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INTRODUCTION

Personnel at the Walter
(WRAIR) compiled thas

annotated

Reed Army Institute of Research
“bibliography on human .

performance in continuous/sustained operations and the demands

of extended work/rest schedules as a source document

for our

research colleagues and for the many military decision makers

presently concerned with these topics.
the psychological 1literature that might apply to

in
performance

interest

the of military

.work for sustained '‘periods of time
-- long @enough to 1involve some individual

"normal duty day"
sleep deprivation.

We began with a primary
personnel engaged in continuous
durations that exceed a

We did not 1include referedces to industrial shift work

schedules, sleep deprivation,

sleep discipline, circadian and

biological rhythms, jet lag, exercise physiology or fatigue per

se. However,
any study of sustained work,
of these topics.
to these topics. We included
described different methodolo
only the psychological, but t
ergonomic factors relating to

since all of these are involved to some degree in

many references contain elements

We have also included select cross references

multi-disciplinary articles that
gical approaches to studying not
he physiological, biochemical and
sustained work as well.

The references cited within were obtained from diverse and

widely scattered sources.
Technical Information Center
Information = Service (NTIS),

We searched ¢the U.S. Defense
(DTIC), the National Technical
the open psychological and

biomedical literature journals and the file drawers of numerous

research colleagdes for appropriate references. We only
"included foreign language reports if we had an English
translation available. We did not include references

containing a security classif
is from 1940 to 1985.

Most

of the abstracts
authors; some were taken fr
modified by wus, ' and others
bibliography. To us, all of 4

of interest to those who do
or continuous operations, Sq
reviews, or conceptual desecr

offer alternative methodologidal approaches,

while others
sake of comp
in some paper liste

complete data,
‘"data. For the
advocated

ication. The time frame covered

cited came directly from the
om ' journal articles; some were

we wrote as we compiled  this
he articles.should in some way be
research on sustained performance:
me of them ¢an be, categorized as
iptions of problem areas. ~ Some
Many offer fairly
offer only sketchy or incomplete
leteness, and because the ideas
d here may one day spur more good

research on the topic, we have included them all.

. Users of this bibliograpt

of additional applicadle r

consideration in research a
publications related to these

’ ii

y are encouraged to submit copies'

:ferences . to us at WRAIR for -
nd for reference in subsequent

topics.




1., Adams A. H., Huddleston H. F., Rohson B. M., & Wilson R. V.
¢1972). Sone effects of sleep loss on a simuylated flying task.
(RAE Report No. 72168). Farnborough, England: Royal Aircraft
Establishment. ! ‘ )

v

Twelve RAF pilots performed a simulated flying task. One
group of © pilots performed after loss of a full night's
sleep. The second group of 6 pilots participated after loss of
, part of a night's sleep. In*egrated tracking error scores

showed no significant difference. between the two groups.
Peripheral 1light detection was significantly impaired by one
night's sleep loss. Card-sorting and digit memory tasks showed
no effects. . :

2. Adams J.T. (1967). Fatigue 1in helicoptér aircrews in
combat. In: Aeromedical aspects of helicopter operations in the

tactical situation: Proceedings of the NATO Advisory Group for

Aerospace R & D (AGARD) Aerospace Medical Panel Specialists’
Meeting, May, 1967 in Paris, France. (NATO/AGARD Report No.
CP-~24) London: Technical Edltlng and Reproduction Ltd.

(DTIC No. AD 667- 210)

It is.generally'félt by‘dual—réted pilots that a higher '

1éve1 of physical coordination and attention coupled with less

opportunity to relax are required in helicopter as compared. to

fixed wing flying. This article deals with the newer roles
that military helicopters are being cast in with emphasis on
the requirements being placed.on the airerews. . Material for
discussion of combat related problems is largely based upon
experience, Nevertheless, analogies exist and may be relied
upon to lend a broader perspective where future problems are to
be antlcipated.

3. Adams 0. S., & Chiles W. D. {(1960). Human performénce as a

function of the work-rest cycle. (WADC Report No. 60-248).

Wright-Patterson Air Force Base, OH: Wright Air Development:

Center, Behavioral Sciences Laboratory. (DTIC No. AD 240-65%),

This study ‘was designed 'to‘ investigate the effect on
performance of four different workerest period schedules {2




hours on duty and 2 hours off duty, 4 ua and L off, 6 on and 6

off, and 8 on ard 8 off) followed over a period of 96

consecutive hours. The subject sample consisted of 16 male
college students with U4 subjects being assigned to each of the
four work-rz2st period schedules. Performance was measured by
means of a battery of psychomotor tasks involving arithmetic
zomputation, pattern discrimination, monitoring, and vigilance.
Additional data were obtained from information recorded in an
nxperlmenter s lcgbook and from responses to a questionnaire
administered at the end of testing.

4, Acams 0. S., & Chiles W. D. (1961). Human performance as a

function of the. work-rest ratio during prolonged confinement.
(ASD 3eport No. TR 61-7l9). Wright-Patterson Air Force Base,
OH: Aleronautical Systems Division.

This study investigated the feasibility‘ of using a -
hours-on-duty and 2-hours-off~duty schedule in the opera;iop ol
advanced aerospace systems. Two B-52 bonber combat-ready crews

were confined, for 15 days in a simulated advanced system crew .

compartment and were tested with-a battery of five performance
tasks and four psychophysiological measures. Data obtained
during two 15-day testing periods are summarized. Additional
performance - data obtained from five studies wusing college
student subjects are presented in appended sections of this
report. Results are based on four 96-hour investigations (two
with a 4-on and 2-off scheédule and two with a 6-on and 2-off
schedule) and one 120-hour control group study (4 hocurs per
day, 5 days per week, for 6 weeks). With proper control of
selection and motivational factors, crews can work effectively
for periods of at least two weeks and possibly longer u31ng a
4-hours on and 2-hours off work- rest schedule. -

5. Ainsworth L. L., & Bishop H. P. (1971). The effects of a

48-hour period. of sustained <field activity on tank crew

performance. (HumRRO Report No. TR-71-16). Alexandria, VA:
Human Resources Research Organization. (DTIC No. AD T731-219),

A 48-hour field experiment was conducted to determine the
effectr of sustained activity on the performance of tank crews
in communication, driviﬂg, surveillance, gunnery, and
maintenance activities. Only moving surveillance and .some
driving activities showed statistically significant performance
deterioration over a U8~hour period of work without sleep, but

these decrements were not of 'practical significance.  The

diurnal rhythm of the subjects did not affeect performance
significantly. The results of the experiment support the broad
conclusion that tank crews using present equipment can maintain
‘operational proficiency during 48 hours of sustained activity
and that changes in unit organizatiom or tactical doctrine are
not necessary to accomplish continuous operations.._
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6.  Akerstedt T. (1976). Interindividual differences in
ad justment to shift work. In: Proceedings of the 6th Congress
of the International - Ergonomics Association "Old World, New
World, One World" at the University of Maryland, College Park,
MD. (pp. 510-514). Stockholm, Sweden: Karolinska Sjukhuset.
- (NTIS No. PB 261 295).

Three hundred and twenty 3-shift workers, 30 2-shift
workers and 30 day workers filled out a questionnaire on work
hours and well-being. For 3-shift workers highest ratings of
well-being were reported for the afternoon shift, followed by
morning, and  night shifts. Two-shift workers gave ratings
-identical to those of the 3-shift workers on corresponding
" shifts. Multivariate analysis showed that neuroticism, mental
demands on the job and, to some extent, also housing standards
accounted for variance in well-being on the night shift. When
-.sleep 1length was used as the dependent variable, the most
.important predictors were age and experience with shift work.
Finally, it was found that, atove the age of 45, well-being on
‘the hight shift decreased with increased experience at shift
work. In younger age groups no relations of this kind were
found. (Age was held constant in all analyses.) The relations
found may indicate the existence of a process of accumulation
of costs of adjustment starting around the age of 45.

7. Akerstedt T., Froberg J., Torsvall L., Levi L., & Zamore K.
(1977).. Shift work and well-being. Stockholm, Sweden:
Karolinska Sjukhuset Instibtute, The Labcratoy for Clinical
Stress Research. (NTIS No. PB 299-093). '

The article is a review of the results of an
vinterdisciplinary -study on 'shift work and health. It is based
.on several investigations on circadian rhythms in psycho-
‘Physiological activation during 72 hours of sleep deprivation,
~activation in permanent night workers, in workers alternating
between night and day work, and in day workers entering shift
work for' the first tinme. Seaveral transverse questionnaire
investigations estimate the prevalence of shifts in Sweden, the

relations between phase in the shift ececycle and iandicators of .

psychosomatic and social complaints, and tne relation between
comnlaints and possible predictors. - - ' .




8. Allnutt M. F. (1970). Sleep at -inusual hours, drugs and
subsequent performance. In A. J. denson (Ed.), Rest and
activity cycles for the maintenance of efficiency of personnel
concerned with military flight operations: Proceedings of the
NATO Advisory Group for Aerospace R & D (AGARD) Aeraspace
Medical Panel Specialists' Meeting, May 1970 at Cslo, Norway.
(NATO/AGARD Report No. CP-74-70). London: Technical Editing and
Reproduction Ltd.

If a pilot'has to get up early in the morning to fly a
long and difficult sortie, should he be given drugs to aid his
sleep? This paper reports an experiment in which eight trainee

pilots were sent *to bed at 2000 hours, and then awakened at

0300 hours to spend the rest of the day carrying out
performance tests. There were four experimental conditions:
(1) no drug, (2) placebo, (3) mogadon, and ‘4) seconal. Each
subject spent two nights under each condition. During ‘every
alternate 24-hour period. of the three weeks for which the
experiment lasted, the subjects were off duty and free to sleep

as they pieased. In addition to objective measures of
performance and subjective measures of mood and sleep,
continuous EEC recordings were made throughout each

"experimental™ night.

Although EEG records showed all subjects obtained an
adequate night's sleep, subjects rated their sleep as being
better under both drug conditions than under <+the no drug
condition. The drugs had no noticeable effect on a calculation
task, and only 'slight effects on a vigilance task, these
occurring ‘in the later run of the day, 16-20 hours after the
drugs had been taken.

9. Allnutt M. F., & O'Connor P. J. (1971). Comparison of
encephalographic, behavioral and subjective correlates of

natural and drug-induced sleep at atypical hours. Aerospace
‘Medicine, ﬂg, 100671010. ‘

Eight trainee pilcts retired to sleep under laboratory
conditions from 2000 hours to 0300 when they were awakened to
spend 8 hours performing 2 behavioral tests (calculation and
vigilance). This regimen was repeated on altermate nights in a
4 x 2 design. The four experimental conditions under which
they slept were: (1) no drug, (2) placebo, (3) mogadon (5mgs),
and - (4) seconal (100 umgs,. Each subject spent 2 nights under
each conditicn and during every alternate Zi-hour period, they
were off-duty and free to sleep as they pleased. Continuous
EEG recordings were made on each "experimental® night and
subjective ratings of mood and quality of sleep were used to
complement the behavioral measures, Under both drug conditions
there were changes in the EEG together with a slight decrement
in vigilance performance in the later (1100+150G) runs of the
day and an improvement in the rated qQuality of sleep.

¢
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10. Alluisi E. A. (1967). Methodology in the use of synthetic
tasks to assess complex performance. Human Factors, 9, 375-384,

The application of syrnthetic tasks to the assessment of
complex performance is discussed in relatior Lo the trade-offs
involved :in achieving adequate levels of face validity and in
specifying the exact changes in psychological functions that
may result from particuiar environmental manipulaticns. It is
argued that the multiple-task perfurmance battery approach can
provide 1levels of face validity adequate to maintain the
motivation of subjects while at the same time permitting 'the
identification of changes in specific performance functions.

_ The characteristics of this approach are discussed in relation

to a pxdgram of 'research on the effects of rnonfinement and
demanding work-rest schedules on crew performance.

11. Alluisi E. A. (1967). Research in pec~formance assessment

and erhancement. (PRL Report No. ITR-69-92). Louisville, KY:
University of Louisville, Performance Research Laboratory.

The organization and research program of the University of
Louisville's Performance Research Laboratory for "3Studies of
Performance Assessment and Enhancement", are described.
Research is conceatratcd in the area of sustained performance,
or work bzhavior, as affected by factors such as endurance and
work-rest schedqling, illness and organismic variables, forced
sleep and sleep-wakefulness cycling, and other environmental,
task, and situational stresses. '

Results of prior studies are presented and interpreted
with regard to {(a) the equivalence of different durations of
work, depending on the constraints and demands of the ."non=-
work" jor "rest" periods of the work-rest schedule, (b) the
effectls on performance of the underlying psychophysiological
diurnal rhythms and certain characteristcs of such rhytnms, (c)

the combined effects . of sleep loss and demanding work-rest .

schedulles, ana (d) the effecty of infectious diseases >n work
behavijor.- '

12. lluisi E. A. (1969). Sustained performance. In E. A.

Bilodelau (Ed.), Principles of skill acguisition {(pp. 59-101).
New York: Academic Fress, . ' : '

The author presents the philosophy, techniques, and data
of a |program of. research on the assessment o{ sustained
performance on man‘'s work behavior, The methodology developed
enployed a synthetic work sjtuation in which it 13 possible to
measurge and evaluate the performance ot subjects or operators
who arje required to work at time-shared tasks presented with a
multiple-task performance (MTP) battory. The tasks themseclves

were slelected to measure certain behavioral functions that man

is callled upon to. perform in a varlety of work situations in

‘5.-'
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complex man-machine systems. Specific research studies dealt

with confinement in a volumetrically restrictive environment,
sustained performance, ‘work-rest scheduling, and diurnal

rhythms in wan, and with the hehavioral effects of infectious.

diseases.

" The general conclusions of the experimentztion are: (1)
Crews consisting of as many as 10 men can be confined in a
space as small as 1100 cu.ft, for as long as 30 days or mcre
without ohservable detriment. (2) Men apparently can follow a
work-rest schedule of 4 hours on-duty and 4 hours off for very

long periods without damage to tneir performance. (3) For .

shorter periods of 2 or possibly 4 weeks, selected men can
follow a more demanding 4-2 work-rest schedule with reasonable
‘maintenance of performance: efficiency. (4) In following the
more demanding schedule, man uses up his per ormance reserve
and so is less able to meet the demands of emergency conditiops
such as, those imposed by sleep loss. (5) The diurnal ‘rhythn
which 1is evidercial in physiological measures may also be

evidenced in the performance, depending on the information’

given to, and the motivation of the subjects, and on the total
workload. (6) Even where motivation is sufficiently high,
diurnal c¢ycling of performance may be demonstrated when the
operator is over-loaded or strescsed. (7) The average
perfornance efficiency of &, crew of men wWwill drop between 25
and 33% during a period of illness with a febrile disease such
as tolaremia. (8) During such' an illness, the average droup in
performance efficiency is between about & and 8% per 1 degre=z F
rise in rectal temperature; but (3). individual differences will
be very great and may be expectei to range from essentially no
decrement to one of 20% per degree.

In short, the synthetic-work methodology and its Multiple
Task Performance {MTP) batteries appear to yield measures of
sustained performance that are sensitive to the manlpulatlon of
both obviuis and subtle experimental variables. They have
prov1ded a means for ‘the conduct of experimental research on
sustained performance or work behavior, and the data collected

have led to inrerences and conclusxons like those listed in the

preceding paragraph.

3. . Alluist E. 4., & Chiles W. D. (1967). . Sustained
performance, work-rest scheduling and diurnal rhythms in man,
Acta Psychologica, 27, #36-442.  (DTIC No. AD 644-152).

This paper sumnarizées a 10-year program of research that
dealt with sustained performance, work-rest . scheduling, 'and
diurnal rhythms in man. The general conclusions reached are:
(1) man can probably follow an alternating 4 hours of work-l
hours of rest. schedule for very long periods without detrimeunt
to his performance; (2) for shorter periods of 2 or poasibly 4
- 'Wweeks, selected men can follow a more demanding 4 hours of

o
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work-2 hours of rest schedule with reasonable maintenance of
performance efficiency; (3) in following the more demanding
schedule, man uses up his performance reserve and so 1is less
able to meet the demands of emergency.conditions such as those
imposed by sleep 1loss; (4) the diurnal rhythm which 1is
evidenced in physiolosical measures may also be evidenced in
the performance depending oz the information given to and the
motivation of the subjects, and depending also on the total
workload; even where motivation is sufficiently high, the
cycling may be demonstrated when the operator is overloaded;
and (5) the methodology employed yielded measures that are
sensitive to the manipulation of both obvious and subtle
experimental variables.

14.  Alluisi E. A., Chiles W. D., % Hall T. J. (1964).

Combined effects of sleep loss' and demanding work-iest

schedules on crew performance. (USAF AMRL Report No. TDR-64-

63). Wright-Patterson Air Force Base, OH: US Air Force
Aerospace Medical Research Laboratories.

Four 12-day confinement studies are reported. In two of
these studies, subjects in two 5-man crews worked alternating
shifts on a schedule of 4~rours on duty and 4-hours off for the
entire 12-day confinement period. ¥ In the other. two studies,
six USAF Pilots were confined for 12 days while following a
schedule of U4~-hours on duty and 2-hours off. = The groups in
each study were confined to a simulated advanced-system crew
compartment; while on duty the operators were tested with a
battery of six performance tasks, two of which required
interactions  among c¢rewmembers in the form of exchanges of
information, cooveration, and temporal coordination. During
the middle two days of the 12-day confinement period. (on days
6 & 7) the crews following the 4-4 work-rest schedule were

assigned extra work that resulted in each man remaining awake -

for a 44~hour period; on the same days, the crews following the
4.2 schedule were assigned extra work that resulted in each man
remaining awake for a 40-hour period.

Performance was generally inferior on the 4- 2 schedule as
compared to the 4-4 schedule and the stress of a period of
sleep loss resulted in generally greater performance decrements

on the 4-2'than on the 4.4 schedule. The 4-2 schedule is not

recommended if emergency periods involving sleep loss can be
expected and a high levei.'cf performance s a  e¢ritical
requirement. ' : - - '




15, Alluisi E. A., Chiles W. D., Hall T. J., & Hawkes G. R.
(i963). Human group performance during confinement. (USAF AMRL
Report No. TDR-63-87). Wright-Patterson Air Force Base, OH: US

Air Force Aerospace Medical Research Laboratory.

Six Air Force Academy cadets were confined for 15 days in.
a simulated aavanced-system crew compartment while following a
schedule of U4-bours on duty and 2-hours off, and two 5-man
crews of US Air Force pilots were confined for 30 days while
alternating shifts on a schedules of U-hours on duty and H-hours
off. While on duty the operators were tested with a battery of
6 performance tasks, '2 of which required interactions among
crewmembers in the form of exchanges of information,
cooperation, and temporal c¢oordination. In addition, tre data
of the present studies were compared with those of two previous
15-day tests of two crews who worked the 4-2 schedule while
being tested .with a battery of 5 individual-performance

‘tasks. The data suggest that with proper control of selection

and motivational factors, c¢rews can work effectively for
periods of at least 2 weeks and probably longer using a
schedule of 4--hours on duty and 2-hours off. Crews, can work
even more effectively for periods of at least a month and quite
probably for 2 or 3 months using .a schedule of Y-hours on duty
and 4-hours off, and with this schedule less demanding controls
of selection and motivaticnal factors are required.

16. Alluisi, E.A., % Morgan,B.B. (1982). Temporal faétorg in
human performance and productivity. In: E.A. Alluisi, & E.A.
Fleishman (Eds.). Human performance and productivity, Volume 3:

~Stress and performance effectiveness. (pp, 165-2U47). Hillsdale,

New Jersey: Lawrence Erlbaum Associates, Publishers.

This survey review chapter covers empirical studies from
the lab and the field on temporal factors in human performance
and productivity; identifies those temporal factors that have
major impact; specifies the effects of those factors on work
efficiency, with the assessment of means whereby they might be
appropriately manipulated or managed to optimize or at least
enhance human performance and productivity; and identifies
meaningful questions that warrant further research

The chapter covers such topics as the length of industrial
work shifts, ° work days, work-weeks, scheduling and
productivity; lab studies of  worksrest cycles, c¢ircadian
rhythmas and work, worke-rest schedules, the duration of work,
sSleep wakefulness cyecles, the duration of sleep, continuous
work and sleep loss and non~temporal factors. :
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17. Anderson D. B, & Chiou W. C. (1977). Physiological
parameters associated with extended helicopter flight missions:
An assessment of pupillographic data. (USAARL Report No. 77-
21). Fort Rucker, AL: US Army Aeromedical Research Laboratory.

Six Army aviators served as subjects in a study of various
psychological and physiological parameters associated with an
extended helicopter flight schedule lasting 12 hours per day
for five days. This report presents the results of
pupillographic data collected in the study as well as the
problems encountered and the recommended solutions. It was
shown that the wave-form characteristics of the pupillary
reflex response to light were irregular. Furthermore, the
blinking frequency increased and the pupillary amplitude varied
as a funetion of 1loaded flight task. Results also revealed
.that the average pupillary diameter was smaller in the morning
than in the evening. This report recommends the future use of
pupillography 1in which an .evaluation of pilot alertness is
needed. :

18. Angus R. C., & Heslegrave R. J. (1983). The effects of
sleep loss and sustained mental work: Implications for command
and control performance. In J. Ernsting (Ed.), Sustained
intensive air cperations: Physiological and performance
aspects: Proceedings of the NATO aAdvisory Group for Aerospace

R & D (AGARD) Aerospace Medical Panel Specialists' Meeting at
Paris, France, April 1983. (NATO/AGARD Report No. CP-338, pp.
11-1 to 11-21). Loughtcn, Essex, United Kingdom: Specialised
Printing Services, Ltd. (DTIC No. AD P002-986). '

Technological advances permitting sustained military
operations will increase the vulnerability of the human 1in
battle. Studies have examined the =implest yet probably one of
the more debilitating aspects of continuous operations, the
effect of sleep loss. But, previous sleep deprivation studies
may not provide valid estimates of the cognitive deficits that

emerge due to sleen loss for tw reasons: first, most studies -

have measured performance only on an intermittent basis, and -
second, most studies have required 'continous sleep deprivation
but have not required continuous work.

This study represents an attenmpt to ‘address these
limitations by requiring and measuring  performance on: a
continuous basis. Subjects were required to perform continuous
cognitive work in a command post during a simulated sustained
battle. They assumed the role of operatiocns duty officers and
were required to hanule message traffic during a S4-h period of
wakefulness. Performance was evaluated by monitoring the
subjects' message-processing. ability and by oth~r objective
tests embedded in and {nterspersed around the me.sages. Data
are presented to show that sleep loss and sustained mental work
can have dramatic effects on cognitive functions, even during

.9 W




the first night of sleep 1loss. The data also revealed that
under this continuous cognitive workload, performance
systematically declined. '

After 18 hours, performance declined substantially and
remained at this 1lower level for approximately another 24
hours. Performance then declined again to a level that would
generally be viewed as unacceptable.

19. Angus R. G., & Heslegrave R. J. (1985). The effects of
sleep loss on sustained cognitive performance, during command
and control simulation. Behavior Research,K Methods, Instruments

& Computers, 17, 1, 55-67.

Findings from previous studies of sleep 1loss may not
- provide valid estimates of cognitive deficits that could emerge
during sustained high-intensive military operations for %iwo
reasons. First, most studies assessed subjects' capabilities
only on an' intermittent basis; and second, most studies
required very little in terms of cognitive work during periods
between test sessions. The research reported here addresses
these limitations by requiring and measuring performance on a
continuous basis in a computerized laboratory ecenvironment in
which subjects assumed the role of command - post duty
officers. They were required to handle message traffic during
long periods of wakefulness and their performance was evaluated
by means of cognitive tests embedded in and interspersed arocund
the messages. '

The methodology 1is described and some findings are
reported from a continuous 54-hr experiment showing greater
decrements than previous research wherein subjects were rnot
tested under such demanding‘conditions.- The implications of
these findings are discussed.

20. Aschoff J. (1978). Features of circadian rhythms relevant
for the design of shift schedules. Ergonomics, 21(10), 739-754.

The first part of this paper reviews properties of
cirtcdadian rhythms when free-running in constant conditions, or
in situations where zeitgebers are insufficient for
entrainment. A The second part deals with the problems of
entrainment by natural and artificial zeitgebers, with phase

controlling effects of sleep and the timing of meals, and with

the need to differentiate between entraining and masking
effects. The third part discusses phase shifts of circadian
rhythas, especially the dépendence of the rate of  ree
entrainment, the direction of the shift, and the splitting of
+the circadian system into parts which are shifted in opposite
directions (re-entrainment by partition). "The relevance of
these features of circadian rhythms for the design of. shift-
work schedules is discussed.

o 10 -




21. Aschoff J. (1981). Circadian Rhythm: Interference with
and dependence on work-rest schedules. In L.C. Johanson, D.I.
Tepas, W.P. Colquhoun & M.J. Colligan (Eds.), The twenty-four
hour workday: proceedings of a symposium on viriations in work-

sleep schedules. (DHHS-NIOSH Report No. 81-127) (pp. 13-50).

Cincinnati, OH: US Department of Health and Human Services,

"National Institute for Occupational Safety and Health.'

A review article. Despite the mwmultiplicity of its
constituents, the circadian system often behaves like one unit
which is characterized by the durability of its oscillations

"and its internal temporal order. This order is maintained by

mutual coupling between the various components and, in the case
of entrainment, by the signals from the zeitgebers. As a
ccnsequence, freerunning and entrained J3ystems differ in the

" character of their internal order and in ¢the stability of

internal phase-relationshirps. The persistence of internally
synchronized (free-running) rhythms under adverse conditions
and the slow courses of re-entrainment after shifts indicate
the rigidity of the system and its inertia.

There are, on the other hand, conditions under which the
system, due to a loss of coupling between its constituents, is
split {nto components that either can become desynchronized or
react differentially to conflicting zeitgebers. 1In addition to
this lability, there is a plasticity, predominately demon-

strated by masking effects on the overt ryhthms. In the

interplay between all these factors, the rhythm of sleep and
wakefulness (of rest and activity) -holds a specific place.

*"Although itself a part of the system, and henrnce determined by

it in some of .ts characteristics, the sleep-wake cycle exerts
masking as well as phase controlling effects similar to thosg
of zeitgebers, The analysis of this bi-directional interaction
between the sleep-wake c¢ycle and other components of the
circadian system is presently one of the major tasks in this

field of research.

22. .Army Medical Research Lab. (19"3). Crew fatigue research.:
(AMRL Report No. 36T7T1H1). Fort Knox, KY: US Army Medical
Research Lab. (DTIC No. AD 655-575). '

From the point of view of driver fatigue, the Bendix Power
Control tank, No. 908, is better than the standard M4A2 medium
tank. The work output of the driver operating the standard
medium tank MUA2 was 50% greater than when driving the Bendix

'tank No. 908. Driver fatigue in the Bendix 908 was not

excessive. The fatigue resulting from driving the standard
tank, 4if it could be run over such terrain for many hours
without mechanical failure, would be excessive.  On short runs

of from 3 to 6 hours the driver of the standard tank showed

higher pulse rates, had more symptoms of fatigue, and felt more
tired than was the case when driving tank No. 908.

o L - 11 .




23. Atkinson D. W., Borland R. G., & Nicholson A. N. (1968).
A study of the sleep rhythms in a double crew, five day

continuous duty operation. (FPRC Report No. 1282). Farnborough,

England: Flying Personnel Research Committee, Air Force
Department, Ministry of Defence. (DTIC No. 8599328)f

The 'sleep rhythms of a‘rcrew, during a double crew
continuous duty cperation of approximately 110 hours duration,
were studied in a Belfast heavy transport aircraft of the Royal
Air Force. The study relates the subjective feelings of
fatigue of the aircrew membars to their sleep patterns aad
indicates possible patterns for duty during future flights of
this duratfon. Also included is a list of . recommendations for
miniwizing. Sleep disruption during long-haul transport
operaticns.

24. Atkinson D. W., Borland R. G., & Nicholson A. N. (1970).
Double crew continuous flying operations: A study of aircrew
Slcep patterns. Aerospace Medicine, 41, 1121-1126.

To increase the effectiveness of a strategic transnort

, force in the absence of positioned crews, double crew

continuous flying operations were studied. In such continuous
flying operations, additional crews sleep ‘aboard the aircraft
instead of sleeping at route stations. The success of such
operations depends to a large extent on the crew which operates
during the period irn which they are normally accustomed to
sleep. Such missions may lead to sleep difficulties and it is
concluded from two missions operated by the Royal Air Force Air
Support Command that the optimum duration is 48 hours. Beyond
this period, serious sleep disturbances appear. In the case of
a fast ctrategic transport aircraft, this provides a worldwide
capability, and during this time 1length the aircraft can
circumnavigate the world. '

25. Aviation Human Engineering Research Team. (1977). Surve
report of the sleep time on the Moscow route (Mosukuwa sen

'sumin  jikan chosa hoboku). Aviation and Space Laboratory,

Tokyo, Japan. (NASA Report No. TT F=1T7- 530, Translation,
October. 1976). Washington, DC: National Aeronautics and Space
Administration Scientific Translation Service.

A study. was conducted over three aontha on 23 subjects
coneerning changes in sleep patterns and sleep amounts which
develop as a consequence of the time differential and the long
work periods on the Tokyoc to Moscow route. The results were as
follows: . _ R

1) 1In both the three- and five-day patterns, dh-amounh
of. sleep equiva;enﬂ‘to one night's sleep was lost from .

- 12




the departure on the Moscow route to the return to
Tokyo. In both cases, that developed during the eastward
flight to Tokyo from Moscow on the final part of the
duty, and it was quite difficult to adjust to this
insufficiency during lay-over before the return flight.

2) The amount of insufficicncy increased after Moscow

. departure and reached a peak about six hours into the

flight. The amount was eight to ten hours. There was no
significant diff=arence in the: cumulative amount of
insufficien¢y, but the divergence from the activity time
was greater in the five~day pattern and periods of
insufficiency occurred periodically at four occasions so
that the degree of fatigue was great«:r. :

3) Based on their life styles in Tokyo, the participants
were classified into a standard group whose members had
regular hours of activity and an adaptable group whose
members did not conform to standard hours for activities.

The stardard group had more hours of sleep on the.

average., While the adaptable group had fewer average
hours of .sleep, the effect was less if the hours . of
activity on Tokyo time were disrupted.

The characteristics of changes in the amounts of sleeb'and
the sleep patterns which develop due t. work on a long distance

were listed, but the survey itself had zany

imperfections.
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26. Baird, J.A. & Nicholson, A.N. (1983). Human factors of
ai~ operations in the South Atlantic campaig». In: J. Ernsting
(Ed.), Sustained intensive air operations: Physiological and

performance aspects, Proceedings of the NATO Advisory Group for
Aerospace R&D (AGARD) Aerospace Medical Panel Specialists’
Meeting at Paris, France, April 1983. (NATO AGARD CP-338,

pp 28-1 - 28-4). Loughton, Essex, United Kingdom: Specialised
Printing Services, Ltd. (DTIC No. AD P00 994),.

During the British involvement in the Falkiand Islands in
April 1982, aircraft onerated off of ships. in the South
Atlantic and from Ascension Island midway between the United
Kingdom and the Falklands. Flights of up to 6,800 miles
(11,000 km) posed operational and logistical difficulties and
considerable problems for the aircrew.

From the earliest phase of the operation the medical
staffs at. the Headquarters of the Royal Air Force Strike
Command and at the Royal Air Force Institute of Aviation
Medicine gave advice on human factors for the aircrew ‘and
grocund personnel including considerations of the aircraft role,
‘erew tasks in flight, duration and frequency of flights, number
of sorties per detachment and length of detachment, problems of
supervision and management, changes in work associated with
unusual patterns of rest, rest facilities and other K aspects
such as feeding, bowel and urinary functions, morale and
motivation. ' . " N

The operation posad two particular problems: sorties of
very long duration and intensive rates of work. A balance
between flight safety and acceptable operational risk during
war had to be achieved. Hypnotics were used from the early
stages of the campaign.. Aircrew took 20 mg of temazepam to get
sleep at various times of the day and experienced good sleep
without side or residual effects. They found they could fly 6
hours after taking temazepam 3ome eight hours before flight
time without any ill effect. Hundreds of aircrew members used
this hypnotic successfully during the campaign.




27. Banderet L. E., & Stokes J. W. (1980). Simulated,
Sustained combat onerations in the field artillery fire
direction center (FDC): A model for evaluating biomediczl
indices. (USARIEM Report No. T 9-80). Natick, MA: US Army
Research Institute of Environmental Medicine.

Military biomedical scientists must quanfify how
biological and behavioral phenomena influence operational
capability and military effectiveness. To this end, four 82d
Airborne Division FDC teams were tested in simulated, 3ustained
combat operations. Role players interacted from scripts
describing wmission demands matched across time. Biomedical
data were also obtained. All teams performed intense workload
operations, without shifts. Teams 1 & 4 anticipated -a single
86 h challenge; they discontinued after 48 & 45 h. Teams 2 & 3
experienced two 38 h challenges separated by 34 h rest;
however, a Team 3 member withdrew after 6 h (second challerge).

Accuracy for on-call missions against preplanned targets
suffered in Teams 1 & 4. After 36 h, much »nreplanned target
processing 4as never completed, not even for priority
targets. In the second challenges, Teams 2 & 3 showed reduced
preplanning efficiency after 24-36 h. Verbal c¢o>mmunication
units decreased during 1lulls, larger task-related ratios
preceded performance deteriorations. The ratios of Teams 1 & U
incrzased until 24-30 h. Later, preplanning activities
deteriorated markedly .and communication ratios decreased,
suggesting conservation and/or unwillingness (inability) of
team members to sustain performance.. Thus, simulation of an
actual Army team task provides a framework for validating
biomedical indices. The impact of biomedical, behavioral,
biochemical, and social changes can be 'demonstrated by relating
them to FDC operational indices. Research findings from this
program are applicable to military wusers, planners,  and
modelers. ' - ‘

28. Banderet L. E., Stokes J. W., Francesconi. R., & Kowal D. .
(1980). * Simulated, sustained-combat operations .in the field
artillery fire dircction centér (FDC): A model for evaluating
biomedical indices. (USARIEM Report). Natick, MA: US Army
Research Institute of Environmental Medicine. (DTIC No. AD
A090-362/5). ' '

In evaluating conditions which affect human performance,
the scientific literature indicates the Jjuportance of tasak,
personnel, and organizztional variables. These include: task
complexity, feedback, pacing, level of training, intrinsic task
interest, experience, motivation, and soclal factors. Such
variables are considered critical determinants of performance
capability under a variety .of conditions. In the military
community, concerns are often expressed as to the generality
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and predictive validity of past studies which have not included
variables inherent in many military tasks.

To address these issues and provide a framework for
communicating research results to the militaéy community, the
Field Artillery fire direction center (FDC) was selected as a
"model" team for study. It was postulated that these issues
could be addressed in a laboratory simulation which would use
actual Army artillery teams perforaiag ‘their normal
func*ions.’ This would ' permit contrcl and replication of
envi.onmental and situational conditions and measurement - and
correlation of mission effectiveness, behavior and biological
processes. This report - documents the design of such a
simulation setting for sustained military operation studies in
the laboratory. ' : :

29. Banderet, L.E., Stokes, J.W., Francesconi, R., Kowal,
D.M., & Naitoh, P. (1981). Artillery teams 'in simulated
sustained combat: Performance and other measures. In: L.Jd.
Johnson, D.I. Tepas, W.P. Colquhoun & M.J. Colligan (Eds.), The
twenty-four workday: Proceedings of a symposium on variations

in work-sleep schedules. (DHHS NIOSH Report 81-127 pp 581-5604)
Cincinnati, OH: Department of Health and Human Services,
National Insitute for Occupational Safety and Health. '

Test participants worked in a five man artillary fire
direction center (FDC) in a laboratory simulated tactical
battle scenario on 1:50,000 scale maps and followed current
doctrine for 1light infantry with armored cavalry advancing
against a well-equipped screening force. To permit performance
assessment over time, the scenario was organiznd into
equivalent 6 hr epochs of mission demands. In each 6 h, events
of differing importance complexity, and urgency required
different individual and team responses, and recurred with

sufficient frequency to permit event pooling for analysis of

performance data (accuracy and timeliness mzasures, audio
tapes, log books, plotting sheets ete¢.). o

Two designs were used. One had a single 86 hour
operational challenge; whereas the second design had two 38 hr
challenges 'separated by a 34 hr rest and relaxation interval.

' Two teams completed the two 38-kr challenge design without
gross perfromance - dcterioration. However, 'a 3rd team,
exercised the right to withdraw from the continuous operations
design after U8 hogrs.' It had made several errors in the last
8 hrs which "endangered” friendly troops and the troops were
sextremely fatigued. ' ' '

For all teéms. acouracy of firing data for wunplanned

missicons was generally well maintalned, even until
termination. In .contrast, accuracy ~of [firing data for
-’ ‘6 -
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preplanned targets fired upon during on-call missions was less

for all teams and deteriorated progressively over time for two
teams. Timeliness for missions suffered in two of the three
teams. ' ’

30. Banks, J.H., Sterﬁberg; J.J..'Farrell, J.P.,'Debroﬁ, C.H.

& Dalhamer, W.A. (1970). Effects of continuous . military

operations. on selected military tasks. {BESRL  Report No.
1166). Arlington, VA: US Army Behavioral and Systems Research
Latoratory. .

This report covers a series of 8-10 studies over a 10 year
period on the affects of sustained operations (36 hours) on the
abilitiy of Vietnam returnee infantrymén to detect targets
using various surveillance, target acquisition and night
operations devices. The tests were conducted at Ft. Funter
Ligget, CA. The soldier: were required to attack hills under
simulated fire, throw hana grenades, go on extenced marches
while being attacked by an agressor force and. to do other
soldier tasks. The dependent measures were designed to examine
the gradual fatigue effects on the ability to detect targets
using passive night vision devices such as the night
observation device (NOD), a rifle mounted starlight scope, a
tri-pod mounted crew served night vision device for use with
the machine gun and early versions of the night vision goggles
(NVG). ' :

A special analog-digital computer system was devised to
control and record target locationss and to determine target
hit scores; later it was also used for data analysis.

31. Barrecé N. E. (1972). Flying fatigue. us Army Aviation
Digest, 23, 14-16. : o

This article discusses problems and p}evehtive measures
for military aircrew fatigue. Hypoxia, decompression sickness,

" ‘acceleration, noise, and vibration are’ identified as

environmental fatigue-producing 3stressbrs which must: be
recognized and controlled if skill fatigue. i3 to be _reduced.

Other 'psychological ‘and emotional  stresses are’ alsof
described. Symptoms of poténtiqlly dangerous fatigue such as
. acceptance of lower performance standards, loss of control

smoothness, and neglect for peripheral tasks are described
along with' verbal responses a  fatigued crewmember might
exhibit. Specific advire is offered to aircrew commanders
concerning fatigue prevention and implementation of provisions
of the US Army Regulation 95-1 governing flight time limits.




32. Beare A. N., & Bondi K. R. (1981). Work and rest on
nuclear submarines. Ergonomics, 24(8), 593-610.

Hours of work and sleep were recorded in daily activity
logs by 46 enlisted men on two fleet hallistic missile
submarines during routine patrols, Total working time (watch
8taading, non-wateh work, and. study) averaged 12 hours a day.
Daily sleep time averaged 8.4 hours a day on one ship and 7.6

on the other. Sleep was mildly fragmented in that the men
averaged 1.3 sleep episodes, of somewhat less than 6 hours
duration, in 24 hours. Thirty of tne men were standing watch

on a b6-hours on-12-h off rotation which effectively imposed an
18-h cycle on their activities. The b6-on-12-off watch schedule
appeared to result 1in less =icep fragmentation than the
traditional 4-on-8-off schedule employed on other Naval ships.

. Questicns in the logs were used to assess subjective sleep
quaiity and sleepiness. Sleep quality on patrol was not as
good as 1 a post-patrol period, but the difference between on-
and off-patrol sleep quality was small. :

33. Beck R. A. (19684)., Jet crew fatigue. Combat Crew, 15,
h-7. , ' '

This article discusses medical aspects that affect jet
aircrew members in the performance of their duties. Two types
of Jjet cdrew fatigue are identified: acute fatigue, which
results from normal work and disappears with normal rest, and
chronic fatigue, which 1is a cumulative phenomenon resulting
when physical and ipertial recuperation between flights |is
incomplete. Jet crew fatigue is compared with piston angine

aircrew fatigue with spenial emphasis given to the Juin ,

Repcrt. Diurnal rhythms and time zone shift are also
identified as factors contributing to jet crew fatigue. The
results of Air Force Operation Headstart, an extended flight

study of B-52 bomber 'crews ccaducted 1in 1958, are briefly

summarized.

34, Behar I., Kimball K. A., & Anders3on D. A. (1975). Dynamic
visual acuity in fatigued pilots, (USAARL. Report No.~7%-2u$;
Fort Rucker, AL: US Army Aeromedical Research Loboratory.

Six. rotary wing aviators were subjects in 2a continuous
operation regimen involving some 12 hours of flying and 3.5
hours sleep daily for five days. Estimates of performance on a
dynamic visual acuity (DVA) task were obtained several times
each day during the 3tudy using target velocities of 25 degrees
and 40 degrees/sec. ' DVA ,performance varied: signiticantly
during the fatigue regimen when measurements were made with
target velocities of 40 (degrees/sec; with lower velocity

targets, differences in DVA scores were not significant. ' "his
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indicates the need to tax the oculomotcr system to demonstrate
fatigue effects. Fatigue effects were partially cbscured by
practice effectc whicn are considerable in the DVA task. DVA
scores correlated only modestly with subjective estimates of
fatigue intensity :ad flying performance, and instructor p.lot
ratings of performance; but the cluster, of correlations

‘provided a consistent picture.

35. Benson A. J., (Ed.). (1970). Rest and activity eycles for

. -

the maintenance of efficiency of personnel concerned with

military flight operations: Proceedings of the NATO advisory

Group for Aerospace R & D (ACARD) Aerospace Medical Panel
Specialists' Meeting at Oslo, Norway, May 1970. (NATO/AGARD

.Report No. CP-74-70). London: Technical Editing  and

Reproduction LTD.

This volume contains the text, discussion and technical
evaluation of ten papers presented at the meeting convened in

- response to a request from the Military Committee of NATO for

advice on the influence of work and rest schedules on the
operational efficiency of personnel concerned with flight
operations. Papers are presented in three main categories: (a)
Laboratory investigations of normal and’' abnormal work-rest

- schedules, (b) inflight studies of aircrew operating long-haul

transports, and (e) duty cyecles in air traffic control tasks.

36; Berlirer D. S. (1975). Joint committee on aviation
pathology: VIII Crew rest and "nap~of-the-earth flying.
Aviation, Space, and Environmental Medicine, 46, 1267-1270.

Naonr-the-earth flying was conceived by the US, Army to

evade eneny detection .of rotary wing aircraft, requiring the
stressful technique of aircraft movement only inches above the

"ground terrain. The 101st Airborne Division (Airmobille), Fort

Campbell, Kentucky, tested the nap-of-the-earth (NOE)| concept

.from June 1973 to June 1974, flying 3267 hours| in NOE

training. Four aircrafv incidents occurred during ' this
training period, with three "of these taking place rior to
March 1974. At that point, after over 59% of the total hours
had been flown, NOE pilot training was curtailed from 8 hours
per day to 4 hours per day. Chjective and subjectiive data
infer that pilot (crew) rest and the length of the flying day
are important factors in the safety of NOE flying.

37.. - Bodanowitz M. (1973). Change of circadian rhythm of

psychomotor performance after transmeridian flightis. {DLR

Report No. FB. 73-52). Bonn-Bad Godesberg, Germany: Deutsche

Forschungs-und Versuchsanstalt fur Luft-und Raumfahrt.

Psychomotor performance was studied in 8 students in 3-

~hour iqtervals during periods of 24 hours before and after
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flights between Germany and the USA. Two 24-hour preflight

periods revealed the basic normal daily rhythm of psychomotos

performance. Effects of a 6-hour time shift were evaluated by
determining the psychomotor perfor=mance on day 1, 3, 5 and 8

following the flights in each direction. Desynchronisation
with the 1local time was oc¢bserved after flights in both
.directions. The changes were more pronounced and longer

lasting after the west-east flight. The resynchroaisation time
amounted to 5 days after the westward travel and to 8 days
after the eastward direction. '

38. Beissin J. P., & Abbas L. (1975). Variations of certain
ocular system parameters as a function of fatigue resulting
from long-haul flights. (Variations de certain parametres du
systeme oculaire en fonction de la fatigue lors des vols long-
courriers). Revue de Med2cine Aeronautique et Spatiale, 14,
65-67. (In Frenah). (NASA Report Ho. A77-32352).

Ocrlar tonus, types of ' phoria, ophthalmic arterial
tension, punctum proximum of convergence and of accomodation,
amplitude of fusion in convergence and divergence, and normal
nyctohemeral ruythms (response to jet lag) were studied 1in
crewmembers experiencing two ten-hour nonstop flights, with 9
hours jet lag in one direction, before and .after rest
periods. ., The time inveolved was found too short to affect
ocular tonus. Ophthalmic arterial tension was not ailfected by
flight fatigue per se, unless accompanied by a heavy workload
or added stress. Variations in the punctum proximum for
convergence were observed in some individuals, 'with some
varidtions in the punctum proximum for accommodatlon in the
case of presbyopie, subjects. ‘

39. Bond J. S. (1978). Crew rést in reserve/guard components.
JS Army Aviation Digest, 24, 38-39.

Pilot fatigue. . causes are ‘related to ~uhe typical
reserve/guard drill weekend. Special reserve/guard problens
are discussed. A sample crew rest questionnaire, develorped
specxfically for reserve and guard units, is preseted.

40. Bonnet M. B., & Webb W. B. (1978). The effect of

repetition of relevant and irrelevant tasks over day ahd night
work periods. Ergonomics, 21(12). 999-1005.

The effects of repetition on the Wilkinson Vigilance Task
and an unobtrusive pertormance measure {(crossword completion)
were examined in 18 .subjects over two 8 h wcrk periods
Vigilance ¢trials alternated with breaks in 25 min segments
acruss a work pericd from 0900 to 1700 h and a period from 24%00
to 0800 h. Performance decrements were s=2en in Lit rate and on

the irrelevant task measure acicss the night sessicn, and in
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hit rate across the day session. Decrements were greater at

night than during the day on both measures. The number of
attempts on the vigilance task decreased across trials
similarly 'in both ‘'osting sessions. It was concluded that

specific task repetition results in performance decrements,
. even when circadian incremental effects woula be predicted, and
that the placement of such task repetition at night magnifies
those decrements and extends them to 1ntrinscially as well as
extrinsically motlvated tasks.

b1, Bonnet M. H. (1980). Sleep, performance and mood after
the energy-expenditure -equivalent of 40 hours of sleep
deprivation. Psychophysiology, 17(1) and (NHRC Report No.
79-7). San Diego, CA: Naval Health Research Center.

Twelve Marine subjects marched approximately 20 miles to
expend as much energy in one 16-hr day a2s is expended during 40
hrs of relatively inactive sleep deprivation. At the end of
the march, performance on addition, vigilance, choice reaction
time, tapping, short-term memory, symbol substitution, and

three mood scales , was decremented significantly. ~ Those
decrements closely approximated those reported in the
literature following 40 hrs of sleep deprivation. However,

recovery sleep stages and arousal thresholds were essentially
unchang2d as conmpared to baseline and were significantly
different from those predicted after 40 hrs of slzep loss. It
was c¢cncluded that while changes in perfecrmance were probably
linked to total energy consumptlon, the commonly measured sleep
variables were not. ' '

42, Borland R. G., & Rogers A. S, (1983). ' Workload of
personnel engaged in air defence. In J. Ernsting (Ed.),
Sustained Intensive Air Operations: Physiological and
Performance Aspects: Proceedings of the NATO Advisory Group for
Aerospace R & D (AGARD) Aerospace Medical Panel Specialists
_Meeting at Paris, France, April 1683. (NATO/AGARD Report No.
cP-338, pp. 27-1 to 27-6). Loughton, Essex, United Kingdom:
.Specialised Printing Services, Ltd. (DTIC No. AD P002 993).

Workload has been defined in many ways and the methods
that have been employed to quantify workload are.a legend. 1In
the .past it has been common practice to limit' the "system™ to
the local environment or -¢crew station and to consider the

ngineering, physiological and psychological factors affecting
the operator. Little attention has been given to studying the
workload imposed by the daily pattern of work and rest.,  As
Selye (1974) points out,  stress 's 'a reasonably normal
component ' in every day  life and ~can be adaptive, but,
cumulative stress becomes nal-adaptive and ultimately then
stress becomes distress.. '
: In Spring of 1979 a preliminary study was carried out on
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the work of two air defense squadrons. .Self-reporting diaries
covering a 60 day period were ismued to all aircrew. A more
detailed 1investigation 4included rest and workload study of
ground support and ground environment personnel in - 1980 and
covered a period of time of a Jjoint NATO exercise, "Elder
Forest™. 514 diaries were issued for a Ud2-day period. The
returns were analyzed for the distribution of different types
of duty within work periods.

k3, Brictson C. A. (1975). Prediction of carrier aviator
performance during sustained operations at sea: Summary paper.
Presented at the American Psychological Convention. Chicago,
IL. La Jolla, CA: Dunlap and Associates, Inc.

The research summarized here stems from an initiai
interest by the Bureau of Medicine and Surgery in defining and
describing the influence of environmentally related variables
on overall aviation performance effectiveness.’ The specific
environment studied was that of long term combat deployment.

44, Brown I. D. (1965). A comparison of two subsidiary tasks
used to measure fatigue in car drivers. Ergonomics, 8, 467-473.

Car driving has been studied by combining it with a
subsidiary task, performance on which ‘is negatively correlated
with the perceptual 1load imposed by changing conditions of
traffic. The present experiment compares a subsidiary task
which required almost continuous attention to an auditory
display, and which invol!ved memory spans of only 3 sec, with an
alternative task which did not require continuous attention,
but which invoived memory spans of up to 55 sec. The former
was found to have L some advantages.: This comparison was
combined with a ustudy of men engaged in 8-hour spells of car
driving. Some explanations are offered for the finding that
performance on the subsidiary tasks was better at the 'end of
the work-spell than at the beginning.

45. Brown I. D. (1967). Decrements in.skill observed after
seven hours of car driving. (Report No. APU-643-67). Cambridge,
England: Medical Research Council., (DTIC No. AD 696-349).

The performance of c¢ar drivers was assessed in city

‘traffic at 9 A.M. and 4-15 P.M. on two days. In one group they
,also drove alone between the test; in another group they did

laboratcry work. Six experienced drivers judged performance on
the P.M. test to be worse when driving had continued. The
decrement was related to perceptual skills, courtesy shown
towards other road users, and motcr skills.
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46. Brown I. D. (1967). Measurement of control skills,
vigilance, on a subsidiary task during 12-hours of car driving.
Ergonomics, 10(6), 665-673."

Eight subjects were given short driving tests at 0700,
1000, 1300, 1400, 1700 and 2000 hours on 2 days: (1) under
experimental conditions of continuous driving and (2) under
control conditions in which they carried on with their normal
work between tests. Car control skills and performance on a
subsidiary task of time-interval production were measured on a
2.2 mile test circuit in c¢ity traffic. Pulse rate and oral
temperature were also recorded. Vigilance was measured during
main-road driving on the experimental day by scoring time taken
to respond to a light signal. Vigilance improved significantly
during the spell of prolonged driving.. Time-interval
production was more variable under experimental conditions than
under control, but this difference was indepéndent of the
duration of the driving period. Differences in car-control
skills between conditions were slight and statistically
unreliable. . .

These results support previous ~indings that a virtually
continuous 12 hour period of driving during the normal working
day need not affect <either perceptual or motor 38kills
adversely. The apparent discrepancy between present findings,

‘(that performance on the subsidiary task was worse on the day

of prolonged driving), and previous findings, (that it tended
to be better), is discussed in relation to the general problem
of measuring performanrce by the dual-task method. -

47. Brown W. K., Rogge J. D., Meyer J. F., Buckley C. J., &
Brown C. A. (1969). Aeromedical aspects of the first nonstop
transatlantic helicopter flight: II. Heart rate and ECG
changes. Aerospace Medicine, 40, 714-T17.

Electrncardiographic data were recorded continuously on
three crewmembers during a 30-hour transatlantic flight in an
H=3 helicopter. Heart rate changes: during the flight vere
compared with control heart —rates during routine daily
activities. ' Changes ia heart rates during flight indicated
that there were significant periods of rest. The . marked
inereases 1in heart rate associated with obvious  stressful
events such as air refueling indicate that heart rate may be a
good index of acute stress, However, the lack of change in
mean heart rate over -control values in "two of the three
crewmembers indicate that either the stress was 1l2ss than
expected or heart rate does not adequately reflect prolonged
stress.
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'48. Bryden G., & Holdstock T. L. (1973). Effect of night duty

on sleep patterns of nurses. Psychophysiology, 10{1), 36-42.

The diurnal sleep patterns of female nurses working night
duty were compared to their nocturnal sleep patterns while they
were working regular hours during the day. Continuous EEG,
EOG, and EMG recordings were made at the end of 2 month periods

-of night and day duty respectively. Day and night sleep

differed with respect to both duration and pattern. Despite an
earlier onset, the major sleep period was shorter during the
day than the night and seemed to be more interrupted later in
the session. This finding 1is in keeping with the increased
amount of  Stage 1 and decreased amount of slow wave sleep
during the day than the night.. '

Although no differences were evident with respect to
overall percent REM, differences in the distribution of REM did
ocecur. REM sleep occurred sooner during day than night sleep
and there was more of it during the first part of -day sleep.
Thus' night duty;seemed to affect the pattern of sleep stage
distribution as well as the absolute amount of, not only total
sleep, but also some sleep stages, such as Stage SS (slow wave

"sleep). It is an open question how the naps of extended

duration taken while on night duty influence the pattern of
sleep during the day. : '

g, Bueck L. (1975). . Sleep loss effects on movement time.
Ergonomics, 13(4), 415-425,.

Subjects wWwere tested on a subject-paced step-tracking task
three times every four hours under two regimes: one in which
they slept for 6.5 hours at night and one in which they
remained awake.’ 12 subjects were tested for two days under
each condition, and 8 subjects for three days. Reaction times
for correct responses’ increased following sleep loss to an
extent inversely related to signal probability. Movement times

- increased following sleep loss to a much greater extent. ‘It is

concluded that movement time is a more 'sensitive index of
performarce deterioration due to sleep loss and that movement .
time and reaction time represent separate processes. .

50.- Buck, L. (1976). Psychomotor test performance and sleep

patterns of aircrew flying transmeridional routes., AviatioqL» ‘

Space and "nvironmental Medicine, 47, 979-986.

" Pilots and flight attendants flying scheduled services
between Vancouver and Tokyo and between Toronto and Rome .were
tested on a tracking task befrnre and after flights in each

_direction. Flights were included in schedules involving both
" 24~hours and 7-day layovers at the overseas station. During

thesq‘pgriods, they'recorded their sleep patterns. The data
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showed that, following flight, subjects made an immediate

-attempt to adapt their behavior to local time and the changes

in their performance scores could be interpreted on that
basis. It was concluded that behavioral c¢ircadian rhythms
adapt rapidly to a new time zone.

51. Buck L., Gibbs -C. B., & Leonardo R. (1969). Sleep
deprivation effects on responses to signals of unequal

probability in an artifically charged environment. (Canadian

NRC Report No. DME-ML-4). Ottawa, ‘Canada: National Research
Council of Canada, Division of Hechanicgl Engineering.

"(DTIC No. AD T703-197).

Young male subjects made repeated runs on a step-tracking
task over a period of U8 hours during which they were deprived
of sleep. Siccessive runs showed a reaction time (but not
error rate) increase that - was inversely related to signal
probability, and a movement time increase that was related to
distance travelled. Both effects were more evident on machine-
paced than subject-paced tracking. There was no evidence that
performance deterioration could be modified by the use of a
patented anti-fatigue device. :

52. Buckley C. J., & Hartman B. 0. (1961). Aeromedical
aspects of the first nonstop transatlantic helicopter flight:
I. General mission overview and subjective fatigue analyses.
Aercspace Medicine, 40, 710-T713.

Effects ' of stress and fatigue on aircrew members
participating in. the first nonstop transatlantic helicopter
flight were examined. A general mission narrative and
observations of the flight surgeon crewmember are presented
together with results of subjective fatigue rating and sleep
pattern survey studies, - continuous electrocardiographic
recordings, and the analyses, of altered excretion patterns of
urinary constituents ' commonly affected by stress and/or
fatigue.. Results .indicate that satisfactory. ‘aircrew
performance can be maintained when helicopter crewmembers are
exposed to the levels of stress and fatigue which were
encountered ‘on this record duration helicopter flight, but
certain deficiencies in 1life support/crew comfort items

available to the helicopter crewmember exist when this type

aircraft is employed for-gisaions‘in excess of s8ix or eight
hours duration. : ' ’ '
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53. Bugge, J.F., Opstad, P.K., & Magnus, P.M. (1979)., Changes

in the c¢ircadian rhythm of performance and mood in healthy’

young men exposed to prolonged, heavy physical work, sleep
deprivation, and caloric deficit. Aviation, Space Environmental

Medicine, 50 (7) 663-668.

Eighteen young men participated in 'a ranger training
course in June 1978 with more than 100 hours c¢f continuous
activities, almost without sleep. The subjects wused about
10,000 kcal/d and their food intake gave only about 1,600
kcal/d. Changes from circadian rhythm in performance and mood
were studied once in the week before the course, on the first
and last day of the course, and once 'in the Wweek after the
course. The subjects were tested at 4-h intervals. '

Significant and substantial impairment were abserved .in

all tests, as well as in mood during thke course (more
pronounced on the last day). The impairment was mainly in
reduced <capacity, although there were miror inci~eases in

errors. The oscillations in circadian rhythm during baseline
and recovery were small (+/- 10% of the 24h mean), with a
tendency to have 1low values in the early morning. The
oscillation increased during the course to 20-40% of the 24b
mean; the tendency was to increase the fluctuations of the
natural circadian rhythm with a crest in the afternoon,K and a
trough in the early morning. The profile of mood-state showed
similar fluctuations and was highly correlated to
performance. After 4 days of rest, there was complete
restitution of performance and mood in our tests.

54. Burton R. R., Storm W. F., Jchnson L. W., & Leverett S. D.
(1377). Stress responses of ‘pilots flying high performance

aircraft during aeria combal manuevers. Aviation, Space, and
Environmental Medicinel 48,301-307. ' '

In aerial combat Eaneuvers (ACMS), at Luke AF3, Arizona, &

fighter pilots flew their two F-15 aircraft against 9 pilots in
three F-106 airccaft. A total of 9 flights, consisting of 23
ACMs, were accomplishad in 5 successive days. 'The degrees of
fdtigue, stress, and sympathetic activity were quantified using
both subjective analyses and the biochemical constituents 4in
the urine of the pilpts of the F-15 or F-106. Biochemical
indicators, reported per 100mg creatinine, included: epineph-
rine, norepinephine, 17-0HCS, wurea, 1inorganic phosphate,
sodium, potassium, and|sodium/potassium ratio.

The F-106 pilots pxerted more relative effort than did the
F-15 pilots--effort which appeared to be associated with high-G
experience. " Both groups of pilots were equally fatigued
following ACMs; however, only the fatigue of the F-106 pilots
was directly correlated with the length of the ACM. ‘
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Sympathetic and stress responses during the ACM - similar
for both groups of pilots - showed postflight increases of 54%
in epinephrine, 1% in norepinephrine, and 20% in 17-0HCS over
preflight values, thus suggesting a moderate stress response.
Resting levels of these same indicators, (for days the pilots
did not fly and for pre-ACM values) were 3imilar but higher
than control values previously reported for other stressful
activities. By late afternoon, postflight values for these
indicators had returned to near-preilight levels.

55. Byrne D. (1964). What's being done abocut crew fatigue?
American Aviation, 27, 65-66.

This article outlines plans for dpcbming research into jet
flights across time zones and fatigue. Plans for an FAA Civil
Aeromedical Research Institute study of. jet crew fatigue on
flights from Oklanoma City, Oklahoma, to Frankfurt, Germany,
and from Oklahoma City to Tokyo are discussed. Fatigue is also
identified as a social problem among jet crews which results in
increased irritability - and decreased 1libido. The author
predicts that new crew scheduling regulations will be
instituted either by FAA regulation or by the airlines
themselves as a result of fatigue experiments. '
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- 56.. Caille E. J. P., Quideau A. M, C., Girard J. F. J., Grubar
J. C., & Mcnteil A. C. (1972). Loss of sleep and combat

efficiency: Effects of the wcrk/r2st cycle. In ¥, P. Colquhoun

(Ed.), Aspects of Human Efficiency. pp. 177-194. London,
England: The English Universities Press Ltd.

Military dutiés are liable to impose severe stresses on
the normal biorhythm of the 8-hours rest - 8-hours work - 8-
hours rest schedule. The aias of this study weéere: to define

the length of sleep deprivation compatible with normal

psychomotor reactivity, vigilance and reliable decision-making
' capacity; and to determine the most favorable worxk-rest rhythm
when such a sleep deprivation occurs. '

. The general approach was to select the most valid and
sensitive predictors of battle~-efficieacy (operational
criteria) and to compare these predictors during the 3lecp loss
period with psychophysiological indices of the residual leyvel
of vigilance. ' ! .

The objective investigation . of correlations between
operational and psychophysiological parameters requires

sensitive, reliable and quantifiable criteria. - The following

were chosen: a) for the measurement of operational criteria:-

simple psychomotqr performance {(auditory and visual reaction

time. distributed attention, radar watch-keeping with symbolic
displays, thougat flexibility, and memorizing complex military
orders; 'and b) for the evaluation of fatigue and' vigilance:
analysis of urinary catabolities, rectal temperature and blood
, pressure, heart-rate and sinus arrhythmia, EEG (spectral power
density, autospectra and coherence coefficient. '

Thirty healthy 'volunteers, of the French Naval Forces,
. were divided into three balanced groups of 8 subjects each:

1) Group G, was sleep deprived for 64 hours and followed a 2
x &  hours - work/rest schedule (with "~normal day-night

alternation). oo : _

2) Group G, was sleep deprived for 64 hours and followed a 2
x 8 hours work/rest schedule which tends to disrupt the normal
day-night alternation. - '

3) Group Gy was sleep deprived for 72 hours, and followed a
a 2 x 12 hours work/rest cycle. ' ' '

Each working sessicn lasted 6, 8 or 12 hours and ‘involved
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radar detection and decision tasks, shooting, marching, grenade
throwing, etc. This report describes the study and results.

57. Cameron C. (1968). A questionnaire study of fatigue in
ciﬁil aircrew. (Human Engineering Note 24). 'Victoria,
‘Austra.ia: Aeronautical Research Laboratories, Australia
Defense Scientific Service, Department of Supply.

A questionnaire designed to explore aspects of aircrew
fatigue identified ia an earlier study was circulated to over
. 600 pilots, navigators and engineers employed by Australian
airlines on international operations. Completed questionnaires
were returned by 79% of the group.

The following conclusions were drawn:

1) The complaints .of fatigue which gave rise to the
investigation have a reasonable basis: the majority of flight
crews report severe feelings of tiredness under operating
conditions which are quite regularly experienced.

2) Fatigue, as recognized by aircrew, is associated with
disturbed sleep, the causes of such distubances being: (a) an
irregular pattern of night and day work, with insufficient
opportunity for adaptation; (b) variations in local time due
to rapid traversing of ‘time 2zones, again with insufficient
opportunity for adaptation; (c¢) a chronic stress reaction
among aircrew, clinically of a relatively mild nature, but
_important as a determinant of sleeping difficulties.

3) The contribution of environmental factors to the fatigue
problem is not in itself of great importance. Low relative
" humidity contributes to personal discomfort and there is some
evidence of dehydration among members of flight crews. '

4) Gastric symptoms of a type and severity to justify a
‘diagnosis of functional dyspepsia were reported by 25% of the
airerew group. Less severe gastric symptoms were reported by
an additional 29%. Disturbed ‘sleep was reported by 87% of the
group . " These figures are . nicrpreted as evidence of a chronic
stress reaction in the aircrew group. .

5) There is some evidence that renal disorders occur more
frequently in. aircrew than in a comparable segment of the
general population. A mild degree of dehydration experienced
‘repeatedly 'is suspected as a contributing factor,

6) No relationship has been found between scverity of
fatigue and total flying hours, Individual tolerance to the
factors tending, to .disturb sleep appears to account for
variations in the ‘severity of fatigue reported, which are
independent of total hours flown. .

58, Cameron, C. (1971). Fatigue-broblems in modern industry.
Ergonomics, 14, 713-720. : : . S

A study of fatigue In civil aircrew i3 briefly described
aqd a view of fatigue as a generalized response to stress is
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devel ;ped. The factors associated with a fatigue reaction in
aircrew are identified in the airline industry. Technonlogical
advances in other industries may be expected to bring about
similar problems, notably a progressively wider adoption of
- shift working. Soluticns may be achieved by the application of
human factors principles to the full range of human factors
problems in industry, and by the determination of appropriate
work-rest cycles for various kinds of work.

59. Cameron C. (1973). A theory of fatigue. Ergonomics, 16,
633-648.

Early research on fatigue in industry dealt almost
exclusively with - variation in productive cuitput during
prolonged work. Later research, typified by studies of pilot
performance, developed methods of measurement which were more
sensitive to time-correlated variations in performance and were
applicable to tasks which involved 1little physical effort.
" Neither approach has been outstandingly successful in
uncovering the nature of fatigue phenomena.

Recent research has taken a broader view of fatigue as a
generalized response to stress extending over a period of time,
and has had some success in explaining the paradoxical results
of wearlier studies in terms of activation theory. This
approach requires the time scale of fatigue studies to . be
extended greatly, to allow for cumulative effects over periods
of days, weeks or months and for the effects of disturbed sleep
habits, which appear to be very important. Fatigue effects are
closely related to the effects of sleep deprivation.’ The
importance of such 1long term effects suggest that the time
required for recovery may be useful method of quantifying
severity 'of fatigue.

60, Caéey R. E., & Quinlan.D. A. (1976). Frequent wind: Part
three, execution. Marine Corps Jazette, 60 35-45. :

Thié'article describes ih,detail the helicopter evachaticn
of 5h,368 persons from Saigon, Vietnam, April 29-30, 1975.

Special attention was given to the multi-deck operation

procesdures ' necessitated by such a llérge helicopter force.
Helicopter operations were continuous from first light on 29

April until the operation was completed at 0835 hours on 30

April, Elapsed flight hours for the entire operation totaled
560 hours and included 682 sorties. The high time aviator
logged 18.3 flight hours and the average crew operated 13
. hours. 'Of the 682 sorties flown during frequent wind, 360 were
" flown during hours of darkness. . No aircraft damage was
reported as a result of hostile fire; however, two aircraft
were lost due to mechanical malfunctions. ' '
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§1. Case H. W., Hulbert S., Mellinger R. L. (1970). Effects
of fatigue on skills related to driving. (UCLA Report No. ENG-
7060). Los Angeles, CA: University of California at Los Angeles
Schooi 'of Engineering and Applied Science.

(NTIS No. PB 194-160).

The document reports on a study to determine the effects
of fatiyue on driving skills. The high percentage of 'driver
went to sleep’' accidents indicated the necessity for this type
of study. The findings may add significant weight to the
argument for the driver 1license screening examination and a
countermeasure of education and p=srhaps stimulant drugs.

62. Chastain G. D., & Kubala A. L. (1979). Effects of fatigue
from wearing the AN/PVS-5 night vision goggles on skills
involved in helicopter operations. (HumRRO Technical Report No.
1217). Alexandris, VA: Human Resources Research Organization,
and US Army Research Institute for the Behavioral and Social
Sciences. ' : '

Reviews of the 1literature on rotary wing flight and
interviews with aviators were conducted to- determine which
helicopter tasks and maneuvers are performed most frequently
and/or are the most critical. Those operations found to be
most critical were analyzed 1into perceptual and psychomotor
components, and a battery of perceptual and psychomotor tests
was selected to measure these factors. Aviators were tested
both before and after flying with the AN/PVS-5 goggles. Eye-
hand coordination was marginally affected following flight, and
reaction time to lights was significantly affected.

" The results described in this report indicate that fatigue

! resulting from night vision goggle (NVG) ‘wear affects

performance on tasks directly involved in heiicopter

operation. After lengthy NVG wear a general degradation in-

piloting ability would be expected. |, Efforts to 1limit the

length of continuous use of the NVG seem prudent. The current,’

findings should be wuseful in planning research designed to
develop ways to reduce fatigue from NVG wear or to minimize the
adverse effects of such fatigue. ‘ .

63. Chastain G. D., Ton W. H., & Kubala A. ﬁ. (1979). .Fatigue"
(HumRRO

effects from wearing the AN/PVS-5 night vision goggles.

‘Report No. FR-WD-TX-783). Alexandria, VA: Human Resources
Research Organization, and US Army Research Institute for the
Behavioral and Social Sciences. (DTIC No. AD A077-519/7).

This  report presents an investigation of problems of:
discomfort and fatigue resulting from extended use of the’

AN/PVS-5 Night Vision ' Goggles. The studies specifically
explored 'the nature of the problems eéncountered with the
goggles, 'the types of abilities degraded after: lengthy goggle
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us2, and the promise of solutions to the problems which were
suggested by goggle users.

64, Chiles W. D.; Alluisi, E. A., & Adams, P. S. (1968). VWork
schedules and performance during confinement. Human Factors,
10(2), 143-196. '

.Thirteén‘investigations were carried out as a part of an
8-year program of research on the performance effects of
various work/rest 'schedules during confinement to a simulated

aerospace vehicle crew compartment. A total of 139 subjects’

were tested using a standard battery of performance tasks. The
synthetic work approach used provided a reliable, face-valid,
and sensitive technique for assessing complex operator
performance. '

, It was found that a man can work 12 hours per day on a 4-
hours work/4-hours rest schedule for periods of at : least 30
days. For shorter periods, a man can work 16 hcurs per day on
a 4/2 schedule but at a significant cost to his reserves for
meeting emergencies such as sleep loss. Circadian periodici-
ties are found in psycho-physiological function parallelled by
similar periodicities in performance functions, the latter
being subject to modification by special motivational
instructions..

65. Clay E. G., & budek R. A. (1974). . Performance, recovery

and ran-machine effectiveness: Final report on a basic research

program under project THEMIS. (USAHEL Report MHo. TM-9-T7l),
Aberdeen Proving Ground, MD: US Army Human Engineering
Laboratory. '

This article summarizes five years of research directed to
the probiem ol cent’ nuosuz averations. Performance changes were
studieca in vwibrali«g and neated environments, wunder varying
organizational structures and ior 4ifferent work-rest
schedules. Physiological response was studied for various work

periods, work-rest schedules, heat levels and organizational

roles. Results indicate that healthy young mea can work safely
and effectively for e¢xtensive nperiods of time given certain
conditions. * The necessary conditions include adequate
nutritional intake, change of pace activities and at least

. brief periods of intermittent rest.

66. Coates G. D., Kirby R. H., Eberhardt N. K., Miller S. J.

(1979). Pnysiological influences upon the work performance of

men and women, (PAL Report No. ITR~-T9-22). Norfolk VA: 01d

Dominion University, Performance Assessment Laboratory..
(DTIC No. AD A081-347/4). B

The 'synthetic-work methodology of the Multiple Task

Performance Battery (MTPB) was mployed in a series of studies
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designed to determine the effects of 48 hours of continuous
work and sleep loss on the work performance of four groups of
female subjects and one group of male subjects. The specific
female groups 'were defined in the design by .a factorial
combination of the phase of the menstrual c(ycle at the
beginning of the sleep-loss period (i.e., Menstrual vs Mid-
Cycle) and whether or net the subjects were using contraceptive
pills (i.e., Pill vs Normally Cycling). . The performances of
these four groups of female subjects were compared with those
of a group of male subjects who performed the tasks of the MTPB
under identical conditions; comparisons were performed during
training, baseline period sleep-loss, . continuous-work and a
post-recovery period. : : '

An extension of these studies subsequently compared the
performance >f two groups of female subjects (i.e., Normally
Cycling and Pill) for an additional five weeks under normal
work conditions; the purpose of this extension was to assess
the effects of the phases of the menstrual  cycle on work
performance. : : ’

67. Coates G. G., Thurmond J. B., Morgan B. B., & Alluisi E.
A. (1972). Behavioral effects of infectious diseases:
Phlebotomus fever in man. Journal of Applied Psychology, 56(3),

The synthetic work technique was employed to assess the
behavioral effects of a self-limiting viral infection,
Phlebotomus (or Sandfly) fever. Average efficiency, as
measured with the mean percentage of baseline performance, fell
about 25% with one group of 8 experimental Sc and 18% with

another during the febrile,ﬁeriod of illness. These are not as-

great as the 25-33% decrements in performance previously
observed in more severe cases of bacterial ‘'infection with

,;respiracory Pasteurella .tularensis (Rabbit - fever or

tularemia). Individuals differed greatly in their behavioral

reactions to infection, ranginz from essentially no decrement

to maximum decrements of about 14% (Sandfly féver) and 20%

(tularemia) of base-line performance per degree rise ip body

temperature during the febrile period.

68. Cohen C. J., & Muehl G. E. (1977). Human c¢ircadian
rhythms in resting and exercise pulse rates. Ergonomics, 20,

_475-479. (IAA Report No. A73~13%77). West Lafayette, In: Purdue

University.

. Circadian rhythmicity in resting, exercise and recdvery
pulse rates was rtudied on five male 3udbjects, Resting pulse

rate data were collected 'at seven separate times during a 24-hr
period. Exercise and recnvery pulse rate data were collected
at the exact same times: 04GO, 0800, 1200, 1500, 1800, 2100
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and 2406 hr. The lowest resting pulse rates for all subjects
occurred between 0400 and 0800 hr; highesi resting pulse rates
were. betwzen 1800 and 2400 hr. Exercise pulse rates followed
this same general pattern and tended to amplify the circadian
rhythmicity. '

69. Collins W. E. (1976). Some effects of sleep deprivation

on tracking performance in static and dynamic environments.
(FAA Report No. AM-76-12). Oklakoma City, OK: Federal Aviation
Administration, Civi) Aeromedical Institute.

The influence of approximately 34 and 55 hours of sleep
deprivation, on performance scores derived from manually
tracking the localizer needle on an aircraft instrument was
assessed under both static (no motion) and dynamic (whole-body
angular acceleration) laboratory conditions. In each of two
experiments, 20 young men were equally divided into groups of
control and sleep-deprived subjects. All tests were conducted
in .an enclosed Stillé-Werner rotator 'in total darkness with the

exception of the illuminated tracking display. In both
experiences, significant decrements in dynamic tracking
performance were uniformly obtained after 2% hours and more of
sleep 1loss. Static tracking scores were less consistently

impaired. . .

In Experiment II, administration of d-amphetamine after 53
hours of sleep loss produced a sharp drop in error .for both
static and dynamic tracking. Although performance at both
types of tasks remained pocrer for sleep-deprived subjects,

their static tracking scores did not differ significantly from.

control subjects 2 hours after drug ingestion. Thus, while the
drug benefited performance, the benefits were only partial
‘ones., Attentional lapses and inefficiency in perceptual-motor
or information processing mechanisms seem to account for the
deleterious effects of sleep deprivation on performance. Thus,
the study indicates clear declines in performance scores for an

aviation-related task after a night without sleep. These
negative effects become generally greater with ' increasing
amounts of sleep 1loss and are _more pervasive in motion

environments.

70. Colls J. E. (1974). Tests to measure perfdrmance changes

in mental work. (CDL Report No. CEL-HF-19.72). Sheffield,
‘England: Corporate Development Laboratory. (NTIS No. PB.23%4
291). : o

Body temperature rolloﬁs a distinct eircadian rhythnm -

highest in the evening, lowest in the early wmorning - and
various authors have established that performance in simple
psychological tests follows a similar rhythm. The aim of this

study nas been to corroborate this finding in short tests which .

‘could be used in the steeal 1ndu$try.to predicet performance, in

- 34 .

Ve

e
TP T

.

o

-
e °




.....

----------

“te .

place of the more difficult and Jjob specific measures such as
production rate and error rate. _ .

It was discovered that, although, there was a correlation
between performance and temperature over 24 hours, this was due
only to the strong night time correlation, and in fact
performance fluctuated randomly during .the day. In addition,
during a continuous 28-hour-experiment, a marked temporary
increase in performance level was recorded which coincided with
the arrival of dawn. This "dawn peak" was a psychological
phenomenon not reflected in a change in temperature.

T1. Colquhoun W.P., Blake, M.J.F. & Edwards, R.S. (1968).
Experimental studies of shift-work I: A comparison of
'‘rotating' and ‘'stabilized' U4-hour shift systems. Ergonomics,
11 (5), 437-453. :

Efficiency at 'meéntal' tasks was observed when performed -
according to a time schedule imposed by following one of two
different Y4-hour shift systems for a period of 12 consecutive
days. © Twenty-eight subjects were assigned either to a
'rotating' system, in which each U4-h period of the 24 h was
worked once every 72 h '‘in a repeating cycle, or to a
'stabilized' system, in which the work periods were from 1230
to 1630 and 2400-0400 each day. In the rotating systen,
alterations in the level of several asnects of performance at
different times of day were found to be related quite closely
to concurrent fluctuations in body temperature arising from its
natural circadian rhythm. A shift in the phase of this rhythm
in response to the new sleep/waking cycle imposed by the

-~ stabilized system was accompanied by a corresponding change in

the relative levels of performance observed in the two work

.periods. Thus in both systems body temperature was, in effect,

a predictor of performance efficiency. Some implications for
the organization of shift working are discussed.

72. Coloquhoun W., & Folkard S. (1978). Personaiity'
differences in body-temperature rhythm, and their relation to
its adjustment to night work. Ergonomics, 21(10), 8197826.

A ré~anaiyéis of Blake's (196T)—data indicated that the

'difference he obseved in the temperature rhythm of introverts

-and extroverts was considerably more marked in "neurotic"™ than

in "stable" subjects. That this 'difference may be related to
ttie ease with which the rhythm adjusts to a phase :change is
demonstated by (a) an examination of the persistence of the
pre«flight rhythm immediately after an 8h eastward time~zone
transition (phase advance), and (b) by an assessment of the
trends in temperature during a 12h night shift (phase delay).
In both cases the temperature of "neurotic" extroverts
exhibited the greatest degree of adjustment. It is further
shown that the temperature of extroverts is mnmore variable day
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. to day than that of introverts. Taken together these findings

I ' may reflect the existence of an underlying periodicity greater
than 24h in at least "neurotic"™ extroverts, and that (to some
"extent) this group may co:rrespond with the "evening™ type
identified in other researcn.

: 73. Colquhoun W. P., Blake M. J. F., & Edwards R. S. (1968).
Experimentzl studies of shift-work II: Stabilized 8-hour shift
'I systems. Ergonomics, 2(5), 527-546.

Thirty;one subjects were employed in an experiment to
determine whether the relationship between efficiency at mental
v tasks and *he circadian rhythm of body temperature observed in
. an ,eazriier study was affected by an increase in the length of
i the duty-spell from 4 to 8 hours. Subjects were assigned
either to a control "day"™ shift (0800-1600), a "night"™ shift
(2200-0600) or a "morning™ shift (0400-1200), and were tested
for a period of 12 consecutive days on the same shift. . The
control shift-workers showed no consistent effects of fatigue
due to the increased length of the duty-spell. Adaptation of
temperature rhythm to work on the night shift was only partial,
but Wwas relatively closely reflected in the recorded
performance trends. Very 1little adaptation to work on the’
morning shift was observed, and performance was thought to have
been affected by partial sleep deprivation. It was concluded
I that body temperature was as effective a predictor of overall
mental efficiency in most industrial-type shifts as in the

. ‘ special N-hour shift system previously investigated.

74. Colquhoun W. P., Blake M. J. F., & Edwards R. S. (1969).
: Experimental studies of shift-work III: Stabilized 12-hour
i shift systems. Ergonomics, 12(6), 865-882.

Twenty-two subjects took part in an experiment to
determine whether the relationship between efficiency at mental
tasks and the circadian rhythm of body temperature observed in

. two earlier studies was affected by.anm increase in the length
- , of the duty spell from 8 to 12 hours. Subjects were assigned
either to a control "day" shift (0800-2000) or a "night™ shift
(2000-0800), and were tested for a period of 12 consecutive
‘days on: the same shift. Some signs of fatigue due to the
excessive length of the duty-spell were observed, but an under-
lying relationship between temperature and performance remdlned

: in evidence in some’ Scores throughout the trial period.
. ' - Adaptation of temperature rhytha to work on the night
K shift was only partial, and less marked than in a preyiously
studied "night" work situation; the partial adaptation was
. nevertheless relatively closely reflected in the recorded
- performance trends. It was concluded that the resuylts obtained
~in the present and previous studies in this series demonstrated
T that, withln certain limits, the_relationship between temper-
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ature and efficiency was sufficiently marked to warrant further
research into its generality.

75. Colquhoun W. P., Paine M. W. P. H., Fort A. (1978).
Circadian rhythm of body temperature during prolonged undersea
voyages. Aviation, Space, and Environmental Medicine, 49(5),
671-678. '

Circadian rhythms of oral temperature were assessed in i2
watchkeepers during a prolonged submarine voyage and compared
with a "standard"® rhythm obtained from non-watchkeepers
ashore. Initially, the parameters of the rhythms were similar
to those of the standard. However, 'among eight sailors working
4-h watches in a rapidly rotating cycle, considerable changes
in the rhythms - occurred as the voyage progressed, and
concurrent alterations in sleep patterning were observed. The
most characteristic change in the rhythm was a marked decline
in its amplitude. In most subjects, the rhythm also tended to
depart from its original . circadian pattern; in at least one

‘¢case, it effectively disintegrated. One subject's rhythm

appeared to "free-run" with a period greater than 2U4h. A
strong circadian rhythm was maintained in only one of these
eight subjects. In four officers whose watch times were at
fixed hours, adaptation of the rhythm to unusual times of sleep
occurred in 2 of 3 cases where the schedule demanded it. The
results are discussed in relation to the design of an optimzl
watchkeeping system for submariners.

76. Combat ' Developments Command Experimentation Center.
(1963). ROAD Battalion operations in a toxic environment:

Operational capability experiment. (CDEC Report No. ©3-4). Fort

Ord, CA: US Army Combat Combat Development Experimentation
Center. -

The. experiment took place in four phases from January to
June, 1963, One phase was conducted in Panama in order to.
evaluate the effects of a hot-humid environment. Fort Ord's

‘training ranges wWere wused to evaluate small arms . firing

performance; 14 battalion elements were examined in separate
attack, defense, and retrograde exercises, including extended
live firing by M48 tank and 106mm recoilless-cifle crews. The
Battalion phase was conducted to evaluate a reinforced ROAD
infantry battalion in a series of 72-hour problems that''
included offensive, defensive, and retrograde actions. 1In all
phases, two different combinations of standard chemical
protective clothing and equipment were: worn, Normal combat
clothing was also worn as a basis for perrormance comparison..

The major conclusions were:

1) Progressive unit inerrectiveness ¢an be expected as a
result of wearing chemical protective clothing.

2) The 1length of time units will remain effective 'will
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depend primarily on outside temperature and type of physical-

activity. These "stay-times™ will vary from less than 2 hours
for an .element in the assault in high temperatures to between

20 and 30 hours for an element occupring prepared defensive

positions in moderate to 1low temperatures. The degree of
encapsulation of the individual by the protective uniform will
have a direct effect on stay-times when energy expenditure
rates are high and outside temperatures are moderate to low.

3) Protective clothing and equipment must be modified to
permit intake of 1liquids, adequate body heat dissipation, and
improved visual and tactile use.

4) Training with protective gear ‘and habltuatlon te its use
will reduce adverse psychological effects and improve
individual performance with weapons and/or equipment. :

7. Concepts Analysis Agency. (1975). . Continuous combat

workshop: Proceedings. Bethesda, MD: US Army Concepts Analysis
Agency, War Gaming Directorate.

This report contains the proceedings of the Continuous
Combat workshop held 21-22 October 1975. The purpose of the
workshop was to determine the degree to which current analytic
tools can measure the c¢apability of theater ground combat
forces to conduct continuous combat operatlons in a European
environment.

For the purpose of the workshop the following definition
of continuous combat was provided: Confliet over an extended
area where one force attacks its opponent, or major .sub-
elements ' thereof, continuously day and night (without
significant interruption) for 10 days or more.

This report records the attitudes and findings of four

working groups~-each of which considered a different

fundamental aspect of continuous operations. Extensive common
agreement was neither sought nor found in this workshop
approanh. There did seem to be general consensus that the
prospect of continuous operations raises the level of concern
over problems that exist in any case when a numerically smaller
force must resist the attack of .a larger . one but that
continuous operations themselves do not introduce entirely new
congerns.

This workshop was to improve the capability to represent
continuous operations . in force plaaning war Ggames and
'simulations. The observations of .these praqoceediangs make a
useful contribution to assist the analytical 'commynity and
agencies involved in testing and evaluation in their attempts
to accomplish 'such simulations,.
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78. Creamer L. R., Wheeler D. E., & Gabriel, R. F. (1970).
Human error and' analysis program: Data analysis and fatigue
studies. (MDC Report No. J0698/01). Long Beach, CA: Douglas.
Aircraft Company, McDonnell Douglas Corporation. (DTIC No. AD
869-266).

Fatigue, while frequently cited as a contributing factor
in accidents, remains an elusive element in . terms of
definition, recognition, measurement, prediction and
alleviation. Fatigue, defined as "The degradation in
performance or affective state, resulting from previous work,"
was explored in 1968-1969 in a complex simulation experiment:
using an anti-submarine warfare flight trainer. Light workload
over two hours and heavy workload over eight hours were imposed
upon four crews, Each crew was in a controlled work
environment 24-hours a day over a 2-week period.
Psychological, physiological, biochemical, and performance
measures were taken for individuals and for the crew as a
group. ' '

Some statistically significant effects in’ the
physiological and blood chemistry meéasures were found.
Bartlett's hypothesis of increased variability of performance
and perceptual break-up, and the activation pattern hypothesis
were . . to some extent verified, although it was indicated that
heavier or longer loads would be needed for greater
significance.

In a second study in 1969-1970, a state of fatigue,
induced by continuous performance of  tasks over prolonged
working time, was studied in a 1laboratory ‘environment. The
tasks were selected to resemble the airborne activities,
necessary for a prolonged anti-submarine warfare (ASW)
mission. Two loading conditions 'were imposed such that 12
subjects in a High Work Load (HWL) group workec¢ without rest
for approximately 18 hours and 12 different subjects in a Low
Work Load {(LWL) group worked for the same time span, but were
permitted equal time on and off work, such that their workload
was approximately one-half that of the HWL group. Psycho-
logical, physiological, biochemical, and performance measures
were taken. ' = _ '

Performance decrement was observed for the HWL reflecting
at least moderate fatigue. A specially designed Discrete
Tracking Task was the most sensitive index of fatigue. The
task was moderately difficult with almost excessive temporal
demands. The HWL group also made larger time estimation errors
late in the session than the LWL group. No other psycho-
logical, blochemical, or physiological variable was correlated
with performance decrement (fatigue) in this study.
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79. 'Daughérty J. E. (1943)., Effects ¢f increased flying time
on aviation instructors. War Medicine, 3, 297-302.

Twenty instructors selected at random from the first'and

the second training group at the Air Corps Basic Flying 3chool

were subjected to a fatigue study over a six week period,
February to March 1942, The zges of the instructors ranged
between 21 and 28 years, and the time spent as instructors
ranged between one and sixzteen months.

-The average number of flying hours per person over this
period was 118 .hours, compared to an average of 81 hours for
the same period in 1941 for another group of instructors.
Including January flying time, the 20 instructors spent a total
of 4,210 hours, or an average of 210 hours per man. During the
same period in 1941 the total was 2,760, or an average of '138
hours per instructor, a total increase of 1,450 hours and an
individual average increase of 72 hours.

80. 'Davies C. T. M., & Thompson M. W. (1979). Estimated
aerobic performance and energy cost of severe exercise of 24 h
duration. Ergonomics,; 22(11), 1249-1255, :

The maximal aehobic‘berformance (V0, max) and en=rgy cost
of running at various speeds of +two wultra-distance athletes

were measured in the laboratory on a motor driven treaumill and

. the results related to observations made during a 24 h race.
The athletes finished 1st and 2nd in the event and cuvered
distances of 251 km 2nd 234 km respectively during the 24 h
period. From the measurements in the laboratory it was
calculated that the average speeds sustained by the athletes
during the competition were equivalent to an 0, cost of 36.4 ml
- /(kg min) which representcd approximately 5%1 of their VO

max. During the race the winner expended ap estimated 77.83 k3
(183,595 Kcal) which is three times the highest recorded value
in the most severe industrial work. By the nature of the
activity, this figure must be regarded as at or near the upper
limit of sustainable. energy expenditure by man during a
complete uninterrupted 24 h circadian cycle. '
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81. Dearnaley E. J., & Warr P. B. (Eds.). (1979). Aircrew
stress in wartime¢ operations. London, Englund: Academic Press.

This book contains important research papers in psychology
and psychiatry. A special account gives the historical
background to 8 research studies sponsored by the Flying
Personnel Research Committee of the Ministry of Defense and
first published between 1940 and 1948, The resecarch projects
examined the performance of aircrew during WW II. The projects
range from statistical investigations of accidents and
effectiveness, through more clinical studies of personality and
individual functioning, to classic¢ psychological experiments
into fatigue and pilot error.

The book provides an insight into developments during a
period when behavioral research achieved. considerable
advances,. The flavor or the period and of research styles
comes across vividly, and in, this regard, the book 1is an
important historiecal document and of vital interest to
specialists in military studies as well as to those in aviation
medicine, psychology, and psychiatry. '

The articles contained include: (1) The Historical
Background of Wartime Research in Psychology and Psychiatry in
the Royal Air Force, (2) Clinical and Statistical Study of
Neurosis Precipitated by Flying Duties, (3) The Iafluence of
Psychological Disorder on Efficiency in Operational Flying, (#%)
Fluctuations in Navigator Performance during Operational
Sorties, (5) Some Measures of the Effect of Operational Stress.
on Bomber Crews, (6) An Investigation o{ Landing Accidents in
Relation to Fatigue, (7) The Psychological Aspects of
Airsickness, (8) Experimental Study of Mental Fatigue, and (9)
Pilot Error: Some Laboratory Experiments.

82. Dedmon, J.Ff. & Mielec, R. (1984). Customer test of the
Surrogate Research Vehicle Phase 1B. (TRADOC Report No. TRMS 3-
000314). Fort Knox, KY: US Army Armor and Engineer Board.

A field test of the tank-like Surrogate Research Vehicle
(SRV) was conducted at Ft. Knox in 1983-84 to obtain
information on command and control and nuclear, biological and
chemical (NBC) considerations in extended operations. The NBC
environment was sjinulated. Three volunteer c¢rews were
evaluated during three day/night T2-hour continuous triales.
Each trial included 60 to 69 hours of simulated NBC threat
whereby the crew remained {in the SRY. Crews performed tactical
missions and a series of cognitive tests. One M! tank and crew
were tested side-by-side with the SRV during the last trial.
Data collected attempted to discarn crew degradation.
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83. Defayolle M., Dinand J. P., & Jacq J. (1971). Study of
nocturnal vigilance in the: human operator ‘(Phase 1). Part 1,

experimental procedure. (Centre de Recherches du Service de
Sante des Armees, Report 245-CRSSA-PS, 1970). (English Library
Translation No. 1607). Farnborough, Hants, England: Royal
Aircraft Establishment. '

This paper describes a program to 3study the sSleep-
inhibiting effects of certain medicinal products. The products
were administered to a number of subjects who were then called
upon to perform various tasks, involving alertness, during the
period from 2000 h to 0600 h on each of four nights.  The tasks
given to the subjects and the methods of analysing the results
are described. The tasks covered: (a) measurement of reaction
time, (b) tests requiring maintained attention, (c¢) letter
marking tasks (with and ‘'without a secondary task), (d)
calculation tests, (e) visual detection tasks (with and without
a secondary task), and (f) tests of thymic auto-evaluation.

Tn addition, electro-encephalograph and electro-
cardiograph measurements were made throughout the periods of
the tests, and these were analysed by frequency sSpectra and by
the extraction of evoked visual potentials.  No experimental
results are given.

8y, Dempsey C. A., Greiner T. H., Burch N. R., Chiles D., &
‘Steel J. (1956). The human factors in long range flight.
Aviation Medicine, 27, 18-22.

‘ The human factor piroblems of performance, personal
maintenance and ‘measurement of stress and fatigue were studied
during 56 hours continuous confinement in a grounded F-84
alrcraft cockpit. = Performance deterioration was associated
with c¢hanges in bio-eiectric measurements which objectively
reflect state of consciousness. -
Results showed that current jet aircraft cockpits are
habitable for 56 hours without major phystological stress if
- limited protective equipment is employed

85. DeHart R, L. (1967). . Work-rest cycle. in aircrewmen
fatigue. Aerospace Medicine, 37, 1174-1179. ‘

. The stresses acting upon mili:ary,airc}eunen are numerous
and variable, These stresses are modified by such factors as
morale, . motivation and mission accomplishenment. The

interaction of stress and the individual may produce a

Subjective sense of weariness, with a concomitant objective
deterioration in performance--an acceptable definition of
fatigue. ' ' C

This study was undertaken to more clearly delineate the
subjective effacts of fatigue in terms of the actual work~rest

cycle. The subjects were huighly motivated aircrewmen in an
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operational squadron, performing a variety of .aircraft systenm
testa, The missions were variable, from low level ground
approach tests to high 1level photographic ‘evaluations; from

duration times of less than one hour, to over 15 hours, and

with a worldwide geographic spread.

A daily 24-hr activity log was prepared by each sub ject.
The 1log was divided ‘into five major sections: rest, duty,
recreation, nutrition, and physiological reactions. Twenty-~
four subjects completed the study, preparing the log for 30
consecutive days, thus providing a total of .24 man-months of
subjective data evaluation. The daily logs were .analyzed to
establish trends and the 1influence of duty time and other
factors on subjectively described symptoms of fatigue. The
importance of modifying influences of such factors as job
satisfaction and mission accomplishment on, ‘subjective fatigue
are presented.

86. ' Dessert D.M., Schuknecht L.T. & Noga G.W. (1978).
Operational test ard evaluation final report: Blue and gold

concept. (MAC Report No. OT/E-15-13-77). Scott AFB, IL:
Headquarters Military Airlift Command.  (DTIC No. AD BO27-
081L)o ' ' - '

C-5A missions’ are partially constrained by physiological
imitations, ' specifically fatigue of the aircrews flying
them. . The Blue and Gold Concept employed two air refueling
qualified crews on board a single aircraft. -One c¢crew was
always in crew rest while the other crew perfromed normal
aircrew duties. The OT&E evaluated the fatigue a2nd its effects
on the crews' performance from an operational and medical
viewpoint. The operational evaluation of crew performance was
based L upon subjective data provided by MAC flight examiners.
. They evaluated the crews while acting a3 safety observers. The

medical evaluation of crew fatigue was also based on subjective

data which are historjcally well correlated. with physiological
data from previous evaluations of fatigue.A

Based on both the operational and medical evaluation, this

OT&4E demonstrated that missions ‘of up to 48 hours can be

accomplished using this concept. No value judgment as to the
inherent salety of the proposed mission design can be made from
.this report. The safety of this type of mission may depend on
many factors, including physical and Ppsychological
characteristics of the individual crew menmbers, the mission

scenario, the direction or'flight, the prcmission crew rest,

length of duty cycles and sleep disruption.

~ From,the operational view, c¢rew performance appears to be
the critical factor in this concept. In the Blue and Gold OT&E
envircnment, which had a significant number of controls and
_constraints, the c¢rews appeared to degrade in performance
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relative to the onset of fatigue. No further conclusions are
drawn regarding performance anomalies that may occur in the
unstructured environment of a contingency response. From the
medica. view, c¢crew fatigue 1is directly related to time of
alert, length of duty cycles and time required for the crew to
acclimatize to shifts in sleep and duty periods.. Crew recovery
time aad turnaround time for repetitive missions were
determined to be a minimum of 48 and 72 hours respectively.

The design of the missions and the restrictive nature of
some of the controls placed on the OT&E may have influenced the
data collected on thnese test missions. An evaluation of the
fatigue factors being experienced by MAC crews on current "long
haul" missions is recommended. -

87. Dinges D. F., Orne E. C., Evans F. J., & Orne M. T.
(1981). Performance after naps in sleep-ccnductive and

+alerting environments. 1In: L.C. Johnson, D.I. Tépas, W.P.

Colquhoun & M.J. Colligan (Eds.) The twenty-four hour workday:
proceedings of a symposium on variations in work-sleep

schedules. (DHHS-NIOSH Report No. 381-127, pp. 677-692).

Cincinnati, OH: US Department of Health and Human Services,
National Institute for Occupational Safety and Health.

Situations involving quasi-continuous performance for
durations beyond a usual work-day, such as those experienced by
military personnel, may require an individual to remain awake
for days, thereby compromising performance due to comulative
effects of sleep loss. The authors investigated napping to

evuluate {ts potential to facilitate recovery from fatigue in:

settings that preclude the typical eight-hour monophasic sleep
cycle.

While napping appears to be an effective way to prevent
soue of the long-term deterioration of performance dormally
seen in totally sleep-deprived individuals, there is inevitable
impairment of performance, called sleep inertia, immediately

-upon awakening from sleep. It is a serious constraiht to the

use of napping during quasi-continuous work setting if the
individual may be required to function at full capacity, at a
moment's notice and at unpredictable times. Thus, the study of
this ubiquitous, ‘transient, post-sleep performance decrement is
relevant to the practical problem of implementing napping in
the context of quasi-continuous performance, 33 well as helping
to elarify basic questions concerning the nature or nap sleep
and Sleep stages.

The study <reported here sought to explore tﬁree bagie

questions’ concerning the nature and malleability of performance
immediatgly upon awakening from afternoon naps. These. were:
1) Are. both reaction time and complex cognitive performance
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adversely affected following awakening frcm a brief nap?

‘ 2) Will an alerting napping environment and an intense
waking stimulus attenuate these post-nap performance
decrements? and o ' .

3) To what extent are these decrements related to different
aspects of, nap sleep? The experiment, and results, are
described in the report.

88. Dinges D. F., Orne M. T., & Orne E. C. (1985). Assessing
performance upon abrupt awakening from naps during gquasi-
continuous operations. Behavior Research Methods, Instruments &

Computers, 17, 1, 37-45.

Quasi-continuous work settings often involve sleep loss
and requirements to perform at unpredictable times. Napping
may alleviate some of the sleep loss problems, but it increases
the risk that the person will have difficulty functioning upon
abrupt awakening. This paper describes an experimental
approach, techniques, and analyses for investigating
performance upon abrupt awakening from 2 hr. naps placed near
either the circadian peak (P) or trough (T) in body temperature
and preceded by 6, 18, 30, 42, or 54 hrs. of sleep

"deprivation. Five groups of healthy young adults performed

Quasi-continuously for 54 hrs. and were permitted a 2-hr nap at
one of 5 times. Reaction time to answer a phone terminating
the nap, subjective estimates, and performance of a bdrief,
challenging ccgnitive task were related to nap sleep parameters
of each group.  Sleep deprivation increased the amount of deep
in the naps and this was associated with greater post-nap
cognitive performance decrements; subjective ~estimates were
unaffected and reaction time performance was reirated -simply to
stage of sleep prior to awakening. f

) Circadian placement of the naps also modullated the post-
nap cognitive decrement; T naps produced gre ter cognitive
decrements than P naps, ‘'even when the latter| involved mcre
prior sleep loss. These findings have both | practical and
theoretical significance for evaluating the awKening process,
and would not have been possible without |the ipproach,
techniqqes; and procedure described.: ’

89. Dinges D. F., Orne ‘M. T., Orne E. C., Evans F. J.
(1978). Voluntary self-control of sleep to fagilitate quasi-

continuous performance. (Pennsylvania Hospital Heport No. 70).
Philadelphia, PA: Philadelphia Hospital. (DTIC AD A117-31/4).

The alm of the research has been to evaluate the potential
of napping for facilitating quasi-continuous functioning.

. Earlier work in this 1laboratory isolated individual napping

patterns. Replacement nappers are individuals who use naps to

make up for lost sleep in anticipation of future sleep loss.

Appetitive nappers nap even in. the absence of fatigue because
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they enjoy the experienée and derive psychological benefit from
the nap. Non-nappers do not find naps helpful and thus do not
nap. -

The current study expands these findings and explores the
effect  of asking 1individuals to nap in ar environment not
conducive to sleep. It also examines the effect of naps on
performance. The thrust was to develop the concept <cf
prophylactic napping as a means of training soldiers to use
available slack time during quasi-continucus performance to
prevent the accumulation of sleep debt, and thus maintain
optimal functioning.

This report includes a review of the relevant llterature
on napping -and fragmented =sleep. Studies are discussed in
relation to the program’'s approach to the use of napping.
Findings relevant to these 1issues are presented, including
differences in sleep efficiency, delta sleep onset, oral temp-
erature, and the factors that influence the ease of napping.

90. Dinges D. F., Orne M. T., Orne E. M., & Evans F. J.
(1980). Voluntary self-control of sleep to facilitate quasi-
continuous  performance. (Report No. 80). Hashington. DC: US
Army Medical Research and Development Command.

Quasi-continuous work schedules require individuals to

function for prolonged periods with few extensive sleep
.opportunities. Consequently, sleep loss may jeopardize
effective functioning. The aim .of this research was to
evaluate the potential of napping to facilitate functioning in
such’' situations. The 3studies focused on identifyins basic
individual differences in napping behavior, and determining the
implications. of these differences for the ability to nap, the
nature of naps, the purpose served by naps, and the
consequences of nanping in both sSleep-conducive and non-

conducive (alerting) environments. These .issues .are highly

relevant to the implementati