pp 389 390) : The ability of a person to

| jattend and respond to infrequent critical stimuli over this -

_.fsustained period of time typically declines over a ta5k1ng 1na,

ysession.f This phenomenon is known as the vigilance 8

ﬂi”decrement. Past research on this decrement has centered on ;

"_”understanding why this decrement occurs. There have been

:55doubts cast as to the validity of this research (Nachreiner,p' .

'1977) These doubts coalesce around the premise that

"Uicontemporary vigilance research fails to replicate:,’

”Voperational and industrial scenarios properly. This poor o
f'modeling is- responsible for decrements that are due to

,laboratory specific factors and not vigilance-specific

'n‘ﬂfbfactors.’ However, there is substantial evidence that the ‘ ;

*;'vigilance decrement is present during operational scenarios -v'

;such as industrial inspection and that past 1aboratory f~

“mrresearch has broadened the present understanding of

',vaigilance phenomena.f In Chapman and Sinclair s (1975)

'lstudy, detection rates by inspectors of substandard chicken d"

"carcasses were low (60%) and their rates decreased over




time;‘ Harris and Chaney (1969) found 50% inspection rates_
'for enperienced electronic inspectors. Finally, Drury and_'
Sinclair (1983) found similar results with metal tube

inspectors.i Their correct response rate dropped over the :
Htask duration, resulting in an-overall_correct response,rate

of.60% with a 20%‘false alarm.rate; The findings of'thesét

' -operational scenarios hardly support the position that

decrements occur only in the.laboratory.' It would thus seem
‘that further research is warranted for without it, the';

;human factors engineer cannot manipulate or design improved
bwork environments for ‘an enhanced systems performance level_t

‘during extended and tedious tasks.

Signal DetectionhTheory

‘Fortunately.for current human factors Specialists,m
“about thirty years ago,»pSychologists and electrical
engineers-pooled their talents to systematize theories and:
techniques to combine the mathematical and human
-capabilities to detect signals 1into an integrated theory.
tSignal detection theory, or TSD, as'it came‘to be known, has
‘since had a major impact on. human factors engineering and
has been utilized on computers, quality control, athletics,
crime analysis, and many other human-machine (system) -
interactions (Hutchinson, 1981) TSD allows theorists to
'understand mechanisms of the senses and the complex

processes‘of signal detection, discrimination, and



’recognition.- » |
Signal detection theory also facilitates measurement ,Ni

and analysis of a variety of human performance attributes.,;
Its fundamental premise is quite basic._ A variable is.“
;input into the detection system (such as a target on anvair
traffic controller s radar screen) and undergoes various e
computations (in this case,rin the operator s brain) based k
"on data already stored in the- system s memory.f This ,f“ |
computed figure is then compared with the criterion figure.
‘in memory and a response based on that comparison is
initiated.' If the computed figure exceeds the stored
.ffcriterion figure, a particular response is made, if the
'icomputed figure is less than the stored criterion figure,p “

‘another response is made. These responses are easily
‘cmeasurable and‘quantifiable, allowing'comprehensive”

) statistical analyses.“ » | B
. In fact, these system performance‘analysesxcanibe’

:plotted on a figure called the Receiver Operating .

?“Characteristic,,(ROC) ' In a ROC the operator s perceptualt'"""”

sensitivity (d') is calculated and plotted to summarize the
o behavior of the observer. It shows the hit and false alarmh;*
"rates for the calculated d' and the possible internal |
‘response bias,‘ ( B ), that may influence ‘the observer's‘
':willingness to act upon a, detected critical signal

“considerationsvextremely important to the,human factors



engineer.‘,Vh

Signal detection theory lends itself to analysis of
'.vigilance phenomena due to the response characteristics
' inherentvin ‘such occurrences, and can be used to predict
performance for7a.taskcsituation.b Applied properly,_it can
" go far in assisting the human‘factors.engineer in making-key
systém»design decisions._ However,‘this theory does have its'
ecritics. Vickers and Leary (1983) progressively 1owered the

‘critical signal rate during a vigilance;task, thus

: decreasing thebsignal/noise ratio. Over time, the observers
became less‘conserVative in‘their‘responsecbias,mratherlthani
' more conservative as‘contemporary TSDnsuggests.htln:r | |
addition, the use of TSD measures for‘all:Vigilance~J
scenarios has been,criticized (Warm andeerch 1985) because
of nonindependent d' and measures (Long and Wang, 1981)
Nevertheless,_while TSD theory must be‘cautiously applied to
‘vigilance;research, it does‘provideia raluable tool in its
assessment‘of vigilance bhenomenax(Davies and‘Parasuraman,

1982).

Research Designs.

‘Research on vigilance of:the aged;:asiotherfagerrelated |
'»research,_has'traditionally empIOyeonne of two’research
‘rdesigns,'thevcross-sectional or‘thevlongitudinal. - The

v _former prouides information about presentjage'differences

~ . while theilatter, a1so]known as a followfup design,'yields



'*h,ioff'

‘fb*data on within—subject age changes. Most of the age and

vigilance studies that have investigated performance~ﬁ”
‘differences of younger and older adults have been ‘{f
cross sectional in nature._ However, according to Palmore;l}u -
(1978),'this cross—sectional research cannot identify causalfl
.factors associated with age related differences.‘ Palmore B
jfalso states that it is inappropriate in many cases to draw
ps.age-based conclusions because these studies do not permit 5fj
”the isolation of age or period (cohort) effects.fq*f R

'Nevertheless,vcross-sectional studies do have advantages

“f’beyond the obvious ones of time and economy. Describing

hj cross sectional age differences in terms of the systems
:f (human—machine) approach familiar to all human factors
vuengineers provides a. novel and "real time" process to_ii
B describe these data because it focuses attention on what

_ present measures must be taken in a standard situation '

"{ involving people of currently different ages to achieve a .

“fdesired outcome.. In addition,,cross-sectional'studies'allow‘

';s:\age related differences in performance to be described by

fhisoperformance functions (Fozard, 1981) An isoperformance

'”.ffunction first specifies the levels of performance desired.:.~u]r”’

.fyThe result would then be a specified performance curve at
ydiffering 1evels of task difficulty, and, theoretically,; N
)}fage.; Specifying the conditions in which persons of present

1bidiffering ages perform at the same level constitutes an



o

isoperformance age function, ideal for vigilance studies in ‘
which many independent variables can be manipulated under

many differing conditions.jdv“‘

:Past Research Findings

Regardless of the’ method controversy, reliable age
‘differences in vigilance performance have been reported,rh
with older individuals consistently performing less well
kthan younger individuals.: Davies and Davies (1975) found
that correct detections declined with age while the actual
experimenter controlled false alarm rate remainded about the

":same, suggesting a reduction in stimulus sensitivity (d')
»with increasing age.j Research done by Czaja and Drury |
(1981) on age and pre inspection training observed that
'fincreasing age reduces performance.. However, while _RVRR
",pretraining had a significant positive impact on total EX
_ performance, it did not reduce individual age differences,
‘.In Harkin s (1974) study,'older people had fewer correct
'fdetections, more false alarms, longer reaction timejaﬁ
:latencies, and a larger performance decline during ‘an

, odd—even vigilance task This evidence suggests that older C'”

e individuals should exhibit lower dﬁcand less cautious‘B and

:‘ that performance differences between older and younger age f,'
groups are more likely to be found in tasks in which the

1event rate is high.ﬁ However, there are no studies which

’vhave systematically examined the effects of event rate or

'pacing on age differences in vigilance (Parasuraman,vl984)



Background Event Rate;

One of the most cogent factors influencing vigilance»'
performance is the event or information presentation rate of;
the task. A study by Saito and Tanaka (1977) of industrial gi

‘_inspectors working in a bottling plant found inspection vf

‘,_ efficiency was markedly improved by reducing the inspection"'

1rate of bottles (event rate) from 300 to less than 200

~ bottles per minute. Significant performance decrements were-_l~

'also observed after only a short time at work when the eventbi

rate ‘was higher._ Parasuraman (1979), in a review of the

effects on event rate on a number of laboratory vigilance'

tasks,vfound that decrements in perceptual sensitivity (d')v‘

. iwere unlikely ifvthe eventvrate was less than 24 events per
iminute. During a monitoring task Weiner (1977) found that
‘a stimulus presentation rate of 12 per minute had a

;,significantly lower performance decline as compared to a

;istimulus rate of 60 per minute.p Monty (1973) concluded that o

i_performance tends to decline if input rates were higher than‘
l60 events per minute. All studies found decreased event
-rate produced lower overall vigilance decrements. These'
results have also been buttressed by a number of studies
(Krulewitz et al., 1975, Parasuraman and Davies, 1976 Warm
;;et al., 1976). However, allowing industrial inspectors more

‘time to inspect individual items may increase labor and

goperating costs significantly (Chapman and Sinclair, 1975,



o3

"Drury, 1978), and corporate management must balance these
costs against improved inspector accuracy.f,,l . |

- On the other hand if a person has too little to do -
fwhile performing a task over extended time, boredom may set
v‘in and detract from task attention, lowering the performance R

level._ In Weiner s (198&) study, it was found that

vf,rvincreasing task 1oad during a monitoring/tracking vigilancef

' task facilitated total vigilance performance. This would

r“suggest an. inverted U function (which human-machine

engineers are’ fond of) for performance versus arousal level.ﬂ
An optimal level of arousal may therefore be present for ﬁv“

‘sustainedvattention.with.a‘possible relation to.age.r

t-Pacing and Yoking | » ,
| It is generally believed that a self—paced operatorv'

.:will be more efficient and will be less 1ikely to show a _'

' performance decrement. Wilklnson (1961) observed the number.na

'of correct detections for two experimenter-paced tasks (one

| regular interval, the other irregular) to be lower than that L

}hof a subject—paced task.) However, the total decrement for .
;’the subJect-paced task was higher than that of either )'; :
S experimenter-paced tasks._ Colquhoun (1962) found equivalent f
»fdecrements in both experimenter-paced (essentially yoked) |
'Tiand subject—paced tasks during a panel inspection task.:.fx
i‘Eskew and Riche (1984) investigated whether personality‘“.i

';variables‘and pacing were significant to‘vigilance,
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‘:,performance.- They found that response bias (B) may be a

”prime factor in performance decrements rather than d’ with

. an interaction of 1ocus of control and pacing. They also

'"'concluded that merely slowing a task did not necessarily

~affect performance, but pacing (or 1ack of) did. ,In;,
.'addition, Drury, Morawski and Tsao (1979) found thatv‘.
subjects chose their own optimal search times when
‘inspecting computer printouts, whereas, experimenter paced
'(yoked) inspection times yieldedvlarger‘performance
ffdecrements. However,»the Systematic-effects of yoking the
. task speed of one experimental subject to another subject
“are not clear in the vigilance literature.

In a review of past 1iterature on. aging, Welford (1981)
‘hypothesized that lower performance for older people ‘may be
,;due to‘attention being concentrated.on thexresponding aspect
| of‘the task.'iThisxcompares,to‘the widely—held notion that
‘overly—rapid pacing7is to blame,h'Ih:the]absence'of eVidence
to provide insight thatVSelf—pacing produces increased

- vigilance decrements, allowing self-paced work may be ,

~ beneficial as it tends to reduce worker fatigue and boredom .

(Grandjean, 1979; McFarling and Heimstra,,1975).

’Spatial‘Complexity‘andiUncertainty ;

‘ Most‘ofythe"evidence for the vigilance decremcnt'has
been obtained in relatively simple tasks withvsingle sources

‘ofvsignals.‘-The tasks used in moStfstudies”vary‘so widely



that it is not possible to classify individual tasks along a
dimension of task complexity. Nevertheless, the weight of o
the evidence suggests that task complexity does not affect an
the "pure" vigilance decrement per se. However, Parasuramant
(l98ﬂ) concludes that 4! and B are significantly influenced
._by.task complexity. In addition, age related effects are
»_not addressed in a majority of these vigilance studies.
Also, the’ temporal uncertainty associated with the'
appearance of a signal\is a major attribute of "pure"
~ vigilance tasks. This is‘not'true‘ofbsearCh tasks, inimhich
‘spatialvuncertainty is the major faCtor.of'interestf 7
Nonetheless,’Thackray and TouchStone'(1980) fOund that
reaction time to critical signals increased over a two-hour‘
‘period of complex monitoring..k.‘ |
Search can also harm vigilance performance, which may
“vsuffer for two reasons. First, although vigilance
performance may not decline,fthe'level of‘performance with a
display requiring extensive search may be unacceptably;low.’
- Second, although the overall performance may be acceptable,
the detection of particular items in the display,‘
particularly those on the periphery of vision, or those |
vcarrying low-value information, may deteriorate if the )
‘search requirement is increased. Schoonard Gould andi

: Miller (1973) found that inspectors tended not to fixate on

. the.edges of slides of integrated circuits and,thus;tended



;vf,is';

to missIfaults“that-occurredkat'these locations; 'TheSe
- studies show that targets presented at peripheral parts of .
displays are. less well detected than more centrally

Vpresented targets in prolonged search tasks.e_

Study Limitations, Assumptions, and Threats to Internal and

_ External Validity | » ' :

| ‘This study- attempted to tie the abilities of oldergh »
people to vigilance type tasks that are becoming more
prevalent in the ever evolving human—machine iInteraction.
However, as with all experiments of this type, this study
was characterized'by various limitations and assumptions.b
Together, these can influence its capability to be both
internally and externally valid.

First, the generalizability of this study may be
vdegraded'by the,extensive use of bothvyounger_and older
subjects with military experience. bue to physiological
| _screening and’structured'training of‘this‘particular cohort,

the applicability of‘this study's findings to the general
popu1ation may be questioned. This cohort effect would also.
tend to minimize any group differences during a. vigilance
stask. ;Second, even‘though the time of day each trial was
conducted ‘was tightly controlled, the varying periods of
‘ maximum alertness for each individual quite possibly
affected their performances by varying d' ‘ Random

assignment to control groups would minimize this effect.



17

Finally, the effects of the practice session may adverselyv,‘n
. affect validity by creating a pretesting subject bias.: |
'1_However, it can be - argued that most operational scenarios
'experience the same influence. | L |
Numerous assumptions were also necessary tovaccomplish,‘
this study. First 1t was assumed that any physical
’limitations inherent in any particular population would not‘
‘ affect performance.. For example, the effects of,visual
limitations on motor‘dexterity were controlled by‘the largei,
and simple displays with a high 1uminance contrast ratio and
the simple, non strenuous response of key pressing._ Second,
it was assumed that a11 experimental effects were due to
psychophysical phenomena, not to any gender or cohortb
effects. Any of these effects that may be present would be
bminimized by the experimental paradigm itself .and the
specific experimental design employed in this particular

study.

' Performance Measures

It is critical to take adequate and valid experimental
,gdata when conducting research on sustained attention. ;
‘Therefore, multiple measures reinforce any conclusions that
'are obtained during the research. This study ‘used five

' performance measures to analyze the complex behavior of .

o vigilance to facilitate confident conclusions of this

, phenomenon.



Sensitivity and Response Bias., The dependent variableS-f. f

"p_of the vigilance decrement can be measured using critical
signal detection rates,_false alarm rates, reaction times,
and other measures.,vThese measures shed light on the“:
'u“effects of sensitivity, d' ‘and response bias,cﬂ },3Ar'

';ufdecrement in. d' would indicate the lessening with which the .

"j.subject can distinguish critical signals from background

r signal noise._ A decrement in p.would indicate the 1essening;r
*»‘of the operator S propensity towards responding when a:

@fcritical signal is observed. ~;ifhif"”

Response Latency.~ Reaction time can be measured from

| ?tthe onset of the critical signal to the moment the subject

r;‘physically responds if the signal is detected. If this

"’jlatency extends to the next presentation of a non critical

}signal, the critical signal is classified as a complete

vgfmiss. For purposes of analyses, the total task time is.

vs"*s;blocked in equal time periods.* If response latencies expand ,p

Eor become more variable for each succeeding block

. ‘7jvigilance decrement can. be inferred._ at,,._,

Correct Detection/Miss Rate. Correct detection/miss

fhrates can also be used to measure the vigilance decrement.vf7"

As with response latency, the task is broken down into equal“ir

‘lyperiods. If. the number of correct detections decrease,,a

~‘decrement can be said to- exist.r‘pl"
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False»Alarm‘Rate. False*alarms can be‘measured andl

‘used in conjunction with correct detections using the same.
time—blocking technique.s While none of the above measures
’ alone can identify decrements in a' or ﬁ together,they can.

| provide strong ev1dence for such findings.

) Background'Event:Rate‘(BER).f Finally, the-backgroundd‘
_ eventvrate the subJect'chooses canlbe~measured to‘indicatev
the level of attention in which the subject 1s comfortable..-
“The same time~blocking technique can be used to find where'
i the subject changes the event rate during the course of the
vigilance task This measure would also lend support to the: l
’concept of subjects attempting to compensate for d'v |
_sensitivity decrements ‘by decreasing total background event

rate. -

'_Hypotheses

The present study was designed to investigate the'b

’ influence of pacing, age, and stimulus background event rate ,'

"g_on performance during a vigilance task.; Based on past

"research, it was postulated that these factors will have~1

'»varying effects on the performance of individuals during an i

‘:extended_task.' Specifically, the'following hypotheses were ;;

’Vf‘tééped;f?;}n,e-’

:'Main*Effects




"a)rj01der Ss will have 1onger resnonse, RO
i:a: latencies than younger Ss. N

l»b) 'Older Ss will miss fewer critical signalsxf
B and have more false alarms than younger’, |

| SS‘I.‘ v

 II. Pacing
| ',ia).’Yoked Ss will have 1onger response
:latencies than self-paced Ss.

'”’b) QYoked Ss will miss more critical signaIS;”

and have more false alarms than youngerb'fif;l

: F_Ss._

}*:h'iIi.: Timeton‘Task'e
o v_a)i,éli_ssiwillfhaVe longef*reSponSei
| ;1atencies}as tine‘On tasktincreasess“:
. b)j.Alifss‘will'niss more criticai‘Signaish,t
| "»and have more false alarms as: time on

- task increases.

~ Interactions

IV, ;Age X Pacing

la)"The response latency difference of
,older Ss (older self-paced versus older

yoked)‘wiil be~greater than the responsef
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"1atency difference of younger Ss

; j(younger self-paced versus younger

'yoked) “In other words, older Ss'.’

dresponse latencies benefit more from ,

self-pacing. e

"Older Ss' missed critical signals and

“"{a)

':.;,bj

VI.

o vIL.

VIII.

o

_false alarms benefit more - from :
nself-pacing.n:d{_ . . | |
Age x Time
;The effect of time on task will 1ncreasevn-
dresponse latencies for older Ss more thang"
,vafor younger Ss. f | -‘
The-effect of time'on taSk?will"increase:u
f: issed critical signals and false alarms
:for older Ss more than for younger Ss.*
vAge X Background Event Rate (BER) _
:v"Older Ss will choose a ‘slower BER than'
'younger Ss.ﬁﬂ
:Timefx'BER : v
As time on task 1ncreases; BEﬁIWill\
decrease for a11 Ss.‘ | o
»Age'X“Pacing xllime _':»
'As timelonjtaskwlncreases,golder



22

self -paced Ss' response‘latencies benefit
mdre than self%pacéd younger Ss'.

As time on task 1increases, older

)

self-paced Ss' missed critical signals

and false alarms benefit more than

Low BERs and self-pacing will produce the

largest benefit for older Ss! response

Low BERs and self-pacing will produce‘the

b)
self-paced younger Ss".
Age x Pacing x BER
a)
latencies.
b)

largest benefit for older Ss' missed

critical signals and false alarms.



' METHOD

. Subjects

The Ss for this study were 36 volunteer men‘and 12
volunteer women ages.l8 to 76 divided a priori into-two age
categories, 18 38 and 53-76. They were a. mixture of |
' government service, active duty military, civilian,’and
civilian retirees. Each subject had at least correctable '
N 20/40‘vision and no experience with a prolonged vigilance

. task situation. -

.Experimental DeSign

| A four—group, 2 X 2 factorial experimental design
was counterbalanced with_respect to age and sex. Subjects
dwere randomly assilgned to one of A4 groups younger
self-paced with younger yoked (y V)t younger self—paced with
older yoked (y- o),’older self—paced with younger yoked
b(o-y), and older self-paced with older yoked (0-0). ‘The
independent variables were Ss' age, sex, time on task ~and
pacing (self’versus yoked). The dependentvvariables were
each S's reactionvtimes,bfalse’alarms;-misses; and
background event rates. }The secOnd'type of data taken from
'the subject consent forms was demographic information which
_served‘to_describe the samplerfor purposes of

- generalizability and anyupost-hoc‘analySes._

23
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‘Apparatus

The vigilance task environment consisted of two
alr-conditioned, flburescent—lighted test rooms measuring
3.0 meters high, 3.0 meters wide, and 4.8 meters long, each
with a table and armless chair situated at the wall opposite
the doof. The ambient lighfing‘at the subject's stétion
is diagrammed in Figure 1. All 11ght measurements were
taken using a poftable Tektronix J-16 Digital Photometer
with a Tektronix J-6503 Illuminance Probe.

Each vigilance task display consisted of a 15.2 cm x
7.6 ecm x 10.2 cm box with three 4 c¢m square translucent
lighted blocks. The diéplay was 1ocated'approx1mately 1
meter from the Ss' eyes, 300° below horizontal line of
.sight. This correspohds to the recommended limits set forth
in Military Standard 14720 for visual display viewing
angles. Figure 2 depicts the display and the light
analysis. This analysis cofresponds to both McCormick's
(1982) and Woodson's (1981) recohméﬁdations of between-lo%
and 200% contrast ratio between display and ambient light
levels. The lighting consisted of 23%, 47%, and 55%
‘additive contrast ratios for each light, respectively. Both
Ss alsq.had a telegraph key-situated on each‘table to
register their individual responses to the critical stimuli.
Room #1 also contained a contrél box that allowed S #1 to

manipulate the stimulus rate (See Figure 2). Room #2 had no '
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12.6 fL
Subject's Seat T :
' / : Door
10.0 fL ]
9.9 fL
7.3 fL

Figure 1.  Ambient lighting analysis for both experimental
rooms. : v
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FASTER - SLOWER

Event Rate Control Box

7.6 cm

15.2 cm

Experimental Display

ILLUMINATION LEVELS AT DISPLAY LIGHT SOURCE

Tight 7 I 5 3
Location

‘Source (ftC) 43 54 48

2 Feet (£tC) 13 | 19 22

Figure 2. Control box configuration, display dimensions,
and lighting analysis. ‘ '
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_OOntrol“box’and’itsvdisbléy'Wasiﬁoked directly to the
display in Room #1. :By pressing andeholdinggeither the o
Faster or Slower button, S #l could speed up or slow down‘
the stimulus rate exactly 5% for each presentation.'

‘The controls and displays were timed by a Coulbourn
logic network which also visually and auditorily presented
i the response laten01es, misses, and false alarms to only the
experimenter. These data were recorded by the experimenter
on a standardized data sheet, The 1ogic,networkvprocess,,
inVolved a Lablinc output~port (CoulbournTInstruments,
L62-08) receiving event signals that were boosted to 28
‘volts by a power driver (Coulbourn Instruments, S61- 05) and
delivered to both subject displays.,’The vigilance display
consisted of a flashing bar of light. Critical‘signalsbwere
kdefined as an extension of the lighted bar. 'When‘the signal
: for the third light (the critical s8ignal) was received by
the output-port, three other occurrences were
simultaneously triggered First, a 100 Hz tone of 3@ second
duration was gated from the precision timer base (Coulbourn |
.Instruments, 851-11) to a pair of ear phones (David Clark, 8
ohm)'worn‘by the ekperimenter, This auditOry‘signallalerted
onlylthe experimenter:that one or both subjects responded'to

_a’critical-signal on'their individual displays, Second thev,

‘~'fsigna1 passed through a flip-flop switch (Coulbourn

Instruments, Sul 12), routed through an and-gate to the msec



pulSe:source (Coulbourn Instruments, S51e11) and'the>‘
‘electronic counter and display (Coulbourn Instruments,il
Rll 45) which presented the response latencies for the‘
. experimenter to record on the data sheets (See Appendix A)
The counter was reset when the switch 1nput (Coulbourn_tf
Instruments, S22 02) increased the voltage and modified the'
l;phase of the signal back to the flip-flop. Lastly, the' L
,counter was reset to zero when it received the critical
F[signal from the output port.‘ To control the signal event
,rate, the computer scanned the Lablinc input port (Coulbourn
Instruments, L22 08) during each presentation. »ThiS‘was

;iconnected to. the control box in Room #l. If the "Faster":

‘_,button was being pressed by the subject during a

presentation, the computer would speed-up- the event rate by
5%. If thet"Slower" button was pressed it slowed down the
:event rate by 5% At the start of each session, the ‘
v'computer began with a baseline background event rate of 60
_signals per.minute. There was’an upper 1imit of 130 972 ,_
Tsignals per minute and a lower'limit of u6 u27 signals perﬂ'~’
minute.built intorthe computer software. The total - .f:
apparatus was controlled by an Apple 2e computer which also;
| recorded event rate data.’ Due to software and hardware -
-lflimitations, BER data was.the only data recorded by the
’l,computer.; See Figure 3 for a schematic of the complete

apparatus. o
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Room #2
(Self-paced Subject) (Yoked Subject)
Sy Display S, Telegraph | Sp Display - So Telégraph
Key Key
001} O /_ 0]01]0 /_
11213 j | 11213 | '
GND GND
S;1 BER Control
Box
]
Faster Slower
]
1 2 3 S, Switch So Swite
Power ~ Input Input
Driver , 1
Flip msec Pulse Flip msec Pulse
1 2 3 Flop. Source Flop Source
| Output _
Port: nd nd
Input
Port L Tone
. | | 100 Hz |
| Counter ‘
Secan :
Reset | S; [ ]
sp 1
| Ear
Phones
Computer
Figure 3. Schematic diagram of experimental apparatus and

logic network.
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Critical signals were input 1nto the computer software.
using ‘a random number generator. The signal to noise ratio
l'(S/N) of .008 was computed using the value of 30 critical
signals randomly imbedded into 3600 total signals. This |
v3600 value was computed by using a constant baseline BER of"
160 events per minute malntained throughout the 1 hour }
vsession. It must be noted that this S/N ratio was on1y>an
estimation due. to the variable BER “See Appendices B C

and D for the computer command listings used in this study.~

t-vProcedure o

UTheRsubJects eachsreceived‘an individual‘briefing on -

~the purpose of . thls research study and instructions for the' L

h_task (See Appendices E and F) The only deception of the _,t
’ experiment was that neither subject was aware of the yoked
_‘event rate., The subjects were instructed to hold the index
‘finger of their preferred hand on a dot located 2 240 cm in

front of the telegraph key and respond to the display by

l"pressing the key when all three lights flashed on. 'Ing

addition to the instructions given to the subject in Room #2'

“(the yoked subject), the subJect in Room #1 (the self-paced
’subject) was instructed on how to manipulate the event rate>

..using the additional control box.- Both subjects then

'V-R;performed a, one minute practice session to become familiar

twith the apparatus and task The experimental session-"

Zimmediately followedvthe practice session. f
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During the one hour continuous task‘session, theh;_’
subjects received no feedback regarding their performance.h
‘At the end of the session, the subjects were debriefed on";f
‘fthe detailed purpose of the study and the need for RN

: confidentiality so that subsequent subJects would not be 2

_influenced. All questions were answered and it was stressed' o

that a11 individual performances were coded to ensure their
confidentiality. Due to the coded. nature of the data, no'
ﬂ,immediate performance~feedback to,the individuals was - ‘
possible. - | |

All experimentalbtrials were run a priori between the
hours of 10: 00 A M. and 4:30 P M to control for the usual .

period of maximum alertness for humans .

Pilot Study

After numerousutrial runs in‘which the experimental
‘_apparatus and procedureS‘were refined, a small pilot study
using'four subjects in'two-sessionsQWas accomplished. One
of the four Ss was_older'to ensure that all conditions

allowed consistent'performance throughout each'subgroup'with

‘vminimal degradation due to physiological limitations. This

 pilot data was not used in the statistical analysis of the '

v'~experimental data presented in this study.

’Performance Measures. Five performance measures were,

recorded for each task session.' The measures were, (l)
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~ Response latency °i’»i~.?a.°h. }»ic.f’v-ifi:é»‘?“'l stimuli. '('?).‘,',Cér'redtf
de."e,"‘t“"" r'ate (3)False alarn .-"‘.a_t‘e-?j (4) Background
event rate for béth:éélf49aced'ahd-yokédsubiects, (5)'T1m€
- on task in ".;“h‘i"fh‘ backg‘r‘odr‘ld event rate was changed by the =

éubject}f


http:subje.ct

- RESULTS

‘Demographic Data

‘ Forty seven out -of the forty eight subJects completed_
v'the task.. One subject (an older S yoked to an older |
rself—paced S, —o) ‘voluntarily discontinued after_
Fapproximately 2 minutes into the task. The'mean_Of_the‘
median'reaction 1atency‘SCOresxfor‘that S's group, 0-0,.

 was substituted into the data to facilitate proper

“statistical analyses.

“Descriptive Data’
"'Descriptive demographic data were obtained from each_
'volunteer. ‘Each participant‘indicated his or her sex,’age,
ocCupation,:education leVel,nhandedness, and subjective self

f‘perceptiOn‘ofvhealth.. Table l‘summarizes this'information.'

f]Experimantal Data .

Table 2 summarizes the data obtained during the 2“ task
”sessions. Figures M and 5 present these data in four’,
‘:graphical representations. For each graph each group s

:,’mean scores are presented in each time interval to |

‘illustrate not only differing group performance, but also

time . on task performance differences.

33



34

Table 1

Demographic Data Summary

Age (in years) | Handedness - Occupation

Mean  Median  Left Right Blue White Ret.
- Collar Collar

Total 43.938 43.500

6 42 13 30
Younger 25.500 25.500 4 20 5 19 --
Male 26.250 26.000 3 13 0 16 C -
Female 24.000 21.500 1 T 5 ‘3 -
Older 62.375 61.500 2 22 8 11 5
Male 62.750 61.500 1 15 1 10 5
1 7 7 1 0

Female 61.625 57.500

Subjective Health Evaluation » Highest'level of Education

Poor Fair Good Exc. H.S. Jr. Bach. Mast.
Coll. ’

Total - 1 1 25 21 11 6 24 7
Younger O 0 8 16 3 3 14 4
‘Male 0 0 5 11 0 0 12 4
Female O 0 3 5 3 3 2 0
Older 1 1 17 .5 8 3 10 . 3
Male 1 1 11 3 2 2 9 3
Female O 0 6 2 6 1 1 0



Table 2

”f Experimental Data Summary

_¥  350>,_
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11.375

10.143
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4,221
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4,714
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4,221
4,143

13.992

7141667

1Time On Task in minutes jf

2Background Event Rate
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Reaction Time in msecxi‘

False Alarms
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815,000 .083 .333 610.167 .083 :.917
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615.333 .083 .417  699.333 .000  .000
664.833 .083 .083  689.333 .333 .167.
741.333 .000 .333 717.000 .250 .250
740.500 .000 .083 ~ 807.333 .000 .667
686.833 .000 .333  820.333 .250  .500
.500 806.000 .083 '.333

oked to Younger S
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Figure y, Graphical representation of mean missed critical
-'signals and false alarms as a functlon of time on task
(ToT).
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Figure 5. Graphical representation of mean reaction time
" and event rate as a function of time on task (TOT). '
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Response Latencies’

To reduce the influence of outlying scores in thev
reaction time (RT) distribution, median RTs were computed
and utilized in all statistical RT analyses. A three-factor.
- Analysis of Variance (ANOVA) was performed on the RT data
‘vwith pacing used as a repeated measure. Table 3 summarizes
‘; the results of thiS»proceduref: As suggested by the data,_
.:thedoverall performances of the four groups were different.
5-Fundamental analysis of the main effects of age and pacing
'-on RT indicates that while the younger Ss had quicker RTs ‘
‘than‘the older.Ss, t(46) 9 496, p‘<.001 ,vtheheffect,of_th‘
.'ipacing was not significant t(46) = l 559 Further“
banalytical breakdown (collapsed over time) indicates that
| both the younger self-paced Ss had quicker RTs than older :
self—paced Ss, t(22)'— 7 448 P < 001 and younger yoked Ss
‘had quicker RTs than older yoked Ss, t(22) 6. 356, ;)(.001.
z»There was no significant difference in RT between older }
’self-paced Ss and older yoked to younger Ss and older yoked
" to younger-Ss, ‘(28) = - 958»» There was also ‘no significant
gdifference in RT differences of older self and older yoked
: subjects and RT differences of younger self and yoked Ss,“’

t(46) : .02& In addition, it is interesting to note that o

1v‘while there was no significant difference in RT between

older Ss yoked‘to_either-older'or younger_Ss, t(lO);é .010;'

the younger Ss"yoked to the older Ss had‘quicker‘RTs than
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NOVA Reaction Time Summary

"Tbééi,;fi7i,f5371590;030 j288’e,431;;i7 | R
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- Groups | 459187.475| 3|153062.492| 6.403 |

| Errorp | 1051842.125 | 44 | 23905.503 | --
Within | 3860560.480 | 240 | = -
~Pacing | 67T42.690| 1|  -- | ==

~ Time . 310097.704 | ~ 5| 62019.541 39 6031'ﬁ2

G X P .| 1481404.279 | 3] 107486.580| 5.609
GXT - | 119957.336| 15| 7997.156 | 5.107 |
‘P XT | 43238,083| 5| 8647.617| 3.803

G XP xT 1150073.333 | 15| 87267.858 | 38.377 |
- Error; ',_8u3241.o31;,~u4 19164.569 -— |

“Error, | 344529.460 | 220 | 1566.043 | --

- Errors | 500276.564 | 220 |~ 2273.984 | - "'_;”H

o um o= W

 Conclude:

OVeraliipebfcnnance:ofugch§e;wae'different‘ N
.i_The effects of pacing were not significant

. The effects‘of time were significant
.'iThere&Was a‘groups-by pacing interaction..f
;:cThereiwaaga groups~by time interaction

. _mné¢é7was’a pacing-by time interaction

g Tneretwasia groups-by pacing by time interaction




, younger Ss yoked to younger Ss, t(lO) = 2 641, p(.05
: Linear trend analysis of the effects of time on RT is

summarized in Table N Analysis of the individual effects ofv |

_'time on RT are summarized in Table 5 While the RTs

*_ (collapsed over groups) between each successive 10 minute

>'.‘time interval were not significant there was enough of a-

"»flgradual, linear increase to cause significant differenceS'

between the initial, mid,‘and final time periods.
lTherefore, a gradual increase in RTs can ‘be. realistically}

:inferred.;;

"False'Alarms‘y]»*
False alarm calculations used. computed mean scores.h'

-Due to the low number of FA scores during the task and the

':.erratic nature of the data, FA analyses involved only

rudimentary differences in means.i While there was no o
’ difference between FA of younger and older Ss, t(46) .SSé;‘
‘yoked Ss had more false alarms than self paced Ss,’ _ o
F{t(46) = 2 959, p( 010., Further analysis of this yoking

'effect indicates that the only significant difference in

- false alarms occurs when a younger S is yoked to another

;fyounger S t(lO) —,-2 494- p'(;050.v Otherwise,_there isﬂno’f

*{‘fdifference between yoked and self paced Ss.;fl

Missed Critical Signals (Misses)

'_ Missed critical signal calculations used computed mean



Table 4

ReSponse Latency Linear Trend Summary
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time on task

interaction..

Source SS ar ms P
| Withinjin 71596.855 8 -- - -
Rep. Meas. 50397.828 1]50398.828 25.648 .010
RM x agesp 5025.059 1 5025.059 2.648 | N.S.
RM x agey 2360.934 1 2360.934 1.202 N.S.
RM x agesp
x agey 5952.039 1 5952.039 3.030 .010
Erroryin 7860.039 41 1965.010 ~-— -
Time 310097.704 5162019.541 39.603 .001
Conclude:
1. RT increased linearly as time on task increased
2. There was no linear age of self-paced by time on task
interaction. v
3. There was no linear age of yoked by time on task
interaction.
4, There was a linear age bf‘self-paced by age of yoked by




i’Table'S_

‘vTime‘t-Test‘SUmmary‘

. Resultsv,

Time periods

10
10
10

‘10»

~ .10 versus

versus

versus
versus

versus

30
40

50

.

Minutes

‘Minutes
.Minufes”
Minutes

Minutes -

BRIC)

"ffNot Significant
Ct(9W)

1. 916, p < .100

2.,_42;1, p £ .020

2.998, p¢.010
3.987, p<.001

t(94)

F'ZO

20

20

20

versus

versus

versus

versus

) Minutes
Minutes'
‘Minutes

'Minutes’ :

~ Not Significant

Not Significant

_ Not Significant

-_t(94) = 2. 579, p'( 020,

———————————————'—i———-@-—’——————'——————————--—'—-‘-————-—_—-'----———— .

VerSus
| versus

0 versus

versus

versus

Minutes
Minutes

Minutes

) Minutes

Minutes

fn»Not Significanﬁ
Not Significant |
't(94) = 1. 959, p( 100,'

':niNot‘Significant

v‘“‘NétiSignificant .

versus

 Minutes

. Not Significant
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scores. Dué to the low numbers of misééd critical signal
scores during the task, missed critical signal analyses
invol?ed top level differences in meahs and linear ﬁrénd
analysis. While there wasbno difference between misses of
younger and oldér Ss,‘t(ﬂ6) = 1.559, yoked Ss had‘more
misses than self-paced Ss, t(46) = 5.106, p £.001. Further
analytical breakdown of this yoking effect 1ndicates that
yoking was a factor in all situations except when an older S
was yoked to another older S, t(46) = -2.333. All other |
situations had varying degreés of yoking‘effect.

Linear trend analysié of the effects of time on‘misses
is summarized in Table 6. While the number of misses
increased linearly asvtime on task’increased, there were no
separate age by time on task 1nteraction} However, there
was an age of self paced by age of yoked S by ﬁime on task

interaction.

Event Rate

Event rate calculations used computed mean scores. A
separate 1 between, 1 within ANOVA was performed on the
event rate.data‘ Table 7 summarizes the results of this
procedure. As‘suggested by the data, the effects of age and
time were present in addition to a time by age interaction.
Analysis of the effects of age in event rate (collapsed over
time) indicates that the younger self-paced Ss chose quicker

event rates than the older self-paced Ss, t(22) = 14.051,
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Table 6

Missed Critical Signals Linear Trend Summary

Source ss ar ms P D
Withinjip 834129 8 - - -
Rep. Meas. |~  63.788 1 63.788 | 30.980 .010
RM x agegp 2.715 1 2.715 | 1.319 N.S.
RM x agey 1.301 1 - 1.301 ‘ 1 - N.S.
RM x agegp |  74.983 1 7T4.893 | 36.373 | .005
X agey ,
Erroryyn | 8.236 b 2.059 |. -- -
Conclude:

1. Thé number.of missed critical signals increased
-1inear1y as time on task increased.

2. There was no linearvage‘of self—paéed by time on task
1ntefactioﬁ

3. There was no linear age of yoked by time on task
interaction. | ‘ ‘

4, There was a linear age of self-paced by age of yoked by

time on task interaction.



Table 7

ANOVA Event Rate Summary
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Source

- 8S

ar

ms F P

Total 115148.821 143 - - -
Between 97994.175 47 - - -
Age 50608.876 3116869.625 15.664 .001
Errory 47385.299 441 1076.939 | =-- -
Within 17154.646 96 - - -
Time 2036.231 5 407.246 2.652 .050

T x A 1449,369 2 724.685 4.719 .005
Errory 13669.046 89 153.585 - -

Conclude:

1. The effects of age were significant.

2. The effects of time were significant.

" 3. There was a time-by-age interaction.
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( 001; ‘It is interesting to'notefthat:while»there“was'nou
significant difference in event rates chosen by older ; v
self-paced Ss with either a younger or older yoked S
younger self paced Ss with younger yoked Ss chose quicker |
event rates than younger self-paced Ss with older yoked Ssy
: t(lO) s 3 623, p'( 01 Analysis of the 1ndividua1 effectsv
of time on event rates are summarized 1in Table 8. While
therevwere no significant differences in event rates
(collapsed over groups) between any -time period, the younger
self-paced Ss. chose a quicker event ratevthan'therolder ' |
self-paced Ss‘fOr every time interval.i In addition,,there
vwas no significant correlation between RT and BER (collapsed-

over all groups), r = .017, t(22) = .080.

Signal\Detection.Analysis"

Using methods outlined by Kantowitz and Sorkin (1983),
a' and the associated criterion values were calculated and
- are summariaed in Table 9. These values are also_plotted on
the'Receiver Operating‘Chanactenistic (ROC) graphs in
‘Figures'6 :7,‘and'8‘for subject'age,'TOT ‘and pacing levels;
respectively, to emphasize da' and p differences. It must be
noted however, that the ROC curves .are approximations based |
,on‘ajsingle data point. vThis was necessary because thef
bgroup diffefences,themselves were manipuiated ratherfthan
.‘ﬁhefperceptual and"responSezcbiterion values within each

group.



Table 8

Event Rate Versus Time t-Test Summary .
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Time periOdé

* “', ALl time periods
RE 10 Minutes
| 20 Minutes
30 Minutes
_40 Minutes
50 Minutes

60 Minutes

*Collapsed over all groups

Results

Not Significant

t(22)
t(22)
t(22)
t(22)

vt(22)

t(22)

2.192, p .050
2.030, p<€.100
2.223, p<€.050
2.071, p(.lOvO‘
2.587, p<.020
2.870, p< .010

**Collapsed over younger versus older groups
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f‘ Tab1e 9

-IFSignal Detection Theory, d' Summary

Younger Ssa”ﬁ i'Older'Ss

.035

| ;Lé 1051/1160 % 906; 7 : ;{‘ ='952/1o56 = .902
p(Miss) = 109/1160 = .094  p(Miss) = 104/1056 = .099
p(FA) = =30/1160 = 5026~; ~p(FA) = 4271056 = .042
T ¥e =1.95 oy = 1,75 |
d' = 3.27 | o d''= 3.02
Pacinguievel ’t
| Self-Paced S5 Yoked Ss
p(Hit) = 1049/1108 = .9u7 p(Hit),,= 954/1108 = .861
p(Miss) = 59/1108 = .053  p(Miss) = 154/1108 = .139
p(FA) = 33/1108 = .030 .p(FA) = .39/1108 =
Yo = 1.90 C - Yeo= 1.82 0 -
d' =.3.51 ‘ 4. = 2.88
Time'qh’Task‘:,‘ | |
: 10 Mihutes' ' o 20 Minutes
p(HIt) = 24/31 = 774  p(Hit) = 29/34 = = .853
p(Miss) = 7/31 = = .226: p(Miss) = 5/34 = 147
~ p(FA) = =5 2/31 . = ,065  p(FA) = 3/34 = .,088 .
) y? ="1. 52_'\} B L Sy =138 T :
30 Minutes a " , 40 Minutes
f»(Hit), = 21/32"‘ = .656 p(Hit) = 23/31 = LThH2
. p(Miss) = 11/32 = 344 p(Miss) = 8/31 = .258
- p(FA) = 2/32 - = .063 p(FA) = 1/31 =,032
y? = 1.54 . = \ y9-= 1.85 |
a’ = 1.91 a¥ = 2.53
50 Minutes 60 Minutes =
p(Hit)'f= 2o/29 | = .690 p(Hit).]= 11/29 = .379
p(Miss) = 9/29 = .310  p(Miss) = 18/29 = .621
p(FA)  =.3/29 = .077 -~ p(FA) = L/29 = .138 .
Yo = 1.28 5 Do Ve = 1.04 : S
af = 1.77 a’ = 1.06
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Younger O

Older ¢

100

Correct

Detection g
(Hit)
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- Figure 6. Receiver Operating Characteristic (ROC) for age.



Self-paced [
Yoked

100

Correct
Detection 4o
(Hit)
Rate 40
(%)

0 . . . . . . R 5

T T T T T T

0 10 20 30 40 50 60 70 80 90 100

False Alarm Rate
(%)

Figure T. Recelver Operating Characteristic (ROC) for
pacing (self-paced versus yoked).
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Figure 8 Receiver Operating Characteristic (ROC) for

"Time On Task (TOT)



=T;SDISCUs310N'f:f‘
By concentrating on specific aspects of age-relatedl?fz'h
differences in vigilance performance, this study hasf o

“ihfacilitated understanding of an important aspect Of,‘c'

| ”vhuman—machine interaction, allowing specific systems

v_ concepts and designs to incorporate the psychological

criteria that results from this research By identifying

- various age related factors that affect vigilance such as

*ftemporal uncertainty, d-v and B the likelihood of a e
b.deficiency in vigilance can ‘be reduced.v Since Decision o
‘Theory statistical techniques were applied to this data,1J
‘any influences to d' and P differences apply only in support
Lof past literature and are intended to emphasize
”theoretical trends and observations inherent in this study o

'only.;"

»Hypothesesd

‘Main Effects

ftfgi:l, «Past[research has overwhelminglyvdemonstrated thathh |
]older*indiViduals*have consistently 1ower performance |
during vigilance tasks.g The present study partially

;;verifies these findings while adding other dimensions to i

”'nthis phenomenon., Overall, older Ss had longer RTs than

52
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:_ their younger counterparts. Their}response times collapsed::'f
. through all groups were longer by 155 569 msec, which
represented a 26 593% increase over their younger' .
‘counterparts. ' While not signifying differences in d' andg
| taken alone, the RT differences do lend support for this ‘
‘occurrence.‘bIn addition, while 1t Was hypothesized that‘_ﬁ*m
'i_older Ss would have fewer missed critical signals and FAs,,
there was in fact no significant difference. While the B
'actual numbers for misses and FAs were small older subjects
. had 4 M91% fewer misses and 40. 384% more false alarms,,'
neither value statistically significant.» There was also
,only an 8. 278% increase in d"of older Ss over younger Ss. :,«f
’Thus, if any specific age related differences in d' and g?
‘are to be inferred it must be on the basis of RT
.»differences alone, a conclusion that is very tenuous at best
“and is- contrary to past literature methodologies and |

1‘;results.’n

“iII " The effect of pacing on vigilance performance, '
‘while not total,»is strong. Nonetheless, the effect of .
pacing on RT alone was not a significant factor in this“
";study. The RTs of both self-paced and yoked Ss were

fapproximately the same. Yoked subjects had an increase of
:honly b, 739% in responsevlatency, a difference that is not’
»statistically significant and not supportive of d' and F

' differences.- However, the effect of pacing on missed
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‘critical signals and false alarms was significant with

: self—paced subjects having fewer misses and FAs than yoked
rsubjects. Yoked subjects had a statistically significant
71043.902%”increase in misses and azstatistlcally significant

117. 865% increase.in FAs;‘ But the’vast‘differences in“

- missed critical signals suggest a’ very strong effect for

‘pacing.. This conclusion is further reinforced by the; »
21. 875% increase in the d"of self—paced Ss over yoked Ss.
}"Taking the above findings together, it can be confidently
inferred that self-pacing does in fact benefit vigilance |

performance by affecting dar and ﬁ

III. In keeping with past research findings, RT
'klatencies increased as time on task increased. As stated
' j}ea,.rl.ier, _this suggests a gradual decline in d' and p
'There was a difference in RT between 10 minutes TOT and 60
| minutes TOT of 102, 500‘msec.‘ This represents a 116 838%
v_increase in RT suggesting a. strong time effect.: There was '
also a 200 00% increase in FAs and a 276 836% increase in
“misses from 10 to 60 minutes TOT both statistically | v
.;significant.- Again,xdetection theory analysis adds further‘v
ft;support. There was a 17. 672% d' degradation between 10 and -
*T60 minutes TOT a 1arger Mh 503% d' degradation between 30

{*tand 60 minutes TOT and a substantial 5& 310% da' degradationlb

_ }between 10 and’ 60 minutes TOT Taken together, these

”findings,are a,very.strong indication that as TOT increases,
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4" and ’Bdramatically decline.

':Interactions ‘ e e
| IV., Contrary to what was‘postulated :self-pacing did
not improve or degrade older Ss' response latencies.n"

- ,.Therefore, there was no RT 1mpact on 4' or. P manlfested
Athrough pacing.‘ However, it is interesting to note that
while FAs for older Ss were not a factor,_self—pacing did
Zjlower misses for older self—paced subjects, but not as much:s
‘ asvfor younger self—paced Ss,’ Yoked older subjects had a g'
'1&7 603% increaSe in misses'yersus self-paced older Ss. |

- While this is significant in its own right yoked L

' younger subjects had a 541. 525% increase over their
,'self—paced younger counterparts.u The opposite of what was
-Mhypothesized is indicated by these results.g'That is, |
”jyounger subjects benefited more from self pacing than older,"
subjects, While d' and ﬁ are improved for both older and
:younger Ss, younger Ss realized a much larger gain, ' |
xsuggesting that older Ss' d' and B are much more stable. ”It
s~could also signify that the effects of age and pacing areio
interacting such that younger Ss do well if they can either

control BER or are . given a slower BER

”WLV. Response 1atencies, misses, and FAs degraded at
approximately the same rates for all subjects regardless of-u
ffage. Thus, no age effect was present for TOT performance

"j degradations, contrary to the literature. f"



S VIL AS postulated :Oldéf"SSVHidychoose a slower ,ji*
_background event rate than their younger counterparts. Thisr

}‘lends support that there is a d' difference between older

| and younger Ss and decreasing the event rate compensates forafff‘v

‘this difference. But this conclusion is tenuous when takingx

l'yinto account the difference in BERs chosen by younger

””self-paced Ss with younger or older Ss. While no subject

v».was conscientiously aware of the yoking scenario,‘there may .

. 'have been an unconscious component.' However, older .
'self-paced Ss did not show any differences, and thus no

}R‘gother explanation can be offered for this difference.df

F-VII. Even though there was a significant difference in

o BER between younger and older Ss, there was no time effect

;on BER It stayed relatively constant.v While fluctuations :

:ffﬁwere present they occurred at random. Thus Ss may have

s'compensated for d' degradation at random intervals by merely

l»changing BER not increasing or 1owering it |
VIII;, Since there was no RT significance with respect to 3
fpage and pacing, there should also be no additional timei: r |

éinfluence._ Therefore, d' and ’3 decrements are not present

»f7in the RT data.‘ However, older,-self-paced subJects"missest

“'fdid benefit more as TOT increased than did younger

ﬂhﬂgself-paced subjects., Their improvement was 152 439% greaterf

”ﬂh*than their younger self—paced counterparts.u This strongly




'1suggests that self pacing manifested over time benefits

older Ss more than younger Ss during a vigilance task

IX.F Unlike VIII above, low BERs and self pacing did c@~

‘ not benefit older Ss with respect to any performance

measure. While both older and younger yoked Ss had
‘improvements in missed critical signals from fast to slow
BERSs (169 375%and 124 211%, respectively), these |

"improvements themselves were not statistically different.

This suggests that while BER plays a large role in vigilance
performance by affecting the d' decrement, that affect does

-not have an agefrelated dimension.

Theoretical Implications

| This research investigation has bolstered results of
past efforts, refuted others,‘and added some interesting
dimensions of its‘ownr The findings that age did not have
an overwhelming effect on vigilance performance aside from
RT differences tends to partially contradict Davies and
Davie' s‘(l975), Czaja.and Druryfs (1981), and Harkin s
"(1974) findings‘of degraded execution in all‘performance
regimes with increasing age.‘ This may'be due to factors
finherent with this study.

First the a’ priori age categorizations (18-38 and

53 76 years of age, respectively) may not have had enough

[iage difference to allow marked performance differences.
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However, the age categories reasonably reflect those older
ages that will comprise the future work force pool
'additions. This aspect of the study was very important to
preserve. vAlso, the cohort effects of the older age groups
'may have contained a’ large percentage of retired or

’ separated military personnel in which.case.psychomotor‘"
’vbiases may have been elevated. Unfortunately, this data ‘was.
‘”not requested in the subject consent forms.

Second,»the structure of the task itself hopefully had e

a large influence 1n the results. As Parasuraman (1984)

states, task complexity has a profound 1mpact on B and
especially d' This study s task was designed to be

‘ extremely simple, with no complex search patterns or
sophisticated responding modalities.‘ This was done:to _
‘negate the possible effect theorized by Welford.(19815’thatv:“
older people apply excessive amounts of attention to the ‘
vresponding aspect of such tasks.v They could therefore |
concentrate on the«task itself Thus, this study s
‘-findings seem to reinforce the 1mplications of his,ﬂ:ffb

hypothesis that large, age related vigilance decrements ;

found in both past research and operational settings are due

. primarily to this responding affect and not to the nature of

. signal detection or response motivational effects. This is

significant because previous widespread opinion is that

-decrements found in older,persons'.performance were due to
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perceptual and‘motorZdegradations-;-While°these are no»doupt‘,
partially true, the response mode appears to also be o
extremely important to vigilance performance.
‘ Thirdly, the visual display configuration had a very v";v
high v1sual contrast ratio and was very simple in |
composition.o By.doing this,,d' was artifically raised for’
‘all age groups. Since RTs were longer for older Ss and
misses and FAs were the same, two concepts are subsequently
strengthened.. Younger Ss' RTs represented the baseline
(best case) physical response capability of humans and the
" RT decrement of older Ssvwas:in~fact due tozage-related
psyéhomot-or. capabi»lity' decline. In addition, d'-and B ,
the true meaSuresLOf interest,‘remained approiimately equal
throughout differing ages,}as evidenced by eduivalent misses
’ andvFA rates‘during all’time periods. Therefore, it can be
‘argued ‘that both the widespread premise of age related
“psychomotor motor degradation and Welford's concept of older
| Ss excessive responding attention both impacting vigilancev
. performance are supported.
, Related to this same notion, the 1ack of age-related
performance differences in this study may manifest Kochnar s
‘3(1979) concept that people age at differing rates.. If thef
‘fage categorizations opted for in this study were not s
differentiated enough, . this phenomenonvwould.tend to obscure:f

any differences.' Nevertheless, as stated.previouSly,'the'
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!ageswwere chosen to sample futur fadditions to the total
‘worker pool that have been forecast in the 1iterature.,ff
o - While age did not prove to be as big a factor as: -
'i'originally theorized, the effect of pacing did.inTheyiu7‘
“ﬁfindings of this study partially support previous findings
l“such as Eskew and Riche (1984) who found that pacing

‘ dramatically affected d' and p 1 The 1000%—p1us increase in]v

.”ffmisses of yoked Ss versus self—paced Ss. support this notion

ncompletely, as well as the same findings of Drury, Morawski R
"’Tand Tsao s (1979) computer printout inspection task.; By‘ _;. f:7

' 'these interpretations, both ﬁ and d'_ are strongly

rff‘influenced.i The findings of this study also support‘;tiu“7’ﬁ‘

v-g_*GrandJean s (1979) and McFarling and Heimstra s (1975)

‘"conclusions that boredOmiand fatigue are reduced by self
‘k pacing, again suggesting an elevated d"and p as compared
e to yoked subgects.ﬂrpf”*finhl‘_ ; ify'_” | ,M__v“ |
e Finally, the theory that older people have an g:,fﬁ"uvy
it‘gage related d' decrement at least as an initial baseline was;'

ﬁpsupported by the fact that they choseaslower BERs than theirfffcf,

";Thpyounger counterparts.; By lowering thegBERr Ss increase the jyf-5

7fftime to detect critical signals, thus elevating d"andv..'

Atheoretically, decreasing it's timf-associated decline. z‘;,f

b‘ftffcourse, theulack of“widespread performance differences

'}”'?fjthroughout~TOT\discounts any differences during task

lﬁjexecution

It would appear that while'older”people may haveb




"ufthe task

‘_1;*61,2 o

Tﬁ]an initial d' decrement ‘they compensated by lowering BER
'fthus effectively elevating their d' to the approximate levelf;

xhyof their younger counterparts and maintaining it throughout

Taken together, these findings and their assoc1ated'ff”'v

:5.implications confirm Davie s and Parasuranan s (1982)

["vigilance task taxonomic analysis and the need for

7multi theory vigilance analyses (Warm, 1985) Their
_‘dichotomized task classifications of fast () 24 |
' events/minute) and slow (4-24 events/minute) allows this‘v

gvstudy s task to approximate either catagory, depending -on

"»,the BER chosen by the self-paced S While Davies and

: Parasuraman chose 24 events/minute as a. cutoff limitation;"
figure, an argument can be made for differing values of
levents/minute depending on task configuration (Weiner, 1977,
‘Monty, 1973) : Nevertheless, the results of this study
jsupport their observation that the vigilance decrements
reflected a d' deterioration for fast signals while an |

. increase inﬂ is reflected in the slower BERs.

Practical Implications

As with any system, poor vigilance performance
impinging on: the accomplishment of prolonged operational
l'missions in both the private and government sectors .can and
f‘will arise if the duties and hardware are deficient in their

'configuration. This study reinforces this concept with
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’regards to the age ‘and pacing dimensions and considers these~
as critical features of work elements that can be controlled,
 as part of task and hardware design.

Two elements of v1gilance performance are important

= from a practical point of view, the vigilance decrement or.”‘J‘

‘the decline in target detection rate 0ver time;‘andvthe,"
.level of vigilance, or the overall detection rate. The |
'level of vigilance varies directly with arousal changes

e‘_induced internally through boredom or externally through

- environmental distractions.‘ Variations in the person's

: decision criterion affect time related vigilance performancev
ichanges.f Criterion changes are associated with and can be |
interpreted as reflecting changes in critical signal

’ _expectancy. A taxonomic analysis of vigilance tasks shows
'that sensitivity decrements are consistent when-tasks share
demand. Thus, for a range of vigilance tasks,gindividual
”differences in performance are not consistent but are

task type specific, where the taxonomy describes the various.
-task types. S - o .

' For the human factors engineer or corporate/agency
x’decision maker, this has important ramifications._ If older
:»lpeople are to be effectively integrated into evolving
i monitoring task situations, their capabilities must

pinfluence system configuration. First ‘the system should bev

_‘configured so that increased response latency will not cause
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icatastrophic system failure or mission degradation.,_Second,x
while machine pacing is necessary in many systems," |
"‘self-pacing is preferable if the detection and false alarm
'»rates must be tightly controlled and minimized.' While |
' hypothesizedvotherwise, the age related aspect of this
i’fvariable was not significant in this study.; Therefore,
”older people may integrate better into the system if machine:
v.‘pacing is required due to their less substantial performancep
,decline when yoked than their younger counterparts.} Third
’fthe event rate should be variable S0 older monitors can
"compensate for their-initial d' decrement and the associated'
.time related decrement by at least changing BER Finally,
‘the specific design of the displays and - response modalities‘.r
v>are most crucial to the performance of older monitors and
should have high discriminability and ease of execution.
‘While the capabilities of younger monitors may compensate“‘d‘
.for low signal/noise ratios and complicated responding,__"
'older monitors will encounter 1ower performance which may
,prove unsatisfactory. o | | |
>>‘ In summary, future vigilance paradigms with older
_'monitors should have displays with high signal/noise ratios,'
esimple response modalities, variable event rates, involve
‘“f self—pacing,.and incorporate response modalities that are L

: not critically reliant on- reaction time.vf“

| Directions:for,FurtherfReSearchg~

bThe‘current study has illustrated_the‘importancefdf
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designing systems to account for performance differences
inherent with differing ages. However, as with all areas of
endeavor, additional research can be accomplished to further
refine 1ts knowledge base. One area open for futher study
is the modification of pérceptual and response variables
with resbect to age. The 1néorporation of machine paciling
could create some very elegant manipulations of these
variables. For example, the BER, S/N ratio, and display
contrast ratio could be modified singly or as a mathematical
fuhction according to miss, FA, and RT performance changes
during time on task.

Another potential direction is to investigate the
cohort influences on sustained performance. Identifying
various cohort effects could have important ramifications on
system design of vigilance-type scenarios. This same
concept could be applied to also in?estigate personality
influences on sustained performance

Finally, further research on the specific impact of‘B R
d' and aging on vigilance is neéded. Data gathered‘by
varying ﬁ and d' during TOT would shed further light on the
system configuration design criterié for a multi-age user

population.
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Start Time : :
Stop Time : :
Response Only Response & Control
I.D. I.D.
RT FA RT FA RT FA RT FA




Appendix B: Computer Command Listing of
Main Operating Program '
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c%@mw L e T L S
CBUPRINT IS;MONO'
R R e
15 B = 49664:A = 49327

S

(=)}

'30‘ DATA ,,,y.,),,,,)y.p'vib,j’{}sya359;19’vogiyyo,s}y’poliﬁsg§9)f1:gt’o

Q’,1119q1yv;o,i))’vys’99v999’)999”s’9999v:»:?os:ot!ngtm’)i'
yigttn”’i’vtpristoj;tayytvsi9’)’9ys9it9o)o:ov’glto)iot}t!;t:Q;f))!t
t9)olptyono'tyyqa){v'9»”’9’1{’161-

33“:DATA :’-oo’-9:;o’nb’s}v!9’9’o{1r9931!)oi}i{}goy;;z}i’o{

'J[’999’0!i”’?r')’0”19f”)9’!fl’fl"’i)!f’!!'9’319"”“ 159999990y

,,vl)v!!’)’9.9}")'1)_)')'9‘12099_'§!)s9'9’3t’v’_’115.')’v)!.’)"9‘9,9’9"999'9"59',)9’)’1v

R R R R I N R IR I I I I I I ST,

35 - DATA ro;t:vor”1)91)9r,9vo(oyy19’,r3;ii9}1os,9s9yovv)i’:ooinosrja’,1g~
'i:"'})"'91”1v’f’9,19’9’91‘1"l"!l!’Y)"!1’,”)'99"”9’!!»97’1‘!?)"1)9"’9)1’1‘!!”’"1‘)’

. R ) Co el 1 S -
”‘9’!"9),’1913.!,1,!'9-999“’!_’,!!’)1?'9”’!"’[”!?)’"iv‘iill”’!’»Y)!’»l"’,'
’99)?"’,9!,919"'1’."”4");!”"!'1!!9’[9

v38‘,DATA :’s’op,s’n1v”99}’)»'191r1v:)9999”’9’aarpy)))os}7o)»y’s;”s11’
b,otov90)119;19f§t9{9t{’”!ia)i»vvsvoooytoygro’919’3:1’syyvo9’i9911i

,1’o'vv’i)iljgvriyiralp1ys{rryr;ivolycos9vao:t”31[13”191yar1,11s9,

40 DATA , s

Y

RN EN
IXEXE)

42 DATA

SO TETS
R

» yin vy
45 DATA
Vonis




52

55

&0

62

&3

AT A
QQ‘QGD
95692
$3889%
DaTa
ABYRP

29383

[ ]

DATA

0'9!)‘?
LI B
P9833
BATA
LR R R
LI
Pyrasy
DATA
.';3!
§9039%
LA
DATA
$ 3090
zrre e

3“039

DaT4
[XERE
898
[EERN]
DATA
| R RN
[ R EE
LI 2 2 ]

DATA

$ 2P0

§

?

s

@

LR

TE LD

LR

LI 2

?

38

@
@

-
@

s
@

w
-

?2

92

# @

AR EREEEEREERE]

I AR EREREEERENENES]

(A EREEEEERERE]

EEAEEEEEEEEERR]

dssssransiss

—sﬁ*salnwwasv

#2229 0909 0P

19!953?3339t39
(AR ERESEERE]
3eaagotisaessa

Y25 IPRYTIQLED

1’?333!!9&9?99?,

225599299095 %

2993306995208 ¢

tEE SRR EREREEEENE

SEIBDEIIRGOY LS
IR R E RN ERERE]

(R AR EEEREREEN]
RS A REARESR RN R
$EVPIETNIINIPDDYE IR

PVEISFIRRIYY

®
b

329892395993 29 6%
73"30"?1P?35
Yes e e es e

$99 52058 B S RSP
as&#ﬁs}s@us@ma
$3IFS 29992998 5D
$30899aDs 008

PEFI9992280980 2
3929009939989 90

LE R A EEEEEREEK

%
“

(EEEEREEEEEN]

w
=

5805900

239293959090 22

203%9

AR

#8385

IR EAEEE R RN

2805053088

L2 ]

¥

L]

89

¥y

298

e

29

&%

PEDE

FE R

LA

a8

34

789

<

?

§

~o

ee?

v

®
@
o

B8
9

(2]

P9
28

8

9%

39

L 4

29

Y
P

E]

]

8

]

3

69

EEEEEERAEE

R E R R TN XN

328239899

(A X SRR ENEN
POFEISRIY

5095936898

$60c820%e
N EEE R R

X TR EEEE)

$3630 9988

%usaﬁgﬁaa



g,

[ M-
o

et
fon]

Fooad
i~

o

Bt
o

o

!‘L‘&BEG\#SCSBﬁfi'WS*Siéﬁﬁ9?#09“2%1‘9@50’?10$’@&7PBi’v%ﬁv?3?0!9&8?3?9?%#3‘!95
£ 9 FF VTP EEEEETINLOEYEAEIFIEODOEREUDE
z}‘%?ﬁ ?&?ﬁ!‘t‘@?ﬁaﬁ%a%?wﬂﬂi‘ﬂ?*&#ﬁ‘ﬁ?iﬁ?‘ﬂ-?ﬁt‘ﬁzb§v0-9;9%5’9&99@*!1@@&55!}’65

Wﬂvﬂﬁi‘iw%f&”%ﬁ#ﬁfﬁﬁ¢¢93&93?¥$W9F§B%@ﬁi‘ﬁiﬁ%!&ﬁﬂﬁﬁ

2
-
*
-
Y
<@
-
@
a
-
Y

X EEEEEEE]

)
5
-
o
£

SEVFEICFRUORER LD ‘?_Qﬂ&ﬁ@@ﬂ&&ﬂﬁ@!’?!’t\‘ézﬁQi&ﬁbﬂéi@\???l06#99?@8’9'&509?

BREENETERBEOLDEBOIRPOPROOFCEOEGIONED
DATA :
& S%?F%ﬂkkﬁ@?????%‘@@9%&’!9&9@’0#?‘»!&?'&‘5ﬁﬁﬁﬁi&ﬁt‘ﬁﬂ#@@'ﬁﬁﬂ9‘5@9%‘3%0?!@&%‘&

E&“f&"ﬁa}ﬁ?ﬁi}'iﬂvﬂ!)5;’4@.’,‘wEyfﬁtt%’ﬁ!‘@%%ﬁfﬁ'ﬁﬁ@?ﬂ@ﬁﬁ&ﬁ5&@93#8?93'9‘&@‘9@@@E-S‘fﬂtft?lf

L A R 2 B 2 O O N N RN N 2 NI O N )

ﬁlﬂ?é AR AREREEAEEE R

»

-

QQQF%E&D?WSFQQG’GBﬁﬁi‘ﬂ&ﬁ"@‘t%??ﬁﬁ@&@?t?ﬁ?fi%eﬁf@f’
FEEE BB EE P TFR RO LT RN ORI BB DN P B e OB O PR RO P E 00 E B0 EEE
@2&$9’[’$%ﬁ€@96§?5’§ﬁK&.ﬁi@ﬁi‘»‘sﬁfﬂﬁﬂlfﬁﬁ?tl!'Eﬁﬁ@t:@l#ﬁ?@@ﬁﬁ!ﬁ@&ﬁ'ﬁﬂﬂﬁﬁﬁﬁk(ﬁ’f?ﬁ
BEEF SO HEIERPREPEPRLCERESCQOER YRS Y

DaTA vl

ol (A A AR AR A R A R RS R A A A A AR R R R N N Y R N RN R R R

9?{"?!i’@#ﬁﬁ??@?t!’iSf!&9053&#1%%#6@?‘7‘309?ﬁ_vaﬂf@ssgvﬁl‘@evﬁfﬁﬁvvﬁﬁﬁﬁﬂﬂlﬁﬁ‘

ool

ﬁ?vﬂﬁﬂt#v!r,ﬂﬁ@!#?i&??vﬁ&iﬁ&ﬂ?5‘5‘539&5?393999'8’9&#‘?&\?&993905?

FPREECTEIREY

-
-
@
-
Y
-
@
£
=
4
@
S
)
@
-
-
@
N
-
e
@
-

El

w!‘{fﬂ*ﬁiYﬁﬂﬂﬁﬁﬂﬁﬁ‘l‘{!’ﬁE’ﬁ‘i!!&ﬂﬁ!f?i?!llf&’i?&'S?iii‘!!ﬁﬁﬁ?

2
e
=3
=N

@

-

i

*

»

£

)

@

e

£

«

w

-

@
B
-

-

0»?&?9t?ﬁ@!ﬁi§¥??9§§'r‘r?tﬁ'liﬁ?ftiv?ﬁ’?!‘!ﬁvG&QQIQ*}‘?’Q&QP!f‘.ﬁ{?ﬁ!65935599‘3

£
e
.
@
L@
B
-
«©
@
-
-
@
-
-
-
-
-
-
o

-
-
3

%ii!ﬁﬁf&ﬁﬁ@vﬁ‘”’f&f}ﬁ%&E??ﬁ!‘&ﬂﬂ%?l‘&!E!EB!??&F}J_?'

A AR RN EEEEE

@
a2
-
«
L]
<@
“
o3
£
.
-
@
-
-
-
w
-
=
o
o
o

4
o
e
=
-
”
-
-
-
-
o
-
-
-
-
kol
=
o
3
o

zﬁﬁ?i‘ﬁﬁ99@@ﬁ$339¢5‘§lﬁ80ﬁ€ﬁ‘}‘«‘??gbt}r&a!!99!’93&#!9.

958!5‘5!35&‘8"30395’!99?91#2&&?&ﬁiﬁﬁﬁ%ﬁ%@?ﬂ#?&”!‘??

-

LR B R AR EEEEEEEEEEEENEN]

Qsﬂiﬁﬂ’i’ﬁﬁﬁiﬁeﬁﬁbsﬁﬁ'ﬁﬁ

L

BENBEECRORIRIBS S E Y PG EF LB ROV EFEB E ST BGROREESD

fFELETEHET PEEEEBFOITT R

295
Qﬁ‘ﬁ; ¢sbrhedeseiy

L
“»
kd
L
-
"
-
)
£

Pt
-
=
"

-
L
o
w

smewvmsmﬁskunas@gﬁnumeﬂwwwwvne;
escﬁ@@%%'ﬁﬁ!&ﬂ%’&iiE9'9‘39{%9%&&'@9@‘&?‘#ﬂﬁﬁﬁﬂtﬁwlﬁtt.ﬁlf'%eisvaﬁﬁ&D!sis‘a!s‘ﬁ?ﬁﬁv
afv'.b*sservissvyMaﬁ%tcv19vr¢vvrvﬁm?sn€¢9wct*fsvvfsﬁﬁieﬁsaqwbsvae»z-twvz'e

FOHE KL IO RESOVIEEE P IR BIRRCEVEYEERT

DATA 2
PCYE 4,00 GOSUB 5000
FLUT 2,10 GOSUB 3000
POVE &,3: GNIUE 5000
READ D: IF D = ] GOTO 190



170 IF D = 2 GOTO 999
180 €OTO 405
190 PRINT DS:"WRITE";AS .
200 POKE A,15:C = C + 1: GOSUB 5000
201 PRINT ":": GOTO 100 |
05 ?&?%T D§;"WRITE"1AS
410§ = PEEK (B)
418 TIPS w O THEN @@&m
420 IF S e ) THEN GOTO 513
425 IF S e 2 THEN GOTO 526
500 P s P: PRINT "% coTo sﬁa'~” .

519 GOSUB 7500

520 p = P+ 5: PRINT "-": Q0T xaa

824 GOSUR 7000

825 P = P - S: PRINT "a": mwsm

998 Fﬁiﬁ? D$;"CLOSE™;A8

'&@a@ %a@ I=1 Tﬁ 10000: P@Iﬁ? ey ﬁgx? 1

5005 RETURN .

6000 REM DaTA FILE
6010 D$ = "": REM CTRL D
6020 PRINT D§;“OPEN";A$

6030 RETURN ;
7000 IF P . 90 THEN GOTO 7705
7100 RETURN SRR
7200 PRINT "(+)":P a @5:_&5???&
7500 IF P > 200 THER GOTO 7300
7600 REITUIN 'i: |

7700 FRinI - RETURN

9999 END o



Appendix C: Computer Command Listing of
Data Access/Format Program.



" LOAD DATA
CLIST -

1 ONERR ccmo 60

2§ =

ST

~ 8 PRINT D$;"MON L

‘1101
15

INPUT "FILE NAME "y iF$

" 20 DS = "M FIM. CTRL D

30
40

50

52

g LOO
"‘OOO

1002

2

1004

1006

6
1008
1010

1012 ¢
1014
1016 .

©R#3

zPRINT Ds; ;"OPEN"; iF$

PRINT D$ "READ" F$
FOR I = 1 TO T
GET L$

1 G0SUB 1000
NEXT I -

PRINT D$; "CLOSE" F$

PRINT ;-“RINT "END OF DATA" o

END

0

CIF LS = "+" THEN GOTO 101

4

IF L$ = "-" THEN GOTO 101

RETURN =~

 PRINT SILPP RETURN

PRINT ":";: RETURN
PRINT "+";: RETURN
PRINT "-";: RETURN

s

IF LS~'*"." THEN,”C0T0,101’;333“4

IF L$ = ":" THEN GOTO 101.



Appendix D: Computer Command Listing of
Data Printing Program



ILOAD PRINT

ILIsT

5P w )
10 CNER% GOTG 270
20 8 = 860,00

30D = CHRES (13) + CHRS (&)

35 FRINT B§"FPRA3™
40 DIM Z8${300),F$,C%,0%,H3,L8,B

50 INPUT "FILE NAME  ";F$ |
&0 INPUT "INPLT SOURCE DRIVE ";G8%
BOFS =" " & F3

90 03 = F§ + "i7

100 68 = ", ¢ 03

120 PRINT D3;"OPEN";F5;C$

150 PRINT D$;"READ™;F$

160 FOR T = } 0 300

170 FOR R = 1 TO 80

180 GET L3

o0 IF LS = ", THEY GOTO 230
200 3F Le = "." THEN GOTO 50U
210 IF L§ = "-" THEN GOTD 800
220 IF LS = "™:" THEN GOTO 1000

230 25(T) = Z5{T) + "."
240 NEAT R

250 F =P+ 1

260 WEIT T

270 PRINT D$;"CLOSE™;F$
280 SUTO 2000

300 4 = 4 % 1,035

505 IF A > 130.9725 THEN A = A / 1,05
310 Z3(T) = 28(T) + "+"
520 GOTO 240

00 4 = A/ 1.05



#05 IF & ¢ 45,4759 THEN A = 4 ® §,03
610 23(T) = Z3(T) + ™"

$30 ©GOTO 240

100G 25(T) = Z8(T) + "7

N T s A/ 100

03 FORQ s 1 T3

1042 E o« INT (B

1050 L3 = 13 5 CHR3 {E + 48)

160 8 e (B - E} 2 10:0

1070 NEXT O

100 E =

119 L8 =

1130 RExT Q

112) FR Q=170 8

1150 IF R = BO THEN 60SUB 1300
160 R = R & 1 |
1185 LET M$ = WID§ (13,0.1)

1170 2807} = 28(T) + M2
1180 ¥EXT Q
1180 GOT0 240
1505 T = T+
1510 R = O
325 F = Pl

[ 1
.
0
o
)

e ]
s
=
i

Py m g e §F e 1»-" ~ g-r‘nr-nﬁ -~ . e
2000 PRINT "ENTER 757 FOR SUREEN DISPLAY OR

1013 FRINT 'R FOR PRINTER”
2013 GET i |

2020 1F 1§ = "S" THEN GOTO 2100
37 IF LS = TP THEN $OTO 2200
2013 GOTC 2015

21

Bee
k]

OF = P ol



2105 FORQ=1TOP
2110 PRINT Z3(Q)
2120 NEET @

2130 END

0 % = 54,0

205F « P gl

IR =P/ S |

2200 IF R < = 1,0 THEN GOTO 2500

2230 P = P - § '

22UDE = S |

2245 PRINT DS"PR4L™

2250 COSUB 2300

2260 PRINT ¢ PRINT 5 PRINT : PRINT : PRINT : PRINT : PRINT :
s FPRINT ¢« PRINT . TRYNT

2

Ly

r-

o)

2565 PRINT DY, PRs2
2270 HOME | - |
2271 PRINT "CHANGE PAPER IN PRINTER 4ND PRESS *1'"

2272 CET 1§

2250 GOTO 2210
2300 FOR Q =1 TO R
2310 TRINT Z3(B)
2320 % = B 4

2325 NEXT Q

232 GITURY

2007 = P

251G TRINT D$"PRA1"

2520 GOSUB 2300
2530 PRINT D$;"PR#3"
2360 XD

77



Appendix E: Instructions to Subjects
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Thank you very much for participating in this research. Theupurpose if it
1is to investigate sustained attention on a task to improve equipment design.r’

~ For the response 'AND rate control subject._

In front of you is a telegraph key and a llghted display which has three 1ighted
blocks. These blocks will flash in succession. Generally, only two lights
‘will-flash on each trial. However, every now and’ then, all three will flash
Your task is to rest your index . finger on the dot in front of the key and
.respond as fast as you can by pressing the. key when all three llghts flash. It
is very important that you rest your finger on: ‘the dot when you're not ’
responding. Also, every great now and again, the lights will temporarily

- freeze. Pay no attention to this. 1In addition, you have a control box in front
of you which can regulate how fast or slow ‘the lights flash. Change this rate.
at any time you want during the task to any speed you want. Just hold down
‘either sw1tch and the rate speeds up or slows down w1th each presentation.:

~ You w1ll first do al minute practice se331on and then the actual session whlch
lasts approximatley 1 hour. While ‘this may seem like a long time, the results
are very important. - Please work your hardest on this task. I will end this
experiment when the hour is up. At the end of the task, you will be fully
debriefed. Do you have any questions I can answer?...If you have a watch I
‘need to hold it dur1ng the task., = = - . -

rniFor the response subject only

- In front of you is a telegraph key and a llghted display wh1ch has three 11ghted

blocks. These blocks will flash in succes31on.» Generally, only two lights

S will flash on each trial. However, every now and then,‘all three will flash.
Your task is to rest your index finger on the dot in front of -the key and. ,
respond as fast as you can by pressing the . key when all three llghts flash. It
is very important that you rest your flnger on the dot when you're not ’
responding. Also, every. great -now and - again, the 1ights will temporarlly
freeze.' Pay no attention to this. : :

You will first do a 1 minute practice sess1on and then the actual session which
‘lasts approximately 1 hour. While this may seem like a long time, the results
"~ are very important. Please work -your: hardest on this task. I will end this
Aexperiment when the hour is up.: At the .end of the task, you will be fully
debriefed. Do you have any questions I can answer eeoIf you have a watch I
need to hold it during the task.nv, o f :



Appendix F: Consent Form



81

~ My name is Jack D. Mohney.' " As a Master' s student at Callfornia State_
University, San . ‘Bernardino, I am gathering data that is directly related to my
professional and educational pursuits. Therefore, I am respectlvely soliciting
-your ‘help and cooperation in part1c1pating in an hour long monitoring task. -
Your contribution to my research will be very much appreciated as well as
entitling you to a summary of my findings as soon as they are available. - Your
participation is strictly VOLUNTARY and all information collected will be kept:

'strictly CONFIDENTIAL and used only for my research- purposes. Please fill in

the informatlon below, read the follow1ng statements, and sign at the bottom._
Thank you.' ‘ : : v .

1. Name

Sex R _h‘Age a

“Oceupationh

'Ednoation Level

~ Handedness__

-_Health'ﬂ

2. 1 understand that:

“ba) My partlclpation is voluntary and I w111 receive no personal relm--
bursement for participatlon in thlS experlment. : o

"wb) I may discontinue the task at any tlme for whatever reason I feel
necessary., : : S

'. d) 1 w1ll be fully debriefed at the end of the session and all
) 'questlons I have will be completely answered. o :

3. Signature

Date
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' GLOSSARY

‘Arousal. A general state varying from coma and drowsiness-
to alertness and frantic excitement :

ﬁ. " A measure of a person's. inclination to perform the

' actions necessary to correctly respond to a critical signal
that has in fact been observed and acknowledged.' Also known
as response bias.

Background Event Rate. The rate at which all signals, both
critical and "noise", are presented to the subject. Usually
expressed as events per minute.

Cohort Effect. The impact that numerous, complicated past
happenings have on ‘a group of individuals' shared -
experience that other groups do not. Usually manifested as
measured dependant varlables. E ‘

Contrast Ratio. The difference in the luminance of the
visual display and the background (ambient) luminance as
defined by the following relationship

Contrast Display Luminance - Background Luminance
Ratio = Display Luminance = X 100

Counterbalance. Assign subjects to all experimental
variations or treatments according to predetermined criteria
to alleviate the lack of random assignment or to emphasize
experimental differences that result from those criteria.

Critical Signal. An occurrence that is. different and
distinguishable from other signals or "noise" and upon which
a response is . required. : :

Cross Sectional Study. ‘A‘reSearch method in which measures
are taken across presently different ages to find
_between-subject age-related discrepancies.

a'. A measure of the efficiency with which an observer can
distinguish signals from nonsignals. It is also expressed
as a measure of the distance between the means of the signal
‘and noise distributions scaled to the standard deviation of
the noise distribution in statistical decision theory
(Parasuraman, 1979)



ff”External Validity. A study s ability to be applicable to~.
all segments of the intended population. :;' )

Factorial Experimental Design.~ A method to vary several
experimental conditions to discover complex interactions

“ during sophisticated behavior and ' to facilitate the testing;
of many hypotheses in one experiment _

False- Alarm. Synonymous with a. Type I error, to conclude
~ TaIsely that a difference (or critical signal) does exist
»_when in fact it does not. _ . :

Human.Factors-Engineering. The.discipline.whose goal*is to-
optimize the relationship between people and technology to
form a better total system. Synonymous with human factors,
biomechanics, engineering psychology, and (in most European
countries) ergonomics., _

.»Internal Validity., A study s ability to accurately test or -
sample the situation or phenomena about which conclusionsv
are to be drawn._;. : ‘ _

..Isoperformance Age Function., An analytical method that .
specifies a performance level at differing task difficulty
levels (Fozard,11981) SR _

;Level of Vigilance. The overall 1evel of detection S
.performance on a vigilance task, averaged over the- duration
.'of the task (Davies and Parasuraman, 1982)

‘Longitudinal Study. A research method in which measures are
faken from the same subject pool over a protracted time:
period to find within subject,;age related discrepancies.

b*‘Missed Critical Signal. Synonymous with a Type II error, to“:

conclude falsely that a difference (or critical signal) doesf
not. exist when in fact it does.v ' . v . .

~Monitor1ng.; A process in which the observer has to attend
actively to a source or many sources of stimuli to identify'
a previously specified signal - or- infer the presence of a .
"signal," or estimate the "parameters" of some process from o
data presented on' the sources. Related to vigilance,,but
p'generally applied to either more complex tasks or to 3
ccontinuous tasks.:;- RS . . . 2




‘,a;~g4j’

Receiver Operating Characteristic.v In signal detection‘
theory, a figure that. -plots "and compares various hit. and

- false alarm rates using the observer's perceptual ,
_sensitivity, 4', and operating criterion values (Kantowitz o
and Sorkin, 1983) :

'Response Latency. Synonymous with reaction time (RT), it iS‘
- the time (usually in msec) from the onset of the critical -
. signal to the moment the subject physically responds to the‘ .
",detected critlcal signal

' Search.- A process in which an observer attempts to locate a,
~ stimulus characterized by various degrees of spatial Sl
_»uncertainty (Sinclair and Clare, 1979). : o

r{Self Paced.a The ability to. selectively choose the
B background event rate during a vigilance task.,

Sensitivity Decrement. A deterioration over time in ‘ e
perceptual sensitivity, ar, as assessed using the methods of

F.'signal detection theory.

i'Signal Detection Theory. The systematic study of an '_:
' observer's perceptual sensitivity, response criterion, and

V;propensity to choose one response- alternative over. another

during an extended task (Kantowitz and Sorkin, 1983)

QFSpatial Uncertainty. An aspect usually predominant in :
- inspection tasks, 1t is the ambiguous and unpredictable area
- 1n which a critical signal will appear. .

"J:Sustained Attention.. A process of maintaining attention to

a-critical stimulus or aspects: of ‘a stimulus for a sustained
period of time. Synonymous with vigilance (Davies and
Parasuraman, 1982) S . :

y‘Temporal Uncertainty.‘ An aspect usually predominant in .
- monitoring tasks, it is the. ambiguous and unpredictable time
in which a critical signal will appear._v _

Vigilance.” A state of the central nervous system presumed
to mediate performance on prolonged vigilance tasks. N. “H.

. Mackworth (1957) defined vigilance as "a state of readiness
- to detect and respond to certain small changes occurring at

. random time intervals in the environment.‘;. " (pp 389 390)

JTﬁ,(DaVies and Parasuraman, 1982).,

, Vigilance Decrement._ A deterioration in the ability of the
‘obsérver to remain vigilant for critical’ signals with time,

if,as indicated by a decline 1in the rate of correct detection

of signals over a continuous period of performance (N H.
Mackworth, 1950) : e e ’ -




Yoked. In a vigilance task, having a display connected to
another subject's display and being exposed to the variables
controlled by the other subject.



'Grammatical Abbreviations'
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. LISTyOF'ABBREVIATIONS,

ANOVA
BER
gi

ar

FA
fc
fL
GND
HFE
Hz
msec
o=-0 "
o-y
ROC

- RT

S
S/N -
Ss
TSD
TOT
y=o
y-y

ANalysis of VAriance .

~Background Event Rate

Beta

;centimetersf~"
d prime
.- False Alarm

foot candles.

- Toot Tamberts "bbi I -

GrouND .
Human Factors Engineering ’

‘Hertz —

millisecond
~older subject yoked to older subject

- younger subject yoked to older subject

Receiver Operating Characteristic

Reaction Eime
- Subject

Signal to Eoise ratlo

‘Subjects
Theory of Signal Detectlon

Time On Task.
older subject yoke' to younger subJect

younger subject yoked fo younger subject'

Statistical Abreviations

agesp

[}
M %
H g ro
.
!

n=2
T

]
=

b‘age of self—paced subject

age of yoked . subject
degrees of freedom
between groups Error
within groups Error

;F -Test for significance
Groups by Pacing

Groups by Pacing by Time
Groups by Time

- mean squares
,ijprobability level
Pacing by Time

Repeated Measures
Sum of Squares

T-Test Ffor significance

‘Time by Age
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