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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
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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 implementation of prophylactic napping during
sustalined operations.

The authors describe an 'intensive ,study involvlng boti

laboratory .and field data on 'sleep/wakefulness patterns,

napping behavior, psychophysiology, performance, subjective

activation, and circadian variation in two types of habitual
nappers and a group of habltual non--nappers. ‘

, Replacement nappers nap to compensate for shortened
nocturnal sleep the night before, and are the most common type
of" nappers. Appetitive nappers' naps are not tied to reduced
nocturnal sleep; but rather may be part of a natural biphasic

3leep cycle. Appetitive nappers exhibit a greater control over

napping than replacement nappers, Confirmed non-nappers avoid
napping because it produces unpleasant consequences for thenm,

"the basis of which mlght be the intrusion ot a consozidate¢

nocturnal sleep pattern Lnto their nap.

T

el

0¥

"l




- Naps profoundly improve rpositive mood states in nappers,
but they also yield immediate post-nap performance decrements,
related to aspects of sleep infrastructure, that are relatively
quickly dissipated. Alerting environments and intensive waking
stimuli do 1little to lessen the decrements. An alerting nap
environment increases the proportion of light sleep during a
rap while reciprocally. decreasing dzep , sleep, but only
marginally diminishes the subjective benefits of a nap for
nzppers. Nappers preparing to nap show lowered activation
levels. This may reflect an increased sleepiness due to sleep
need, as seen ‘in replacement nappers, or be indicative of
control over daytimz sleep, as seen in appetitive nappers.
This preparatory response -- which appears to predict whether
sleep will occur -- has implications for training soldiers to
use available slack times for napping during quasi-continuous
operations. » '

Findings are Trevieved in the context of relevant
literature on napping and fragmented sleep, and interpreted in
terms of contemporary theories of sleep function. The authors
propose that the next study involve a specific test 'of the
efficacy of prophylactic napping to minimize the accumulation
of sleep debt and its accompanying performance deficit. Future
investigations should focus on factors that may enhance the
control of sleep onset (wWithout sleep debt), and the
attenuation of the negative effects of sleep offset.

91. Doskin V. A., & Lavrént'ieva N. A. (1974), Periods of

maximum performance and circadian rhythm of physiological

functions. (NASA Technical Translation Report No. TT F-16,
310). Translation of "Periody maksimal'noy rabotosposobnosti i
sutochnyy ritm fiziologicheskikh funktsiy," Sovetskaya
Meditsina, ‘Vol. 8, Aug. 1974, pp. 140-145," Washington, DC:
National Aeronautics and Space Administration. : :

. An  investigation 1is made pf waximum performance and
circadian rhyth: of physiological functions in students of the
"Moscow Medical Institute. It is concluded that periods of 'high
performance . are determined by the circadian rhythm of
physiological functions. ' ' ‘

92. Dowd P. J. (1974). Sleep deprivation effects on' the
vestibular habituation process. Journal of Applied Psychology,
59(6), 748-752 and (USAF 3AM-TR-73-330). Brooks Air Force Base,
TX: US Air Force School of Aerospace Medicine, .

A Coriolis cest on the USAF SAM biaxial simulator was
administered to 143 pilots. Two tests were obtained 'on
subjects {in three groups: a) Subjects had no sleep for the
first test, rest for the first test, rest for the second test:
b} Subjects had rest for the first test, no sleep for the
second. test; c) . Subjects had rest for both tests. A two-

- 47 -

)
|
»

TR YA
R




parameter analog measuring the rates of Jdecay and sensitivity
co-efficients of vertical nystagmic responses, was used to
compare the effects of fatigue on nystagmic responses to
Coriolis accelerations.

Fatigue, in terms of moderate sleep deprivation of 24-30
hours, had significant - deleterious effects on the vestibulo-
ocular responses to Coriolis accelerations. Such findings
indicate that fatigue physiologically makes the hazard of
flying even greater. -

93. Dowd P. J., & Brunstetter F. H. (1980). Crew stress and

fatigue in the PAVE LOW III system. (USAF SAM Report No. TR-80-

26). Brooks Air Force Base, TX: US Air Force School of
Aerospace Medicine. (DTIC No. AD A091-668/4).

The purpose of the PAVE LOW IIl system was to demonstrate
that helicopter crews can perform combat rescue at night and in
marginal weather conditions. This report discusses the PAVE
LOW III system crew stress and fatigue and human factors
problems encountered during combat simulated exercises. From
the subjective fatigue (SF) data and self-report rating scales
it appears that the system significantly stressed experienced
test pilots. Workload was extremely demanding of pilot
attention, skill, and alertness during terrain following-
terrain avoidance, approach to. hovering, and hovering
maneuvers. It is recommended that the maximum flying time
should be no more than 6 hours for these types of missions, and
there should be at least 8 hours of uninterrupted sleep or 12
hours of c¢rew rest between missions. Attention should be given
to improving the following features: seating, acoustic
insulation, display illumination, maps .and holders, and

communication and ventilation systems.

94.  Drew G. C. (1979). An experimental study of mental
fatigue (FPRC Report No. 227,). In: E. F. Dearnaley, & P. B.,
Warr (Eds.), Aircrew Stress in Wartime Operations. London:
Academic Press, '

‘The work reported in 1040 was an attempt to - study the '
effects of mental fatigue on a simulated flight task. Special.
_care is taken to separate mental from muscular fatigue because

the two are thought not to be entirely analogous. "The

‘"experiments were conducted in a 3pecially designed Spitfire

fighter couckpit mockup in which instrument readings could be
mechanically recorded. Subjects were instructed to perform a
series of maneuvers such as elimbing, diviag, and turning.
Each serfes was defined as a "course unit.™ °~ Each subject
performed seven "course .units"™ separated by level flight

.segments, approximately ¢two hours elapsed time, during ihe
experiment. Others did the tasks for 6«7 hours. Error scores

were galculated for airspeed, altitude, turn and slip, compass
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heading, climb and/or dive, and rate of climb,
Performance deterioration resulted from subjective changes

in the pilot's attitude which resulted in {(a) pilot's lowering

his own performance standards, (b) pilot's splitting the task
up into small, seemingly unrelated, tasks, and (c¢) pilot's
becoming preoccupied with physical discomforts. Some of the
performance decrement was also attributed to the instrument
panel 1layout. Some general design changes are discussed to
remedy the instrument panel problems.

95.  Drucker E. H., Cannon D. L., & Ware R. J. (1969). The
effects of sleep deprivation on performance over a U48-hour

period. (HumRRO Technical Report No. 69-8). Alexandria, VA:

George Washington University, Human Resources Research Office.

An experiment was conducted to determine, for extended
periods of work, the effects of (a) working for 48 hours work
periods at night compared with starting in the morning, and (¢)
rotating jobs. Teams performed a driving task and a target
detection task; a control group performed the same tasks, but
with provisions for work without sleep, and that deterioration
occurs primarily at night, or during the subjects' normal
sleeping hours., Job rotation to introduce another activity did
not prevent performance decrements.

96. Dudek R. A. (1972). Performance, recovery, and man-
machine effectiveness. (Texas Tech. Univ. Themis Report No.
603). Lubbock, TX: Texas Tech University Center of

Biotechnology and Human Performance. (DTIC No. AD 738-916).

Emphasis is placed on the determination of optimal or near
optimal work/rest schedules for individuals and crews to yield
high performance with minimal decrement over time folliowed by
recovery (after rest) tc an acceptable high performance. The
experimentation is further aimed at consideration of various
task levels and dlffering conditions of environment.
Experimentation in progress continues to focus attention on the
assessment' 6f human performance under continuous operations or

"relatively long term activity (2 hours or more of activity).

97. Duncan C. E., Sanders M. G., & Kimball K.A. (1980).
Evaluation of Army aviator human factors (fatigue) in a high

threat. environment, (USAARL Report No. 80-8). Fort Rucker,. K AL:
US Army Aeromedical Research Laboratory. .

Questionnaire data received from 3tudent and instructor
pilots located at Fort Rucker, AL, indicate significant levels
of fatigue when flying in different flight altitudes and
profilez; the lower the altitude flown, the more rapidly pilots
experience fatigue. These data suggest standard flight is 1.4
times as fatiguing as day standard flight; day terrain flight
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is 1.3 times as fatiguing as day standard flight; night terrain
flight, the most difficult flight profile examined, is .97
times ‘as rfatiguing as day standard flight. US Army Regulatlon
95-1, January 1980, sets a maximum of 140 hours per month per
aviator of day flight in a combat environment. Existing
doctrine emphasizes nap-of-the-earth (NOE) techniques, and if
so accomplished for 140 hours, could possibly result in an
unsafe and severely fatigued helicopter pilot. Using the
guidelines presented in this report, field commanders may
organize their crew work/rest schedules and more effectively
continue ‘their mission in Army aviation.

98. Dureman E. I., & Boden C. (1972). Favigue in simulated
car driving. Ersonomlcs, 15(3), 299 308. .

The aim of this study was to assess the effects cf four
hours continuous driving in a car simulator on (a) performance

(number 'of steering errors and brake reaction time), (b)
subjectiye fatigue, (c) pulse rate, respiratory rate, skin
resistance and neck muscle tension, (d) intra-subject

correlations between the latter variables and performance over
time. An. additional aim was, to study these psychclogical and
physiological measures when arousal was stimuiated by the
pairing of an electric shock with steering errors. To control
training effects the Ss repeated the experiment twice.

The results showed that all subjects had a progressive
performance decrement over time in parallel with increased
feelings of fatigue. There 'was also a decrease in pulse rate
and resypiratory rate. Skin resistance showed continuous
increment over time. Covariations over time ©between
performance variables and physiological variables were rather
high in most individuals; e.g for pulse rate with frequency of
Steering errors, and EMG with frequency of steering errors.
The expectation. of an electric shock in ' connection with
steering errors yielded higher sub jective and autononmic
arousal, 'slower performance decrement over .time, and also
lowered variability, both within and between sub jects for all
the variables recorded. .
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99. Eberhard J. W. (1968). Sleep requirements and work-rest
cycles for long term space missions. Paper presented at .the
1968 Human Factors Society Convention in Anaheinm, CA.
Arlington, VA: Matrix Corporation.

' This analysis tried to piece together data found in
various industrial studies of the influence of Sleep-
wakefulness cycles on productivity, basic research studies
applying physiological and psychological indices, results from
.space flight simulation studies, and finally, the data released
from the long term American space flights that occurred to mid-
1966. -
The review of the literature indicated: (a) There 3eems
to be inadequate data relating the <application of earth-
oriented sleep/wakefulness cycles in long-term space missions;
(b) the Gemini flights shift from a four-four schedule to one
of eight hours tended to verify this for long-term missions;
{c) the 14 day Gemini 7 flight seemed 'to indicate that an
extended flight gradually requires less sleep: (d) if mission
oriented tasks require astronauts to perform on other than 8
hours 'consecutive sleep, consideration 'should be given to the
effectiveness of .different sleep periods from 2 angles: (1)
selecting astronauts who require sufficiently less sleep, and
(2) preconditioning the .astronauts .to - use the dilferent
sleep/wakefulness cycle; '{(e) more definitive work should be
done on the area of 'split sleep schedules if such schedules
should be required for future long-term space missions; ' (r)
more data are required on the influence of zero "g" on sleep
requirements; and (g) consideration. should be given to testing
the period of wakefulness as related to the critical mission
oriented tasks and astronaut performance ' of those mission
oriented tasks to be performed upon sudden awakening.

1n0. Ellingstad V. D., & Heimstra W. W, (1970).,'Peffornance
changes during the sustained operation of a complex: psychonotor
test. Ergononmics, 13(6), 693-705.

) Firfteen male subjects were exposed to a primary tracking
task and a variety of subsidiary tasks for a total of 15
hours. Tracking performance was assessed through the use of
two error measures: amount of time off the target track, and
number of times off target. Subasidiary performance tasks
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included: a vigilance task requiring subjects to respond to the
deflection of the needle of a small meter; two reaction time
tasks requiring response to the onset of one or the other of
two lights; mental multiplication, which required the solution
of simple multiplication problems; and digit spanm, in which the
subject was required to repeat as rapidly and as accurately as
possible a set of digits of either 5, 6, or 7 numbers in

length. In addition, three physiological measures were
obtained. : :

A significant decrement in tracking performance was
obtained for both measures. This '~ décrement was not

particularly abrupt in its occurrence but rather took place
cumulatively over the entire .course of the experiment. There
was no .clearly established performance decrement on the
subsidiary tasks 6 used in this investigation. A marked
variability in performance over the course of the experimental
session was characteristic of performance on these tasks.
Performance on the vigilance task, and one of the reaction time
tasks improved during the 15-hour test session.

The 17-Ketosteroid and 17-Hydroxycorticoisteroid values
increased during the session but only in the case of of the
latter was the increase significant. The eosinophil count of
subjects exposed to the test conditions decreased steaadily
throughout the experimental session. However, eosinophil
measures obtained from control subjects increased during a
similar time period. '

101. Emanski J.J. (1977). Continuous -land combat. I(SRI
Technical Report No. 4940). Menlo Park, CA: SRI International.
(DTIC No. AD A052-802).

This report presents the results of a study of continuous
land combat, a concept of modern warfare made possible by the
complete mechaniization of land cozbat forcz2s and the technology

‘that enables effective combat at night, in froor weather, and

under low visifBility' conditions. . It is a logical extension of
the blitzkreig warfare of the Cerman Armies in World War I1I.

An ' abbreviated comparison is made of current Uu.S.
perception of and capabilities for the conduct and support of
continuous land combat with the land and air force needs 'to

achieve that capability. A systems perspective was taken in

examining combat suppurting functions an¢ the  essential
elements of a2 continuous combat capability - doctrine,
organization, ¢training, equipment and technology. An effort
was made to |gain the participation and input of those
operational and development organizations that are concerned

"with vgrious asjpects of continuous land combat operations.
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102. Engel J. D., & Bishop H. P. (1971). A partially

annotated bibliography on optimal work-rest cycles. {(HumRRO

Consulting Report). Alexandria, VA: Human Resources Research
Organization. (DTIC No. AD A020-655).

This bibliography 1is not an exhaustive survey of all
studies relating to task efficiency, fatigue,or distribution of
performance. It reviews those studies whose results would
assist in the eventual selection of optimal work-rest cycles
for specified types of performance. Only a few laboratory
experiments clearly dealt with the work-rest ‘eycling
question. It became necessary to examine the results of a
number of other studies which were less directly concerned with
the question but were pertinent.. In general, the studies were
those in which observations of performance extended for a
period of 24 hours or longer since it was felt that such a
period of observations was the minimum necessary for valid
applicability to the scheduling of work and rest over prolonged
intervals.

103. Englund, C.E. & Krueger, G.P. (1985). Methodological
approaches to the study of sustained work/sustained operations:
Introduction to special section of Behavior Research Methods,
Instruments, & Computers. ‘Behavior Research Methods,

Instruments, & Computers, 17 (1) 3-5.

This article introduces 12 other articies illustrative of
methodologies used in research on sustained/contlnuous
operations. The articles resulted from a "sustained onerations
research” workshcp conducted ac¢ the Canadian Defence Civil
Institute of Environmesntal Medicine and from an Americau
Psyehological Association symposium entitled "sustaining work
hours without decrements in productivity". Both meetings were
held in Toronto .in August 1C84,

The article defines erxtended operations as Jbbs ¢cr tasks
that proceed continuously with only a short break or breaks,
but that operate within a typical shift system for lengthy
periods, longer than '‘a normal duty day. "The worker Kknows
he/she will be relieved or adle to rest. It defines sustained
operations as planned or wunplanned, goal-oriented, nonstcp
continuous performance/operations without rest. or sleep in

which the worker is expected to keep going. as long as he/she

can. Both obviocusly have vary inportant worker perrormance <nd
behavioral {mplications. . .
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104, Englund C. E., Naitoh P., Ryman D. H., & Hodgdon J. A.
(1983). ' Moderate physical work effects on performance and mood
during sustained operations (SUSOPS). (NHRC Report No.l83-6),

San Diego, CA: US Naval Health Research Center.

During times of emergency, e.g., milxtary operations,
humans must often work continuously fcr 1long hours at
physically demanding tasks while remaining mentally alert. In
this repeated measures study, eleven pairs (one experimental
and one control) of Marines (N=z22) experienced one 12-hour
baseline and two 20-hour continuous work episodes (CWE). The
20-hour CWEs were separated by five hours which included a 3-
hour nap from 0400-0700. Each hour of CWE was split into two
half-hour sessions. During the first half-hour sutjects
performed alphanumeric (A-N) visual vigilance tasks. The
experimental member of each pair spent this first 30 minutes
ailso walking on a treadmill in full combat gear (25 kg) at
approximately 31 percent max V02 heart rate for a total
distance of approximately 114 km. The controls performed the
A-N task 3itting quietly at a video terminal. During the
second half-hour, all ‘subjects completed mood .and fatigue
3cales and performed selected combinations of tasks.
Biomedical and electrophysiological sleep recordings were
obtained on both subjects.

Mood scales showed that subjects expressed significantly
more fatigue and expressed more negative affect during the
second sustained operation. No significant steep stage changes
were found. Generally, after nap performance (0800)' was not
significantly different than CW1 ending performance level. The
physical workload.hdid not affect performance, but sleep loss
and circadian effects produced performance decrements in some
tasks.

From a comparison with previous NHRC nap studies the
authors concluded that the timing and duration of the nap are
important in determining recuperative value. When designing
work/rest schedules to maintain high quality’ pnrformance in
recurring CWEs as short as 20 hours, a 3-hour or longer nap
during the circadian nadir may be required.

105. Englund C. E., Ryman D. H., Naitoh P., & Hodgdon J. A.

-(198%). Cognitive performance during successive 'sustained
physical work episodes. Behavior Research Methods, Instruments.

& Computers, 17, 1, 75-85.

In modern life some occupations require continuous work
(CW) for sustained periods. Military operations can last over
24 h, and, the preferred logistics for the lengths and timing
of naps or rest periods to minimize performance loss due to
physical effort or sleep loss are not fully known. This study
analyzed various cognitive performance measures to determine if
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and when certain abilities degrade with CW and exercise of 45 h
with only a 3-h nap midway. Twenty-two Marine reconnaissance
personnel were studied over two CW days. Elaven of these
(exercise group) walked on a treadmill with park (20 kg) at 30%
of maximal oxygen uptake (V02 max) for the first half hour of
17 one hour sessions each CW period while the ot.ers (controls)
worked at a video terminal. They both performed an alpha-
numeric task during this half hour to determine their long term
visual vigilance. This task consisted of randomly appearing
letters or numbers in which the subject responds to only the
A's and 3's. During the second half hour of every 'session

other sets of tasks were given 1including: a four choice

discrimination task, word memory, reading comprehension speed
reading tasks, and a 1logical reasoning test of compléx
information processing. At other periods before, during, and
after the CW days, map, shape and building location memory, and
a task of radar missile simulation were given. :

The results 1indicated that the exercise of treadmill
walking did not accentuate or attenuate sleep loss effects on

the cognitive measures studied. Sleep loss (day differences)’

'was significant for the visuali vigilance task (CWi1 = B80.9%,
correct; CW2 = 70.6%). Choice reaction and logical reasoning
primarily showed time-of-day differences with early morring
performance w-~orse, Sleep loss effects during the first day

were observed in the word memory task, again with early morning
recall worst. There was continued low, word memory performance
in the morning of the second day 1indicating no recovery
following the nap. Visual vigilance degraded earlier in the
second day for the controls than for the experimental subjects
who were exercising during this .task. Two reading
comprehension measures showed complex differences over the days
or between groups over sessions, with lower reading performance
in the evening (1800). ' v

These findings indicate that exercise at 30% of V0, max
does not compound sleep loss effects in cognitive
. performance. Indeed physical activity during video terminal
monitoring may delay any sleep_loss decrement. Variability of
many cognitive abilities throughout the day appeared to show a
greater effect than the sleep loss and erercise errects over
two days.

106. Ernstein, J. (Ed.), (1983) Sustained Lnﬁensive 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 Report No. CP-338). Loughton, Essex,
United Kingdom: Specialised Printing Services Ltd. '
(DTIC No. AD A139-324). .

The Symposium addressed the aeromedical and human rictoﬁa
aspects of the capabilities of airorew and ground crew to
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perford their duties at high intensities at irregular times of
the day and night over many days or weeks under the operational
conditions which would occur in war. The Symposium included
(i) four papers on the operational scenarios of sustained
intensive air operations with particular emphasis on air
defense and offensive operations, (ii) eleven papers reporting
laboratory studies on the measurment of aircrew workload, the
effects of disturbances of circadian rhythms and deprivation of
sleep and the use of hypnotics and stimulants to influence
sleep and wakefulness, (iii) six papers on the effects of NBC
protective equipment and procedures on air and ground crew with
particular refereance to fast Jjet and helicopter operations,
(iv) eight papers reporting field Studies of fatigue,
performance .and physiological disturbances' in .aircrew and
gbqund personnel engaged in sustained air operations including
the South Atlantic Campaign, and (v) a panel discussion on the
requirements for future research into the physiological,
psychological and aeromedical aspects of sustained air
operations and the potential value of current aeromedical
- knowledge to the NATO air forces.

107. Evans F.J., & '‘Orne M. T. (1975). Recovery from
fatigue. I(Pennsylvania Hospital Report No. 60). Philadelphia,
'"PA: Pennsylvania Hospital. (DTIC No. AD: A100-347/4).

. With the aim of evaluating the potential of napping for
facilitating unimpaired continuous' performance over long
periods, four interrelated studies were carried out:

1) 430 young adults were administered a specially developad
questionnaire to elicit nighttime and daytime sleep patterns.
Parametric findings are reported.

2) Based on questionnaire responses, supplemented by an
extensive interview, 1individuals typical of three response
patterns were selected: (a) replacement nappers--those who use
daytime sleep to make up for lost nighttime sleep, (b)
appetitive nappers--those who derive psychological benefit fronm

daytime sleep regardless of fatigue, and (c) confirmed —non=--

nappers--those to avoid napping because they 'feel worse
afterwards than before.'

A subsample of 33 individuals typical of these three
groups took a one-hour afternoon nap where physiological and
psychological parameters were recorded.

3) These subjects were subsequently requested to keep a 14 -
day sleep diary which permitted a more detailed analysis of ther
relationship between daytima and nighttime sleep. Several
interesting and reliable differences between these groups in
‘the physiological nature of ~naps and the consequences of
napping were identified. ’

4) A collaborative study was: carried out with the Universlty

of Louiaville Performance Research Laboratory to evaluate the

.
.
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effectiveness of two short-term cognitive measures used in our
past research to assess the restorative effects of napping on
performance.

108. Evans F. J., & Orne M. T. (1976). Recovery from fatigue.
(Pennsylvania Hospital Report No. 65). Philadelphia, PA:
Pennsylvania Hospital. (DTIC No. AD: A011-340).

The findings of the original napping questionnéire (based

on 430 students) on differences between appetitive and

replacement nappers, and between nappers and non-nappers, have
been extended in a new sample of K69 students. This served to
validate several important conclusions about the functions of
‘napping in the different subgroups. A special subgroup of
subjects who were Sselected as appetitive nappers by the
questionnaire but as replacement nappers by a blind interviewer
were also studied. This group was termed stress nappers
because they seem to nap in response to stress-induced sleep

disturbances. Moreover, their nap seems to be less restorative

and may interfere with the subsequent night's sleep. This kind
of napping pattern appears less useful in preventing ratigue
but might be prognostic of future psychopathology.

The central concept underlying the work concerns
individual differences in ‘the ability to control sleep
. processes. Unliess such control can be taught to individuals
not . possessing the skill, attempts to teach prophylactic
napping would be unsuccessful. The voluntary control of sleep
processes mdy reflect a more general ability to control altered
states of consciousness; consequently, the authors also

explored the relationship between responsivity to hypnosis and

aspects of the happing questionnaire.

- 5T -

{t

i ]




F

109. Fiorica V., Higgins E. A., Lategola M. T., Davis A. W., &
Tampietro P. F. (1970). Physiological responses of men during
sleep deprivation. (FAA Report No. AM-70-8). Oklahoma City, OK:
Federal Aviation Administration, Civil Aeromedical Institute.
(NTIS No. PB T713-590). :

The effects of 84 hours of sleep deprivation were examined
in a group of s3ix young men and compared with .a group of six
controls. Subjects were studied in pairs, one sleep-deprived
and one control. Primary attention was given to the responses
to acute whole body cola exposure in terms of internal body and
skin temperature changes, oxygen consumption changes and plasma
catecholamine' levels. Fsychomotor performance was evaluated at
bl-hour intervals over the course of the sleepless period and
the patterns of urinary excretion of catecholamines, magnesium,
and creatinine were followed. After the first sleepless night,
psychomotor performance of sleep-deprived sub jects was
significantly lower than that of control subjects. The ability
to regulate’ ' body temperature during standardized coid
exposures, however, was not impaired by the 1loss of sleep.
Urinary excretion patterns for the two groups were similar,
except for differences related to activity level. It 1is
- suggested that, despite the gross psychomotor changes observed
- during sleep deprivation, physinlogical regulating systems are

ralatively unaffected by sleep loss. .

110. Flignt Safety Foundation, Inc. (1971). Human factors in
long distance rlxght. Arlington, VA: Flight Safety Foundation,
Inc. ' o ,

This text was prepared in cooperation with the Flight
Safety Foundation, the Federal Aviation Aduinistration and the
Aluminum Company of America to provide an awareness and
understanding of human factor safety considerations involved in
the use of corporate and commercial aircraft for long distance
flights at irregular hours. '

.The circadian rhytha is clearly defined. In simplified

language, time-travel formulas as evolved by the Internationral

Civil Aviation Organization 4in order to minimize ertects of -

circadlan rhythm diaruptions are described.
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There are sections on fatigue, flight-time 1limitations,
crew duty times, alcohol, and high altitude flying with
symptoms of hypoxia. There is a brief discussion of symptoms
of hyperventilation and descriptions of other effects of
atmospheric pressure changes dincluding aerotitis,
gastrointestinal distension, aerosinusitis, aerodontia, bends,
air embolism and chokes. Air turbulence is mentioned and other
emergency and survival techniques  including materials and
procedures.

111, Folkard F., & Monk T. H. (1973). Shiftwork and
performance. Human Factors, 21(4), 483-492.

The récent increase in the incidence of shiftwork has been
accompanied by a change in the type of task typically performed

by the shiftworker. The technological advances which have -

produced both these effects have meant that the shiftworker is
more likely to be engaged in cognitive, mentally taxing tasks
than the predominantly perceptual-motor ones typical in earlier
times. Contemporary research on time of day effects in
performance efficiency has indicated that these task changes
- may be crucially important in determining on-shift performance,
and hence the choice of the individual and shift system that is
most suitable. Evidence 1is reviewed on task demands, the
effects of different shift systems, and the role of individual
differences. . '

A ,descriﬁtive model is proposed in which on-shift

performance is seen to be dependeni on the type of task, type.

of. shift system, and type of person, with the three factors
interacting via the worker's various circadian rhythms.

112.  Folkard S., Knauth P., Monk ' T. H., & Rutenfranz J.

(1976). The effect of memory load on the circadian variation

in performance étticinncy under a rapidly reotating shift
system. Ergonomics, 19(4), 479-488. B '

Experimental shift work studies have typically found body
temperature and performance efficiency to show very similar
‘circadian rhythas. However, the performance tasks used have
placed 1little, if any, reliance on short term memory. Studies
of the variation in .performance during the normal waking. day
have found performance on most tasks to improve over the day
but on short term memory tasks to decrease., '

This paper reports an experimental study of the
performance of two subjects on a rapidly rotating (2-2-2) shift
"system. Three versions of a uew performance test, each with a
different memory load, were administered four times per
shirt. With the low memory load version, performance showed a
high positive'correlation with body temperature and was poor
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during the night shift. However, with the high memory load
version, performance was negatively correlated with temperature
and was best during the night shift. It is concluded that
future shift work studies must take into account the . memory
load of the task under investigation.

113. Firancesconi R. P., Stokes J. W., Bander2t L. E., & Kowal
D. M. (1978). Sustained operations and sleep deprivation:
effects on indices of stress. Aviation Space and Environmental

Medicine, 49(11), 1271-1274.

Two groups of highly-trained and motivated military
personnel were deprived of sleep while sustaining performance
of their assigned military tasks in a 1laboratory simulation.
Cne team (I) was deprived for 48 h while the second team (II)
was deprived of sleep for two 39-h periods separated by a 33-h
rest interval. Six-hour urine samples were collected om a 2l-h
basis after an appropriate control period for each team.
During sleep deprivation, each team performed. its functions as
members of an artillery fire direction center (FDC) in response
to a sustained simulated combat scenario.

Results suggested that anticipation and perception of the
experimental situation affected the common urinary indices of
stress.. For example, team I, informed that. they might be
required to sustain operations  for 86-h, had significant
increases in both urinary 17-hydroxycorticosteroids (17-~0HCS)
and total catecholamines. Alternatively, team II, realizing
that each of their sustained operations challenges would not
exceed 42 h, had significantly decreased 17-0HCS due largely to
decrements in the usually high outputs reccrded between 0600~

1200 hours. Analogously, total catecholamines were
significantly reduced after 24 and 30 nh. Conclusions were
that, under these conditions, generally similar effects are
noted for sympathicocadrenomedullary and adrenocortical

activity. Further, the responses are affected by situational ’

uncertainty as well as apparent cumulative fatigue.

114, Fraser D. C. (1957). A_study in fatigue in aircrew, IV:

Overview of the problem. (FPRC Report No. 984), Farnborough,

England: Institute of Aviation Medicine, Royal Air Force,’

Flving Resear~h Committee. (DTIC No. AD 130-087).

This paper ‘examines the evidence available from research

ou certain fatigue-inducing factors. ' Some of these factors
inrclude: the length of flight for both piston and jet powered
alrcraft, night versus day flying, and cumulative fatigue. On
the basis of the research cited, several conclusions were
drawn:

1) A significant ratigue effect occurs in subjects tested
after flying con: inuously for more than ten hours in piston
powered aircrart.
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2) A significant fatigue effect occurs in subjects tested
after three one-hour sorties in a jet fighter aircraft during
the day, or two one-hour sorties at night

3) The fatigue effect involved in night flying is greater
than day flying of equivalent length,.

- 4) Marked changes in performance can oceur without any very
extensive detectable physiological 0hanges.

115. Frazier T. W., Benignus V. A., Every M. G., & Parker J.
F. (1971). Effects of 72-hour partial sleep deprivation on
human behavioral, and physiological response measures. Falls
Church, VA: BioTechnology, Inc. (DTIC No. AD 732-872).

Ten adult males were sub jected to partial sleep
deprivation experiments 1in " order to study the effects of
progressive sleep deprivation on the basic biological rhythms
underlying performance on signal detection tasks and to assess
the value of using change in bjological rhythms as an objJective
measure of human response to such types of stress. The data
obtained were subjected to a power density spectral - analysis
with a program based upon the Fast Fourier Transform. The
results show that signal detection measures, response latency,
and heart rate are 211 highly sensitive ' in reflecting
progressive loss of performance capability. Power spectral-
data also show changes as a  function of sleep deprivation,
- indicating that one feature of this type of strescs may be an
alteration of basic human biorhythms. ‘

116. Froberg J. E. (1975). Psychophysiological circadian
rhythms: A literature review. FOA Reports, 9(6), 1-27.
Stockholm, Sweden: Forsvarets Forskningsanstalt, National
Defence Research Institute. (NTIS No. PB 2514936) '

After a short presentation of terminology and theory in
the field of circadian (about 24-hour) rhythms, the literature
is reviewed as concerns c¢ircadian rhythms in physiological

arousal, performance, and 'subjective arousal. Studies on
‘relationships between these sets of variables, as well as
investigations regarding sleep deprivation, .personality

factors, and circadian rhythms are discussed, It i3 concluded
that, although a large number of studies have been reported,
relatively few of them meet stringent methodological criteria,
and very few have been concerned with the' simultaneous
measurement of several indicators of  psychophysiological
functioning. '
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117. Froberg J. E. (1978). Task complexity and 24-hr
performance patterns in morning and evening active subjects.
(FOA Report No. C 52001-H6). Stockholm, Sweden: Forsvarets
Forskningsanstalt, National Defence Research Institute.

One "morning active" and one %"evening active"™ group of
subjects were deprived of sleep for 72 hours. Measures of
performance in a coding task were obtained at three different
levels of complexity, and in conditions with an incentive or an
auditory disturbance, respectively. . The results showed that
complexity of the task did not affect 24-hour  patterns in
performance, while the other two conditions tended to enhance
performance in the morning hours, and this was especially
pronounced in the morning active group. -
118. Froberg J. E. (1979). Performance in tasks differing in
memory load and its relationship with habitual activity phase
and body temperature. (FOA Report No. C-52002-H6). Stockholm,
Sweden: Forsvarets Forskningsanstalt, Research Institute of.
National Deéfence. (NASA No. N80-22974/3). ’

Twenty-four hour patterns in tasks differing in memory
lJoad were studied during a 75 hour vigil. Differences in
performance were also studied between morning and evening
active subjects, and between body temperature and performance
rhythms. The task with a high memory load showed a 24 hr
rhythm which was in inverse phase with the less memory loaded
task and with body temperature. This was true only for the
first 24 hr cycle, after that the memory loaded task tended to
follow the other two variables, except in the case of the most
extreme morning types for whom the inverse 'relationship
continued to exist.

119. Froberg J., Karlsson C. G., Levi L., & Lidberg L.
(1970). Circadian variations in performance, psychological .
ratings, catecholamine excretion . and urine flow during
‘prolonged sleep deprivation. Prepared in .ccoperation with
Karolinska Sjukhuset, Stockholm (Sweden). Lab:. for Clinical
Stress Research., (DTIC NO. AD 7u48-059).

The paper presents two experiments, in which a total of 63
subjects were deprived of sleep for 75 hours with simultaneous
3- hourly measurements of physiological variables (e.g.
catecholamine excretion), self-ratings, and performance. . The
purpose of the experiments was to study: (a) eircadian rhythms
in a number of biochemical and psychological variables under
controlled conditions. (b) changes 4in these varizbles with the ~
duration of sleep deprivation. (c) temporal interrelationships
between the biochemical and psychological variables. In all
the: above respects, the first experiment was an. exploratory
study, the results being further tested i{n the second. '
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120. Froberg J. E., Karlsson C. G., Levi L., & Lidberg L.
(1975). Psychobinlogical circadian rhythms during a 72-hour
vigil. Forsvarsmedicin, 11, 192-201. (NTIS No. PB-261 296).

Circadian rhythms in urinary catecholamine excretion, oral
temperature, performance, and subjective arousal (self-ratings
of alertness and fatigue) were studied 'in 32 subjects deprived
of sleep for 72 hours. Adrenaline excretior, oral temperature,

and subjective . arousal showed consistent circadian
variations. Performance rhythms were also apparent, although
more irregular, in some of the measures. Noradrenaline

excretion had no significant circadian rhythm. The crest phase
for adrenaline excretion was between about 1200, and 1500 hours
for subjective arocusal and performance about 1600-1700 hours,
and for oral temperature about 1700-2300 hours. There were
significant correlations between oral temperature, performance,
and subjective arousal.

121. Frost J. D. (1975). Skylab sleep monitoring Experiment
M133. (NASA Contract Report No. 9-129T74). Houston, TX: The
Methodist Hospital.

Astronauts on pre-Skylab missions commonly complained of
insomnia, and in some cases periods of sleep loss degraded crew
performance. Investigation of this situation was important in
planning future long-term flights; subsequently, the first
objective measurements of man's ability to obtain adequate
sleep ‘during prolonged spaceflight were made during the three
Skylab fl.ghts.

Electroencephalographic, (EEG) and electro-oculographic
(EOG), and head-motion signals were acquired during sleep by
use of an elastic recording cap containing sponge electrodes
and an attached miniature preamplifier/accelerometer unit. A
control-panel assembly, mounted in the sleep compartment,
tested electrodes, pruserved analog s3signals, and automatically
analyzed data.in real. time (providing a telemetered indication
of sleep stage).

One astronaut was studied per rlxght and while there was
considerable individual variation, ‘several characteristics were
common to all three: (1) .Stage 3 sleep increased inflight and
decreased in the postflight period. (2) Stage 4 was
consistently decreased postflight, although this stage was
variable inflight. (3) Stage REM (rapid eye movement) was

elevated, and REM latency decreased {in the late postflight .~

period (after day Re3). (4) The number of awakenings during
sleep either showed no change or decreased inflight,
In only the 28-day mission was there a significant

~decrease in total! sleep time; in that case it was a result of

voluntarily reduced rest time and was not due to difficulty in
sleeping nor frequent auakening. The subject on the auoday
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mission experienced some difficulty in the firs£ half of the

flight, showing a decreased total sleep time and increased

Sleep latency, but this resolvad itself with time.  Sleep

latency presented no proolem in the other flights. While many
of the findings are statistically significant, in no case would .

they be expected to produce a noticeable decrement of
performance capability.

These fincdings suggest that men "are able to obtain

adequate sleep in regularly scheduled eight-hour rest periods
during extended space missions. It scems likely, based upon
these results, that the problems encountered 1in earlier

spaceflight did not arise from the zero-g environment per sg,-'

but possibly were a, result of more restricted 1living and
working areas in the pre-Skylab spac=craft.
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122. Gartner, W. B., & Murphy, M. R. (1976). Pilot workload
and fatigue: A critical survey of concepts and @assessment

techniques. (NASA Report No. TN-D-8365). Moffett Field, CA:
National Aeronautics and Space Adminisstration Ames Research

Center.

This study addresses the principal unresolved issues in
conceptualizing and measuring pilot workload and fatigue.
These issues are seen as limiting the development of more
useful working concepts and techniques and their aoplication to
systems 'engineering and management activities. A conceptual
analysis of pilot workload and fatigue, 'and a discussion of
current trends in the management of unwanted workload and
fatigue effects are presented. Refinements and innovations in
assessment methods are recommended for enhancing the practical
significance of workload and fatigue studies.

123. Geier R.P. (1979). Sleep loss: A dett that must be paid.
Armor, Jan.-Feb., 37-38. L

A 3hort magazine article outlining the potential impact of
Sleep 1loss on tank crews and other battlefield soldiers.
Provides a short list of "tips™ of what to expect from sleep
loss and how 'to cope with such impending conditions of the
babblefield. One-liners summarize important findings from
applicable military research on sustained operations. '
124. George C.E. & Dudek R.A. (1974). Performance, recovery
and man-machine effectiveness: Final report on a basic research
program under p.roject THEMIS. (HEL Report No. TM 9-74).
Aberdeen Proving Ground, MD:  US Army Human Engineering
Laboratory. ' ' : -

Five years of research directed to the problem of
continuous operations are summarized. Performance changes were
studied in vibrating and heated environments, under varying
organixational structures ' and for different  work-rest
scheduiss. Physjiological response was studied for various work
periods, work-rest schedules, heat .levels and organizational
roles. . ’ ‘

' Results indicate that healthy young men can work safely
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and effectively for extsnsive periods of time given certain
conditions. The necessary conditions include adequate
nutnitional intake, change of pace activities and at least
brief periods of intermittent rest.

125. Gibbs C. B., Leornado R.; & Rowlands G. F. (1968). The
effects of psychological stress upon decision processes and the

speed and precision of tracking movements, 1: Study of the

effects of sleep deprivation and disturbance. (NRC Report No.
NRC-10397, ML-2). Ottawa, Ontario, Canada: National Research
Council of Canada. (NTIS No. N69-10528).

Twelve youths were deprived of sleep for 48 hours. Each
subject was tested for 15 minutes at four-hourly intervals on
‘each of twc tasks: mirror tracing and step input tracking,
using an instrument named the stressalyzer. The same subjects
were again tested one week later. They were then allowed to
Sleep whenever they wished, but were aroused at four-hourly
intervals in the night, some 15 minutes before the times, near
1:00 a.m.  and 5:00 a.m. at which they were tested during the

. previous study of complete sSleep deprivation. Sleep

deprivation of 48 hours produced little or no deterioration in
the group performance in mirror tracing, but tracking ability
on the stressalyzer deteriorated sharply after 20 hours without
sleep, with a further large decrease in skill at the 36-hour
stage of testing. :

*126. GClenville M., & Wilkinson R. T. (1979). Portable devices
for measuring performance in the field: The effects of sleep
deprivation and night shift .on the performanrne of computer
cperators. Ergonomics, 22(8), 927-933.

The performance of 12 computer operators was measured in
the field, on two new portable tests of reaction time, during
the first night of the shift at 0400 h and at the beginning day
snift (0500 h), over three successive three-week comparisons.
The results wvere: mean reaction time increased significantly on
the night 'shift as compared with the day; and the adverse
effect of .ithe night shift was absent during the first
comparison and became increasirgly apparent on the second and
third replications.: These results: .1) provide evidence of
"inferior performance on the night as ‘conpéred with the day
shift in the field; 2) show that data from previous studies of
sleep deprivation in the laboratory are able to provide a good
indication of what to expect in the field; and 3) emphasize the
need for longitudinal studies in order to assess the true
effects of stressful influences. ' ‘

-66¢

el

)

ate




127. Graeber R.C., Cuthbert B.N., Sing H.C., Schneiuer R.J. &
Sessions, C.R. (1580). Rapid transmeridian deployment:
Cognitive performance and chronobiologic prophylaxis for
circadian dyschronism. In: Proceedings of the Army Science
Conference, April 1980. (pp 73-77). Washington, DC: Department
of thc Aray, Office of the Deputy Chief of Staff for Research,
Development and Acquisition. o

Rapid deploymert of combat units to overseas locations is
a primary  concern of today's strategic planners. . Such
movements require the airlifting of units across multiple time
zones. ‘Adverse physiological ard behavioral —consequences
accompany the rapid crossing of three or more time =zones.
These effects result frcm the requirement that the body must
adjust its circadian rhythms to the new local time.

Under norcal conditions, these daily cycles are
synchronized by the external Zeitgebers (time~givers) of the
local environment. The sudden shifting of the.e Zeitgebers
causes .the sh.fting at different rates of the body's
physiological, biochemecial and tehavioral rhythms. While some
circadian rhythms adjust quite rapidly, others adjust very
slowly. Consequently, the passenger's circadian system is not
only out of synchrony with the envircnment but is also
internally desynchronized. = It {is the latter condition,
circadian dyschronism which is particularly responsible for the
fatigue and malaise typically reported as "jet lag" during the
first several days following rapid tranameridian flight.

The physiological and behavioral consequences of such
flights pose a potentially serious problem for troops required
to display maximal combat effectiveness wupon arrival at a

hostile destination. The high 1level cognitive performance
required by the modern sophisticated battlefield may only serve
to exacerbate the problen. Any reduction of the adverse

effects of rapid deployment would enhance combat readiness.
Consequently, the authors designed a set of experiments to test
a' series of chronobioliogic countermcasures wnich may hasten
physiological and behavioral adaptation to'neu‘timg zones. Two
military deployment studies employing. various . Jet lag
- countermeasures are described. ‘ ‘

128. Graeber R. C., Sing H. C., & Cuthbert B. N. (1981). The

impact of transmeridian flight on deploying soldiers., In L.C.
Johnson, D.I. Tepas, 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. 81
127) . (pp. 6M412675). Cincinnati, OH: US Department of Health
and Human Services, National Institute for Occupational Safety
and Health. ' ‘

There, is a,grouing military concern over our readiness to
deploy 'combat units rapidly overseas. Such airlifts require a
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sudden shift in the work-sleep ' schedule of deploying

soldiers. These shifts are dictated by the c¢rossing of
multiple time zones during'the flight. The physiological and
behavioral consequences of rapid transmeridian flight may be a
potentially serious problem for troops expected to fight with
maximal effectiveness upon arriving at their destination. The
modern, high technology battlefield leaves 1little room for
performance failures due to "jet lag." ‘

In designing countermeasures for use with eastward
deploying soldiers, the authors followed the basic notions of
Enret's diet plan model in conjunction with the manipulation of
social cues, light-dark cycles, and rest-activity patterns
which are  known to be effective synchronizers of human
circadian rhythms. ' «

The basic strategy in two studies was to induce a more
rapid phase advance of the circadian system by controlling the
timing of rest-activity schedules, social interaction, meals,
and caffeine/theophylline consumption.

The countermeasures were tested in two field studies with
troops deploying from the U.S. to West Germany. - Subjects in
the first study were 179 male soldiers being transferred
overseas as a unit in Octoler, 1978. The swudy design divided

_the participants {into an experiment:l aircraft (n = 84) and a

control aircraft {(n = 95); both fl.ghts departed the U.S. in
mid-day and arrived in Germany early the next morning, CET.

Dral temperature was recorded from all subjects. A sub-
sampie of 15 soldiers in  each group was studied more
intensivelv: in additinsn to .temperature, measures taken at each
test session tncluded addition of random pairs of single,
digits, four-choice reaction time, a fatigue checklist, and a
24-hour diary of . sleep, eating and drinking, bowel  movements,
and physxﬂal illness symptoms. Subjects in these "intensive"”
subgroups, all living in the barracks, were tested every four
hours around-the-clock for four days about'zuo weeks prior to
departure, Baseline measurements for the remaining sub jects
were taken at 0800, 1200, and 1600 only, as these subjects
.lived off-post and were unavailable outside of normal duty
hours. All subjects were tested every four hours for six days
arter arrival in Permany. :

The second study, comprising two distinct experiments, was
carried. out in January, 1979 during a NATO field training
exercise from the central U.S. to Germany. Conditions differed
markedly from the rirs; study. Extreme winter weather
prevailed on both sides of the Atlantic, and in Germany troops
lived in field tents. '
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Training &«nd baseline testing were carried out for both
experiments during the week immediately prior to deployment
from the troops' home post. Formal testing was conducted for
four days, with three teat periods each day roughly
corresponding to breakfast (08CO0), 1lunch (1200), and dinner
(1630) times. . Following deployment  (+7 hours), troops were
tested for 3 to 5 days beyond the day fo arrival. An
additional night test (at about 2100 hours) was added so that
four test sessions were held each day after arrival.

Fatigue and sleep. The primary complaint of persons
experiencing "jet lag" is fatigue with a corresponding desire
‘for sleep. The countermeasures appeared to be effective ih
"this regard.. The experimental '~ subjects slept for a

significantly shorter time as comphred’ to control soldiers
during the first two days in Germany

129. Grandjean E. P. (1968). Fatigue: Its physiological and
-psychological significance. Ergonomics, 11, 427-436.

Physiologists very .often consider  fatigue simply as a
decrease in physical performance.- Psychologists try to
consider {it. as a condition affecting the whole organism,
including factors such as subjective feelings of fatigue,
motivation, and, of course, the resulting ~deterioration of
mental and physical activities. The term "fatigue™ is thus
often used with different meanings and is applied in such a
diversity of contexts that it has led to a‘confusion of ideas.

This paper attempts to give, in the light of
. neurophysiological knowiedge, a clearer notion of what could be
"defined and wunderstood b *"fatigue." It does not, however,

deal with muscular fatigue’, but wi;h .what i3 usually called

general fatigue.

130. Crand jean: E. P. (1970). Fatigue. American Industrial
Hygiene Association Jcurnal, 1, 11. -

In light of present neurophysiological knowledge we ma,
consider fatigue as a state of the central nervous system
controlled by the antagonistic activity of the inhibitory  and
activating system of the brain stem. The regulating systems in
turn ‘are susceptible to reaction to stimuli from the
surrounding world, to stimuli from the conscéious part of the
brain, and to humoral factors originating within the organism

and having obviously the task of regulating recovery and

wakefulness. o

- Recent investigations on human beings gave results
matching well this neurophysiclogical concept of fatigue.
~Significant correlations were found ‘between characteristic
changes of the EEG - and 'psycho-physiological changes, and
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between psychophysiological performances and sub jective
feelings of fatigue. We may conclude that these procedures are
.adequate for measuring fatigue related to workload and <o
monotony.

131. Grand jean E. P., Wotzka G., Schaad R., & Gilgen A.
(1971). Fatigue and stress in air traffic controllers.

Ergonomics, 14(1), 159-165.

Fatigue was measured on 68 air traffic controllers using
the following methods: critical fusion frequency (CFF), tapping
‘test, grid tapping test, self-rating. The measurements were
taken 9 times within 24 hours over 3 weeks. Stress was
measured cn the basis of a questionnaire and of catecholomine
excretion in urine. The four fatigue tests showed significant
agreement. There was a marked decrease in the values after the
6th hour of work. During the night hours, the test values were
lower, and the subjects stated they were more tired. For the.
first work hour and for the 9th to 117th work hour, significant
correlation was found between (a) CFF and grid tapping; (b) CFF
and self-rating "refreshed-tired"; and (c) between grid tapping
and self-rating "refreshed-tired". This means that subjects
with a marked decrease in CFF or in grid tapping performance
have a gresater tendency to "tired"™ in the self-rating test. On
the basis of this finding it might be hypothesized that all
m2asures are indicative of a common state of fatigue.

Of 62 subjects: in difficult situations 60 subjects felt
nervous, tense, irritated, 13 were anxious and and trcmbling,
19 had increased perspiration, 14 had increased pulse rate and
heart ache, 25 suffered from insomnia and chronic fatigue.

Urine samples from 6 subjects were taken after normal
office work, easy ground control work, and radar  air traffic
control. There was a significant. '~ increase in the
catecholamines in the last condition. ' )

132. Gray S. F. (1980). Forty-eight versus twenty-four hour
duty for USAF missile crews: A feasibility study using
subjective measures of fatigue. (USAF SAM Report No. TR-80-39).
Brooks Air Force Base, TX: US Air Force School of Aerospace
Medicine. ' - ' ' :

The purpose of this study was to assess the feasibility of
1mp1ementing a 48-hour work schedule for missile launch crews
of a U. S.‘Air Force operational missile wing. A 90-day field
test using two operational Minuteman missile squadrons as test
and control groups was accomplished during the winter of 1678-
79 at Grand Forks Air Force Base, North Dakota. Subjective
reports of fatigue and the quantity and Quality of sleep were
recorded daily by crew members during work and while they were
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off duty. In addition, subjective, reports of workload and
disruptions of sleep were gathered during alerts.

Subsets of data from at most 10 distributed alerts for
each crew were tested for differences between the responses of
crew members working a new 48-hour vs, those working a standard
24-hour schedule. Scaled subjective reports of fatigue at the
end of alert, after driving back to base, and after 24 hours of
recovery indicated no significant differences between the two
work schedules. A statistically significant difference between
work schedules was found in the hours slept at home during the
first night of recovery. Members of the test group (48-hour
work schedule) increased their sleep during recovery by 2.1
hours over sleep on the night previous to the alert.. Members
of the control group (2i4-hour work schedule) increased their
sleep during recovery by a mean value of 1.3 hours over the
pre-alert quantity. ’

This finding was interpreted as the result of having a

greater "opportunity" to sleep which the test group: was

provided, rather than from a greater "need" to sleep resulting

from the strain associated with th. schedule. Qther variables:

measured were not significant.’
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133. Hackman X. D., Larson E. E., & Shinder A. E. (1978).
Analysis of accident datz and hours of service of interstate
commercial motor vehicle drivers. Washington, DC: Bureau of
Motor Carrier Safety. (NTIS No. PB 286 T718).

This report presents the results of an analysis of the
relationship between commercial motor vehicle accidents and the
hours of service and rest c¢f drivers regulated by the Bureau of
Hotor Carrier Safety. A total of 25,666 single and two-man.
truck accidents  and 483 bus accidents, that occurred during
1976, were analyzed from data on Motor Carrier Accident Report
Forms and a ., special supplementary driver service and rest
report form. A limited volume of driver exposure data was
available for comparative analysis. '

The topics covered in this report include: the hours of
service regulations; driving, duty fatigue and accidents
occurring between periods of extended rest; rest and the use of
a sleeper berth; driver age, experience and physical condition;
cyclic patterns, and, carrier and vehicle characteristics.

134, lHaggard D. F. (1970). - HumRRO studi2s in continuous
operations. (HumRRO Repcrt No. 7-70). Alexandria, VA: Human
Rescurce3 Research Organization. (DTIC No. AD 705-705).

A lab and field study were conducted to obtain data on
performance decrements oh tank crew tasks during 48 hours of
continuous combat operations, and to examine the degree of
decrement ' in terms of its effect on tactical efficiency.
Experience in the studies {llustrates the need for increased
efficiency in obtaining human factors information, demanded by
the increasing complexity of military tactics and equipment.

135.. Halcomb c. G., & Blackwell P. J. (1969). - Report on
Project THEMIS. (DTIC No. AD 703-<918). '

Vigilance, or monitoring behavior, has been of interest to
researchers since World War II. ‘HKesearch activity has not only
continued over the past 25 years, but has increased at an ever
progressing rate. This tibliography was compiled to meet the
need for a continuing program of research into the problen
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assogciated with recovery from' the classical vigilance
decrement, and is presented with annctations in the hope that
it will be of value to investigators in the field.

136. Hale H. B., Hartman B. 0., Harris D. A., Williams E. W.,
Miranda R. E., & Hosenfeld J. M. (1972). Time zone entrainment
and flight 3tressors as interactants. Aerospace Medicine, ﬂl,
1089-1094. : ’ ‘

Physiologic responsiveness to flying was studied, using
the members of a double-crew of a C-141 aircraft during six
flights, each. of which lasted 54 hours and involved bi- or tri-
~directional transmeridian flying. Responsiveness -was

quantified by means of. endocrine-metabolic indices (urinary

epinephrine, norepinephrine, 17-hydroxycorticosteroids, wurea,
sodium and potassium), wusing urine specimens which were
collected at U-hour intervals during the flights.

Physiologic entrainment was shown to be a factor
contributing :to responsiveness, for there was rhythmic
" variability which related to time of day at the crews' hone
base. The waveforms, amplitudes, time relations and overall
levels, however, did not agree with those of unstressed
persons. Preflight factors had carryover influence, acting as
intensifiers of- ' flight induced elevations at first, -but
gradually beccning less influential. As judged Sy epinephrine,
norepinephrine and 17-0HCS, refractoiiness toward flight
stressors consistently developed at 2200 hours (Eastern .
Standard Time), even after the crew had c¢rossed many timz zZones
(flying either eastward or westward).. These hormones indicated
hyper-responsiveness regularly at 0600 hours ES3T; at other
times responsiveness was shown (by thesze same indices) jo be
moderate. Potassium, on the first day, indicated low
responsiveness at 2200 hours and transient hyper- responsiveness
at 0200 hours. -

) On the second day, .in ~association with ' sustained
subjective fatigue of wmoderate degree, potassium indlicated
persistent noncyclic hyper-responsiveness. AL the same time
17-0HCS indicated persistent hyper- responsiveness, although the
factor of entrainment had modifying influence. Urinary sodiunm
indicated cyclie change in responsiveness to flight, as did
urea, but these two metabdolice indices were out of phase with
the hormones and potassium.
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137. Halie H. B., Kratochvil C. H., Ellis J. P. (1958). Plasma
corticosteroid levels in aircrewmen after long flights. (USAF
SAM Report No. TR 59-15). Brooks Air Force Base, TX: US Air
Force 3School of Aerospace Medicine. (DTIC No. AD 4036~
037/CST). o ' :

The Sweat fluorescence " method of determination of
hydrocortisone and a corticosterone-like fraction in blood was

enmployed in an attempt to evaluate flying fatigue in a group of

44 aircrewmen participating in flying activities in military

aircraft. Preflight values for ' each of the 'two steroid-

fractions agreed with those of 3weat for normal male subjects,
but significant increases in both fractions were noted after
flights of 9 to 12 hours' duration. These changes are not of
the nature of normal diurnal variations. ’

138. Hale H. B., Storm W. F., Goldzieher J. W., Hartman B. 0.,
Miranda R. E., & Hosenfeld J. M. (1973). Fhysiological cost in.

36- and. 48-hour simulated flights. Aerospace Medicine, 44(8),
871-881. (DTIC No. AD 766-384). .

Groups of young healthy men wzre studied during 36- and
48- hr simulated flights in which they performed on psychomotor
measuring devices, using a 2-hour work/rest schedule.
Physiologic cost was assessed by use of a battery of wurinary
techniques, including potassium, sodium, urea, 17-0HCS, and, in
some cases, individual 17-)letosteroids. Conmparison was made of
responses to (a) uncomplicated flight, (b) flight complicated
by environmental dryness, (c) flight complicated by 8,000-rt
,pressure altitute, and (d) flight complicated by dryness and
altitude. The prolonged psychomotor effort (and attendant
sleep deprivation) acted as a nonspecific stressor. Altitude
had intensifying influence, but dryness tended to counteract
some phases of the stress response,. In combination, altitude
and dryness in certain physiologic  respects acted in a
depressant manner.  Complete recovery from such prolonged
effort required 'more than 2 days.

139, Hale H. B., Willians E. W., & Buckley C. J. (1969).
Aeromedical aspects of the first nonstop transatlantic
helicopter flight: III. Endocrine-metabolic errecté.'nerosgace
Medicine, 40, 718-723. : o

Endocrine-metabolic appraisal was made by means of
urinalysis fcr all participants (2 crews of 5 men each) in the
first nonstop, transatlantic helicopter flight. Serial urine
specimens were analyzed for epinephrine, norepinephrine, 17-
hydrocorticosteroids, urea, creatinine, phosphorus, magnesium,
potassium and sodiun. Nor-specific stress was evident, as
flight caused 143 percent gain in epinephrine, a 25 percent
‘gain in urea and a 5! percent .reduction in the norepinephrine-
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" epinephrine ratio. It also modified the circadian trends for
17-0HCS and phosphorus. The inter-individual endocrine-
metabolic variability was high. .

140. Hall D. A., Townsend R. E., Knippa J., & Pruett R.
(1980). The impact of remote fly-away submersible operations
on personnel endurance capabilities. (NHRC Report No. 79-52).
San Diego, CA: US Naval Health Research . Center. (DTIC No. AD
A093-706/0).

To obtain information on stress, fatigue, and work-rest
cycles of submersible operators .and systen support personnel
. members during an actual submarine rescue fly-away mission, 17
fly-away team members were monitored during the conduct of a
10-day simulated open-sea submarine rescue using the Deep
Submergence Rescue Vehicle (DSRV), AVALON. Operators and crew
members lived aboard the mother submarine which carried the
DSRV from port to the .site of the downed submarine and

return. Demographic information, psychclogical measures, and
environmental data were obtained during baseline, transit-out,
in-port, and dive periods. The overall results supported
previous findings, suggesting that a DSRV mission of the

present duration and difficulty can be accomplished without
exceeding the capabilities of the crew and support persoauel.
The trend of the changes, does, however, suggest that miscsions
of longer duration may require scheduling of 'regular sleep
periods for personnel to maintain performance.

141. Hall D. H., Townsend R. E., & Knippa J. (1980). Changes
in mood, fatigue, and work-rest cycles azsociated with deep
Egpmersible operations. {NHRC. Report 'No. 80-5). San Diego, CA:
US Naval Healtn Research Center. (DTIC No. AD A091-589/2).

. As deep submergence vehicles (DSVs) develop greater depth
capibilities and are given duration missions, the physiological
and psychelogjical well-being of the operator ~and surface
support personnel (SSP) ‘take on increasing importance in.
insuring successful completion of the task. Establishment of
baseline data on 3tress and fatigue in submersible operatgrs
and SSP 1{is important in dqtermining the safety of present
operations and the reserve capability 'available in the event of
unanticipated demands to perform. '

To obtain information on mood, fatigue, and work-rest
cycles of both submersible operators and surface support crewvw
members during - actual operational dives in the open sea, T
operators and ‘18 SSP were monitored during two sepsrate multi-
week evolutions using the DSVs TURTLE and SEA CLIFF. Operators
and crew members lived aboard the surface support ship MAXINE D
and made i5 dives, some in excess of 6,000 FSW. '
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Demographic information, psychological, physiological and
performance measures, and environmental data were obtained
during pre-deployment, transit-out, dive, nondive, transit-in
and post-deoloyment periods. The results suggested that
disruptions in sleep-wake c¢ycles caused by repetitive deep
submersible operations may impair accuracy and efficiency on a
variety of mental and physical tasks.

142, Harris D. A., Hale H. B., Hartman B. 0., & Martinez J. A.
(1970) - Oral temperature in relation to in-flight work-rest
schecdules. Aerospace Medicine, 41, 723-727.

Six * experimental flying missions (each of 54 hcurs
duration) were flown in a C-141 aircraft. Two crews took turns
flying the aircraft during eac mission. The same two crews
flew all six missions. In three of the missions the work/rest
schedule was 4/4 hours; in the remaining mission it was 16/16
hours. Oral temperatures of. 9 :«f the crewmembers (2 aircraft
commanders, 2 co- pilots, 2 fiight engineers, 2 navigators and 1
loadmaster) were measured at 4-hour intervals during the fllght
periods and also during S5H4-hour postflight periods, with the
testing schedule standardized with respect to time of day.

The oral temperature ' rhythm during fligat periods,
althcugh remaining entrained to the time at the home base, was
loWwe» in amplitude than that during postflight periods. The
4/% work-rest schedule had more depressant influence on oral
temperaturce than the 16/16 schedule. The individuals occupying
key positions had the lowest oral temperature during flight
periodc as well as during post-flight periods.:

143, Harbié D. A., Pegrum G. V., & Hartman B. 0. {1971).
Performance and. fatigue in experimental double-crew missions
Aerospace Medicine, 42, 980-986. ‘

Six experinenpal transport missionb using a double crew
were flown in & C-141. on routes generating various combinations
of 1long and short 1legs. ' Crews followed ca 8/4 or 16716
work/rest 'schedule within operational constraints. On-boaru
crew rest facilities were provided so that the plane could fly
through the airlift system without crew changes or. crew
delays. The missions required approximately 55-60 hours to
complete. The flying time averaged around 43 hours. Crew
performance was evaluated by ratings made by an on-board flight
examiner. .

There ‘were no significant differences in flight examiner
ratings. Siubjective fatigue was measured by a rating scale.
There were no significant differences related to work/rest
cycles, There were sign.ficant differences related to mission
protile aqd.crew position. Slesp EEGs were. recorded on the two
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navigators and were supplementel by self-reports from all
‘erewmembers. Ther2 was a marked reduction in total sleep as
well as Stage 1-REM and deep sleep. Findings are discussed in
relation to the demands of flying transport missions.

144, Harris W., & O'Hanlon J. F. (1972). A study of recovery
functions in man. (USAHEL Report. No. TM-10-72). Aberdeen
Proving Ground, MD: US Army Human Engineering Laboratory..
(DTIC No. AD T741.828).

Concepts of sustained and continuous .military operatiocns
were examined with respect to relevant literature,. In
particular, the objectives were to predict behavioral and
biological impairments which might result in those operations;
and to determine whether the pericd necessary for recovery
following a sustained operation can be ascertined from the
literature. It was concluded that those objectives could not
be met due to inadequate information. Nonetheless, the
literature did provide data waich suggest that certain severe'
impairments may be experienced by soldiers engaging in

sustained and ccntinuous operations. It also provided
guidelines . for the design of studies to collect th. required
information. Finally, this review led to a ~all for serious

re-evaluation of the current concepts of continuous operations.

145. Hartley L. R. (1974). A comparison of continuous and
distributed reduced sleep schedules. Quarterly Journal of
fxperimental Psychology, 26, 8-14,

After..a night of normal sleep, 36 subjects were divided
into three groups of 12. One group was allowed to continue
'8leeping normally, one group had four hours continuous sleep
and the third group had three 80-min periods of sleep
distributed throughout the 24-h period, for the next .four
days. . Subjects were given a visual vigilance test on each
day. Overall performance was better following distributed. . than .
following continuous reduced sleep, but worse than following 8
h of sleep. - The main difference between the reduced sleep
groups was in their decision criterion.. This'difference mainly
reflected the difference in time since the two groups had last
slept.

146. - Hartman B. 0. (1965). Fatigue effects in 24-hour
simulated transport flight--changes in pilot proficiency. (USAF
SAM Report No. TR-65-16)., Brooks Air Force Base, TX: US Air-
Force School of Aerospace Medicine, ' : .

Each of four pilots completed a 24-hour simulator flight
broken into eleven 2-hour 'legs terminated by ‘an Instrument
Landing System (ILS) 1landing. Two kinds of performance
measures are presented: (a) 20-second time-lapse photographs
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recorded airspeed, altitude, and rate of climb (or coampass
heading) through cruise portions of each leg; 'and (b) the
ground~-track record of the ILS approach was photographed after
each landing.

The c¢ruise portions of each leg showed an increasing
variability in performance, but this change did not
significantly reduce ovarall system efficiency. Instrument
approaches were carried out at a high level of proficiency for
approximately 20 hours, at which point there was a precipitous
drop in performance.

147, Hartman B. 0. (1967). Psychological factors in flying
fatigue. International Psychiatric Clinies, 4, 185-196.

This review summarizes the controversies and problems
found in the sStudy of aircrew fatigue concentrating 2n the
facts wuseful to practicing flight surgeons and physicians.
Definitional aspects are avoided while the role of such factors
as changes in work efficiency and subjective changes are
discussed. These factors are determined by a host of forcing
functions which are subdivided into three rain groups:
environmental, situational and personal factors. These factors
are dJdiscussed with regard to the type of fatigue occurring
{acute, cunulative and chronic), and the effectiveness of the
crewmen during normal and extended flights.

143, Hartman B. 0. (1971). Field study of transpdrt aircrew
worxload and rest. Aerospace Medicine, 42, 817-821,

Selected , transport crewmembers flying 100 logistics
nissions maintained a log on work and rest on an around-the-
clock basis starting 12 hours pPlOP to the mission and ending
after 3 ays ‘of post-mission rest. Ninety missions were flown
to Southeast Asia and, 10 to Europe. 'The average mission time
‘was 6.7 days, :during which the crew flew 44.5 hours. The full
cycle, imcluding pre-departure and post-mission crew rest, was
9.1 daysi ‘Logged work on the average mission accounted for
44.5% of| mission time. The remainder was spent in an "off-
duty™ status. In the analyses, speciai‘attention was given to
self-report of sleep. Crewmen slept somewhat more while out on
a mission than during pre-departure (7.3 h versus 6.8 h).
During the poste-mission crew rest, they slept considerably nmora
(9.9 houps on day 1; 9.2 h on day 2; 8.9 h on day '3). This
finding on sleep is discussed in relation to fatigue and sleep
disturbances.
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149, Hartman B. O., Benel R. A., & Storm W. F. (1980). &

review of USAFSAM studies employing multiple-task performance

devices. (USAF SAM Report No. TR 80-16). USAF Schoel of

Aerospace Medicine, Brooks Air Force Base, TX. (DTIC No. AD

A087-272).

A review of apparatus devélopment at the USAF School of

Aerospace Medicine to measure the performance and proficiency.

of systems operators. The devices are all classified as
multiple-task performance batteries that were designed to
measure efficiency in the general' sense. The bulk of this

paper .consists of summaries of studies, some of them on the
topic of sustained operations with aircrew personnel.’

150. Hartman B. 0., & Cantrell G. K. (1967). MOL: Crew

performance on demanding work-rest schedules compounded by

sleep deprivation. (USAF SAM Report No. TR-67-%9). Brooks Air

Force Base, TX: US Air Force School of Aerospace Medicine.

Thirteen subjects took part in a series of 12-day runs in
an experiment on the effects of demanding work/rest schedules
(472, 4/4%, or 16/8 hours). On days 3, § and 10, subjects were
degrived of sleep and worked continuously. No significant
work/rest effects were seen until subjects were sleep-
deprivea. In general, subjects on the 156/3 schedule tolerated

‘sleep deprivation better and recovered faster, as evidenced by

psychomotor test scores and sleep reports.

151, Hartman B. 0., & Cantrell G. K. (1967). Sustained pildt
performance. requires more than skill. Aerospace Medicine[lg.
301-803. (NATO/AGARD Report No. CP 14). (DTIC No. AD 661-165).

The impact of factors such as management, job satisfaction
and workload. was clearly demonstrated in research during WW
II. A study of crew workload in the C-141 provided data which
could be used to analyze living and working schedules during
extended missions. A model mission was empirically derived and

"demonstrated major disruptions in the daily patterns of eating,

sleeping and working. Situational factors asscciated with
flying through several time zones appeared to have a primary

effect. . Actual reports from the field supported these .

findings. While it is.reasonable to hypothesize that .these and
similar factors should reduce the aircrewman's physical and
psychological fitness for sustained flying proficiency during
demanding missions, the crucial studies remain to be done.
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152. Hartman B. O., & Ellis J. P. (1977). -Arousal and sleep
disturbance: Biochemical considerations. NATO Advisory Group

for Aerospace R & D. (NATO/AGARD Report No. LS-105, pp, 6-3U4).
London: Technical Editing and Reproduction Ltd.

This 1is a wide-ranging paper which starts with the
underlying biochemistry and the elucidation of mechanisms,. as
well as the rationale for selecting some measures in preference
to others. It describes an illustrative study, giving a
glimpse of the utility of amino acid assays in stress
research. It reviews over a dozen . studies {from the USAF School
of Aerospace Medicine laboratory, displaying the historical
trend, and the multiplicity of operational factors which have
been evaluated. The authors also describe a few more recent
studies, more VUehaviorally oriented, and two reviews. The
behavioral side of this kind of research is examined in a
second paper elsewhere,. There is reasonable congruence
between-behavior and biochemistry provided the .examination of
such a relationship i3 sufficiently global.  Certainly when
berhavioral measures indicate no mwmore than m=ild stress, the
biochemical measures agree. When global, qualitative terms for
the stress of a particular occupation, like "mild,”™ "moderate,”
"severe," are used, there is considerable support and agreement
betweer. the two approaches.

153.  Hartman B. 0., Hale H. B., & Johnson W. A. (1974).
Fatigue in F3-111 crewmembers. Aerospace Medicine, 45, 1026-
1029. ‘

Fifteen biomedically dedicated ‘missions of 8 hours
duration were flown in the FB-111 fighter aircraft as part of:
its initial operational evaluation. Each two-man crew provided

data. on subjective fatigue, di3zcomfort, efficiercy, and pre-
and post-mission sleep, In addition, urine samples obtained
from one crew on an unusually demanding mission were analyzed
for epinephrine, norepinephrine, 17-hydroxycorticosteroids,
sodium, potassium, and urea. The data showed that the crews
experienced moderate fatigue and stress, aggravated by physical
discomfort, from which they recovered after one night of sleep.

154, Hartman B. 0,.,, ‘Hale H, B., Harris D; A., & Sanford J. 'F.

(1974). Psychobiologic aspects of double-crew long-duration.

missions in C-5 aireraft. Aerospace Medicine, 45, 11ﬂ9n1154.

Subjective  fatigue and oral temﬁerat&re were used as

biomedical indices in a study in which two C-5 jet transport

crews alternately operated the aircraft. Data collected at 4-
hour intervals during and following four 66-hour missions (each
a roundtrip intercontinental flight) clearly established that
these dissimilar functions were rhythmic, and flight factors
exerted modifying influence on both rhythas. Particularly

’ ’ . AN
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significant ‘'was the finding that subjective fatigue on the
average showed (a) initial 1latency, (b) an intensification
phase, and (c) a reversal endocrinemetabolic and ‘sympathetic
nervous system hyperactivity (compensation). Oral temperature
and subjective fatigue responses to prolonged flight tended to
run parallel courses. Recovery rates for subjective fatigue
and oral temperature tended to be similar, and at least 3 days
"were needed for elimination of residual flight effects.

155. Hartman B. 0., Storm W. F., Vanderveen J. E., Vanderveén
£., Hale H. B., & Bollinger R. R. (1974). Operational aspects
of variations in alertness. (NATO/AGARDogaph No.189) London:
Technical Editing and Reproduction Ltd. (DTIC No. AD 786-123).

Variations in alertness undoubtedly affect operator
performance, sometimes to a degree which significantly degraaes

operational effectiveness. Alertness i3 a biological state
with behavioral, - urophysiological and biochemical elements.
Related states are "vigilance, attention, and arousal. ‘This

monograph summariz~s the literature on these topics, as well as
the 1influence of rarinous envitonments on alertness levels,
spontaneous fluctuctions in alertness, and effects of such
variation ~n operator performance. The environments under
consideration include long duration flights, flights at night,
monotonous tasks, Solitude, wmild hypoxia, and variations in
thermal condition in a flight conpartneunt.

156, Haske R. (1974). Béhavior of circadian rhythm of

temperature and temperature and performance . after two

subsequent transatlantic flights. (DLR Report MNo. FB 7u4-02).
(Forschungsbericht. TW-55). Bonn-Bad Godeserg, Cermany: Deut=zche
Forschungs-und Versuchsanstalt fur Luft-und Raumfahrt.

Circadian rhythms of temperature and performance were
studied in 8 students in 3-hour-intervals during periods of 24
hours after. a jet flight from Germany to the USA and vice versa
with a S8tay .of 24 hours in the USA. Two 2U4-pour preflight
periods revealed the basic normal daily rhythm of temperature
and performance. The effects of a 6 hour time shift after the

24-hour stay in' the Usa were evaluated: by determining:

temperature and performance parameters  on day 1, 3 and 5
following the flights. A considerable desynchronization with
the ' local time was observed after - flights. The

resynchronization~time amounted up to 3-5 days 4in - Germany
afterwards. ' : C
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157. Haslam, D.R. (Ed.),(1978) The effect of continuous

operations upon the military performance of the infantryman

(Exercise "Early Call" I11). (APRE Report No. 4-78).
.Farnborough, Hampshire, United Kindgom: Army Personnel
Research Establishment. '

Ten experienced infantry soldiers took part in a 9-day

tactical defensive exercise during winter morths. A 90-hour
period without scheduled sleep preceded a 6-day period with

four hours block sleep per 24 hours. Two-day control periods '

preceded and followed this 9-day phase. Assessments were made
of shooting, vigilance, cognitive functioning, mood, physical
fitness, and military effectiveness. Level of awareness was

monitored by means of 24-hr EEG recprders' worn by all 10~

sub jects throughout the trial. !
Results indicate that tasks with a vigilance and cognitive
component began to deteriorate after one night without

scheduled sleep. After 3 nights without sleep, performance on

these tasks was, on average, approximately 50% below the

initidl 1level. On the third night without scheduled sleep
nilitary observers  judged the sectiocn to be militarily
unreliable in a defensive role. It was found that 4 hrs of

block sieep on the fourth night considerably improved
performance and mood. After a total of 12 hrs scheduled sleep,
i.e. a further 8 hrs, performance had recovered, generally
speaking, to 80% - 100% of control values. '

Throughout the exercise, in which the amount of physical
activity was moderate, there was o physiclogical evidence of
deterioration in physical fitness; there was,K EEG evidence of
alterations in <cerebral function. Thirty hours of rest

following tne 9-day exercise eliminated any . residual’

perfcrmance decrement, and restored cheerfulness and vigor.

158. Haslam D.R. (1981). The military performance of soldiers
in continuous operations: Exercises "Early Call" I and IT. In:
L.C. Johnson, D.I. Tepas, W.P. ‘Colquhoun, & M.J. Colligan
(Eds.), The twenty-four hour workday: Proceedings of a

symposium on variations in work-sleep schedules. (DDHS NIOSH
report No.81-127, Pp. 549-580). Cincinnati, OH: National
Institute for Occupational Safety and Health.

In Early Call 1, three infantry platoors, (68
_participants) adopted a defensive role against a small humber

of "enemy" troops, and maintained a tactical situaticn for 9.

days. The trial was divided into 5 exercises, during each of
which a defensive position was prepared and occupied.
Exercises 1 (2 days) and 5 (3 days) were the control periods
with 6 hrs sleep per night in the field and Exercises 2,3 and 4
(3 days each) were the experimental or sleep deprivation

periods. After the first control period, each Platoon was

assigned a sleep_échedule: 3 hrs sleep, 1.5 hrs sleep and 0 Lrs
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sleep in 24 hrs. The 9-day sleep deprivation period consisted
of a 3-day sequence of events which was repeated 3 times in
different locations; thus a defensive position was prepared and
occupied for 3 days before moving to a new omne. Activities
included digging and camouflaging, wiring, mining, patrolling,
ambushing, sentry duty.and radio operating.

Objective measures included assesments of shooting
(vigilance shooting and shot grouping), weapon handling,
cognitive functioning and physical fitness. Subjective
assessments were made by military observers and tie subjects
themselves. '

All of the OJ-~hours sle=p platoon withdrew from the

. exercise by Day 4, after 4 nights witnout sleep; 39% of the 1.5

hrs sleep group left by Day 5; 48% of the 1.5 hrs sleep group
and 91% of the 3 hrs sleep group completed the exercise. More
specific results on the performance tests are presented in the
report. Recovery was corplete after 3 days rest in camp.

Early Call II was for 3.75 days of continuous activity
followed by 6 days when there was limited opportunity for
sleep. Ten infantry participants had no scheduled sleep for
the first 90 hours of che trial; then 4 hrs block sleep in
every 24 hrs for the following 6 days. Again, defensive
positions were dug, camouflaged and occupied. Surprise attacks
by the M"eneay" were -countered. -Mine 1laying, wmine clearing,
first aid and ™casualty™ evacuation activities 'were carried
out. Shooting, cognitive functioning and physical fitness were
assessed. ' ,

Cognitive and vigilance tasks began to deteriorate after
one night without sleep, and after 3 nights without sleep,
performance on these tasks was considerably impaired. . The
introduction of 4 hrs block sleep following 90  hrs in which

there was . no schednled sleep (and very' little unscheduled .

sleep) had a marked beneficial effect upon performance and
mood, and an average amount of '9.5 hrs sleep at the end of the
9-day trial eliminated any remainzng decrement. _

In summary, 1in exercises without combat stress, the
effects of . sleep loss are psychological rather than
physiological; ‘even small amounts of sleep are beneficial; with

" increasing sléep deprivation, there is an increasing liklihood

of physiological sleep patterns developing in the brain; a
hostile weather climate interacts with sleep loss and
influences "survival times, ' :

159. Haslam D. R. (1982). Sleep loss, recovery sleep, "and
military performance. Ergonomics, 25(2), 163-178.

Ten experienced infantry soldiers completed a 9-day (216
hours) tactical defensive exercise, the aim of which was to
deterwmine if soldiers are likely to remain militarily effective
during a period of partial sleep lo0%s following a period with
" no scheduled sleep at all. Assessments were made of shooting,
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vigilance, cognitive functioning, EEG activity and physical
fitness. The results indicated that tasks with a vigilance and
cognitive component began to deteriorate after one night
without scheduled sleep. After 3%3/4 days (90 hours) with no
scheduled (and very 1little unscheduled) sleep, 4 hours block
sleep had a marked beneficial effect upon performance. After a
total cf 12 hours sleep over 3 days (72 hours), performance
recovered (except at. 0545 hours) from an approximate average
level of 50 to 88% of control values. 30 hours of rest, of
which an average amount of 19 1/2 hours was spent 2sleep,
eliminated any remaining decrement.

Electroencephalographic (EEG) recordings 1nd1cated that on
the six nights following total sleep 1loss there was an
increased ‘percentage of stage 4 sleep. Stage REM percentage
remained virtually unchanged, except for the first night after
total sleep loss, when there was 8% less. The EEG results are
discussed in relation to the work of other investigators.

16C. Haslam D. R. (1983). The iacentive effect and sleep
deprivation. Sleep, 6(4), 362-368. '

In order to examine the effect of a small amount of sleep
following 3 3/4 days (90 h) of wakefulness, 10 infantry
soldiers took part in a laboratory-based experiment. At the
2nd of the vigil, a 2-h sleep was preceded and followed by a
cognitive test session consisting of encoding and decoding. In
order to 'simulate a realistic situation, subjects were not told
the scheduled length of their vigil until a few hours before
their 2-h sleep. Following the test-sleep-test period, 27 h
were allowed for sleep and rest. Results indicated that after
3 nights without sleep, performance was, on tha average, 55% of
the control values, During the .test session before the 2-h

sleep, performance improved by 30%,. to 85% of control values, .

indicating the considerable effect that incentive can have on
even severely sleep—depp;ved sub jects.

-~ The reserve mental capacity demonstrable during sleep
deprivation indicates the caution that is naeded if the effects
of "undiluted"™ sleep loss are sought; it also emphasizes once
again the lack of knowledge concerning the function of sleep.

161. Haslam, D.R. (198&) The military performance of soliders

in sustained. sperations. Aviation Space aad Environmental.

Medicine, 55(3), 216-221.

Two 9-day tactical defensive exercises were carried out.
The first assessed and conmpared 'the performance of three.

platcons of infantry scheduled for either 0, 1.5, or 3 h of
sleep in every 24 h, and the second determined whether soldiers
are likely to remain militarily effective during a period of
partial sleep loss following a period with no scheduled sleep
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at all. To this end, 10 irfantry suldiers were scheduled for 4
h of sleep in every 24 for a 6-day period following a 3.75-days
pertod without any scheduled sleep. . Performance, physical
fitness, and mood were assessed throughout both exercises.
Results indicated that the effects of sleep loss are
psychological rather than physiological; soldiers are likely tc
be militarily ineffective after 48-72 h without sleep; and a
small amount of recovery sleep relative to the amount lost has
very beneficial effects. :

162. Haslam D. R. (1985 a). Sleep deprivation and naps.
Behavior Research Methods, Instruments & Computers, 17, (1},
46-54, o —

It is important for military comzmanders to know, . under
conditions of sustained operations, the 1likely effects of a
small amount of sleep.. To this end, 2 laboratory-based,
experiments on naps were carried out. The first examined the
effect of 2 hours 3leep following 20 hours of wakefulness. 10
Infantrynen subjects were not <told the scheduled length of
their vigil ncr that they would soon be aliowed a nap until ‘a

few hours before the 2-hour sleep. Aiter 3 nights without
sleep, averige cognitive perforzmance was 55% c¢f the control
values. During a test 3ession immediately before the 2-hour

sleep, performance improved by 30%, tc 85% of control! values,
indicating the —considerable effect that the incentive of
knowing a nap is imminent can have on even severely sleep-
deprived 3subjects. '

In the second experiment, 2 groups of 6 infantrymen took
part .in a 5-day trial; on: group was scheduled "4 hours
uninterrupted sleep, and the other 4 one-hour naps in 2ach 24~
.hour period. E B

The results ‘were: (1) no significant differénce 1in
"cognitive test s3cores or mood tetween . the 2 groups; and (2) on
the last experimental day cognitive test and mood scores were
not significantly worse than baseline values ' for . either
group. This indicating the utility of 4 hours sleep, either in
an uninterrupted block, or schieduled in 4 oane-hour naps per:
day. . : ' '

163. Haslam D. R. (1985 b). . Sustained opefations and military
performance, Behavior Research Methods, Instruments |«

Computers, 17, (1), 90-95.

A nilitary realistic schedule i3 one which demands several
dayvs with only very limitec opportunities for sleep, followed
by several days without any opportunity for sleep. A trial was
carried  out to study the effects of total sleep deprlvatiqn
following partial sleep deprivation, a previously unstudied
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sleep regime. Twelve infantry soldiers, divided into 2 groups
of £, took part in a €E-day trial in which the experimental
group was scheduled to have 1 1/2 hours sleep in every 2% hours
for 3 days followed by .3 days with no sleep scheduled. The
other group, the "control" group, was scheduled for 4 hours
sleep in every 24 hours for & days. Following the sleep
deprivation period, unlimited sleep was permitted for btoth
groups in a 40.25-nour (1.7-day) rest period.

Three of the 6 subjects in the experimental group
completed the 152-hour (6.3-day) trial, comparea with all 6 in
‘the control group. . On the last sleep deprivation day,
cognitive performance was 37% of baseline values for the
experimental group and 94% for the control group. The results
are compared with those for earlier experiments when total
sleep deprivation followed a period in which no sleep
deprivation was scheduled. '

164, Haslam D.R., Allnutt M.F., Worsley D.E., Dunn D., Abraham
P., Few J., Labuc S. & Lawrence D.J. (1977). The effect of
continuous operations wupon the military performance of the
infantryman (Exercise "Early Call"). (APRE Report No. 2-7T7). '
Farrborough, Hampshire, United Kingdom: Army Personnel Research
Establishment. '

A 9-day tactical defensive exercise was carried out in
order to assess and compare the performance of three platoons
of infantry scheduled 0 hours,'l.S hrs and 3 hr3 sleep in every
24 hrs. Experienced military observers judged the platoon with
no schneduled sleep remained effective for mainly physical tasks
for 3 days: the "survivors™ (48%) of the 1.5 hrs sleep platoon,
for 6 days; and the "survivors" (91%) of the 3-hrs sleep
platoon four 9 days, the duration of the trial. This platoon
could prooably have kept going for several more days. ' ,

The wmain effect of slezep deprivation was paychological
rather than physical: mental ability and mood deteriorated,
whereas bodily mechanisms coped adequately. Vigilance and the
more difficult and detailed mental tasks deteriorated most,
whereas simple and well-learncd tasks suffered little. -The
hostile climate 1interacted with sleep loss and influenced
survival times, After 3 days of rest. assessments indicated
that soldiers had returned to their previous 1levels of
performance. . ’
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165. Hauty 6. T., & B8dams T. (1965). Phase shifts of the
human circadian system and performance deficit during the
periods cf transition: I, East-West flight. (FAA Report No. AM
65-28). Oklahoma City, OK: Federa! Aviation Administration,
Civil Aeromedical Research Institute. (DTIC No. AD 539-637).

At periodic intervals throughout the biological day,
biomedical assessments were made for a week piior to jet flight
to Manilla, for 8 days of layover at Manila, and for a wecek

following return. The rapid translocation effected primary

phase shifts as. follous: for rectal temperature and heart rate,
4 days; for palmar evaporative water loss, 8 days. The return
flight effeccted a 1-day phase shift. Behavioral integrity was
degraded, although to a lesser extent after return. Duration of
behavioral impairment was much shorter than the lag time of
physiological phase shifts. '

.166. Hauty G.T., & Adams, T. (1965). Phase shifts of the.

human circadian system and performance deficit during the
periods of transition: II, West-East flight. (FAA Report No.
AM-65-2G). Oklahoma City, OK: Federal Aviation Administration,
Civil Aeromedical Research Institute. '

At periodic intervals throughout the biological -day,
biomedical assessments were made for a week prior to jet flight
to Rome, for 12 days in Rome, and for a week following return
to Oklahoma City. A primary shift of circadian periodicity was
manifested by physiological functions -- rectal . temperature,
heart rate, etec. Increase 1ir fatigue occurred during the
primary period of transition and following return, but
psychologicel performance was not impaired during either
period. Duration of the fatigue was shorter than the time lag
of the physiological phase shifts, o

157 Hauty G. T., & Adams T. (1965). Phase shifts of the

human circadian system and performance -deficit during the

pericds of transition: III. North-South flight. (FAA Report No.

AM-65-30). Oklahoma City, OK: Federal Aviation Administration,

Civil Aeromedical Research Institute. (NTIS Report No. PB-170
826}, C ‘ : '

At per.odic intervals throughout the bio]ogicél day;
biomedical assessments were made for a week prior to Jet flight

to Santiago, Chile, for 12 days at Santiago, and for a week-

following return to Washington, D.C. Although previous East-
west and West-East flights effected a primary shift of
circadian  periodicity, as manifested . by  physiological
functions, the North-South flight did not. There was, however,
a significant {ncrease of subjectlive fatigue, as in the other

flights. ~ The . significant impairment of ‘psychological:
performance produced by the East-West but not -the West-Eost
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flight was not shown by the North--South flight.

168. Hegge F. W. (1982). The future battlefield: human

«imensions and implications for doctrine and research. (WRAIR
Report No. NP-82-1). Washington, DC: Walier Reed army Institute
of Research.

The anticipated nature of future land 2ombat is analyzed
with respect to the resulting demands on soldiers. Aspects of
current infantry doctrine, casuall,-evolved .behavior in the
field, and human <capacity ‘are analyzed with respec’. to
soldier's performance limits. Doctrine and research
recommendations aimed at closing the gap betv 2n demands and
performance liaits are made. ' ‘

166. Hegge F. W. & Tyner, C.F. (1982). Deployment threats to

rapid deployment forces. (WRAIR Report No. NP-82-2).

‘Washington, DC: Walter Recd Army Institute of Research.
(DTIC No. AD A131-299).

The multiple sources of stress imposed on troops and
commanders involved in repid, long-range aerial deployment are
described. The potential impact of these s*resses on combat
readiness -is discussad. A series of recommendations for
measures to prouvent these stresses is offered.

170. Heimstra N. W. (1970). The effect of "stress fatigue" on

performance in a simulated driving situation. Ergononics,
13(2), 209-218. '

Fifty-four male subjects were assigned to three egqual
groups and tested in a simulated driving device. The following
measures were obtained for each subject: '(a) tracking error,
(b) speed maintenance, (c) reaction time, and . (d) vigilance.
In the contingent s3hock group (stress group) subjects received
an electrical shock wnhen errors were committed on one of the
tasks. In the second group subjects received random shock with
no relationship betwéen shock and performarnce. The subjects in
the control group received no shock. Test sessions in the
device were six hours in duration.

No significant differences were found between groups on
tracking performance. However, significant differences existed
between hours with the contingent shock group showing
significantly more tracking error during the last two hours of
the test session than during the carlier hours.

On the . subsidiary tasks, there fweré no significant
. differences between groups on reaction tine. However,
differences between trials were found with subjects 4in .the

contingent group showing significantly slower ,reaétion time
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during the 1last two hours .of the session. On the meter
vigilance task, subjects in . ‘the contingent group missed
significantly more signals than subjects in the other groups.
Also, on the speed maintanance task the error level for the
contingent group was much higher-than that shown by the other
groups.

Results are discussed in terms of ‘Crawford's (1961)
concept of stress fatigue. Findings support the concept that
stress brings about an emotional arousal which may interfere
with performance on tasks such as driving.

t71. Heimstra N. W., Jones H.V., DeKoek A. R. (1965). The
effects of 'stress fatigue' ~on performance in a driving
device. (USD Report No. TR-4). Vermillion, SD: University of
South Dakota Driver Behavior Lab. ’

Fifty~four male subjects were randomly divided into three
equal groups and tested” in a simulated .driving device.
Measures obtained for each subject were: (a) tracking error,
(b) speed maintenance, (c¢) reaction time, and (d) vigilance.
In. a contingent shock group, subjects received an electrical
shock based on their performance on various tasks. In the
second group, sub jects ‘received random shock with no
relationship between shock and performance. ‘'The third group,
the control group, received no shock.

Test sessions in the device were 6 hours in duration. In
the tracking task no significant differences were found between
groups; however, analysis of variance showed a significant
difference existed Dbetween trials. Reaction time was
significantly higher in the contingent group during the last 2
hours than during the secohd} third, and fcurth hour. During
hours four, five, and six, 'significantly more signals on the
~meter vigilance task were missed by ‘subjects in the ccntingent

shock group than 1in the random shock or c¢ontrol groups.
Significant differences existed Dbetween 3speed maintenance
scores of the contingent shock group and the other two groups

during the fifth and sixth hour oi the pesaio1. Findings in. .

this  study support the 1dea that stress brings about an
emotional arousal which may interfe*e with performance on tasks
such as driving. ‘
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172. Heslegrave - R.J. & Angus R.G. (1983). Sleep and
continuous cvgnitive work.. In: Proceedings of the 24th Defense
Research Group Seminar. The human as a limiting element in

military systems. (DRG Rerort No. DS-A-DR-83-170). Toronto,
Ontario, Canada: NATO Defense Research Group.

Subjects were required to perform continuous cognitive
work in an environment mrodelled after a command post during
sustained battle. They assumed the role of ocperations duty
orficers and were required to handle message traffic . during a
Si-hour period of wakefulness.. Perrormance was evaluated by
monitoring the subjects' message-processing’' ability and by
other objective tests eubedded in and interspersed around the
messages. AR

Data are presented to show that sleep loss and sustained
mental work c¢an have dramatic effects on cognitive functions,
even during the <{irst 'night of sleep 1loss. The data also
revealed trat under this continuous cognitive. workload,
performance systematically declined.' After 18 hours,
performance declined substantially and remained at this lower
level for approximately another 24 hours. Performance then
declined again to 'a level that would generally be viewed as
unacceptrable. ' *

173. Higgins E. A., Chiles W. D., McKenzie J. M., Funkhouser
G. E., Burr M. J., Jennings A. E., & Vaughn, J. A. (1976).

Physiological,  biochemical and multiple-task-performance
responses tc . "ferent alterations of the wake-sleep cycle.

(FAA Report N.,. AM=76-11). Oklahoma City, OK: rederal Aviation

Administration, Civil Aeromedical Institute.

Three grocups, each comprising five hezlthy, male, paid
volunteei's (ages 21'tq_30), were stud’ed for 11 days. Baseline
data were collecced. for 3 days, during which subjects adhered

to a day/night centine, i.e.. sleeping from 2230 te¢ '0600. On

the fourth day  each group took a "rlight" in 'the altitude

‘chamber. Following the flight day, subjects in Group I slept

from only 2230 to . 0600 and then .returned to the .basecline
routine; subjects in Group II had thelr day extended by 6 hours

'qnd'began a new routine of sleeping from 0430 to 1200 for the

remainder of tne study; subjects in Group III had their day
compressed 'by 6 hours and slept from 2030 to 2400 only that
fourth night and then began 4 new routine of 2leéping from 1630
to 2400 for the final 7 days of the study.

According to “the physiological - &nd biochemical
measurements, thera was little difference belveen the twe 6=~
hour-change groups (Groups II and ITI), both of which required
longer rephasal times than did the group that experienced sleep

loss but no time change (Group I). The psychomotor performance
‘test indicated the greatest change in the group whose day was
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shortened by 6 hours (Group III). The Multiple Task
Performance Battery (MTPB) indicated the greatest deficit in
performance fcr Group III and the best postshift performance
for Group II.

Therefore, if performance of the type represensted by the
MTPB is the most important consideration, then travel from west
to e».t (or "quick turn-arounds"™ for shift workers) appears to
be more deletrious than changes in the opposite direction.
However, this effect canaot be predicted. on the basis of the
physiological and biochemical determinations wmade in this
study. - :

174. Higgins E. A., Chiles W. D., McKenzie J. M , lampietro P.
F., Winget C. M., Funkhouser G. E., Burr M. ).. Vaughan, J. A.,
& Jennings, A. E. (1975). The effects ol _a 12-hour shift in

the wake-sleep cycle on rprhysiologlecal anc biochemical

responses and on multiple task performaanz2. (r.°' Report No. AM-
75-10). Oklahcma .ity, OK: Federal Aviatiou 2Xdministration,
Civil Aeromedical Institute. '

~ Fifteen male paid volunteers (ages 20 to 28B) were studied
in three groups of five each. The first 4 days of the
experiment they slept nights {2230 .¢ 0600) and worked days.
O9p the fifth night, they slept only 3 hours (2100 to 2%400)
before starting a 10-day period in which the total quantity and
quality of sleep did not changs s:gnificantly when the cycle
was altered. According to .v.e supjective fatigue index, the
total fatigue for the 3t ke p=ariods was not signifcantly
changed; however, the i =23 4:thin days for greatest fatigue
. Wwere altered and 9 dJdass .e¢re required fo: a complete reversal
of the 'daily pattern. Gf *he physioleogical parameters
measured, those making the most rapl¢ response to stress
rephased in the stortest period of time after the shift. From
shortest to longnst mean rep:rass’ times, these were: heart
rate, nor-epineshrine, epineph.: iz, ;ctassium, sodium, internal
. body teapersture, and ‘/-letu.~=§.: rteroids.

Parforamunce uvalta tased va "he Civil Aeromedical Institute
Multiple : Task Pe-foriaace Bsitcery ' suggest: (1) There was
diurnal variation during :he preshift period. (2) There were
decrements on the day of tue 3snift following the short sleep
pericd. (3) Performance during the first 3 days following the
shift was ralatively high for wmost of the day but was
relatively poor in the inal session of the -day. (%)
Performance on the fourth through sixth portshif’  ,day was
average or abov:y for the experiaznt with relatively small
variations among the . five test sesrions .per day. (5)
Perforsance on the seventh thrcugh ninih postshift day was
below average for the experiment and showad some evidence of a

return to a &iurnal cycling pattern with a new peak perfod of
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performance that reflected the 12-hour shift in the wake-sleep .
schedule.

175. Hill A. B., & Williams G. 0. (1979). An investigation of
landing accidents in relation to fatigue. In E. J. Dearnaley, &
P. B. Warr (Eds.), Ajircrew stress in wartime operations.' (pp.
89-108). London: Academic Press. '

In this 1943 work, landing accident rates after sorties of
different durations, from roughly 1 hour to 10 hours, were
calculated for Bomber Command aircraft returning from
operational sorties from April 1940 to March 1942, (excluding
accidents due to forced landings or attributed to the results

-of enamy action). '

A detailed analysis of the data by duration of sorties
indicated a rather high accident rate for very short sorties of
under 2 hours and for very long sorties of 10 hours or more is

"held to be due, at least in part, to.the fact that such short
sorties include a number in which the aircraft returned or was
recalled owing to some special difficulties (bad weather,
technical failure, etc.), which would naturally add to the
risks cf landing. In the latter, fatigue of the pilot may have
been a contributory factor. Cn the otkher hand over the
relatively long period of time, 2 to 10 hours, which includes
the vast majority of sorties made, there is no evidence that
increasing fatigue in the pilot led to any increase in the
landing accident rate. Within the range of sorties usually
flown at this period, it seems that pilots have been able to
overcome the fatigue consequent upon long sorties sufficiently,
at least, to avert its effects as measured by reportable

_accidents on landing. ' :

176. Hockey G. R. J., & Colquhoun W. P. (1972). Diurnal
variation in human performance: A review. In W, P. Colquhoun
(Ed.), Aspects of Human Efficiency (pp. 1-25). London, England:
The English Universities Press Ltd. , S

t

This 'paper attempted a coverage of the findings on human
performznce as a function of time of day. ‘A number of fairly
clear conclusions can be drawn from these findings: (1) There:
is a marked rhythm in the efficiency of human performance, both
in normal and in many unusual environmental conditions. (2)
This rhythm has a primary period of 24 hocurs, and its effects
appear not only when tests are made during the normal waking
day, but alsoc when they are carried out through the night. (3)
There {3 a high degree of correspondence opetweesn diurnal
changes in performance and in body teamperature. (4) Adaptation
of the temperature rhytha normally occurs within 4-6 days of a
changed sleep-waking aschedule, wusually in the form of a
flattening, rather than a phase-shift, and performance tends to
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follcw this adaptation.  (5) Task selection is an important
aspect of design in diurnal rhythm experimentation, since those
tasks with & large memory recuirement may give an invertea
rhythm. (6) Diurnal variation in performance may be minimized
by appropriate instruction of, or special "effort™ on the part
of, the subjects employed; and can be masked by theé use. of an
insensitive test of performance. (7) Care must be taken to
eliminate or balance all the known ma jor sources of
experimental interference in diurnal rhythm studies if the
results are to be of real value. ‘

177.. Hoddes E., Zarcone V., Sﬁythe H., Phillips R., & Dement
W. C. (1973). - Quantification of sleepiness: A new approach.
ggychophysiologx, 10(4), 431-436. ,

The Stanford Sleepiness Scale (SSS) is a self-rating scale
which 13 used to quantify progressive steps in sleepiness. The
present study investigated whether the SSS cross validates with
performance on mental tasks and whether  the SSS demonstrates
changes in sleepiness with sleep loss. Five college student Ss
were given a brief test of memory and the Wilkinson Addition

.Test in 2 test sessions and the Wilkinson Vigilance Test {n 2

othér sessions spaced throughout a 16-hr day. for 6 days. Ss

- made SSS ratings every 15 min during their waking activities.

On night 4,  Ss underweat -all night sleep deprivation. On all
other nights, Ss were allowed only 8 hrs in bed. Mean SSS
ratings c¢crrelated =.68 with performance on the Wilkinscn
Tests. Discrete SSS ratings correlated r=z.47 with performance

on the memory test. Moreover, mean baseline SSS ratings were

found to be significantly lower than eorresponding ratings of
the deprivation. period.

- 178. Hodge D. C. (1972). Military requirements for research

on continuous operations. (USAHEL Report No. TM-12-72).

Aberdeen Proving  Ground, MD: US Aramay Human Engineering
Laboratory. ' ' A L

'The Center of Biotechnology and Human Performance at Texas.
Tech  University conducted a research prograa titled:
‘Porfor-aan.' Recovery and Man-Machine Effectiveness.™ The
progras's goals included {nvestigation of task, environmental

and nutritional variadlias jrr.czxng man's ability to perfoim

for long periods of ~time, as well as factors influencing
recovery from the effects of long-ters perforsance.. ' :

The Army s considering the feasibility of sustained and
continuous operationsa. Recent technological innovations have
rendered this continuous operations notion feasible from a
technical standpoint; the quoatlon resains open as to whether
san is equal to the task.

. This conference brought togo:hcr roproacntativca or the
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Defense community and contractors presently performing research
related to continuous operations, for the purpose of discussing
the concept and attemptiag to formulate goals and/or gaps in
our knowledge of 1long-term performance and recovery. This
report contains the formal presentations to the conference, as
well as the edited transcript of discussions following each
presentation. '

179. Holley D. C., Winger C. M., Deroshia C. W., & Heinold M.

~P. (1981). Effects of circadian rhythm phase alteration on

physiological and psychological variables: Inplications to

pilot performance (Including a partially annotated

oibljography). (NASA Report No. TM-81-277). Moffett Fiela, CA:

National Aeronautics and Space Administration, Ames Research
Center.

The effects of environmental synchronizers upon circadian

rhythmic stability in man and the deleterious alterations in
performance wnich result from changes in this stability are

‘points of interest in a reviow of selacted literature published

between 1972 and 1980. A tctal of 2,084 references relevant to

‘pilot performance and circadian phase alteration are cited .and

arranged in the following categories: (1) human performance,
with focus on the effects of sleep loss or disturbance and
fatigue; (2) phase =shift in which ground based 1light/dark
alteration and transmeridian flight studies are discussed; (3)
shiftwork; (4) internal desynchronization which .ncludes the

‘éffect of environmental ractors on rhythmic stability, and of

rhythm ‘disturbances on sleep and psychopathology; (5)
chronotherapy, the application of methods to ‘ameliorate

. desynchronization symptomatology; and (6) biorhythm theory, in

which the birthdate based biorhythm wmethod for predicting
aircraft accident susceptability is critically analyzed.

‘Annotations are provided for most citations.

180. . Hord D. J. (1982). An EEG predictor of performance

decrement in a vigilance task. fNHRC Report No. 82-2). San
Diego, CA: US Naval Health Research Center.

Ten subjects took part in a monitoring task in which alpha
numeric symbols were discriminated on 1100 trials during
continuous 3-hr "watches®™,., Each subject completed a 3+hr watch
on 3 cecnsecutive days. The reaction times for all trials on
day 2 and day 3 were divided into the 10 percent fastest, 10
percent slowest, and the errors of omission (EO) for each
session. Brain activity at the vertex (Cz) was derived from
the one-second period preceding each trial. Ensemble spectral
analysis was completed for each subject to yield intensity
(microvolts2/Hz) at integral values of frequency from 1 to 20
Hz. It was found that the ratio of slow (1-6 Hz) activity to
intermediate - (7-12 Hz) EEG activity at the vertex can
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differentiate EO from fast and sliow trials thus supporting the
contention that bYrain activity recorded at the scalp can be
used. to monitor vigilance level 1in rested subjects. The
technique could be used to monitor vigilaace states in
operational settings. : . '
181. Hord D. J., Tracy M. L., Lubir A., & Johnson L. C.
{1975). Effect of self-enhanced EEG Alpha on performance and
mood after two nights of sleep loss. Psychophysiology, 12(5),
and (NHRC Report No. 75-2). San Diego, CA: US Naval Health:
Research Center.

Can +the deleterious effects of acute sleep 1loss on
performance and mood be ameliorated by self-enhanced alpha
activity? - Fourteen Naval volunteers were divided equally into
an experimental (alphacontingent auditory feedback) group and a
yoked control {(pseudofeedback) group. All subjects received
feedback plus performance and mood tests during 3 baseline days
and following 2 days and 2 nights without sleep. Feedback was
given for 45 min in the morning and 45 min in the afternoon,
preceding performance and mood tests.

The self-enhanced alpha (experimental) subjects did
produce more alpha than the yoked controls during all feedback
sessions except for one pair that was discarded. Of elever
measures that were sensitive to sleep loss, two performance
s¢ores and one mood score showed significantly less sleep-loss
decrement for the self-enhanced alpha group (at the usual
univariate .05 level). Two recall scores and an'anxiety score
showed more impairment for the self-enhanced alpha group
following 3leep loss. However, by the conscrvative Dunn-
Sonferroni multivariate criterion, the differences were not
significant; so these results are not conclusive. v '

Alpha enhancement wmay ''help maintain —performance that

‘requires continuous . attenticn, “such as counting and auditory

discrimination, but does not,K ameljorate the sleep-loss effect
for anxiety, mem~ry, and addition. '
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182. Innes L. G. (1970). A subjective assessment of Cfatigue
in transport aircrew. In A. J. Benson (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 (AGAKD) Aerospace Medical

Panel Specialists' Meeting at 0slo, Norway. (NATO/AGARD Report.

No. CP=-74¢-70). London: Technical Editing and Reproduction Ltd.

Two questionhnaire . studies .were carried out on fatigue
reactions of ¢transport aircrew on transatlantic flights of
approximately 12 " hours duration. The first questionnaire
assessed exhaustion fatigue due to the flight for all crew
positions, and identified crewmembers having unusuzlly high
ratings. The second questionnaire study assessed nervous
fatigue in the same type of operation; two crew positions only
were identified as being of concern. There was n> relationship
between fatigue ratings and sleep patterns, nor with easterly
or westerly direction of flight. Analysis of the use of
questionnaire items 'showed that frequency of check marks
against "fatigue™ statements did not correspond well with
fatigue rating. ' ‘

183. Innes L. G. (1970). Exhaustion fatigue in long range

aircraft crews. (Technical - Report No. 70-RD-1).  Toronto,
Ontario: Canadian Armed Forces Institute of Environmental

Medicine.

A questionngire study of fatigue reactions was carried out
on transport aircrew on transatlantic flights in both the Yukon
and Hhercules aircraft. Questionnaire items were designed to
assess physical tiredness aspects c¢f subjective fatigue, and

assessments were made before every flight, halfway through the

flight and after landing. The average ratings for the crews
showed an increase {in fatigue feelings consistently through the
fight, but the pcsitions showing the strongest reaction were
the Hercyles Navigator and Flight Engineers. Loadmasters on
both aircraft showed quite a high degree of subjective
exhaustion. fatigue. No relationship could be shown between
self-rating on the questionnaire and sleep patterns, nor was
there a relationship between Lnusually high or low ratlngs and
eastbound flighus.
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184, Jackson K. F. (1956). Aircrew fat: ;ue in long-range

maritime reconnaisance-pilot performance. (FPRC 'Report No. 907~
2). Farnborough, England: Royal Air Force Institute of Aviation
Medicine, Farnborough Personnel Research Center.

The performance of ten pilots was investigated by making
continuous records of the altitude and heading of their
aircraft at chosen times during a series in which each pilot
undertook four 15-hour flights. The records, which concerned
straight and 1level flying only, were - examined--a 10-minute
section at a time--for both extent and varizbility of error,
thus providing four measures for each 10-minute record.
Turbu'lence was recorded in terms of vertical accelerations, and
certain personal factors were also observed. Performance in
maintaining a constant heading deteriorated during 40 minutes

of continucus work. Performance in both heading and altitude’

deteriorated during the first three of pilota' watches and
partially recovered in the fourth.

In their first two watches, pilots tended to fly mors
zccurately and consistently in rough air than in calm air, but
in the last two watcihhes <chey were adversely affected by
turbulent conditions. Performance did not change appreciably
from flight to flight during a week ia which four 1S5-hour
flights were made .on alternate nights. The deteriorations
which were cbserved —could not be accounted for by increased

turbulence. ' '

i

185. Johnsoa L. C, (1967).. Sleep and sleep ioss-»their effect

on_performance. (NMNRU Report No. 67{-12). San Diego, CA: US

Navy Medical Nauropsychiatric Research Unit.

A bdriet 1ntroductiod to the field of Sleep reasearch and
sumnary of the material presented at a conference held May 1966
on sleep loss and the recuperative effects of the stages of
sleep-v | . . ' . .
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186. Johnson, L.C. (1968). Psychological and physiological

changes following total sleep deprivation. Sleep: Physiology &

pathology. (NHRC Report No. 68-18). San Diego, CA: US Naval

Health Research Center.

A review of the 1literature on effects of total slgep
deprivation. Cognitive and motor tasks of long duration, of
low subject interest and witout knowledge of results are highly

susceptible to the effects of sleep 1loss. While marked
behavioral and personality changes may occur during prolonged
sleep 1loss (after 150 hours), these changes are wusually

transient and disappear with sleep 1in subjects who were
emotionally stable before onset of sleep loss. Sleep loss per
se does not appear to always result in chronic psychotic
behavior. Reports of chemical and physiological changes were
inconsistent and no clear cut pattern of change nas been found.

187. Johnson L. C. {(1973). The effect of total, partial, and
stage sleep deprivation on EEG patterns and performance:

Behavior and brain electrical activity. (NHRC Report No. T7i-

11). San Diego, CA: US Naval Health Research Center.

This paper reviews EEG and performance changes following
total, partial, and stage sleep deprivation. Most attention is
directed toward recent studies concerned with partial sleep
loss and sleep stage deprivation.

188. Johnson L. C. (197%). Sleep loss and sleep deprivation

"as an operational problem. (NHRC Repert No. T4-45). San Diego,

CA: US Naval Health Research Center. (DI1IC No. AD A015-64G).

Sleep 1loss and sleep stage deprivation are reviewed with
particular attention to performance decrement and operational
consequences., Within the 36-48 hour range of total sleep loss
most likely to' be experienced by. raircrew personnel, no
consistent or uniform performance decrement has been found in
operational studies even though laboratory studies have’ fourd
decrement on certain types of tasks, but .marked iacrease in
fatigue 1is a common problem. Sleep ,Ioss. both total and
partial, tends to potentiate the ecircadiarn inlluence on
performance and interact with otner stressors to enhance the
Stress-induced physiological responses. Deprivation of sleep
stage REM or sleep stage 4 produces no behavioral changes of
operational consequence.

189, Johnson L. C. (1977) The mysteries of sleep. (NHRC
Report No. 77-4). San Dicgo, CA: US Naval Health Research
Center, . : : '

'This article reviews research done by the NHRC
Psyghoghyatology,Division concerned Vith~§leep quality, sleep
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reduction, and total sleep loss. The descripﬁion of the work
is in a s8style appropriate for sailors and officers without
prior knowledge of sleep research.

190. Johnson L. C. (1979). Sleep disturbance anG performance.
(NHRC 'Report NMo. 79-19). San Diego, C&4: US Naval dealth
Research Center. .

While the type of sleep obtained does not appear to be an
important factor in performance, the time of day the sleep is
obtained and when the performance ocecurs are very important.:
Time-of-day effects may te a more crucial factor in performance
than the preceding sieep patterns. 4hile the effect of tctal
sleep lo0ss becomes pronounced after 43 to 60 hours, consistent
performance decrement following reduced sleep or fragmented
sleep has not teen found. Feelings of fatigue, however, are a
consistent finding in all sleep-los3 studies. A significant
relation between s3leep quality (good vs. poor sleep) and
performance is not eac.ly found. The deleterious effect »of
hypersomnia, especially that due to narcolepsy, . has been

‘"documented.

191. Johnson, L.C. (1@81). On iarying work/sieep schedules:
Issues and perspectives as seen by a sleep researcher. In: L.C.

. Johnson, D.I. Tepas, W.P. Colquhoun & M.J. Colligan (Eds.). The
‘twenty-tour hour woikday: Proceedings of ' a symposium on

variations in work-sleep schedules. (DHHS~-NIOSH Report No. 81-

127, pp Y403-418). Cincinnati, OH: Deparstment of Health and
Human Services, National Institute for Nccupational Safety aad
Health.

For sleep researchers the issues of shift work are
inadeqnate sleep, poor sleep quality and fatigue. The author
addresses the questions of what is the relationship of sleep
per se to the complaints of shift workers? Is the reduced
amount of sleep they obtain the cause of their fatigue; i3 the

., quality of thelr  sleep inferior; i3 there a chronic sleep

deficit? Is 3leep 'the focus of general dissatisfaction with
the work schedule and interacting with 3ocial factors? The
author reviews the research concerned with sleep qualirty, sleep
quantity and the fragmentation of sleep to see if these factors
can account for shift workers' sleep complaints and feelings of
ratigue. : :

' 192. Johnson L. C. (1982;.‘:813eg déprivg}ion and performance.
(NHRC Report. No. 80.2%')," San Diego, CA: US Naval Health

Reseéarch Center.
This article reviews the baekground and aajor theoretical

positions that have evolved in sleep deprivation research. It
emphasizes the paradoxical nature of performance ueasures in
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this area, the certainty of d:crements and the paradoxes of
their ephemeral nature. This is fullowed by a presentation of
the wide range of factors which significantly modify the degree
of response decrements under conditions of sleep deprivation:
fatigue, task variables, and non-task factors; psychological,
situational, and behavioral 'periodicity. - Performance
variations '‘associated with r.rtial sleep loss and results of
experiments, emphasizing ~intinuous performance are described.

193.° Johnson L. C., & Naitoh P. (1974). The cperational
consequences ., of sleep Jeprivation and’ sleep deficit.
(NATO/AGARD AGARDograph ' No. 193, pp. 1-43). London: Technical
Editing and Reproduction, Ltd. A

Effects of total sleep loss, partial sieep loss, and sleep
stage deprivation are reviewed with particular attention to
performance decrement and operational consequences. Within the
36-43 hour range of total sleep loss most 1likely to be
experienced by aircrew personnel, no, consistent or uniform
performance decrement has been found in operational studies
even though laboratory studies have found decrement on certain
types of tasks. Of major importance are the type of task, the
setting ia which the task 1is to be performed, and .the
individual. Physiological changes are minimal during moderate
sleep loss, but mood changes are clearly noticeable. '

The most 1likely sleep pkoblems for aircrew membetrs are
those associated with disruption of sleep-wakefulness cycles
and partial sleep loss. Consistent performance decrement is
difficult to find, but marked increase in fatigue is a common
prohlem. ~Sleep loss, both total and partial, tends to
potentiate the circadian influence on performance'and interact
with  other stressors to enhance the stress-induced
physiological responses. Deprivation of sleep stage or sleep
.stage 4 produces no behavioral changes sugportive of earlier
beliefs that these two stages, especially stage REM, were
necessary for effective waking behavior.

194.  Johmson, L. C., Naitoh P., Lutin A., & Moses J.0.
(1970). ' Sleep stages and performance. (NMNRU Report No. 71-4).
San Diego, CA: US Navy Medical Neuropsychiatric Research Unit.

The relation c¢of sicep stages to performance is reviewed.
Data are presented from 12 subjects who were deprived of sleep
for two nights %o study the recuperative effects of slow-wave
sleep and REM sleep followling sleep deprivation. There was no
significant difference in waking behavior and performance in
those subjects denied REM sleep or slowe-wake sleep from those
Subjeczts allowed all stages of sl:ep-on reccvery nights after
-total sleep loss. The significance of stages of sleep to
waking behavior is not yet clear. ‘ '
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195. Johnson L. C., Naitoh P., Moses J.,, & Lubin A. (1973).
Interaction of REM deprivation and stage 4 deprivation with
total sleep loss: Experiment 2. Psychopaysiology, 11(2), and

{NMNRU Report No. 7322). San Diego, CA: US Naval Medical
Neuropsychiatric Research Unit. ' '

To determine Whether prior deprivation of stage REM or

stage 4 sleep would potentiate the effects ¢f total sleep loss,

7 young adult males were denied REM sleep and 7 were denied
stage 4 sleep fecr three nights before onrs night of total sleep
loss. Measures of autonomic and EEG activity, mood, anxiety,
Rorschach CET and on several performance tasks were obtained
during baseline, following stage deprivation, total sleep loss
and during recovery. ' ‘

There were no marked changes in any area following three
nights of stage REM and stage 4 deprivation. The changes
following total sleep loss were similar for both groups. Prior
deprivation of stage REM or stage 4 did not potentiate sleep
loss effects. Ss who had no stage deprivation prior to 1 night"
of sleep loss had more impairment fellowing sleéep loss than did
the Ss of: this study. :

196. Johnson L. C., Naitoh P., Moses M., & Lubin A. (1977).
Variations in sleep schedules. Waking and Sleeping, 1, 133-137,
and (NHRC Report No. 77-1). San Diego, CA: US Naval Health
Research Center.

Qur sleep research has explored the efreét of total sleep
loss, sleep stage deprivation, gradual sleep reduction, and the
effect of varying the sleep/wake schedule. While subjects are

‘unable to function effectively without sleep, the type of sleep

obtained is not as important as the amount. If done gradually,
habitual sleep time can be reduced by 1 to 2 hours and sleep.
can be' obtained in 1-hour segments ' without significant
impai{rment in performance or moodG. When ‘3sleep 1is reduced
gradually or by napping, stages 2 and REM are reduced while
slowe-wave 3leep remains the same or increases. Naps are more
deleterious for time 4in stage REM ‘than {3 gradual slesp
reduction. - : ' . '

197. Johnson L. C,, Williams H. L., & Stern J. A. (1972).
Motivation, cognition, and sleep-work Tfactor: Central and

autonomic nervous system indices. (NMNRU Report No. 72-13). San

Diego, CA: US Navy Medical Neuropsychiatric Research Unit.

Possible problems for tuman performanca in relation to
three factors: motivation, cognition. and sleep, are
discussed, Of particular concern are possible alterations in
cycles of sleeping and waking, and in physiological patterns of
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sleep and the poiential effects of such changes on vigiltance,
memory prodlem solving, and activation. ' An attempt s also
made to anticipate thz effects of prolonged space-{lights on
the central and autonomic »rervous systems.

198. Johnson L. F. (i967). Sleep requirements durirg manned
spate flight. In H. L. Roxburgh (Ed.), Behavioral problens ir
aerospac2 medicine. Proceedings of the NATG Advisory Crsup for
Aerospace R & D (AGARD) Aerospace Medical Panel Specialistsf
Meeting, October, 1967. (NATO/AGARD Report No.CP-25). London,
2nglund: Technical Editing and Reproduction Ltd.

In planning bioastronautics support for manned space

flight, thought must be given to the human needs of the
astronauts in outer space. A survey of research literature on
" this subjeect indicates that consideration must be given to the
quality as well as the quantity of sleep. The conclusion of
'this survey indicates that: {1) If possible, astrcnavts on
prolonged space flights 'should have 8 hours of continuous
sleep, at the normal depth of sleep, out of each 24 hours.
(2) If this 1is not operationally practicable, a different
wakefulness/rest ratio must be used, for example, 12 hours
work/6 hours rest . plus another 2 hours rest period in each 24
hour period. ~(3) Further experimental work i: necessary to
study the quality or depth of sleep as affected by differential
cyeling of the 24 hour time period.

199, Johnson P. C., Carpentier W. R., Driscoll T. .B., La Pinta

C. K., Rummel J. A., & Sawin C. F. (1972). Passeager fluid

'volumes measured before and after = prolonged commercial Jjet
flight. Aer0§pace Medicine, 43, 6-7. : '

Interstitlal ‘and ~ intracellular fluid  voluae were
calculated from measured plasma volume, extracellular| voluae
and total body water of six subjects before and after a 24-hour
commercial overseas flight. No change cecurred in thesq spaces
or in peripheral  hematocrit or total serun protein
concentration. The subjective feeling of dehydratio found
among passengers at the end of a long trip ol this type scems
‘to represent a shift in oody fluidz to the depandent portions
of the body rather .than water retention or a decrease| in the
intravascular water volume.

2GJ. Jones G.. M. (1971). 'Some aviation medical aschts of
flight crew fatigue. (DRB Technical Report No. DR-208 jol. I,
pPp.1964-1968). Ottawa, Canada: Departaent of Naticnal Defénse,
Defense Research Board. : :

" This  review afgciclo attempts te outline soms |of the
negative - effects of fatigue |in flight crew persocanel for.
researchers, ajircrafi des:3ners, aad legislators. Stiressors
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associated with 1instrument flight and their effect on the
pilot's vestibular system are exawmined in depth. Fatigue |is
also defined and the need for obejctive, as opposed to
subjective, mcasurement of 1its effects on performance are
discussed. A descripticn of the "Cambridge Cockpit
Experiments,"™ conducted by D. R. Davis during WW II, and a
summary of the conclusions bused on those experiments, are
presented. The author discusses the need for new legislation,
based on 3cientific¢c study, to help control flight crew fatigue
" problems. o :
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201. Kanabrocki E. L., Scheviag L. E., Halberg F., Brewer R.
L., & Bird T. J. (1974). . Circadian variation in presumably
healthy young soldiers. Chicago, IL: USAR Modlical Laboratory.

(NTIS No. PB 228-827).

A group of thirteen young soldiers wnas standardized for
approximately 30 hours withn rest time excending {rom 2245 to
0700 h; during their .activity time they abstained from any
unusual or strenuous activity and ate meals only at 0830, 1430
and 1630. Each man was sampled at three-hour intervals.
throughout one 24-hour period; this inv-lved the measurement of
oral temperature, radial pulse, 'bluodl pressure, intraocular
pressure and minute ventilation. It addition, a sample of
blood and urine was <collected a-. each time point and
subsequently a total of 18 biochemiczl or other measurements on
each sample of urine. '

One year later another 'study was performed similarly on
twelve m2n over 2 72-hour pericad. In this instance oral
temperature, radial pulse and blcod pressure were determined,
-and, in addition, several psychological and performance tests
were made; these include: estimntion of mcod and vigor, eye-
hand coordination, finger cownting (a performance test),

. ability tc estimate time, randor addition and memory ratio.

‘ All data were analyzed by a computerized inferential
statistical method which involved the fitting of a.24-hour and
other cosine curves to the data by a method of least squares.
A great majority of the many variables analyzed demonstrated a
significant fit to a 24-hour cosine curve. From this -same
analysis, one was able to estimate three rhythmic parameters
and their confidence, ‘the applitude 2nd' the mesor (computer-
deterained over-all mean). . The significance of these data {s
discussed, : , ’

202, Kant J. G., Genser S. G., Thorne D. R., Pfalser J. L., &

Mougey E. H. (1984). Effects of 72 hour sleep deprivation on

urénary corvisol and indices of metabolism. Sleep, T7(2), 142
146, ' - '

Cortisol, urea,'glucOSQ. electrolytes, and other compounds
were measured in five consecutive 28 h urine collections during
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a 72 h sleep de.rivation study of six young men. . Urine “as
collected during a 24 h predeprivation day, 3 days of sleep
deprivation, and a ceccvery "day. Whereas urinary cortisol
decreased only slightly, marked changes in other urinary
constituents were observed. Durling sleep deprivation, urinary
ursza rose markedly, glucose decreased, and urinary electrolytes
decreased. These data indicate that sleep deprivation under ad
1ib food and water conditions can cause disturbances in normal
metabolism. o '

203. Karney D. H., & Thompson P. (1976). Fatigue. US Army
Aviation Digest, 22, 28-34. ‘

i Fatigue is a significant hazard ‘in Army aviation. It
reduces crewmember .efficiency and contributes to reduced
performance, poor coordination, faulty memory, slower reaction.
time and a decline in perceptual abiiities. Few people’
actually appreciate the full extent and consequences of the
elfaects of fatigue on aircrew performance. Also, many units
fail to establish maximum flight time and -crew rest limitations
in accordance with Army Regulation 95-1. Crewmembers have to
cope with numerous fatiguc-producing stresses, such as thoase
imposed by aircraft factors, flight operation factors, 'duration

"of work and rest in the duty day, scheduling of work and rest
cycles, social, emotional and aelf—iuposeg factors and morale.

To determine which factors in the aviation environment
have the most bearing on fatigue, a survey of 500 experienced
helicopter pilots was conducted by the NATO Advisory Group for
‘Aerospace Research and Development (AGARD). The ratings are
listed in the article. Also included in the article is a
comparison of actual flying hours/rest period standards in

-various worldwide mllitary aviation agencies for rotary wing
aircraft. " ‘ - .

204. Kimball K. A. (1983). Selected factors affecting aircrew
performance during sustained operations. 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 Spaecialists!
Meeting at Paris, France, April 1983. (NATO/AGARD Report No. CP
338, pp. 20-1 to 20-17). Loughton, Ezsex; Uuited Kingdom:
Specialised Printing Services, Ltd. (DTIC No, AD P002-990).

Six recent graduates of initial rotary wing training flew
a UH-1H utility helicopter for up to 3 hours whilas wearing each
of three clothing ensenbdles. Each aviator wore the standard
flight suit, the US chemical defense (CD) enseamble and the
United Kingdos (UK) (CD ensemdble in hot weathsi (mean WBGT 29
degrees C). Sain togperatures (chest, thigh, upper arm, and
calf), -rectal temporature, heart rate, and preflight and
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postflight body weights were reccrded. Cognitive testing was
conducted preflight, postflight, and on non-flight days.
Aviator flight control performance measures were also obtained
during flight. ‘

Well acclimatized aviators were able to fly at least 2
hours without serious physiologicai impairment. Three of the
six aviators terminated flight for medical reasons (heart rates
over 140 bpm or nausea) while wearing the US ensemble. In this
study the susceptible subjects tended to be older and
heavier. Heart, rate was Jjudged to be the most sensitive
indicator of heat stress.

Cognitive testing aad flight performance data obtained
during this exercise did not demonstrate changes as a function
of the' type of flight ensemble worn during the test, nor did
flight performance serve as .a predictor of heat stress.

Further investigations are required to verify tne validity of
these measures as 1ndicators of heat loading in the operational
setting.

205. Kimball K. A., & Anderson D. B. (1975). Aviator

performance: Biochenical, physiological, and psychological
assesament of pilots during extended helicopter flignt. In H.
S. Fuchs, G. Pardriel, & A. Gubernale (Eds.), The role of the
clinical laboratory in aerospace medicine. Proceediags of the
NATO Advisory Group for Aerospace R- & D (AGARD) Aernspace
Med.cal Panel Specialists’ Meeting at Ankara, Turkey.
(NATO/AGARD Report Nc. CP-180). London: Technical Editing and
Reproduction Ltd. , ,

This investigation was conducted to provide information on
the physiological, psychological and performance effects of
extended helicopter flight. Measureaents of biochemical,
physiological and psychological paraseters were taken and
compared with inflight performance aesasures obtained by the US
Army Aeromedical Research - Laboratory: Helicopter Inflight
Monitoring System. Six rotary wing aviators performed extended
daily flight amissions for 12 hours per day for a period of five
days. In addition, when not flyirg, various psychelogical
tests were administered. Physiological and biochemical
monitoring were conducted. throughout the five day period.
Subjects were on a controlled d.e«% and slept approximately
three hours each night.’ This pasper presouts preliminary "’
findings with regard to parformance, biocha.ical physiological
and psychological parameters.
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206. Kinsley H. W. (196&). Stress, fatigue, and the general
line officer. (NPS Master's thesis). Monterey, CA: Naval

Postgraduate School. (DTIC No. AD AU4B1-43G/7ST).

Stress and fan‘sue are important factors in the decision
making process, As such they should be of great interest and
concern t¢ the Navy, particularly in their relationship to the
decision 'making capabilities of unrestricted line officers.
Recent writinzs and experimentation in stress and fatigue are
analyzed to point up the importance of these phenomena as they
affect the unrestricted line officer, to examine the methods
which the Navy might use in measuring and prediction, and to

show applications which might be attempted in the areas of

alieviation and control. The.destroyer commanding officer is
the criterion against which the stress ard fatigue are

measured. .

The conclusions are that fatigue and the effects of stress
are, indeed, quite serious in their ramifications, that the
Navy should be more cognizant of them, that positive prograams
can be estabished to reduce these a2ffects at nominal cost, and
that such programs might have valuable pay-offs in ships and
lives.

207. Kjellberg A. (1977). Sleep deprivation and sonme aspects
of performance. Waking and Sleep, 1, 1u9-153 .

The problen of arousal and arousal changes after slaep

deprivation are discussed. Lapses and other attentional
affects a~e described. . The problems ol aotivation and
performan.e in connection with  sleep deprivation are

reviewed. Conclusions aré drawn from the coamplete set of
reference and review materi L.- .

208. Klein K. E., & Wegmanu H. M. (1979). Circadian rhythas
in '‘air operations. NATO Adyisory Group for Aerospace Research
and Developaent, Lecture eries. {(NATO/AGARD Report No. LS-
105). London: Technical Edifing and Reproduction Ltd. -

After a brief “tntr duction into the prirciples. of
environmental and bilological tieing systews, the phenomenology

'of poustetransmeridian de- |and resyachronization of circadian

rhythes s presented, 1its coatrol and aodification through
external and {(nternal factprs described, and the consequences
for human efficliency an health diacuases. Thers ars
conclusions drawn as to possible reiief measures, and formulas
and models reviewed which try to defins the physiological
processes and predict wor loads occurriug in transmeridian
flight operations. Finally, the iacorporation of c¢ircadian
rhythm's aspects into Rest/Duty Regulations {3 dascribed.
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209 Klein K. 'E., & Wegmann H. M. (1980). Significane of
circadian rhythms in aerospace operations. (NATO/AGARD Report

Ne. AG-247). NATO Advisory Group for Aerospace R & D. London:
Technical Editing and Reproduction, Ltd.

For over 2 c¢entury it has been recognised that the
functional state of the human body 1is subject ,to periodic
daytime-dependant oscillations which are called "Circadian
Rhythms", Not only wakefulness and sleep alternate with the
environmental light-dark cycle, for it has been established
that most physiological and behavioural functions have an

~oscillateiry nature. Certain hours of. the 24 hour cycle have

been identificd as those where the tonic physiologic levels are
set for 'sleep and "readineas for efficiency™ 1is reduced.
Though the . underlying mechanisamas for ©biologic <circadian
periodicity are as yet unknown, its relationship with the
environment and with controlling endogenous and exogenous
factors has become increasingly clear.

Because performance efficiency and health -are affected,
circadian rhythmicity htas become a major concern not only for
industrial shift work, but for mili%ary operational situations
as well. This AGARDograph, together with those &nreviously
published on "Cperational Aspects of Variations in Alertness”
(No. 131) and *The 'Operational Consequences. of Sleep
Deprivation and Sleep Defjicit™ (159), and the lecture Series on
"Sleep, Wakefulness and Circadian Rhytha® (232) should present
a useful scurce for planning and managing aerospace operntlons
in harmony with human functional capseity.

210. Klein K. E., Wegmznn K. M., & Bruner H. (1968).
Circadian rhythe in ladices of human perforssance, physical
fitness and stress resistance. Acrospace Medicine, 39, 512-
518. (DTIC No. AD 632-748}. -

In order to: estimate the existence and wmagnitude of
rhythaic day-night. variationa in human pertorlﬂ~ e, physical
fitness and 3stress . res. 3tance, the rollowing variables were
measured every three hours over . a full day-night cycle:
reaction time and its individual constancy, the maximal
psychomotor coordination ability, the Schaeider {ndex, the
predicted VO, max, the cardiovascular responses to tilting, and
the "time of useful consciousness” zt simulated altitude. The
twenty-~four hours waere divided into two experimental sessions
30 that limited sedentary activity could be maintained between
the tests.

All ‘paraueters {including body temperaturse, blood
eosinophils, plasma-protein, aldolase and 17-0HCS) revealed
relative rhythamic oscillations of the circadian type, %he
ranges of which varied for the group average bhetween 1.4
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pcrcent (temperature) and 68 percent (17-OHCS) from the %total -
tweaty-four hour average. Negative extreme values were shown

during the night hours for all cardiovacrsular parameters;
consequently, the Schneider index and the VOZ max predicted
from the heart rate level during submaximal exercise had their
positive peaks or best values at this time of the day. This
phenom2non seems to be an "artificial®" effect of i‘he method of

-determining phycsical fitness and probably is not identical with

the course cf "fitness" itself. However, "true" positive night
peaks were found for the altitude tolerance. The significance
of the results for the applié¢ability of functional tests and

human a2fficiency during stress are discussed.

211, Klein K. E., Wegmann H. M., Antlznassenas G., Hohlweck
H., & Kuklinski, P. (1976). Air operations and circadlan
performance rhythms. Aviation, Space, and Environmental

Medicine, 47, 221-230.

This paper reviews experimental results and pertinent data
from the literature on circadian behavioral rhythms and their
modifications through various fzctors. It relates them to the
operation of aircrews "round the clock™ and on transaieridian
routes and discusses sorke possibilities orf an appropriate
scheduling. 4

212. Kleiahanss G., & Schaad G. (1983). SuScained miiitary
operations with particular reference to prolonged exercise. In
J. Ernsting (Ea4.), Sustained Intensive Air' Operations:

Physiological and Performance Aspects. Proceedings of NATO

pddvisory Group for Aerospace R &D (AGARD) Aerospace Medical
Panel Specialists' Meeuing at Paris, France, Apri) 11903,
{NATO/AGARD Report No. CP-338, pp. 30-1 to 30-9). Loughton,
Essex, United Kingdou: Specialised Printing Services, Ltd.
(DTIC No. AD P002-995). - . ‘

. Since about 1379 we have been confroated. with 'the
inevitable situation of expecting combat soldiers to engage in

sustsined ailitary operations on the dattlefield. The land-

forces of the Warsaw Pact nations have the capability, both in
terms of personnel. strength and in technological innovations,
to fight with undiminished saverity around the clock for days,

possibly weeks. . 'Por want of adequate troop -strengtp,:ruaro
countries have to counterbglance the “Rationalization®" of

military working-olaces by use of more soph‘sticated technical

consequences s that of teamprary partial or total sleep
deprivation for their own troops. ' _

In this report, tests on the effects of sleep-deprivation
on (military) performance are analyzed critically and
alternatives are pointed out for testing questions arising in
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‘means and by prolonging the duration ¢f missions. One of the

context with this problam. Especially impgortant coverage 1is.
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given to the influence of motivational influences on human
performance, something which the authors contand is given much
too little attention i1n most experimental investigations. The
av.hors report their own experimental experience on this aspect

of sustained operations and sleep deprivation experiments.

They give proposals to provoke rotivation of test participants
even: in peace-time-conditions and di.cuss the implications for
the effects of participant  willinzness for performance
measures. : '

213. Knapp S. C. (1970). Problems .of adaptation to long range
large scale aerial trcop deployments. (USAARL Report No. 71-

10). Fort Rucker, AL: US Army Aeromedical Research Laboratory.

This paper discusses the demonstrated stresses and
adaptation problems during 1large scale, 1long range, rapid
reaction time, aerial troop deployments. NATO Ex=2raise,
REFORGER I, January 1969, and other large scale aerial iriop
deployments are discussed. : '

Long range aerial ¢troop transport and deployament is . a
technological achievement of the 1960's that influen-ed and
shaped international political  thinking and military
strategy. *Super transport aircraft,” capable of arvuind-the-
world troop lifts, became a reality in the wilitary
inventory. Careful consideration must be given to the aircrews
that operate these aircraft. It is necessary to carefully
assess the position, role, and regard for the individual
soldier, the "passanger," whom all of this aviation technology
and engineering supports. :

distorically, soldiers have proven ta be flexible, well-

'uotlvated, and ca2padle of great personal and group ingenuity

and adaptation in the face of stress. These factors create
fighting forces that are able to go alemost anywhere, at any
time by any means, and remain efficient and effeciive., Certain
human ' factors and parameters of personal adjustment and
adaptation, however, are relatively fixed or slow to change.
Among them are requirements for sleep, food, fiuids, exercise,
warnth, shelter, sensory stimulation, recreation, periods of
quiet, and physical and psychological support. Man has proven
biological or ceircadian ~ rhythas that - are essentially
uralteradble over prolonged periods of stress, let alone abrupt
exposure. Mzan does ot {mmediately adapt to sudden
enviornmental changes, 1i.e., sea level to mountainous, arciic
to equatorial, tropical to arid, or pastoral to aquatiec.

- Man's response to thase changes or deprivations, until he
accommodates, covers a wide physiologic and psychological
spectrum. The individual's response from obscure biochemical

alterations to physical and mental degradation are understood
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to some extent. A good many are predictable and quanti-
fiable. All have the same titratable and point-reduced
effectiveness and efficiency.

214, Knauth P., Rutenfranz J., Hermann G}, & Pdeppl S.
(1978). Re-entrainment of body temperature in experimental
shift-work studies. Ergonomics, 21(10), 775-784.

In a series of experimental shift work studies, six
subjects worked on continuous night shift for three weeks, four
subjects worked on a 1-1-1 shift system (1st day morning shift,
2nd day aftarnoon shift, 3rd day night shift, 4th day off), and
two subliects worked on a - 2-2-2 shift system (the "metropolitan"
rota). Rectal temperature was continuously recorded in ezch
experiment. '

The greatest changes in the c¢ircadian rhythm of body

‘ temperature occurred on the second night shift day, and during

the first wa2ek of continuous night shift working. The changes
involved both shifts in the phasing of the rhythm, aad
alterations in fora. The re-entrainment of the rhythm to its
normal phasing took. two or more days after two or more

successive night shifts, but only one day after a single night

shift. Considerable individual differences in the rhythm
ad justment to night work were observed. .

In a field validation of thcse findings, 34 shiftworkers
in wmunicipal gas and water supply Jobs measured their oral

temperature every 2 h both on and off duty. Although only very

few temperature readings were obtained during sleep periods,
the results confirmed, 1in general, those of experimental

" studies.

215, - Kospstein F. P., Siegel A. I., Wilson L. B., & Ozkaptan
H. {(1979). Human performance in continuous operations: Volume

1I. Management guide. (USARI Report No. 80-4b). Alexandria,

VA: US Army Reszarch Institute for the Behavioral and Social

Sciences,

. Guidelines .are presented for the management of human
resources relative to maximizing unit effectiveness during
continuous operations. Concrete "ground rules™ for personnel
management are: presented vis-ae.vis continuous operations.
Steps to take prior to actual combat are '‘given along with
methods for controlling performance degradation during
continuous operations. Projected soldier effectiveness as a

 runcb1qn of battle length and type of unit are presented.
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216, Kopstein F., Siegel A., Ozkaptan 5., Dyer F., Conn J.,
Siifer, W., & Caviness J. (1882). Soldier performance in
continuous operations. (ARI Report) Alexandria, VA: ‘US Army
Research Institute for the Behavioral and Social Sciences.

If any Army unit is to meet the demands of continuous
operations, a systematic human resources coanservation program
must be planned and implemented. The details of such a program
are. described. Without such a program, intolerable levels of
.performance decrement are . projectied during contiruous
operations.

Strategies for countering the anticipated degradation
during continuous operations include: 1leadership .training,
confidence building, organizing for full communications,

, behavioral modeling, overtraining, and crosstraining,
developing physical fitness, and development supports.

Tactics for countering performance degradation during
‘continuous operations include task rotation,'task sharing, use
of performance supports, proper management of stress, and
appropriate work-rest cycles.

The plan' for integrating these c¢nncepts into a unit
developmental program includes systematic steps along a time
frame. The strategies are set in place during the preparatory
stage, and these provide the foundation for implementing <the
tacties during continuous operations.

217. Kramer E. F., Hale H. B., & Williams £. W. (1966).
Physiological effects of an 18-hour flight in F-4C aireraft.
Aerospace Medicine, 37, 1095-1098.

.Physiological assessment was performed by means of post-
flight urinalysis for 8 pilots who flew F-4C aircraft for 18

hours. Flight effects were neither aumerous nor of 1large
magnitude, nor were the pilots unduly fatigued. The flight-
induced, physiological changes included: (1) {increased .17~

hydroxycorticoid excretion, 'which implies adrenocortical
stimulation, and (2) decreased excretion of uric acid,
potassium, and urine, which suggests astabolic depression.

218. Kripke D. F., Fleck P. A., Mullaney D. J., & Levy M. L.
(1981). Sleep loss effects on continuous sustained
performance: Behavioral analogs of the REM-nonREM cycle.
(Departaent of Psychiatry Report N¥o. 2). La Jolla, CA:
Department of Psychiatry, University of California.

About-anmindte cycles in various wvakirg behaviors have
- been described, including a 90 'ajinute alternation in
~hemispheric dominance. To confirm this finding, N "healthy

i

- 112 - .




N/

376,

young subjects were isolated for 10 hours. Lettar-matching and
spatial dot-matching tasks were admini:tered every 10 minutes,
while sleepiness, fantasy, ezting, and. drinking were also
monitored. No about-90-minute cycle in letter-matehing, dot-
matching, or cheir ratio was found, but weak evidence appeared
for cycles in eating, drinking, and rest:ioom trips.

219. Kripke D. F., Mullaney D. J., & Mesain S. (1979).

Measuring sleer by wrist actigraph. (Department of Psychiatry

Technical Rep. No. 1). La Jolla. CA: Department of Psychiatry, -
University of California. '

Using a piezo-electric transducer, wrist activity was

recorded simultanecusly with EEG, EOG, and FMG to obtain 102

recordings-- 39 from hospital patients and 63 from non-
patients-« during both Sleep and Wakefulness. On a minute-to-
minute 'basis, wrist activity alone was used to estimate Sleep
Time. Blind independent scoring of the EEG-EOG-EMG records was
also done for Sleep and Wakefulness. Results from the two
Sleep/Wake estimations - agreed = 94.5% of the minutes.
Correlations between the two methods were determined for Total
Sleep Period (r=z0.90), Total Sleep Time (rz= 0.89), Total Wake
Within 3l=2ep (r=0.70), and number of Mid-Sleep Awakenings
(r=0.25). ' .

Correlation coefficients were even higher when the 39
patients wecre excluded from the computations. On the average,
the actigzraphic method overestimated Sleep Time by 10
minutes. Continuous wrist activity recordings provide simple,
inexpensive, but very accurate estimates of Sleep Time and hold
goud potential for unobtrusively measuring amounts of work/rest
activity and sleep during continuous operations in the field.

220. Kripke D; F., Mullaney D. J., Messin S., & Wyborney V. C.

(1978). Wrist actigraphic measures of sleep and rhythns.
Elect*oencepha{;graphy and Clinical Neurophysiology, is, 67P~

Reoently, Kupfer (1972), Foster (1972) ‘and colleagues have

‘described the use of an aztigraphic telemetry system for
" quantifying both sleep and biologic rhythms. Thev have

reported surprisingly high correlaticns of 0.8% and 0.88,
between wrist activity and wakefulness as determined by EEG in
separate studies (Kupher et 'al. 1972; KXupfer and Foster
1973). Encouraged by their results, we have developed a more
flexible 3ystenm. and have validated its ' usefulness in
distinguishing sleep and wakefulness., The system i3 described
in this document. . .
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221. Kripke D. F., Webster J. B., Mullaney D. J., Messin S., &
Fleck P. (1981). Measuring ''sleep by wrist actigraph.

(Department of Psychiatry Technical Report No. 4). La Jolla,
CA: University of California, Decpartment of Psychiatry.

Future warfare may be exceptionally intense and brief,
offering personnel little time for sleep. Fetigue could be a
crucial factor in combat performance, especially if troops are
airlifted across time zones and subjected to Jjet 1lag.
Therefore, monitoring sleep loss and facilitating adequate
sleep are crucial aspects of military medical planning. To
monitor sleep in field conditions, a new technology is needed."

cenple move constantly when awake but little when asleep.
Electrornic recognition of activity can thus be unsed to monitor
and determine sleep/wake states. This report summarizes the
research and developmeat of a wearable sleep monitoring
system. Wrist activity 1is measured with a piezo-ceramic
transducer, monitored and stored by a microprocessor,. then
transferres to a larger computer for automatic sleep scoring.

In prospective validaticn trials,  the automatic
measurement of sleep by a prototype device correlaced r:=0.97
with EEG sleep scoring. Full. K technical specifications are

presented for construction of field-depioyable sleep monitors

which could be worn entirely on the wrist. . Deployment of such
devices would permit operational objective measurement of sleep
loss among our troops.

222.  Krueger G. P., & Fagg J. N. {1981), Aeromedical factors

'in aviator fatigue, '‘crew work/rest schedules and extended

flight operations: An annota*tad bibliography. (USAARL  Report
No. 81-1). Fort Rucker, AL: US Army Aeromedical Research
Laboratory.

operations is an important aeromedical topie. . Availabdble
research data on the topic are either in short supply or are
scattered throughout diverse printed sources and are difficult

decisions are posed. This annotated bibliegraphy lists 224
references containing research dafia, conceptual position papers
and different methodological approaches to studying aviator
fatigue, aviation crew workerest schedules and extended flight
operatjions. The bibliography contains an index which
categorizes the references into such categories as:

measurement of performance; (3) helicopter, transport, 'and
civilian flight operations; (4) crew worke-rest schedules; and
(5) biochemical and physiological indices of . fatigue. The
basic period of coverage is 1940.1980, ;
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223. Xrueger G. P., & Jones Y. FP. (1978). U.S. Army aviaticn

fatigue-related accidents, 1971-1977. (USAARL Report No. 79-1).

Fort Rucker, AL: US Army Aeromedical Research Laboratory.

An accident data survey: was made to determine how

‘frequently aviator crew fatigue may have contributed to US Army

Aviation accidents from 1971 to 1977. All accident reports in
the US Army Agency for Aviation Safety (USAAVS) data base were
reviewed. Aviator fatigue was deemed to be a contributing
factor in 42 .rotary wing accider s which resulted in a total of
51 fatalities and 63 personnel injuries. Fatigue contributed
to 10 fixed wing accidents, resulting in 3 fatalities and 5

injuries. This paper categorizes these fatigue-related
accidents by aircraft and mission type and by time of day and
day of 'week of the accident. It also tabulates pilot

activizies prior to the accidents which promote the likehood of
pilot fatigue contributions. The p2rscnnel and equipment costs
of these accidents to the Army are estimated, and the relative
importance of such accidents to the total US Army aviation

~accident picture is ascsessed.

224, Krueger G. P., Armstrong R. N., & Cisco R. R. (1980).
Aviator performance in week~long extended flight operations in
a helicopter simulator.  In R. Auffret (Ed.), Session A:
Aircrew safety and syrvivability. Proceedings of the NATO

Advisory Group for A2rospace R &. D (AGARD) Aerospace Medical
Panel Specialists® Meeting at Bodo, Norway, May 1980.
(NATO/AGARD Report No, CP-286; pp. A20-1 to A20-13). Loadon:

-Technical Editing and Reproduction Ltd.

In the second experiment in a series of s=tudies on near
continuous ‘operations, wssychologiecal, physiological and
biochemical correlates of aviator crew. performance, stress and’
fatigue were neasured in a week-long flight schedule ia a

helicopter simulator. . Three 2-man crews of rotary wing
aviators performed 14 hours of precision instrument flight in a
simulator on each of five successive work days. iHdissions

included repetitions of routine 2-hour standardized day and

'night instrument flight profiles which were occasionally
interrupted by simulated flight emergency situations.

Aviator (flight performance was measurad. Parameters
assessed included: meeting airspeed, altitude, headings, turn’
rates, navigation, atec. In addition, measures: of fatigue,

stress and Dbodily state were collected throughout the study.
These latter measures included physiological (cardiovascular
wonitoring and body temperaturs), psychological (behavioral,
short term memory, oculomotor performance and ‘bjective
ratings), and biochemical (urine and isoprene) 1 .,ameters.
When not flying, pilots participated im laberatory tests of
pursuit rotary tracking skill and visual search strategies.
They were also examined by flight surgeons daily.The pilots ate
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three regularly scheduled meals and siept approximately four

hours each night. Baseline data were collected prior to, and

recovelry data after the extended flight schedule.

This paper presents a description of the study and
summarizes preliminary findings of portions of the data. The
findings of this research should be useful to operational
flight surgeons, aviation safety officers and unit personnel
strength planners.

225 Krueger G. P., Arcstrong . N., & Cisco R. R. (1985).
Avi: -~r performance °n week-long ex"ended flight operations in

al icopter simulator. Behavior Research Methods, Instruments

& _mputers, 17, 1, 68-74.

Psychological, physiological and biochemical correlates of
aviator crew performance, siress and fatigue were measured in a
week-long flight scaedule in a helicopter simulator. Three c-
man crews of rotary wing aviatcrs performed 14 h of precision
instrument flight on each of four suzcessive days and 10 flight

h on the 5th day. Missions involved repetitions of 2-h
standardized day and night flight profiles that were
occasionally iaterrupted by simulated emergencies. Aviator

performarce measures included: meeting assigned airspeeds,
altitudes, headings, turn rates and navigation requirements.
Pilots slept U4 h each night. Baseline data were collected
prior to, and recovery data after the extended flight scheduie.

‘ Pilots maintained simulator flight parameters to within
acceptable tolerances of assigned headings, airspeed and
altitudes even into the morning of the fourth day of the
schedule. However, cognitive and judgmental errors were
made'. Even though flight surgeons deemed them unsafe to fly by

the third night, pilots continued to fly well to the fifth day.
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226, Lavie, P., Gopher, D, Fogel, R., Zommer, J., (1981),
Ultradian Rhythms in Perceptual Motor Tasks. In L.C. Jchnson,
D.I. Tepas, W.P. Colquhoun & Colligan, M.J. (Eds.), The .twenty-
four hour workday: proceedings of a symposium on variations in
work-sleep schedules (pp. 181-195), Cincinnati, OH: National
Institute of Occupational Safety and Health, US Department of

Health and Human Services. ' '

Research of rhythms in human performance has mostly
focused on circadian rhythms (CR), and for obvious reascns:
2a) there is a large volume of data on circadian rhythms in
biological processes, b) there ars distinct and measurable
circadian environmental "time givers" that c¢an potentially
modify behavior, and ¢) the nature of human engineering
problems presented by increases in aii travel growth and shift
work are related to c¢circadian rhythms. Experimental designs
directed toward the investigation of CR tend to obscure short
term variation in performance by employing sampling rates too
slow to detect rapid variations, and by averaging data across
subifects, a procedure which hides time related variability.

The term ultradian rhythms (UR) was introduced bty Halberg
(1967) to describe rhythms with frequencies greater than 1 per
day. In recent years most of the research on U3 has been
focused on rhythms within the fregquency range of 10 to 20
cycles/d=y, which corresponds to the frequency tange of the
sleep REM-NONREM cycles. These latter cycles, easily measured
during sleep, are suggested to be part of a more general
biorhythm that {is manifested in wakefulness' as recurrent
fluctuations in arcusal. K ' T

This paper reports the results of two experiments
dinvestigating - UR in two - perceptual motor tasks: linear
positioning and tracking. Orthogonal variance spectra was used
to determine whether significant ultradian rhythms occurred in
the data, and subsequently least squares ~pectra wvas used to
pinpoint the exact periodicity and tou estimate its contribution
~to the total vari bility.

During the experimental session Oﬁe group was tested on
linear positioning every 10 minutes while 'another group was
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given the task every 20 minutes. Subjects were tested for 10
hrs. ' frem 0800 to 1800. Subjects also performed two
dimensional tracking tasks. Each subjact was tested wevery 10
min. for' 1.5 min for 12 continuous hours..

Results demonstrate the existence of ajproximately 100 min
UR in both linear positioning and tracking casks. The presence
and magnitude of these rhythas were nore pronounced in the
‘linear positioning task. Although it is not necessary to
assume separate physiological mechanisas, it appears that the
prevalaence and magnjitude of the oscillations depend both on
the nature of the tasks involved as well as on within task
variables. '

2217. Lees M. A., Kimball K. A., & Stone L. W. (1977). The
assessment of rotary wing aviator precision perform:ince during
extended helicopter flighta. In R. Auffret (Ed.), Studies on
pilot worxload. Procceedings of the NATO Advisory Groupd for
Aernspace R & D (AGARD) Aerospace Medical Panel Specialists'
Meeting at Koln, Germany. (NATO/AGARD Report No. CP-217).
London: Technical Editing and Rejroduction Ltd.

To insure the most effactive utilization of his aviation
resources, the rotary wing flight commander requires
information which describes how extended flight time affects
the operational capability of his flight crews. In respcnse to
this requirement, the US Army Aeromedical Research Laboratory
conducted an investigation of man-helicopter system performance
during five days of extended flight. This report describes the
changes in pilot performance .and aircraft stability on 2ne of
the maneuvers performed during the large scale fatigue
investigation: the stabilized three-foot precision hover. In
addition, this report describes changes in subjective ratings
of fatigue and flight performance, and changes . in the
measurement of auditory reaction tiame.. '

The results  obtained during’ this examination strongly
suggest the occurrance of a 'learning effect across the first
day of extend:d flight. The most stable hover performance was
coservad during the sz2cond flight .day. By the third flight
day, pilots attempted to maintain high quality precisicn hovers
through an increase {n the number of control inputs. '~ Results
obtained on the fourth day of flight suggest that the pilots
"have shifted their control :echnique froam active control of the

helicopter to a more passive strategy of responding to observed
error.

Subjective ratlng,bciles clearly deaonstrate a progressive
increase {n the rated ‘levels of fatigue between and within

flight days. This. increase in the level of fatigue corresponds
;o a general decrease in the ratings of flight performance.
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228. Lzes M. A., Simmcons R. R., Stone L. ¥W., & Kimball K. A.
(1973). Changes in the rotary wing aviator's abilit;, to
perform an uncoamor .uwWw altitude rearward hover maneuver as a
furnctiorn of ».cended flight requirements and aviator fetigue.
In S. C. %napp (Ed.), Operatioconal helicopter aviation medicine.
Proceziings of the NATO Advisory Group [lor Aerospace R & D
T4GARD) Aerospace Medical Panel Specialists' HMeeting at Fort
Rucker, AL April 1G678. (NATO/AGAFD Report No. CP~225). London:
Technical Editing and Reproductjon Ltd.

Changes in man-helicopter systeam performance for a2 variety

of flight aaneuvers were 2xamined. The system performance

changes in the rearward hover maneuver racross five days of an
extended flight schedule a:e described. Systeasa performance is
categorized inty measures of the »ilot's coantrol performance,

measures cof the aircraft’'s atability, and comsbined measures of

total systea performance for each primary aircraft control
channel. Systea perfcrmance changes ac~oss tne five flight
days and within the flight days were examined 'using
maltivariate analysis. Significant changes in each aircraft
control channel are presented and the overall changes in systenm
performance are discussed.

229. . Lees M. A., Stone L. W., Jones H. D., Kimball K. A., &
Anderson D. B. (1979). The measurement of man-helicopter
performance as a function of extended flight requirements and
aviator fatigue. (USAARL Report No. 79-!2). Fort Rucker, AL: US
Army Aeromedical Reszearch Laboratory. '

Field commanders have long been concerned about the imjact
of fatigue on aviaicr 2ffectiveneass, esprcially where aviators
are called wupon to [(ly: numearous successive stress-related
missions, e.g., combat and/or rescue work. At present there is
‘littlp specific information upon which the commander can Dda-re
his crew rest decisions. - The US Army Aeromedical Research
Laboratory sought to answer this need by observing pilots in an
actual ,flight situation. In this study 3ix pilots flew a
helicopter for 11 1/2 hours per day for 5 days with 3.5 hours

ol sleep rcer night. Data collection {n¢cluded bdiochemical,

visual, psycholoagical and ih-flight measureacnts. This report
includes a ‘critical 1litsrature review and describes the
methodology of ‘he study It {s {intended to serve as a
detailed backgrouand for the analyses to follow. '

230. Legg S. J., & Haslam D. R. (1988). Effect of sleep
deprivation on self-selected workload. Ergonomics, 27(4), 1389-
396. : : DI - T
APsyeholo;;cal methods have been used successfully to
establish wmaiximal acceptadle loads (MALs) {n industrial
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repetitive lif:ing tasks, and it is %nown that physical tasks
remsain relatively unaffected by sSleep deprivation, whereas
cognitive tasks may te significantly degraded. Since the
psychophysical metho? is essentially a physical task yet has a
coynitive element (in that subjects are required continucusly
to reassess their decisions reagarding MAL based wupon their
perceptions of the load weight), it was not known whether MAL
would remain unchanged or be degraded by sleep deprivation.

‘Two groups of soldiers (a sleep-deprived and a control
group) were studied over a 3 week .period. After 5 training
days, a week-end and 2 baseline days, the sleep-deprived group
was partially sleep deprived for 3 days and then totally sleep
deprived for 2 days, while the control group was allowed ]
hours uninterrupted sleep daily. There followed 1 day during
which the subjects were allowed %o sSlieep as they felt
necessary, and 2 days of recovery measuremnents. '

There was no significant difference in MAL between the two
groups, nor in the .pattern of load adjustment adopted by the
sub jects. It was concluded that the assessment of MAL, using
psychophysical metnods, is uninfluenced by sleep deprivation.

231. Lindbergn C. A. (1953). Spirit of St. Louis. New York:
Charles Scribner & Sons.

This ©book contains. a detailed account of Lindbergh's
flight frow New York to Paris in 1927. It contains Lindbergh's
own graphic description of an aviator's attempt to fight off
the onset of fatigue in his historic first transatlantic flight
which took 33.5 continuous flight hours. The book also
contains the story of his boyhood and youth and his experiencea
as a pilot of mail planes.

232. Litsov A. &.'(!973). Rhythm of sleep and wakefulness in
crews of the spaceships Soyuz 3-9 before, during and after

axposure to spaceflight. Izvestiya Akadecii Nauk SSSR. Seriyq

Biologicheskaya, No. 1972, Hoscou.

The report contains data on the work and rest regimes of

crew meabers of the Soyuz 3-92 s3paceships in the course of

prdparations for and impleomentation of space flight.

233. Lubin. A. v(1967). Parformance under sleep ioss and

fatigue. (NMNRU Report No. b7-26). San Diego, CA: US Navy

Medical Neuropsychlatric Research Unit.

Recent research on the effects of acute sleep loss shows
greater effects for longer task duration, greater monotony,
greater aignal and response uncertainty, and less XnodJledge of
results. It is presumed that cusmsulative, chronic slecp 1loss
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has similar or more serious effects, and prolonged sleep loss
(over 100 hours) may result in psychotic-like states. ~

234. Lubin A., Hord D., Tracy M. L., & Johnson L. C. (1975).
Effects of exercise, bedrest and napping on performance
decrement during Y40 hours. Psychophysiology, 13(4), and (NHRC
Report HNo. 75-43). San Diego, CA: US Naval Health Research
Center. ' ‘

Young male Naval volunteers were denied normal nocturnal
sleep and maiatained on a 60-min treatment ~ 560-min testing
schedule for 40 consecutive hours. Ten subjects bicycled, 20
subjects controlled EEG  activity during bedrest, and 10
sub jects napped. Eight measures of addition, auditory
vigilance, mood, and oral temperature were obtained. The

‘Bedrest group showed significant impairment on - all eight

measures, and thus, gave no support to the forced rest theory

.of sleep function. The Exercise group was worse than the Nap
and Jdedrest groups for all measures. In spite of fragmented,

reduced sleep (about 3.7 hours per 24 hours), the Nap group had
no 1impairment on 3ix of the measures,. The: results suggest
that exercise incresases the impai:ment due to sleep loss, and
naps reduce or remove this impairment. Bedrest 1is not a
substitute for sleep. :

235. Lubin A., Moses J., Johason L. C., & Naitoh P. (1973).
The recuperative effects of REM sleep and stage 4 sleep on
human performance after complete sleep loss: Experiment 1.
Psychophysiology, 11(2), and (NMNRU Report No. 73-21). San

Diego, CA: US Navy Medical Neuropsychiatric Research Unit.

Twelve'young (17-21 yrs) male Navy recruits volunteered

for a sleep loss study. After four baseline days, the Ss were

comp;etely deprived of sleep for .two days and nights. ‘Next
followed an experimental phase of two days and nights after
which all Ss recejived two nights of uninterrupted sleep.

During the experimental phase, the four Ss in the REM-
deprived group were aroused whenaver they showed signs of REM
sicep. The four Ss of the stage UY-deprived group. were aroused
whenaver they showed signs of entering stage 4 sleep, and the

four Ss of ﬁhq control group had uninterrupted sleep.

All tests (speed and. accuracy of addition, speed and
accuracy of self-paced vigilaance, errors of omission in
experimenter paced vigilance, immediate recall of word lists,
and mood) showed significant impairment after the first night
of complete sleep loss. But during the experimental (sleep-
stage-deprivation) and recovery phases, all three groups showed

' equal rates of recovery. Depriving the S of stage REM or atage

4 during recovery gleep' does nol affect the recuperation
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rate. Frequent arousals (50-100 per night) also do not impair
recoveary. The amount of sleep is probably more ;mportant than
the kind of sleep.

236. Lubin A., Moses J., & Naitoh P. (1676). Hail sleep:
Goodbye REM and slow wave. British Bulletin of Psychology

‘Society, 30, 111-112, (NHRC Report No. 76-37). San Diego, CA:

US Naval Health Research Center.

Due c¢redit has not been given to the negative results -
found by =stud.es that ¢try to relate the kind of sleegp
deprivation co the kind of performance impairment. There
really is 1little evidence that REM deprivation or Slow Wave
sleep deprivation oroduces much impairment; certainly there is
no statistical’y significant differential impairment. The
amount of sleep matters, but the kind of sleep makes little
difference.

237. Lyman E. G., & Orlady H. W. (1981). Fatigue and
associated performance decrements in air transport operations.

(NASA Report No. CR-166167). Mountain View, CA. Battelle
Columbus Labs., and Washington, DC: National Aeronautic¢s and
Space Administration. (NASA No. NB1-22696/1).

A study of safety reports was conducted to examine the
hypothesis that fatigue and associated performance decrementc
occur in ‘air transport .operations, and ' that these are
associated with some  combination of factors: «circadian .
desynchronosis, duty time; ore-duty activity; Sleep; work
schequling; worklocad; and environmental deprivation. The
findings are based on a selected sample of reported incidents
in which the reporter associated fatigue with the occurrence.
In comparing the fatigue reports with a control set,
significant performance Jecrements were found to exist related
to time~of-day, ' awareness and attention to duty, less
significantly, final phases of flights. The majority of the
fatigue incidents 4involved such unsafe events as altitude
deviations, takeoffs and ' landing without clearance, and ‘the
like. Considerations of ‘duty and sleep are the major factors:
in the reported fatigue eonditions.
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238. Mackie R.K., & Miller J.C. (1978). Effects of hours of
service regularity of schedules, and cargo loading on %truck and

bus driver fatigne. (COT Report No. HS-803 799)., Goleta, CA:

‘Human Factors Research, Inec. 'U.S. Department of Commerce.
(NTIS No. PB 290-657). '

A literature review, a nationwide survey of conmercial

‘"truck and bus driver work patterns, an analysis of accident

data, and three extensive field experiments were conducted to
establish evidence concerning driver fatigue as a function of
regularity or irregularity of work schedules, duration of on-
duty cycles, participation in supplemental cargo loading work,
and type of operation (relay versus sleeper).’ Data are
prescentesd concerning the relative azounts of fatigue
experienced by truck and bus drivers under these various
nonditions, as reflected in their subjective 'ﬁatings. in
various measures of physiological status and in the quality, of

. their driving performance. The results are related to zccident

data in which fatigued, drowsy or inattentive. drivers were
reportedly involved. Conclusions are drawn regarding current
DOT regulations pertainins to heurs ¢f service.

239. Manning F. J. (1985). Human factors in sustaining high
rates of artillery fire. _(HRAIR-NP-35-7). Washington, DC:

Walter Reed Army InstituteAcf Research.:

" The activitiss of a US Army field artillery. battalion
statiohed in West Cermany were observed both in garrison and in’
field exercisas in an attempt to delineate the implications of
co1:jinuous operations for coammanders at all levels, A nugmber
of potentially controllabdle factors vere jdentified as areas in
uhich actions could extend relliable performance, the most

‘{mportant of which are sleep for leaders, c¢ross-training, care

of military ' dependents, and unit cohesion, The report
coneludes with 18  specific suggestions for extending
performance. Most are applicable to wide branches qr the

military beyond the artillery comamunity studied.
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240. Marchbanks V. H. (1960). Flying stress and urinary 17-
hydroxycorticosteroid levels during twenty-hour missions.
Aerospace Medicine, 31, 639-643.

Stress evaluations were conducted on fourteen B-52 crew
members and the author. Threz of the subjects were involved in
an original study (1957) of a single 22.5-hour mission. The
mean increase in urinary steroids for all personnel was 38 per
cent during the first study and 48 per cent during the one-
reported here.

The time ,of the mission in relation to the normal rest
p2riod influenced the 17-0HCS output. The highest increase
occurred during missions flown further from the normal sleep
cycle. The findixgs indicate that urinary excretion ¢f 17-0HCS
served as a favorable index for evaluation of stress in flying
personnel. The experimental results reported herein are in
agre<ment with similar findings 1in studies on oarsmen before
and immasdiately after performance. :

251. Marchbanks V. H., Hale . B., & Ellis, J. P., (1963).
Stress responses of pilots flying 6-hour overwater missions in
F-100 and F-1CY4 aircraft. Aerospace Msdicine, 34, 15-18.

Postflight urine and blccd samples for pilcts flying 6-
hour overwater wmissions in F-100 and F-104 2a2ircraft were
collected in an attempt to appraise flying stresses. .
Comparison was made with a third group of pilots on an off-duty

day. " Urinary determinations included episephrine,
norepinephrine, corticosteroids {17-0HC3), sodium, potassium,
inorganic phozsphate, urea, uric¢ aad creatinire. Blood

determinations included free and conjugated hydrocortiscne and
corticosterone-like fractions.

Flying raised corticosteroid levels in plasma but not in
urine. Levais {or the F-100 group were higher than for the F-
104, Urirary epinephrine and norepinephrine valuss for thé
flying groups were significantly ,above those for the control
values for the F-104 exceeding those for the F-100 group.

Differences in flying groups appear to relate to aircraft

' characteristics, weather conditions, 2and flying experience.
Both flying groups showed high urinary excreticn of urea and
uric acid, buc only in the F-104 group was sodium and potassium
excretion elevated. Flying induced no variation {in urinary
phosphate. Singly and collectivelvy, these determinations are
basic to futurs studies on flight stress. '
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242, Martin B. J. (1982). Sleep deprivation and exercise
tolerance. (IU Report No. '). Bloomington, IN: 1Indiana
University School of Medicine. (DTIC No. AD A113-043).

The purpose of this ‘study was to identify the effects of
.8leep deprivation on the ability of humans to . tolerate standard
forms of endurance exercise. Sta.udard techniques in hLuman
exercise psysiology were used. Results indicate acute sleep
loss of 30 to 36 hcurs a) does not alter the maximal oxygen
uptake, while it does reduce maximal heart rate; b) leaves
metabolic rate during exercise at a constant external work load
unchanzed, while heart rate i3 reduced and rarings of perceived
exertion are elevated; c¢) reduces tolerance of prolonged heavy
exercise at three-fourths of the maximal oxygen uptake by about,
10%, with wide variation noted among individuals, and 4) fails
to significantly change work loads selected for equal effort
'during short-term heavy exercise. The authors conclude that
acute sleep 1loss of 30 to 36 hours has relatively minor
deleterious effects on endurance exercise performance. '

243. McFarlénd £. A. (1974). 1Influeunce of changing time zones
on air crews and passengers. Aerospace Med.cine, 45, 648-658.

The introduction of Jjet aircraft into general use has
resulted in a technological revolution for both ajir crews and
passengers. Although safe and  comfortable, they have
introduced a physiological strese for passsngers flying east or
west, known as the problem of "circadian rhychs,™ which is
essentially induced by the rapid time changes over four or amore
. time zones. Ceartain intrinsic physiological mechanisms, cyclic

in nature, and regulated by stimuli from the day-night cycle of
the environment, appear to be disturbed. !

_ In the first part of the paper a brief analysis -is
presented of the basic physiological rhythms of the. body in
both mar and animals. The findings are then related to air
crews and passengers. The specialized studies simulating air
transport schedules are then discussed from the point of view
of suggested solutions. An cxample is "Project Pegasus," a
study of the effects of air ‘travel across nine time 2zones.
Enphasis (s then placed.¢n various factors which may intluence
or accentuate the effects of rapla flights across time zones.
The application .of in-flight studies is reviewed and
recommendations are made for air crews and passengers.

244, McFarland R.. A. (1975). Air travel across time zones.
American Scientist, 63, 23-30. ' ' :

This article discusses phyﬁioldgiéa; problems that occur
as. a reswlt of rapid travel, east or westbound, across time
zones. The paper atteapts to hishlight some of the more than
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200 recent studies that throw 1light on 'some of these
prodlems. Desynchronizatioa o. circadian rhythms appears to be
the cause of many of the physiolagical and psychological
problems known as "fatigue.” Other factors influencing these
physiological and psycholosizal funetions, such as cabin
pressure and humidity, ‘are also d1iscussed. Numerous
experimental studies are cited and refcrenced in the text.
Some practical suggestions ar<2 alsc given to the air traveler
on vays to lessen the severity and readjustment time of
circadian desynchronization. '

245.  McGrath. S.. D., Wittkower E. D., & Cleghorn R. A.
(1954). Some observations on aircrew fatigue in the RCAF-Tokyo
Airlift. Aviation Medicine, 25, 23-37. ST

The men studied were members of a- transpert squadron
which, at the time of the investigation, were engaged in the
Tokyo airlift. . They flew approximately 100 hours per month.
The natural history of the fatigue process forming a conposite
picture of an average trip 'is described in the paper. The
factors which the men considered relevant to "traisient
fatigue™ may be divided into three main groups:

(A) Factors 'common to transport flying in general: 1) length
nf flight; 2) delayed flights and false starts; 3) details .
prior to take-off; 4) reliability of radioc. communication and
navigational aids; 5) bad weather and anticipation of bad
weather; 6) monotony and boredcm orn familiar routes; 7) the
number of intermediate stops; and 8) drinking the night before;

{(B) Factors relating specifically to the operating condition
of the squadrecn: 1) problems particular to their DC-6 aircraft;
2) problems particular to this route: conditions after the
flight; recreation at 3tcpover poirnts; irregular aours; and '

(C) Personal factors: 1) inexperience; 2) tension anong.the
crew; 3) responsibility; 4) relationships to the aigher
authorities; 5) domestic worries; 6) personality.

246. McIntosn B. E., Milton J. L., & Cole, E. L. (1952).
Pilot performance duringAextended periods of instrument flight.'
(USAF Report No. WADC TR-6725). Wright-Patterson Air. Force
Base, Od: Wright Air Development Center,

The purpose of this investigation was to "collect
exploration data: on pilot  performance during exteaded
instrument flights. Each of three pilots flew a C~4T aircraft
for ten, fifteen and seventeen hours, respectively. Equipment
installed in the aircraft permitted recording of (1) amount of
time flight indicatcrs were kept within tolerance limits, and
(2) continuous variation of flight indicators and control
positions. Pilots' introspections and observations by a safety
pilot were also obtained after each flight. To supplement the
above measures, addition, and reading coamprehension tests were
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given before during and after the ten hour flight, pilot
reaction time to a signal 1light was taken during the fifteen
hour flight and an alertness indicator was operated during the
seventeen hour flight. The pilots kept the flight indicators
within the specified tolerance 1limits for both precision
maneuvers and straight and level flight as well after 10, 15
and 17 hours of iustrument rlight as they did during the first
hours of these flights.

The results of the graphic records also gave indications
that performance, was nct a function of time, since no
decrement appeared between the rfirst and last portions of the
flight. The introspections of the pilots indicate that they
became preoccupied with their physical discomfort but they
believed they could cope with a critical situation had it
appeared. The constant level of thcir performance indicates
they were coping satisfactorily with the flight requirements.

247.  McKenzie R. E., & Elliott L. L. (1965). Effects of
secoharbital and de-amphetamine on performance during a
simulated air mission. Aerospacc Medicine, 36, T74-779.

~ The operaticnal aeployment of high performance fighter
airceraft on extended missions poses significant problems
related to the effects of drugs upon pilot proficiency. This
study was designed to simulate a pre-mission crew-conditioning

‘program and 12-hour fiight. The research goal was to determine

the performance effects of secobarbital taken the night before
and of d-amphetamine taken during the mission.

The results of 48 subjects indicated that performance
decrement, unpredictatle by selected psychologic test scores
and not related to gros3 physiologic meesures, occurred as a
residual effect of ¢proficiency. Individuals receiving a
hypaotic dose (200 mg) of karbital at bedtime demonstrated a
performance decremeat 10 hours later at 'the ‘start of their
simulated "flight"®™ and continued to demonstrate degraded
performance at the completion of their mission 12 hours
later. Those subjects who received 5 mg of de-amphetamine "in
flight" showed the often documented enhancement of perrormance.

but those who received secobardital at bedtime and d-

anmphetanine "in riight" showed an altered performance response
curve in tern; of increased latency and lower peak performance.
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248. Melton, C.E., McKenzie, J.M., Wicks, S.M., Saldivar, J.T.
(1981%). Fatigue in fiight inspection field office (FIFO)

flight crews. (FAA Report No. AM-81-13). Oklahoma City: OK:
Federal Aviation Administration, Civil Aeromedical Institute.
(DTIC No. AD A106-731/7).

Studies related to FIFO aircrew stress and fatigue were
carried out at 7 FIFNs in the Continental U.S. Forty-one men
served as subjects and all crew positions were represented.

Each crewmember was studied during flight activities and during .

office-based activities. Generally, crews were in travel
status during flight inspection activities and away from the
office for S5 days. Crewmembers completed fatigue checklists
befcre and after each duty on every workday. Urine specimens
were collected that represented the night sleep period and the
work period; they were analyzed for 17-ketogenic steriods,
epinephrine znd norepinephrine; and values were expressed as
weigat per nunrdred rmilligrams of urinary creatine. Ambulatory
electrocardiograms .were recorded for determination of heart
"rate (HR) duscing work.

The data indicate that office work is distinctly less
fatiguing than flight work. This finding is supported by the
HR data .that indicate a lower workload in the office .than in
flight. The statement is comménly made bdy creumembers that
office werk is more fatiguing than flight work. It is probable
that such statements are based on wocrk preferences rather than
work level. 'Some crewmemters at Oklahoma City, Atlanta, Los

Angeles and Battle Creek showed severe fatigue associated with
£llg%s vorv. I

249, meltun D, E., & Wicks M. (1969). .Binocullr fdsion time

in sissp-depriysd subjects. (FAA Report No. AM-6B~1). Oklahoma
City, O0K: Feucral Aviation Administration Civil Aeromeﬁical
Instituie. (DTIC Mo. AD 688-426).

Tre attainmen:v of binocular ' singie visfon when the
distante of gaze 1y eciranged is a ccomponent of total reaction

time avd may be crif ical in flight when the gaze is changed.

from the Iinstrument ocanel to the outside or from the outside to
the instrument pan:.. This i=port deals with |the effect of
. fatigue induced tv sleep deprivation on the binocular fusion
reflex. Binocular [.2ion times were measure merning and
‘evening in six subjecis during 86 hours of sleep Ae2privation
and in six control subjects. The binoeular fusion re’lex under
-the experimental oconditions employed appeared t3 be resistant
to fatigue incident to sleep deprivation.
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250. Mohler S. R. (1966). Fatigue in aviation activities.
Aerospace Medicine, 37, T722-732. (FAA Repor: No. A}-65-13).

Cklahoma City, OK: Federal Aviation Administration Civil

" Aeromedical Institute. (DTIC No. AD 620-022).

This paper provides a survey of work in ‘the field of

aviation fatigue. Early work 2ad studies in progress are

included. The nature of fatigue itself is discussed along with
possible factors that ccatribute to poth physical and mental
fatigue. Topicz2 covered include flight-time 1limitations,
indicators oI excessive fatigue, new developments related to
intercontinental flights and Forest Service flights.

251. Mohler 3. R., Dille J. R., & Gibbons H. L, {(1968).
Circadian rhythms and the effects of 1long-distance flights.
Airline Pilot, 37,15-17. (FAA Report No. AM-~68-8). Oklahoma
City, OK: Federal Aviation Administration Civil Aeromedical
Institute. ‘ ' ' :

Air travelers crossing four or more time zones experience
significant desynchronization of certain daily biologie
rhythms. Until rephasing of the rhythms occurs relative to the
solar cycle at the destinaticn some subjective discomfort ang

disruption of psychophysiologic responses c¢an occur. This
paper reviews research on diurnal rbythms, discusses the
implications for aircrew and passengers, and makes

recommendations  for reducing the effects of time 2one
displacemants.

252. . Monahan R. H. (1974). Technical report - sustained
oparations model: Helicopter War Game Simulator. (DRSAV heport
No. TR-76-19). Menlo. Park, CA: Stanford Research Institute.
(DTIC No. AD AO24-4U44),. :

The Sustained Operations Model (S0M) is an event sequenced

'Monte Carlo simulation computer program that uses externally
' generated cost and single mission erfectiveness results ¢to

examine the effectiveness of a group of attack helicopter (AH)
aircraft operating in a combat environment over a sustained
period of operations. The single missio. effectiveness inputs
used by SOM are generated by an external program such as GLOBAL
or EVADE, complex combat simulation programs that evaluate the
outcome of an attack by an AH fire team against enemy ground
units that include air defense capability. The cost factor is
represented in the aciual use of SOM, where conparisons of

ralternative AH systems are based on using equal ¢cost force

sizes., Additional cosi factors can also te applied to end ganme
results such as aircraft loases, ordnance and fuel
expenditures, and maintenance demands, to derive coaparative
operational costs during tre period of operations.
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252. Monk T. H., Fook=zon J. E., Kream J., Moline M. L., Pollak
C. P., & Weitzman M. B. (1985). Circadian factors during
sustained performance: Background and methodology. Behavior
Research idethods, Instruments & Computers, 17,(1), 19-2

It is well ‘established that there is a complex timekeeping
mechanism in the human system. This mechanism is associated
with a variety of physiological and psychological rhythms
having a period of about a ‘day, and thus referred to as

circadian rhythms. The circadian system has recently been
modeled in terms of two underlying oscillatore: an individnals!
body temperature and the sleep/wake cycle. The Dbody

temperature is much more resistant to changes in routine than
the sleep wake cycle. These oscillators are considered to be
endogenous, i1.e. internal to the organism, and not reliant for
tl.eir existence upon changes in the person's environment or

general behavior. They thus continue to run, even when the

sleep/wake cycle 1is .suspended, .as in sustained operations.
Thus, by their very nature, sustained operations require the
individual to override the inputs that are coming from his or
her circadian system (especially the indication that sleep is
‘required).

4 The aim c¢f ‘this paper is to provide a'bgckgréund to the
area of circadian rhythms research, including a large sectiown

on the methodology, so that the impact of the circadian system '

on sustained operations can be better understood.

254, Monk T., Knauth P., Folkard S., & Rutenfranz J. (1978).
Memory based performance mezsures in studies of shiftwork.

~ Ergonomics, 21(10), 819-826.

The phase of ‘the —circadian rhythm in performance
eftriciency on a .given task is known to be influenced by the
memory Jload invelved. Two aexperiments were performed to
determine whether 1load also influences the rate at which
rhythms adapt to the pase-shifts involved in a) tranameridian
r’ighn ‘and b) a long period of nightwo=k.

In the first study. Ligh and low menory load versions of .a
performance test were given to a 2fy o0ld [female subject
exgeriencing a Sh eastward change in time-zone. Differences
were found both in the intial phase of the two versions c¢f the
test and in the rate ‘at which this phase adapted to the new
time. In the second study, two young male subjects, working 21
consecutive night shifts, were given high and low memory load
versions of the performance test, and a calculations test,
every 4 h around the clock. The results were similar to those
in the first study: a cosinor analysis revealed tinac despite
periods of arhythmicity there were large diffsrences between

the rate of adaption of the phases of the performance rhythas
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S of high and. low memory versions of the test, and also between
. the rhythms of t:el_npe'r,-ature‘and performance. It is concluded

* that it is wrong to speak of a single "performance rhythm", and
that performance tests in shif%work and jet-lag studies should
thus simulate some aspect of the "real"” task under
consideration. ' : :

"255. Morgan B. .B. (1974). Effects of continuous work and
sleep loss in the reduction and recovery of work efficiency.
American Industrial Hygiene Association Journal, 35, 13-20.

Tre synthetic-work technique has been employed in a series
of investigations designed to determine (a) the extent to which
performance efficiency is degraded during extended periods of
continuous work, aad (b) the amount of 'sleep necessary for the
recovery of performance from the effects of continuous work and
sleep loss. . The results of these studies indicate that 36 ,
44, and 48 hours of continuous work and sleep loss result in
o . decrements in over-all work efficiency of approximately 15%,

P 20%, and 35%, respectively.

Following 36 hours of continuous work, it was found that

.- . 12.hours of sleep is sufficient for complete (100%8) recovery of

- R performance, but comnlete recovery is rnot provided by 2 (58%

. recovery), 3 (53% recovery), or 4 (73% recovery) hours of

: sleep. The - time course of recovery 'is different following
different durations of continuous work and subsequent sleep.

- 256. Morgan B. B., & Alluisi E. A. (1972). Synthetic work:
S Methodology for assessment ~f human performance. Perceptual and
Motor Skills, 35, 835-845.

The synthetic-work approach has provided one of the most
important methodologies for the assessement of human
performance. The basis of this approach is a laboratory work
situation in which Ss work for 8 hr. per day over periods of 12
to 15 days at a Job consistinz orf 6 tasks which have been
. . embedded in a multiple-~task performance battery . (MTPB).
- + Descriptions of each of the 6 tasks, the {ntegration of the
o . tasks into a Job or synthetic¢~work situation, and the use of

' the methodology in assessing human performance are presented
- , along with a summary of research conducted ' with this
SCE methodology. - o

257. Morgan B. 3., Brown B. R., & Alluisi E. A. (1974),

SR Effects on sustained performance 48 hours of continuous work
o ‘and sleep loss. Human Factors, 16, 406-414,
, ; W The work efficiency of 10 subjects during a 48-hour period

L ! ) of econtinuous work and sleep loss was assessed using the .
' synthetic work technique. Performance during the period of
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stress was found to be significantly influenced by the
circadian rhythm. Decrements first sccurred after
approximately 18 hours of continuous work, and performance

-decreased to an average of 82% of baseline during the early

morning hours of the first night. Performance {mproved to
about 90% of baseline during the day time of the second day but
decreased to approximately 67% during that night. All measures
of performance recovered to baseline levels following a 24-hour
period of rest and recovery.

258. Mcrgan B. B., Brown B. R., Coates G. D., & Alluisi E. A.
(1975). Sustained performance during 36 hours of continuous
work and sleeo. (PRL Report No. ITR-75-31). Louisville, KI:

University of Louisville, Performance Research Laboratory.

Th2 synihetic-wonk approach"was employed to investigate

"(a) the decrements in performance produced by 36 hr of

continuous work and sleep loss, and (b) the recovery  of
performance from these decrements as a result of 12 hrs of rest
and recovery. Ten Navy and Air Force cadets worked the tasks
of a multiple-task performance battery (MTPB) during a U4-week
training period. Subsequently, they worked 8 hr on each of 2
days, then worked continuously for 36 hr, observed a 12-hr
period of rest and recove:y, and finally, worked 8 hr on each
of 2 aaditional days. : i

Performance during the 36 hr of continucus work was
greatly influenced by the circadian rhythm. The first
performance decrements oc:urred after ~approximately 18 hr of
work, during the early morning hours of the first night;
average performance decreased to approximately 92% of baseline
performance. During the first half of the second day of
continuous work (by the end of the 36 hr), performance improved

~to. about 97% of baseline, All measures of performance

indicated that the recovery '¢f performance was complete (to
baseline' levels) following  the 12-hr period  of rest and
recovery. - - '

These results essentially replicate those of an earliar
study that required 48 hr of continuous work and sleep loss
followed by 24 hr of rest and recovery. Results from both
these studies are conpared to those of four breviops
investigations of the effects of sleep loss; four factors that
contribute to the decrements obtained during periods of
continuous work and sleep loss are identified and discussed.
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259. Morgan B. B., & Coates G. D. (1974). Sustained
performance and recovery during 20atinuous oparations. (PAL
Report No. ITR-T73-2). Norfolk, VA: O0ld Dominion University,
Performance Assessaent Laboratory. (DTIC No. AD A012-908). :

TWwo papers based on studies of continuous work and
r ~overy are presented. Results summarized herz2in suggest that
performance decrements during 36 hr of continuous work and
sleep loss will vary between 11 and 35% depending upon the time
of day at which the continuocus-work session begins. It is also
suggested that appropriately scheduled military personnel will
be be able to maintain acceptable levels of performance during
36 hr of continuous field operations ana that these personnel
will require 5 to 8 hrs of slecep before tihey are ready to
return to duty. '

260, Morgan B. B., Coates G. D., Brown B. R., % Alluisi £. A.
(1972). ' Effects of symptomatic treacment on sustained
performance during illness with phletotorus fever. (PAL Report
No. ITR 72-23). Louisville, KY: Performance . Research
Laboratory, University of Louisville. (DTIC No. AD 759-496).

The results of the seventh (BEID-?) and eighth (BEID-8) in
a series of long-term multiple-task performance studies of the
behavioral effects of infectious discases are reported. The
15-day BEID-7 study was conducted at <the U. S. Army Medical
Research Institute of Infectious Diseases, Fort Detrick,
Maryland, with 10 volunteer subjects, niase of whonm were
infected with Phlebotomus (Pappataci or Sandfly) fever virus.
Symptomatic treatment {(aspirin and Darvon) was initiated for
each subjact at the onset of symptumitic illness and continued
for a period of 48 hr.. BEID-8 was a 12-day control study,
ccnducted at the | University of fouisville, in whiech 10
uninfected subjects | received symptomatli~ treatment identical >
that administered ¢ the infected BS1D--/ subjects. Sudbjects in
both studies followed a work-rest schedule of 4 hr. on-duty, 4- -
hr. off, 4 on, ané 12 off. : b '

Analyses of the sustained performance data indicate that
essentially no decrements occurred during the period of illness
" and chemotherapy in BEID-7. The aspirin and Darvon treatment
" served to eliminate the 18 to 258 average decrement in
‘performsance typically found in previous studies of the
behavioral effects| of Phlebotomsus [lever. The symptoamatic
cheaotherapy had no|effect on the perforsance of the uninfected '
subjects in the BEID-8 control study.
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261. Morgan 8. B., Coates G. D., Brown B. R., & Alluisi E. A.
(1973). . Effects of continuous work and sieep loss on the
recovery of sustained performance. [(HEL keport No. TM 14-73).
Aberdeen Proving Ground, MD: US Army Human Engineering
Laboratory. : o

A synthetic-work methodoiogy was employed in a series of
eight studies conducted ¢t~ provide definitive information
concerning the tiae course °f perforsance racovery from the
detrime¢ntal effects nf 36 z-. 4 hours of continuous work and
sleep loss. Two crews of five subjecis served in each of four
¢nntinucus-work/recovery conditions in partially counter-
balanced order, namely: (a) 44 hours of continuous work
followed by % hours of rest and recovery (sleep), (b) 36 hours
continuous work/ 4 hours rest and recovery, (¢} 36/3, and (d)
36/2. ‘ .

The results indicated that bothk the degree and pattern of
per{srmance recovery were related to the 1length «¢f the
continuous work period as well as to the amount of subsequent

' 'sleep provided. The 36-hour continuous work period was

associated with decrements of 14-18% in performance efficiency
while the Udl8-hour period resulted in a decrement of about
22%. PFollowing 36 aours of continuous work, 2, 3, and 4 hours
of sleep 'yielded an immediate recovery in performarnce of about
76%, 56%, and 75%, respectively, whereas 4 hours of sleep
following U4 hours of continuous work produced only 39%

immediate recovery. _— | '

It is suggested that 6~-8 hours is the minimum amount of
sleep required for the recovery of performance from the effects
or 36 hours of continuous work and sleep loss.

262. Morgan B. B. & Pitts E. (1985). Methodological Issues in
the Assessment ‘of Sustained Perforamance. Behavior Research
Methods, Instrunments & Computers, 17,(1), 96-101.

In both ‘military and industrifal work settings ‘it has
become desirable, und in many instances neceSaary, to require
sustained perrormance bdeyond the apparently optimal 8-hour
workday. Resecarch in this area may be viewed historically as
having been focused in three major areas: (1) determining
appropriate methodologies for measuring sustained perrormance,

(2) investigating ' factors  which influence  sustained
performance, and (3) searching for ways to enhance performenco
during sustained operations. Observations concerning

mathodological issues in this research are drawn froa a
discussion of presentations made at the Sustained Operations .
Workshop held at the Canadlian Defence Civil 1Institute of
Environmental Medicine (DCIEM), Toronto (August 23, 1984) and
the American Psychological Association Sysposium on Sustained
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Work, also held in Toronto (August 25, 1984). Based on these
general observations, recommendations are made concerning the
directions and content of future research.

263. Morgan B. B., Winne P. S.. & Dugan J. (1980). The range
and consisten2y of individual differences in continous work.
Human Factors, 22(3), 331-340.

Two five-man teams were trained to asymptotic 1levels of
synthetic~-work performance on a multiple tasic performance
battery (MTPB) which required subjects to time share five
individual performance: tasks and one group perlormance task.
Each team was then exposed four times to continucus work and
sleep loss stresses in a repeiated measures design.

Performance levels were measured in terms of 13 individual
task measures and a general mean-percentage-of-baseline
measure. Individual perforuance decrements were found to range
from O to U4C% below pre stress levels. The findirgs also
indicated that subjects responded consistently across the four
exposures to continuous work ‘and sleep loss. Furtnermore, the
subjects experienced a general performance decrement across all
tasks rather than a task-specific one. These findings are
discussed in terms of their important implications for the
design of man-machine systems and the selection of operators
who are most resistant to sleep loss stress.

264, Morgan Management Systems, Inc. (1984). The management
of sleep and stress in continuous aperations. (Morgan
Management Systems Contract Final Report). Columbia, 4D: Morgan
Management Systems, Inc. ’ .

This study was initiated as a result of the UW.S5. Army's
need %o study the effects of stress and sleep loss anticipated
in the future concept of warfare-- the Air-Land Battle. Futnre
wars will be characterized by highly lothal weapons, isnlation
of wunits, fluid and mobile tactics, the threat 'of Nuclear,
biological and ciemical weapons, and the need to funation for
extended periods of time--up to 332 hours--without adequate
reat or replacements. Knowing these things, commaanders must
prepare Lheir troops for. rightlng' and winning wunder such
conditions. ' - L '

These ractors also shaped the eouponents of the. study,
‘namely: a) tke nsed for a computer-based literature search to
establish a preliminary data base/bibliography oan the pogular
literature and research findings on the subjects of sleep and
"stress, b) developaent of training publications on stress and
'slesp wmanagement to prepare small unit leaders . and the
individunal soldier for fighting offectively. in continuous
operations by eaploying counter degradation measures, and 0) 
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analyzing the PERFECT and AMORE combat simulation models and
preparing a program interface demonstrating the interaction of
the two programs for_potential use as input for the Air-Land
Battle Study.

265. Mortagy A. K., & Ramsey J. D.. (1372). Monitoring
‘performance as a function of work/rest schedule and thermal
stress. (Texas Tech. THEMIS Report No. 603). Lubbock, TX: Texas
Tech University, Center of Biotechnology & Human Performanee.
(DTIC No. AD T752-071). ‘

This study evaluates the effects c¢f work/rest schedules as
a m=2ans of retarding job fatigue and mairtaining vigilance
performance in hot clisates. Six different work/rest schedules
were investigated at three levels of heat stress (74, 82. and
90 degrees FFT). Experimental 3essioans were th:ree hcurs long
for each of the 108 subjects used. Results show that the
factors ol temperature, woirk per.od and work/rest ratio of the
levels utilized in the study did not, by. themselves, affect
vigilance performance to a high degree. However, when high
temperatures, long work periods, and short rest rperiods
occurred in combination, a disgroportionate decrement in
monitoring performance was observed. o

266. Moses J. M., Hord D. J., Lubin A., Johnson L. C., &
Naitoh P.. (1975). . Dynamics of nap sleep during a 40 hour
period. - Electroencephalography and  Clinical Neurophysiology,
39, 627~ 63’.

Foilowing 1 baselinre night, the sleep of 8 adult males in
equally spaced 1 h naps during a 40 h period was examined. Ten
additional subjects were sleep-deprived for 40 h with 1 h
periods cf exercise given in place of naps. One recovery uight
followed the 40 h period for both groups. Total sleep time and
"the amount of stage REM during the naps were negatively related
to the circadian-temperature cycle. Stage REM .frequently
.appeared within 10 min ¢f stage ! onset and the normal sequence
of stages RFM and 4 were altered, demonstrating that the
organization of sleep within a nap is quite different from that
in monophasic nocturnal sleep. Auto-correlation and cross-
correlation analyses showed that the relation of sleep stages
from hour to hour in normal continuous baseline sleep was
altered in nap-to-nap coamparison. The timing of RZM onset may
be controlled by a slaep~dependent ultradian clock; the clock
may stop upon awakening and resume at the next sleep nnset.
Naps had recuperative value in teras of maintaining the normal
amounts of sleep stages on the recovery night; recovery sleep

for the exercise group showed typical sleep~loss effects.
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267. Moses J., Lubin A., Haitoh P., & Johnson L. C. (197%).
Subjective evaluation of the effects of sleep loss: ths NPRU
mood scale. (NHRU Report No. 74-25). San Diego, CA: US Naval
Health Research Center. '

A mood scale consisting of 52 adjectives and phrases was
glven to twelve young naval recruits to determine which itecas
were sensitive to at least one night of sleep loss. The items
which were maximally sensitive to sleen loss were then used to
measure the effects of one night of total sleep loss in another
group of fourteen young naval recruits. The two experiments
resulted in a list of 29 adjectives and short phrases, the NPRU
Mcod Scale. This scale can be easily, briefly, and repeatedly
2pnployed to" detzct cumulative 3sleep loss and to assist in
evaluating task performance decrement.

268. Moses J., Lubin A., Naitoh P., % Johnson L. C. (1977).
Exercise and sleep loss: Effects on recovery sleep.
Psychphysiology, 14(4) and (NHRC Report No. 76-68). San Diego,
CA: US taval Health Hesearch Center.

The effects of exercise and sleep loss on recovery 3leep
were stucied in young male naval volunteers. For 1 hr out of
every 4 hrs during a U40-ur period, 20 subjects rested in bed
and 10 subjects bicycled. Eleven measures of recovery night
‘sleep were selected for comparison of the bedrest and exercise
groups. Only one reached significance under the conservative
Dunn-Bonferroni criterion: the exercise group had a  higher
percent total sleep time. The results indicate that exercise
does increase the effects of sleep loss on recovery sleep, but
that there s no simple, direct effect on specific sleep
stages.

269. . Moses J., Lubin A., Kaitoh P., & Johnson L. C. (1978).
Circadian variation in performance, subjective sleepiness,
4leep, and oral temperature during an alcered sleep-wake
schedule. Bilologival Psychology, 6, 301-308, aud (NHRC Report
No. 78-2). San Diego, CA: US Mavzl Health Research Center.

The effect of an ‘altered  sleep-~wake scheuule on the
‘interrelation of oral temperature, performance, and Sleepiness
was stuaiz2d in 38 male Naval volunteers who maintained a 60 min
treatment -« 160 min testing schedule for 40 consecutive urs.
During the 60 min treatment portion ¢{ each epocii, 8 subjects
napped, 10 subjects exercised, and 20 s=ubjects rested in hed.
Sleep measures {(for tne nap subjects), oral! tempecrature,
performance on. several tests, and Stanford Sleepiness Scale
ratings were obtained at 10 equidistant intervals throughout
the 40-«hr period. ' ‘ o

Within-3ubject cerrelations ashowed that ainimum oral
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temperature was significantly associated with maximum nap sleep
time, errors on a vigilance task, and sleepiness ratings. In
the nap subjects, errors and sleepiness rat:ngs were highest
following naps with high total sleep time, suggesting that
sleep was detrimental to performance and alertness. The
distribution and interrelation of temperature, errors,  and
Sleepiness, however, was similar in the three groups; this-
indicated that the synchronous circadian variation in these
measures was responsible for the apparent detrimental effect of
'3leep in tne nap subjects. When the diurnal effect was removed
by holding time of day constant, the correlations among the
variables fell to near zero, indicating no causal relationship
among the variables independent of the circadian rhytham.

270. Moses J., MNaitoh P., & Johnson L. C. (1978). The. REM
cycle in altered sleep/wake schedules. Psychophysiology, 15(b),
and (NHRC Report No. 77-37). San Diego, CA: US Naval Health
Research Center. :

The length and rhythmicity -of the REM cycle was studied
using datz from three laboratories. In the three studies, 25
sub jects obtained their sleep in naps under three different
sleep/wake schedules: 63/160 min (N=8), 30/60 uin (N=10), and
$0/12C mir (N=7), over periods of 40 hrs to 10 days. Previous
results .from these subjecls indicated that the REM cycle is
'slesp-dependent, rather than an expression of an ongoing Basiec
Rest-Activity Cycle (BRAC). As a further test of the sleep-
dependent hypothesis, autocorrelation and correlation analysis
were applied to .the compressed sleep (;.e., all wake time
betwesn and within sleep periods subtracted) of the baseline,
nap, and recovery conditiuns.

Compared to baseline, there ware no significant
differences in nap REM cycle 1length in the 50/160 and 60/120
groups; the 30/60 group had significantly shorter cycles. It
appeared that this REM cycle shortening was due to 'the
significantly shorter REM episodes in this group. The nap
correlation 'values were significantly lower than baseline 1in
the 30/60 and 60/120 groups, indicating increased varjability
in ‘the timing of REM episodes during naps. All the nap
correlation values, however, were significantly larger than
th.se cobdbtained from a random distributica of zleep stages.

Two "additional groups of subjects whose sleep was
fragmented by either REM or SWS deprivation were ccmpared to
the nap groups. REM depnprivation was the aost disruptive of REM’
cycle rhythmicity; the correlation values for REM deprivation
were significantly less than those  for napping of ,SHS
deprivation. These data offer rurﬁher suypport that - the REM
cycle is a sleep-dependent rhythm and is ant an expression of
an ongoing BRAC. ‘ : :
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2T1. Mullaney D.J., VYleck P.A., Okudaira M. & Kripke D.F.
(1985). An zutomated system for administering continuous
workload and for measuring svstained continuous performance.
Behavior Research HMethods, Instruments & Computers 17(1), 16-
18. '

Sustained continuous performance for up te 42 h was
studied uith,60 male volunteers in two separate protocols., The
recuperative value of six 1-h nap breaks and a single 6-h break

were contrasted in 20 subjects, 10 in each nap group. Forty

other subjects attempted to work continuously with no breaks
for 42 h. Twenty of these subj2cts worked simultaneously on
separate parallel computer-tased tasks, but worked in the same
rocm in pairs. All subjects in the two nap groups (N=10 and
N=10). as well as 20 who hac no scheduled breaks, worked alone,
almost isolated, with ninimal interaction with the
experimenters. During each 10 mwmin, subjects. performed a
tracking task, a pattern-memory task, and an addition task and
provided subjective ratings on sleepiness and
attention/fantasy. Results showed that computerized tasks
demanding sustained continuvus performance without naps cause
more vrapid performance deterioration than previously tested
intermittent-work paradigms.

272. Mullaney D. J., Kripke D. F., & Fleck P. A. (1981).
Sleep less- effects on continuous sustained rperformance.
(Department of Paychiatry . Report No. '1). La Jolla, CA:
Department of Psychiat»y, University of California.

The ability to sustain continuocus performance for up to 42
hours was studied.: During each 10 minutes, subjects performed
a tracking task, a pattern nemory task, an addition task, a
simultaueous auditory vigilance task, and provided subjective
ratings on sleepiness and attention-fantasy scales. or 10
subjects required to work continuously with no breaks, 3 could
nct complete the 42 hours, and 8. out of 10 suffered symptous
such as hallucinations, visual {llusions, and disorientation.
Subjects provided either six t-hour naps or one 6-hour sleep
period were ;ble to conmplete the H2.hour study and suffered
fewer psychiatric symptoms. The group working continuously
suffered nmarked impairments of performance, especially in the
- addition task, while those receiving 1-hour or 6-hour rest

periods sustained  their level of performance nuch: mors
effectively. These ' results show that when absolutely.

continuous sustained work is required, performance deteriorates
seriously even withi{a the first 24 hours, : ‘
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273. Mullaney D. J., Kripke D. F., Fleck P. A., & Okudaira N.
(1983). flects of sustained <continuous performance on
subjects working alone and in pairs. Perceptual and Motor
Skills, 57, 819-832.

Sustained continuous performance fcr up  to 42 hr. was
studied with 30 male volunteers. During each 10 min., subjects
performed a tracking task, a pattern-memory task, an addition
task, and provided sbbjective ratings on sleepiness and
attention-fantasy scales plus a bhHrief written description
summarizing their thoughts. Of the 10 subjects required to

work alone, 4 did not complete the 42 hr. and 3 experienced.

"psychological events" such as hallucinations, visual
i1llusions, and disorientation. Of the 20 subjects who began
the 42-hr. task in pairs, 5 did not complete the 42 hr. and 13
experienced similar psychological events. The percentage who
did not complete the 42 nr. of the study and the incidence of
psychological events were 'not significartly different for
subjects working alone and in pairs. Performance results were
very similar.

No signifiéant'relationship of ps/chological events te any

of the performance measures was demonstrated. These results

indicate that continuous sustained performance produces rapid
deterioration o¢f performance and psychological disturbances,
regardless uof the presence or absence of social contact.

274. Mullaney D. J., Kripke D. F., Fleex P. A., & Johnson L.
T. {1983). Sleep loss aud nap effects on sustained continuous
‘performance. Psychuphysiology, 20(6), 643-651.

, Thirty young male volunteers participated in a study of
sustained continuous performance using a variety of computer-
based tasks. After 6 hrs of recorded sleep, 10 subjects were
‘assigned to ‘perform continuously for 42 hrs without break.
Four of these subjects were unable to ‘complete the 42-hr
assignment, and 8 of the 10 suffered psychological events such

as hallucinations and disorientaation. Ten subjects permitted

six l-hr naps over the UZ'hrs-perrormeJ‘nore successfully than
those allowed no sleep. Ten subjects permitted one 6-hr rest
period performed best of all. Fatigue effects appeared after 6

hrs. Time-of-day (circadian) effects were at times stronger .

than fatigue.

275. Mullaney D. J,, Kripke D. ®., Fleek P. A., & Okudaira N.

{1982). Sleep - loss effects en  continuous systained .

performance. (Department of Psychiatry Beport No. 3). La Jolla,
CA: Universtiy of California. '

‘The ability to. sustaln eontinuous porrornance for up to 52
hours was studicd with 30 subjects. During each 10 minutes,
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subjects performed a tracking task, a pattern memory task, and
provided subjective ratings on sleepiness and attention-farntasy
scales pius a brief written description summarizing their
‘thoughts. Of the 10 subjects required to work alone, 4 did not
complete the 42 hours and 9 experienced "psychological events"®
such as hallucinations, visual illusions, and disorientation.
Of the 20 subjects who began the 42-hour task in pairs, 5 did
not complete the 42 hours and 13 experienced similar
psychological events. The percentage who did not complete the
42 hours of study and the incidence of psychological events
were not significantly different for subjects working alone and
in pairs.:

Performance results were vary similar. No significant
relationship‘of psychological events Lo -any of the perfcrmance
measures was demonstrated. These results indicate that

continuous 3ustained performance in itseif causes rapid
deterioration of performance and psychological disturbances,
regardless of the presence or absence of social contact.

276. ‘ullaney D., Kripke D. F., & Messin S. (1980). Wrist-
actigraphic estimation of sleep time. Sleep, 3(1), 83-22.

Using a plezoelectric transducer, wrist activity was
recorded simultaneously with electroencephalogran (EEG),
electro~-oculogram (EOG) recordings and submental electromyogranm
(EMG) to obtain 102 recordings-- 39 from hospital ‘patients and
63 from nonpatients. On a minute-to-minute basis, wrist
activity alone was wused to estimate Sleep Time. Blind

v ' ~ independent scoring of the EEG-EOG-EMG records was also done to
" distinguish Sleep and Wake phases. Results from the two
Sleep/Wake estimations agreed for 94.5% of the minutes (96.3%
among nonpatients). Correlations between the two methods were
determined for Total Sleep Period (r:0.90), Total Sleep Time
(r= 0.89), Wake After Sleep Onszt (r= 0.70), and the number of
Midsleep Auakenings {(r=0.25). Correlation coeficients were
higher when the 39 patients were excluded [from the
computations. ' On the average, the actigraphic method overe
estimated Sleep Time by 15 min. Continuous wrist activity
recordings provide simple aud 1nexpens‘ve, but rather accurate,
estimates of sleep duration. .
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2717. Naitoh P. (1969). Slezp lo0ss and its effects on

performance. (NHRC PReport No. J.8-3). Sam Diego, CA: US Naval
Health Research Center. , ,

The effects of sleep 1l+33 on human task performance are
discussed under total, partial, and selective deprivations of
sleep. Soume of the frequeatly used psychological tasks 1in
studies of total sleep loss are described i: sufficient detail
S0 that experirmenters can <¢hoose, on the. Lasis of materials
présent2d in this monograph, adequate .ask3 to fit their
experimental objectives. Factors which play critical roles in
determining the degres of task sensitivity to total sleep loss
are listed. Effects of shortened hours of sleep on haman task
performance were discussed. Effects of selected sleep

deprivation on performance are also briefly commented upon.

This monograph covered almost all ﬂtudies conducted on
sleep loss under laboratory conditions, including a seriss of

on-going experiments on total and selective sleep deprivations:

at  the Navy Medical Neuropsychiatric Research Unit. A
bibliography on sleep deprivation with . author and subject
indices is presented. ' .

278. Naitoh P. (1980). Circadian cycles and restorative power

of naps. (NHRC Report No. 80-11). San Diego, CA: US Naval
Health Research Center. . B '

An experiment was conducted on two groups of young sailors

to study the recuperative power of a nap on task rperfcrmance

and self-ratings of mood, fatigue, 3leepiness, ani arousal.
One group took a 2-hour nap from 0400-0600 (the early morning
napl) after 45 ‘hours of continuous work. Six hours later, this
group tuok their second 2-hour nap froam 1200-1400 (the midday
nap). For the second group, their only nap was from 1200-1600
after 53 hours of continuous work. Circadian rhythm analyses
confirmed thai the early morning nap was placed near; the

troughs of many c¢ircadian rhythms and the midday nap on the

rising limb of the ecircadian rhythas. A multivariate two-
sample profile analysis revealed that the early morning nap

resulted in severe and prolonged sleep inertia, and it did not
.have any recuperative power. In contrast, the wmidday nap
~produced a3 relatively short 3sleep inertia and had clear

N
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recuperative power. Thus, the recuperative power of a nap
depended not only on its duration but, more importantly, on the
hours of prior wakefulness and time-of-day when it was taken.

279. Naitoh P. (1981). Circadian cycles and restorative power
cf naps. In L.C., Johnson, D.I. Tepas, 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. 81-127, pp. 693-720). Cincinnati, OH: US Department
of Health and Human Services, National Institute for
Occupational Safety and Health. '

Sleep-deprived men and women show deterioration in mood
and behavioral efficiency. A nap is viewed by many as having
recuperative power, reducing fatigue and sleepiness. . However,
if a subject does not habitually nap, the initial effects of a
nap would be detrimental to mood and task performance.

Although naps may help in maintaining performanée over
long periods, the immediate performance upon awakening from a
nap may show no improvement and often may be lower than pre-nap
levels,

The primary purpose of this study was to determine the
re2uperative power of a 2-hour nap after either 45 hours or 53
hours of a vigil. The recuperative power was simply defined as
those beneficial effects that scestore human behavioral
elficiency and subjective feelings of vigor and arousal. This

study also attempted to answer whether the recuperative power

of a nap would depend on the time of day it was taken. The
study design and results are described in this report.

280, Naitoh P. (1982). Chronopsychological approach for

- optimizing uuman performance. (NHRC Report No. 80-9). San

Diego, CA: US Naval Health Research Center.

A new interdisciplinary science of chrondpsychology s

discussed with respect to its methods, concepts, theories, and

applications, especially to  shiftwork and transmeridian
dyschronism ("jet lag"). Chronopsychoelogy is introduced to
show the impact of circadian rhythmic components, as seen in
shiftwork and transmeridian rlight  environments, on human
performanze efficiency, feeling-tones, fatigue, and
sleepiness. The  source materials on circadian components of
human effaectivenaess in shiftwork and in a rapid deployment
across many time zones suggest that the timing of the work
period should be optimized on the basis of the fundamental
circadian rhythos to assyre the best time for work and rest,
Differences between the adjustment of shiftworkers .aand jet
travelers to new work environments are discussed, .with

. suggestions on how to accelerate thi: process.
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281. Naitoh P., Beare A. N., Biersner R. J., & Znglund C. E.
(198.). Altered circadian periodicities in oral temperature
and mcod in men on an '8-hour work-rest cycle during a nuclear

submarine patrol. (NHRC Report No. 81-1). San Diego, CA: US

Naval Health Research Center.

A group of nuclear submariners was studied to examine
whether an 18-h routine imposed by a watch-standing scheduie of
6-h on, 12-h off during a prolonged submerged patrol affected
the 24-h circadian rhythm 1in oral teaperature, Thayer's

activation, Mood "Aetivity" and Mood “"Hanpiness.™ The

submariners were observed -during thres sections of the
patrol: Phase 1, the beginning 8~day period; Phase 2?2, the
middle of the vovage; and Phase 3, thz last 7-8 day period of
the 10-week voyage.

The group-syncheronized £4-np rhytrm in oral temperature
disappeared during Phase 3. The group-synchronized 24-h
rhythms in Thayer's activatiun and ia Mood ™Activity"™ and
*Happiness" disappeared during Phases 2 and 3. A group
syncnronized 18-h rhythm was not produced in any of the
variables in any Phase of this study. except MH during Phase
2. Periodicity analysis of individuals' data showed that a
loss of 24-h rhythmicity in oral temperature was due not only
to reduced circadian amplitude but also to a dispersion of
times-cf-peak (TOPs). Loss of 24-h rhythm in "Activation"
"Happiness,"™ and "Activity" was predominantly due to a wider
dispersion of TOPs. The 18<h routine did appear to exert a
small modulating effect on rhythmiec activlty in the variables
examined in this study. .

, Since the sleep-wakefulness cycle was well entrained by
the 18-h routine, the submariners experienced a spontaneous
internal desynchronization between the activity eycle on the
one hand and the cycles of oral cemperature and psycholoaical
states on the other. The performance and health.consequences
of tnhis chronic desynchronism have yet to be explored. Further
research is suggested to determine the usefulness of an index
of synechronization among the physiological and psychological

variables, and the relationship of the desynchronizing effects
-to performance and health.

282. Naitoh P., Englund C. E., Moses J., &‘spinwebor C. L.
(1979). Effects of vigil on human circadian rhythms: Normative

data. (NHRC Report No. .79-30). San Disgo, CA: US Naval Health
Research Center. '

A vigil of up to 4% ﬁours does not destroy ciroadiar
cycles in physiclogical and subjective mood scales, but sone

© rhythms in  task perfo-rmance disappeared with vigil. Vigil

de)s, however, alter some basic paraasters of cireadian
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rhythmicity. It tends to reduce 3trength of ~hythmicity and
most importantly, to create liengthening of 95% confidence -arc
for acrophase angles, resulting in appreciably larger 95%
confidence ellipse. Thus, major altering effects of vigil of
two nights seem to be in a greater scatter of acrophase angles
among the individual subjects. Such a greater scatter in time
of minimum and maximum due to vigil would result in reduction
of amplitude when averages across subjects were plotted along
" time of day, and also in failure to find a significant cosinor
for a group, even though individual subjects might have -
somewhat reduced but still . significant rhythmicity. -
Relationship betwesen oral temperature and subjective mood and
pulse seems to <continue undisturbed during the vigil, but
_correlation between oral temperature and task performance did
not survive a process of remaining  awake. Findings suggest
that more attention must be paid to individual susceptlbilityﬁ
to. vigil in c¢ircadian cycle studies. '

283. Naitoh P., Englund C. E., & Ryman D. 4. (1982).
Restorative power af naps in designing continuous work
schedules. Journal Human Ergology. 11, Suppl., 259-278, and-
(NHRC Report No. 82-25). San Diego: US Naval Health Research
Center.

Many occupations involve continuous work (CW) for extended
periods of time. Recovery from the fatigue and sleepiness
incutr-ed by persons in CW i3 usually accomplished by short
sleep {(naps) btefore embarking on another episode wof CW.
Previous studies have shown that naps have a restorative effect
on task performance, mood and motivation for work. However,
recent studies at NHRC suggest that a 2-<hour nap from 0400 .to
0600 following 45 hours CW failed to restore performance and
mood, whereas .a 1200 to 1400 mnap after 53 hours CYW was
effective in restoring performance and mood. Thus, time-of-day
of naps has determined the "restorative power". ' o

*In this paper, data from 38 U.S. Marine Corps volunteers
are presented to show that 'the restorative power of a 0400 to-
0700 nap is sufficient to support post-nap performance of a
Four Chcice task for an additional 20 hours. This early
morning 3-hour nap also reduced the rate of degradation of
perrormance of subjects on Four Choice and Simple Reaction Time
tasks, in comparison with those who worked W“ithout napping. To
13sure overall high quality performance in recurring episodes
of CW, design of work/rest schedule shoul”? call for 3 hours or
longer of recovery sleep even aflter CW a3 short as 20 hours. A
model of CW/nap length effects on periormance is presented as
an aid to conceptualizing the beneficial effects of naps.
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284, Naitoh P., Englund C. E., & Ryman D. H. (1983).
Extending human effectiveness during sustained operations
through sleep management. (NHRC Report No. 83-13). San Diego,
CA: US Naval Health Resesrch Center; and in S.E. Forshaw (Ed.),
Defence Research Group Proceedings of the 24th DRG Seminar on
The human as a limiting element in military systems: Systems

Volume 1. (1983). Toronto, Canada: NATO Defence Research Group.

Sustained Operations (SUSOPs) represent a nrolonged period
of continuous work (CW) in the performance of essential
services. In many military operations, demands for CW cannot
be easily met by orderly sharing of work through arranging
soldiers on "shift or night work" schedules. Especially during
times of emergency, military personnel must often work
continuously without sleep for long hours at physically
demanding tasks while remaining mentally alert.

This technical paper summarizes four SUSOPS studies,
conducted at the HNaval Health Recearch Center, to describe
cognitive performance decrements due to continuously working.
for two episodes of 20 hours each, with a short sleep period of
3 or 4 hours permitted between these two CWs. This paper also
reports on an application of "sleep logistics™ in evaluation of
effectiveness of napping fn the early morning period to
counteract performance decrement due to a CW. Short napping of
3 or 4 hours in the early morning was found not to be
completely effective in restoring Marine Corps volunteers fronm
fatigue' and- sleepiness of 20 hours CW, thus making them ready
t> resume the second 2-hour CW with high quality performance.
However, some task performances were found to be improved by
napping. These findings suggest that napping can be used as an
effective intervention technique for maintaining and even
enhancing cognitive performance during CV¥.

285.‘ Naitoh P., Johnson L. C., & Lubin A. (1972). The effect
of selective and total sleep 1loss ‘on the CNV and its

psychological and physiological correlates. (NMNRU Report No.
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.72-5). San Diego, CA: US Navy Medical Neucropsychiatric Research

Unit.

The contingent negative variation (CNV) from the vertex
was recorded, together with autonoajic variables, vertical eve
movements, and reaction time (RT), from two groups of 7 Naval
trainees each. The subjects received the first stimulus (SI)
which was either a "high"™ or "low" pitched tone, 4 sec before
the second "low" pitched tone (S2). 'With the high pitched SI,
the subjects did not terminate the S2. With the low pitched
S1, they were to terminate the S2 quickly as posible by closing .
a' hand-held switch. 'In half of the trials, the experimenter
deiermined the rate of executing the RT task (a work-paced'
¢ondition); in the remaining half, the subject performed the RT
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task at their own preferred pace (self-pacing).

,On-éa:h'subject data were obtained on 4 baseline days, the
day after 3 nights of sleep stage deprivation, the day after
one night of total sleep deprivation, and finally 2 days
following recovery sleep. For the one group, Sleep stage REM
{rapid eye movement) was withheld from nocturnal sleep. Fer
another, the slow wave sleep (SWS) was denied.

All ‘subjects developed a stable discriminated CNV as well
as an anticipatory heart rate deceleration to the S2 in the
baseline sessions. Both REM and SWS deprivation reduced’ the
CNV magnitudes under the self-paced condition. One night of
total sleep following 3 nights of sleep deprivation attenuated
the CNV further. Anticipatory heart rate decrease to the S2
was not affected vy REM, SWS or total sleep deprivation.

Results §upport the hypothesi$ that the CNV, but notlthe
autonomic corwelates, could be used as a reliable and sensitive
measure of an altered brain capacity to maintain an attentive

.State.

286. Naitoh, P., Kﬁles A., Kollar E. J., Smith J. C.. & Allen
J. 0. (1968). Electroencephalographic activity after orclongad
sleep loss. (NMNRU Report No. 68-20). San Diego, ©:: IS Nawy

Medical Neuropsychiatric Resarch Unit.

The major effect of prolonged 3lesep loss on the EEG is
alpha reducction and this is accompanied by deterioration of
subjective ratings of feeling .tone, by 1low 17-0HCS, Dby
degradation of tracking performarnce, and by reports of
hypnagogic 4illusions. ~ Observed 1low voltage EEG after sleep
loss of 100 hours or more seems equivalent to sleep stage 1, or
drowsy EEG pattern. After two nights of recovery sleep (12 and
8 hours), return to pre-deprivation levels of functioning ‘is
virtually complete. ,

287. Naitoh P., Pasmau R. 0., & Kollar E. J. (1971).
Psychophysiological changes after prolonged deprivation of
sleep. Biological Psychiatry, 3, 309-320, and (NMNRC Report Yo. .
71-26). San Diego: US Navy Medical Neuropsychiatric Research
Unit. ' : . '

_?ddr heilthy young adult males were studied during 205 hr
of sleep deprivation. Resting autonomic measurements included

clueart rate, blood - pressures, oral temperature, and skin

resistance. Body ueight and. electroencephalogra-s (EEGs) were
also evaluated. 1In addition, the autonomic nervous system
(ANS) resgonsiveness and its recovery were tested by the cold
pressor stimulus. Sleep loss of up to 120 hr deactivated the
central nervous system (CNS) as judged by EEG alpha tiae, bdut




it produced a mixad pattern'of deactivation'qf the ANS. Around

the "fifth day®"™ of sleep 1loss, a yet-undefined adaptive
mechanism was actuated, allowing a slow shift of the oral
temperature as well as EEG alpha time toward the predeprivation
level, coincident with increased secretion of 17-
hydrorycorticosteroid. A siample notion of generalized
activation and deactivation could not account for a complex
bodily mechanism during 3leep loss, and the vigil did not
produce a Selye-tvpe generalized stress reaction. '

288. Naitoh P., & Townsend R. E. (1870). The rcle of sleep
deprivation research in human factors. Human Factors, 12{6),
575-5.'85.

Sleep loss is a ubiquitous phenomenon that occurs on many
long-term field missions. The effects of sleep loss are
detrimental to efficient fuactioning of man-machine systems.
To illustrate the effect of sleep loss on task performance,
data from four independent research jinstitutes are reviewed.
Data are presented relating to the prevention of sleep loss,
and to the detection and minimization of slecp loss effects
when they occur. :

289. Naitoh P., Townsend R., & Greenwood M. (1969). Sleep
requirements of man-in-the-sea. {(NMNRU Report No. 68-22). San

Diego, CA: US Navy Medical Neuropsychiatric Research Unit.
(DTIC No. AD 695-377). :

Despite . recent scientifie and technological gains {in
realizing the goal of manned underwater stations, there has
been a singular lack of research data on defining the sleep
requirements of man-in-the-sea. Behaviorally, sleep loss and
Sleep disturbances produce lapses 'in performance and impairment
of short-term memory, either of which may endanger the mission
or the 1life of the entire crew of an ocean floor habitat.

‘Interpersonal 4ifficulties may also arise as a result of

undesirable personality changes caused by sleep disturbances,
thareby weakening thr very root of 'the miniature society of the
ocean floor habitat. Research efforts must be spurred on to
learn: (1) Whether %an as an .aquanaut may develop new kinds of
sleep requirement. which differ from those of land based aman,
(2) whether man @3y also develop serious 3leen disturbances,
whether we can specify the. optimal physical and psychological
conditions for man's recuperation from fatigue by adequate
sleep in the underwater habfitat. : :

TEKTITE I, a nitrogen saturation diving experiment is used

to {llustrate an attempt to obtain the data necessary to define
sleep requirenents of man-in-the-~sea.
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290. Narirskaia A. L. (1977). Dynamfics of the human mental
work capacity during =some activity regimes. (Dinamika-:
Psikhicheskoti rabotosposobnosticheloveka pri nekotorykh
rezivimakh defatel'nosti). In: Optimization of the professional
activity of a cosmonaut. (pp. 109-120). Moscow: Izdatei'stvo
Mauka. (In Russian) (NASA No. A78-135384). ’

Experimental studies of the dynamics and characteristics
¢f human mental work capacity during some activity regimes are
described. The regimes were: 72 hours auvake; 45 days with the
daily sleep-wakefulness rhythm reversed (that is, shifted by 12
hours); 25 days with 72 hour periods of wakefulness as well as
reversal of the daily sleep-wakefulress rhythm; and 16 hour
diurnal periods. The possibility of restructuring the diurnal
dynamies of some mental functions was demonstrated, and indices
of ‘mental work capacity were used to determine the adaptation
period to new diurnal regimes. -

291. Neel S. (1973). Aviation mediciae. In: Medical support
of the US Army ir Vietnam 1965-1970. (pp. 99-107). Washington,
DC: Department cof the Army. o '

This chapter reviews the medical care given to US Army
aviators in Vietnam from 1965 to 1970. The duties of the
.flight surgeons asaigncd to aviation companies are reviewed;
alonz with a description of the rlight care program instituted
in Vistnam, attention 1is given te the problem of flyer
fatigue. Several methods used to combat fatigue are
‘reviewed. The author concludes that total flight hour limite
are somewhat 1less than effective in 1limiting fatigue in a
combat environment, but cites the *goal directed™ flying hour
schedule - used by the 269th kviatior Company as being both
workable and effective. This system would schedule a pilot for
5 to 6 days of rlight operations and then schedule a day free
from all -‘duties. ‘Also, problezs of Cfatigue for enlisted
. crewmembers and flight support pereonnel are addressed.

292. Neff K. L., & Solick R. E. (1983). 'nil::ary experts'
estimates of continuou3s operations perrornance (Or close but no
cigar).: (USARI Report No. TR-600). Alexandria, VA: US Army
Research Institute for the Behavloral lnd Social Sciences.
(DTIC No. 2D A180-220).

The feasibility or-'supplo-entlng human performance data .
with estimates Of performance in adverse envirunments was
examined for cases where no hard data are available for use in
land combst wmodels. The accuracy of wmilitary experts'
estimates of perforsance in continuous operations was evaluated
by examining the asount of ‘convergence be.ween samples of
estimates made by wmilitary officers and actual performance
values obtained f{n four fleld exercises. There was strong
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agreement among the officers in their predictions of
performance. However, the officers' predictions of performance
did not agree with actual performance measures obtained in the
field exercises. :

293. Nicholson, A. N. (1970). Influence of duty hours on
sleep patterns in aircrew onperating in the long ‘haul transport
role: A study of single crew operations and doublc crew
continruous flying operations. Tn A. J. BRenson (Ed.), Rest and
activity cycles for the maintenance of efficiency of personnel
concerned with military flight operations. Proceedings of NATO
Advisory Grcup for Aerospace R & D (AGARD} Aerospace Medical
Panel Specialists' Meeting at Osloc, Norway. (NATO/AGARD Report
No. CP-74-70). London: Technical Editing and Reproduction Ltd.

Military aircrew operating in the strategic long haul role
‘experience repeated time cone changes and irregular and often
loag hours of duty. A satisfactory sleep pattern is of prime
importance in maintaining their well-being and operational
efficiency. The normal .regular nightly period of sleep during
non-flying duty at base is replaced 'ty complex sleep patterns
while ovperating world-wide <east-west routes. However, the
Sleep obtained over three days preceeding each duty period is
usnally similar in duration to that obtained over three day
periods while on non-flying duty and the ability of the pilot
to obtain a similar amount of sleep appears to be an essentxa;

faetor in pre ventxng 3ubjective ;atlgue.

There is a cumulative effect of repeated adaptation to
time zones and irregular 'hours of duty. Aircrew find it
increasingly difficult to maintain an acceptable sleep pattern
as the number of days of route flying increase. It appears
that the workload (average hours duty/day, compatible 'with an
acceptabls sleep pattern dimninshes in a logarithmic manner
with the number of duty days. This implies restrictions to the
deployment of aircrew {f serious sleep dxsturbances are to be
avoided.

, To increase " the effectiveness of a strategic transport
force in the absence of .positioned crews, doudble crew.

" . continuous flying operations were 3tudied. In these missions

the off-duty crew reats within the aireraft. The success of
sych operations depends to a large extent on the crew which
operates during the period in which they are normally
accustomed tc sleep.

From experience within the Royal Air Force Air Support
+ Command . the optimum duration of such a amission is about 48
hours. Beyond this period serious sleep disturbancesz appear,
‘An operation. of 42 hours using a fast strategic transpott
provides a worldewide capabililty and during this time the
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aircraft can circumnavigate the werld.

294, - Nicholson A. N. (1970). Military implications of sleep
patterrs in transport airnrew. Proceedings of the Royal Socie;x
of Medicine, 63, 570-572.

The Royal Air Force Institute of Aviation Medicine and the
Board or Trade Civil Aviation Medical Department conducted
studies of flight deck environments of both military and civil
transport operations. These studies reported that operating
long haul routes can grossly ‘affect aircrew sleep/work
cycles. These studies have heliped to formulate the manner in
which aircrew sleep is modified and to define the workload
cempatihle with a sleep pattern which approximates in some
respects to that experienced during nonflying duty. '

+295. 'Nicholson A. N. (1970). Sleep patterns of an airline
pilot operating world-wide east-west routes. Aerospace
Medicine, 41, 626-632. ' .

The sleep patterns of an airline pilot operating long haul
east-west routes have been observed ‘over a period of 18
months The normal sleep pattern was modified by 4irregular
duty periods and by adaptation to time zone change. Sleep
disturbance rather than sleep deprivation is the main problem
in such aircrew. The physiological significance of the sleep
patterns experienced during route flying is not understood, but
it appears possible that complex adjustments of intrasleep
cycles and short periods of sleep (naps) may provide an.
adequate sleep pattern.

296. Nicholson A. N. (1972). Duty hours and sleep pattarns in
aircrew operating world-wide routes. Aerospace Medicine 43,
138-141, : —

Sleep patterns of an airline pilot operating worldwids
.east-west routes have been related. to duty hours. Duty houra
ccmpatible with an acceptable sleep pattern may be related in a
logarithmic manner with the number of days of the schedule. It
appears that the most crltlcal consideration in preserving a
control sleep pattern may involve the relation between total
duty hours and duracion of schedule.

297. Nicholson A.. N. (1972). . Rest and activity patterns Toé
prolonged extraterrestrial missions. Aerospace Medicine .ﬂi.
253 257. ' '

Dirricultios in ohtaining satisfactory s.eep have been
encountered during many space -missions and it is generally
recognized that an appropriate rest and activity pattern is
'ossential to naintain the well<being and .operational
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effectiveness of spacecrews. During earth orbital flights and
lunar explorations, satisfactory sleep is more likely if the
crews maintain a reasonable reiatior with their normal
terrestrial rhythm. But many miasions have required unusual
patterns of activity. In the future, prolonged extra-
terrestrial flights may d4lso demand that the sequence of work
and rest be subordinated to operatinnal requirements and under
these circumstances work and rest regizes developed under earth
conditions may be of little use. ' :

Irregular duty periods superinposed,Upen daily cveles of

varying duration are experienced by long haul transport aircrew

and an ahalysis of these schedules has auggested that irregular
patterns of rest are compatible with a satisfactory sleep
pattern as 1long as the workload 1is 1limited. A similar
relationship could be established for prolonged spaceflights
and in this context the sleep patterns of an airline pilot
operating worldwide schedules have been examined and relevant
recent work on modified sleep regimes discussed. '

298. Nicholson A. N. (1978). Irregular work and rest. In G.
Dhenin (Ed.). Aviation Medizine, Vol 1: Physiology and Human

Factors. (pp. 494-503). London: Tri-Med Books Limited.

This textbook chapter provides a bdrief review of the
problems of disturbed sleep and circadian funection in air
operations and attempts to outline current approaches to the
many important issues involved in the management of irregular
rest and activity. A comparison of sleep patterns of long-haul
and short-haul aircrews reveals that long-haul crews typically
.ake use of short "naps"™ to obtain adequate amounts of 3leep
. while short-haul crews choose instead to prolong some regular
sleep periods to compensate for aleed'errivation. Shifts in
circadian activity and their ‘effects on performance are
outlined. Also, a function for determining optimum and maximunm
duty hours is presented to assist the flight crew's doctor in
determining adequate and exca2ssive workload schedules. The use
of hypnotics to aid in inducing sleep in pilets is discussed.

299. Nicholson AN. (Ed.). (1979). 'Sleeg; wakefuiness and

circadian rhythnms. (NATO/AGARD LS No. 105). NATO Advisory Groud
for Aerospace R&D Lecture Series. London, England: Technical
Editing and Reproducticn Ltd. : ‘ :

, The lecture series 1is intended for those concerned with

the management of civil, and particularly military personne!l,
"who have to cope witn irregular work and rest, It will provide
an understanding of the physiological processes involved in the
adaptation of wman to disturbed sleep ind wakefulness, and
consider approaches to-the problen of managenment 1nclud1n5 the
use of drugs. .
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The 1lectures presented in this volume are ou three
sub jects: 1)sleep, wakefulness and circadian rhythms: the
physiological and psychological aspects; 2)adaptation of man to
disturbed sleep and circadian rhythmicity; and 3) management of
irregular rest and activity.

300. Nicholson A. N. (1687). Hypnotics and air operations. 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 Report No. CP-338, pp. 15-1 te 15-8). Loughton,
Essex, United Kingdom: Specialised Printing Services, Ltd.
(DTIC No. AD P002-989). '

Personnel engaged in transport operations may use drugs
for a specific medical condition or for purposes which are

related to the nature of their occupation. Examples of the.

former are drugs in the management of hypertension and
.antihistamines in the treatment of allergic states, while
examnples of the latter are drugs in the prophylaxis of malaria
and hypnotics 1in  the management of disturbances of sleep.
Unfortunately many drugs have central effects and centrally
acting drugs may hav: persistent activity, and so careful
attention must be givern to the ~advantages of a drug and its
possible adverse effects on performance. '

The factors which influence the use of a drug in the
context' of occupational medicine vary. The author discusses
the use of hypnotics and antihistamines as they raise two very
different issues. In the management of sleep disturbance the
challenge is to provide an effective hypnotic free of advarse
effects on sleep and of residval effects on performance,
whereas with the ‘allergic states the individual must remain
alert while the drug is acting peripherally. This paper deals
with hypnotics. N

301. Nicholson A. N., Borland R. G., & Stone B. M. (1979).

Hypnotics and 'the management of disturbed sleep. In: A.N.

"Nichclson (Ed.). Sleep, wakefulness and circadian rhythm.
(NATO/AGRAD Report No. LS~105 pp 12«1 = .12-11). London:

Technical Editing and Reproduction Ltd. (DTIC No. AD A075-240)

Ihe_abticle reviews research on performance and sleep to
include: sleep <during the day. A bdrief desacription of the

methodologies used in type of research and review of research.

using. Barbiturates, Benzodizzepines, Diazepam and its
hydroxylated metabolities, Nordiazepam and its precursor,
potassium clorazepate, and  studies on slaep as the
investigative drug are included. : :
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It is evident from these studies carried out in healthy
meinn, that some guidelines can now be given for the o«casional
use of hypnotics in the management of sleep when impaired
performance the next day would be unacceptable. The prolonged
effect’ of nordiazepam and potassium clorazepate would suggest
that these compounds are more appropriate in the management of
insomnia secondary to anxiety, in wnich a persistent day-time
auxiolytic effect with minimal effects on performance is
required, while diazepam and its hydroxylated metabolites,
temazepam and oxazepam, are appropriate in the management of
disturbed sleep when a residual effect during the day after
overnight ingestion is to be avoided.

However, there are certain points which should be taken
into consideration in the wuse of hypnotics. With daily
ingestion of diazepam (5-10 mg), 1its long-acting metabolite,
nordiazepam, could accumulate, and so the dose of diazepam
should not only be kept within 10 mg as residual effects are
observed above this range, but it should not be repeated at
intervals of less than 48 h or given more than twice in seven
days. Diazepam would appear to be particularly useful for
sleep at unu3ual times of the day. Oxazepam (15-30 mg) is also

without residual effects, but the relatively slow absorption of

the drug, and the lack of effect on sleep onset latencies may
reduce its wusefulness, though otherwise it is an effective
hypnotic., . Temazepam (10-20 mg) has a useful hypnotic effect,
and, like oxazepam, as the advantage that its metabtclism is not
complicated by a long-acting metabolite, and so daily ingestion
is unlikely to be contraindicated. '

- However, it is impcrtant to stress, as‘wiph all hypnotics,
that it is the individual response of each renxipient which is
paramount, particularly if they are involved in =#killed
activity. '

302. Nicholson A. N., TFascoe P. A., Rpbehrs T., Roth T.,
Spencer M, B., Stone B. M., & Zorick F.| (1985). Sustained
performance with short :vening and nmorning sleeps. Aviation,
Space, and Environmental Medicine, 55, 105-§4. o

The effecu which early evening sleeo may have on overnight
and subsequent daytime performance, and| the effect which
morning sleep may have on daytime performance after ovarnight
sleep deprivation has been studied in| six healthy male
volunteers. It would appear that relativelly short periods of
‘natuyral aznd drug {nduced (brotizolam 0.125 mg) sleep have a
beneficial effect on subsquent performance [even in the abdsenca
of preceding sleep debt. In the event .of disturbed sleep in
shilft-work a hypnotic may be helpful, and §n this context, one
which is rapidly eliminated and sustains sleep is appropriate.
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303.  Nicholson A. N., & Stone B. M. (1982). Sleep and
wakefulness handbook for flight medical officers. (NATO

AGARDograph Nc. AG-270 (E)). A NATG Advisory Group for
Aerospace R&LD Aercspace Medical Panel publication. London,
England: Technical Editing and Reproduction, Ltd.

The 1inevitable irregularity of work in aircrew is of
concern to both «c¢ivil and military operations, ard this
handbook is intended for flight medical officers. The relation
between alertness and sleep, the nature of sleep in man and his
circadian rhythmicity are described, and these factors are
discussed in the setting of shiftwork, transmeridian flight and
air operations. Disorders of sleep and argusal as they may
involve theé aeromedical specialist are also covered and the
use of hypnotics discussed.

30&k. Nicholizon A. N., Stone B. M., Borland R.'G., & Spencer M.
B. (1983). Adaptation to irregularity of rest and activity. In
J. Ernsting ' (Ed.), Sustained 1Intensive  Air Operations
Physiclogical and Performance Aspects. Proceedings of the WATO

Advisory Group fo~ Aerospace R & D (AGARD) Aerospace Medical
Panel 3pecialists' Meeting at Paris, France, April 1983.
{NATO/AGARD Report No. CP-338, pp. 12-1 to '12-6). Loughton,
Essex, United Kingdom: Specialised Printing Services, Ltd.
(DTIC No. AD P002-987). : -

Adaptation to conventional shiftvork has been the sudject
of considerable research , but there is little information on
the effect of irregular work. and rest which is usually a

feature of air operations. Under such circumstances the-

circadian rhythmicity of the individual and changes in the
quality of sleep, as well as the duration of each work period,
are likely to influence effectiveness at any given time. The

atudy reported here was carried out to evaluate the influence

of these factors.

The schedule of uork and rest involved twenty-four b-hr

periods ‘of work and twelve 6-hr periods of rest over 9 days.

It was preceded and followed by 2 days of normal nycthemeral
‘activity. It was the intention to study irregularity of sleep
.and to avoid serious sleep deprivation, so an average of 8 hrs

rest was provided every 28 hes.

Sleep onset latency did not differ from that of the
control night throughout the schedule, but total sleep time was
reduced markedly when sleep commenced during the day and when
the period of prior wakefulness did not exceed 16 hours. Total

‘'sleep time was correlated with the length of prior wakerulness
‘ror ezch subject and for the group. '
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305. O'Donnell R. D. (1983). The US Air Force
neurnphysiological  workload . test battery: Concept and
validation. In J. Ernsting (Ed.), Sustained Inteusive Air
Operation3: 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 Report No. CP-338, pp. 5-1 to 5-10).
Loughton, Essex, United Kingdom: Specialised Printing
Services, Ltd. .(DTIC No. AD P002-¢82), "

In assessing the workload effects of sustained operations,
it is 1likely that a multistage process must be employed.
Broadly based measures such as timeline analyses and subjective
estimates are used. to identify specific problem areas in  a
given sustained operation. These workload "tchoke-points™ are
to be intensively studied wusiag a variety of subjective,
behavioral, and physiological measures to tap the appropriate
resources within the individual and to provide an estimate of
how these resource demands interact with task demands and
response variables. '

' The U.S. Air Force Aerospacé Medical Research Laboratory
is developing workload metrics spanning the entire spectrum,

from task analysis througch subjective and behavioral

‘measures. In addition, neurophysiological measures have been
investigated for. a number of years with respect %o tueir
sensiiivity in assessing workload. A3 a result of these
studies, a test battery consisting of six  different

electrophysiological measures in eleven different forms was’

-constructed. These s3ix tests were selected because they each
measure one aspect of workload practiced in applied settings.

This test battefy is wundergoing validation studies in
simulator environments and successfully validated tests will be
incorporated into a second generatioh neurophysiological test
battery to be used in field workload assessment. This paper
details the overall rationale of the tests selected, as well as
presenting some of the experimental evidence supprting their
use as workload assessment devices. Current validation studies
and plans for ruture test modifications are also presented.
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306. 0'Donnell R. D., Bollinger R., & Hartman B. 0. (1974).
The effects uf extended missions on the perfnrmance on airborne

command and control teams: A field survey. (USAF AMRL Report
No. TR-74-20). Wright-Patterson A4ir Force Base, OH: US Air
Force Aerospace Medical Research Laboratory. {DTIC No. AD
A011-549), ‘ : » .

This report covers the effects of extended mission lengths
on the performance of airborne command and control teams,
wherein complex "cognitive" components consisting primarily of
information collection, interpretation, and communication
constitute the -bulk of workload. The survey centers on
investigating ‘general categories of perforaance~-related
factors, such as overall fatigue, rather than specific task
performances such as iong-term memory, sensory motor reaction
time, or information processing. ‘

307. O'Donnell R. D., & Eggemeier T. F. (1983). Conceptual
framework for the development of workload metrics in sustained
operations. In J, Ernsting (Ed.), Sustained Intensive Air
Operations: Physiological and Performance Aspects. Proceedings
of the NATO Advirory Croup for Aerospace R&D (ACARD) Aerospace
Medical Panel Specialists' Meeting at Paris, France, April
1983. (NATO/AGARD Report No. CP-338, pp. U4-1 to 4-10).
Loughton, Essex, United Kingdom: United Xingdom: Specialised
Printing Services, Ltd. (DTIC No. AD PG0O2-981),

In sustained operations, the cumulative effect of workload
may lead to unpredicted, catastropghic human failure. Woarkicad
assessment, has suffered from the laek of an overall,
standardized framework to permit development of sensitive,
preadictive metric¢s., L Such a general framework is developed in
‘this paper, based on the view that worklcad is a wmultiply-
. determined hypothetical construct conveniently summarizing the
interactions which 'limit task performance., Major task,
operator, and response facltors are'presented,'and related to
metrics available or being . developed for assessing these
factors. The framework is then useu to suggest the broad

outlines of a research program leading to standardization of

workload assessament in sustained operations environments.

308. Opstad P. K., Ekanger R., HNummestad M,, & Raabe N.
(1978). Performance, mood, and c¢linical symptoms 'in men
exposed to prolonged, severae physical work and ' sleep
deprivation. Aviation Spage and Environmental Medicine, 49(9),

w/ﬂ/"JPourty~rour- young men panticiﬁated in strenous c¢ombat

courses of & days (course I) or 5 days (course Il), almost

without sleep.  They ware tested and examined clinically each

morning-'.Grouﬁs‘l and 2 had no organized sleep, whereas groups
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3 and 4 gzot 3 and 6 h, respectively, in the middle of each
course. Substantial impairment. wvas ovserved in all tests, as
well as clinjical symptoms toward the end of the courses for
groups 1 and 2. In the vigilance test, the reaction time task,
the coding test, and the profile of mood-state, significant
impairment was observed even after 24 h. Complaints of
symptoms came first. Disturbance of senses and behavior
appeared later. Group 4 had significantly better results than
groups 1 and 2 in clinical symptoms and all tests, except the
positive score in mood-state. Group 3 occupied an intermediate
position. Corresponding results. were obtained in the two

/separate courses. In the' morning following the course,

recovery ~fter 4 h of sleep wWas less exteansive for course II
than course I participants. ‘

309. Orr W. C., Hoffman H. J., & Hegge F. W. (1976). The

assessment of time-devendent cnanges in human performance.
Chronobiologia, 3(4%), pp. 291-305.

The assessement of human perforrance and zerformance
decrement presents numerous problens, particularly -when
questions concerning causal factors are considered. The
situation becomes ' particularly acute when continuous
performance is the primary investigative interest. Time then
becones an undeniable independent and dependeat variable that
permeates every aspect of the experimentation.

Tine, as a variable, prasents formidable analytic
difficulties. Any analysis beyond the most elementary

.descriptive statistics requires techniques that are not part of

the standard psychological _or biological analytic armament.
Thus, in order to properly analyze data collected over tinme,
time series analysis represents the method of choice.. Several

analytic Techniques which have been used to decribe circadian’
rand ultradian rhythms in "human performance are: least square

analysis, spectrum analysis, and complex demodulation. Results
frcem spectru analysis and coamplex demodulation-are emphasized.

- This paper describes a series of experiments to illustrate
the use of various methods of time series analysis in .the
delineation of the effects of circadian and ultradian cycles on
human performance. These experiments are c¢oncerned with
seasures of both human performance and physiology. They
illustrate how the parameters of these time series aralytic
techniques can be used to postulate physiolsgical mechanisms
where time-dependent changes & have.  been shown to bde

significant. The use of analytic in both the time and
-frequency domaiq i3 illustrated. o
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310. Oser H., & Wegmann H. M. (19T4). The catecholamine and
1T-hydroxycorticoid excretion of five 2o0uanauts during their

- stay in' the underwaterlaboratory "Tektite II." (DLR Report No.

1'7"";'
o

FB 74-02). Bonn-Bad Godesberg, Germany: Deutsche Forschungs-und

Versuchsanstalt fur Luff-und Rauafahrt.

Studies on five aquanauts of the u.S. underwvater
laboratory "Tektite II" were performed during their 14-day-
stay in a high pressure environment by analyzing the urinary
excretion of catecholamines and 1T7-hydroxycorticosteroids (17~
OHCS). The results showed a distinect {increase of both the
catecholamines and the 17-0HCS. Though the rhythm of life was

shifted, the excretion of .noradrenaline and 17-0HCS showed a

stable ¢ircadian pattern whereas adrenaline was shifted by
about.8 hours towards the night. The increased excretion rates
indicate a stress situation caused by many dives and life in an
underwater habitat.
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311, Patrol ASW bevelopnent Group. (1G970). Problems of
fatigue in patrol aircrewmen during extanded flight operations.

(ASW Report No. TR 33). Norfolk, VA: US Naval Air Station.
(DTIC No. AD 509-163L). )

During a forty day period in 1969, a patrol squadron in a
P-3 aircraft operated with the various demands of an extended
Anti-Submarine VWarfare exercise in passively tracking an
assigned nuclear submarine target. The purpcse of this portion
of the project was to obtain information from the flight

‘personnel regarding the fatigue they may have experienced’

during the extended exercise. ' The five crews which had the:
most overall flight time were selected for this srtudy. A
questionnaire was given to all gcrewmembers. The squadron

commander, e€xecutive officer and flight surgeon at the time of
the operation were interviewed as well as one officer from each
of the five crews. '

, The areas studied included brief/debrief times, activity
during transit periods, workload 'prior to ‘and during the
flight, tantical effectiveness, safety, quality of onperating
bases, rest and sleep, 1illness, boredom/monotony, superior's
interest, motivation and morale throughout the exercise.

,Cbnclusions were drawn relating the above areas to the

occurrence of fatigue. Recommendations were made in the areas
of flight hours, augmentation of maintenance and ground support

‘personnel, crew work/rest schedules, and cross~training.

312.  Pegram V., Storm W., Hartman B. 0., Harris D. A., &

Hale H. B. (1970). Svaluation of sleep, performance and
physiological responses to prolonged double crew flights: C-5
operation Cold Shoulder, a preliminary report. In A. J. Benson
(Ed.), Rest and activity cycles for tke maintenance of

.efficiency of personnel concerned with "military flight

operations. Proceedings of the NATO Advisory Group for

Aerospace R & L (AGARD) Aerospace Medical Panel Specialists'
Meeting at Oslo, Norway. (NATO/AGARD Report No. . CP-74-70).
London: Technical Editing and Reproduction, Ltd. :

"Cold Shoulder™ was a real-world experiment designed to

determine the effects on aircrewmen of marrying two crews to a
Jet transport and flying operaticcal missions. Two bas;c crews
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were flown in a C-141 cargo aircraft, using either a UW/4 or

16/16 - hours work/rest cycle. A battery of measures was
collected on each crew: (a) oral temperature, (bt) endocrine-
metabolic trends, (c) electroencephalogran (EEG) for

determining sleep, and (d) crew performance evaluations. - The
oral temperature data showed that flight per se induced a low-
grade Aaypothermia which was more pronounced in individuals
occupying key crew positions. The endocrinemetabolic data
tentatively suggested that the aircraft commanders, as a group,
experienced more stress than the other crewmembers. The sleep
EEG analysis showed that both human and primate subjects suffer
a significant reduction in deep sleep and dream sleep when
exposed to actual or simulated flight "conditions. When
combined with the sleep and physiological <changes, the
performanca data frum both humans and primates suggests caution
in the application of in-flight double crews.

3'3. Perelli L. P. (1980). Effects of fatigue stressors on
fiying performance, information processing, subjective fatigue,
and physiological cost indices during simulated, long-duration,
flignt. (Dissertation Abstracts). Washington, DC: The Catholic
University of America.

The purpose of this study was to assist in the development
of {light duration parameters for scheduling aircrew workrest
cycies. This was achieved using objective measures of flying
performance, subjective reports of fatigue and sleepiness, and
three physiological indicators: Heart Rate (HR), Heart Rate
Variability (HRV), and Rectal Tedperature. An additional
purpose was to demonstrate the correlation among these measures
and relate them to a, Discrete Information Processing Test
(DIPT) developed for eventual wuse in the actual flight
environment. ' ' :

The DIPT is a computer-controlled, S-choice reaction time:
task which .adapts its stimulus presentation rate. to the
subject's response accuracy and. continuity, up to a point where
the subject can no longer keep pace. Through an iteratjive
process, the subdbject's threshold of information processing
speed can be determined. :

A literature review of fatigue evaluates past research

concerning = performance - decrement accompanying = 3le=p
deprivation, physiological cost f(ndices of -fatigue, circad.an
rhythm changes, and flying skill assessment. The unique

requirements for 'a device to assess performance in the field
are . discussed and . presented as the rationale for the
development of the DIPT. The DIPT 4is described within the
framevwork of adaptive technology. ,

It was hypbtheslzed that each 'dgbenden§ neasure"uould
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change significantly in the presence of three (atigue stressors
experienced during simulated flight: (a) time awake prior to
flying (1 wvs 12 hours), (b) daily flight duration (9 hours),
and (c) total mission duration (4 days).

Twenty-four airmen each received an intensive T-day flight
training prog:~a in Link Fixed Wing Flight Trainers. Then, 12
subjects followed a schedule that regularly alternated 12-hour
duty days with 12-hour crew rest periods for U4 days. The
remaining subjects followed a schedule with duty days of 12,
24, 24, and 12 hours, each separated by a 12-hour crew rest
period. During each duty day, all aubJeets flew two H S=hour
simulated flights, separated by a 1-hour rest

Flying  performance was evaluated by a time-on target
tracking score derived from heading, altitude, airspeed, turn
rate, turn coordination, and vertical velocity errors. PDP-12
computer administered and scored both a simple straight and
level test, a complex flight maneuveéir test, and the DIPT, each
flight hour.  Continuous HR and Rectal Temperature, subjective
fatigue and sleepiness repourts, and sleep logs were collected
throughout each mission. '. '

All measures demonstrated significant fatigue effect. HR
inecrease) wWwith flignht task complexity only during extrcme
fatigue. HRV decreased with increasing task complexity for
both groups, for all three performance measures. Performance
on the less complex flight task declined most during extreme

fatigue. Disrupted circadian rhythm during night flights
seemed to cause greater performance decrement than cumulative
fatigue. Performance measures, subjective fatigue, and

cleepiness reports were significantly correlated with each
~ther and to changes in Rectal Temperature. Subjects recovered
from the intense fatigue effects by the fourth flight day.

314, Perelli L. P. (1980). ' Fatigue stressors in simulated
-long=-duration flight. Effects on performance, informaticn
processing, subjective fatigue, and physioiogical cost. (USAF
SAM Report No. TR-80-49). Brooks Air Force Zase, _TX: US Air
Force School of Aerospace Medicine. (DTIC No. AD A105-484/0).

The purpose of this study was to assist in the development
of flight duration parameters for scheduling aircrew work-rest
cycles. Twenty-four Airmen were selected to represent the USAF
pilot population on the basis of flight aptitude scores, class
I1 . flight physicals, and personal interviews. Each
participated in an intensive 7-day flight program in Link GAT-1
Trainers. Then half of the sutjlects were randomly assigned to
a schedule that regularly alternated 12.hr duty days with 12<hr
‘rest periods for U days. The remaining subjects ‘followed a
schedule with duty days of 12, 24, and 12 hr,. with a 12<hr rest
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period between duty days.

During each duty day, all subjects flew two U4.5-hr
simulated flights. Flying performance was evaluated every hour
by both simple and complex flight maneuver tests, administered
and scored by a PDP-12 computer. The subject's threshold of
information processing speed was determined hourly by a
Discrete Information Processing Tesat (DIPT). (The DIPT is an
- adaptive, computer~-controlled task developed for eventual use
in the actual flight envirovment.). Continuous heart rate
(HR), heart rate variability (HRV), fatigue, sleepiness scores,
and sleep logs were collected throughout each mission. Results
are presented in the report.

315. Perry I. C., (Ed.). (1974). Helicopter aircrew fatigue.
(NATO/AGARD Report WNo. 69). Londen: Technical Editing and
Reproductiion, Ltd. (DTIC No. AD 780-606).

Studies by the NATO LGARD Aerospace Medical Panel have
shown that aviator fatigue 1s generally agreed to be an
important problem 1in helicopter operation. Apart from the
effects that such a condition has on efficiency, fatigue has
also been found to be an ‘important contributory factor in
helicopter accidents, bdoth in peace time operations and in the
combat environment. Many of the major causes of fatigue result
from inadequate training on the part of those responsible for
the well-being of aircrew. Such training in the causes and
effects of fatigue would of themselves lead to the changes of
organization and procedures which would minimize the occurrence
of fatigue.

It has been found that the Army helicopter aviator
throughout the NATO nations, continues to be treated and to
-work under the same conditions as the grouand soldier. While
such a policy may have been desirable in the past, {t can now
be argued that because of the increasing complexity and expense
of the aircraft used, the helicopter aviator should be
considered as more of an {ntegral part of the man-machinn
complex rather than as a ground soldier. He should therefore
.be  managed and maintained more like the aircrew of the Air
Forces and Navies of NATO. - :

The report ‘contains a’ rank order liatlng of {tems which
500° helicopter aircrew members rated as being 1uportant
centributors to pilot fatigue. A comparison of actual flying
hours and rest period standards for helicopter pilots in NATO
nations Is also presented. :
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316. Petersen P. B.' (1972). Fatigﬁe in sustained tactical

operations. (USACDC Technical Report). San Antonio, TX: US Army
Medical Service Agency, Combat Developments Command. ' (DTIC No.

Concepts for future US tactical operations envision man's
capabilities as encompassing rapid acclamation, fatigue
reduction, <changed wake-sleep <c&ycles, and changes to the
circadian c¢ycles wunder sustained and continuous operational
requirements. Our forces must be 2ble tn compete with and win
against an enemy who may have these capabilities. No evidence
can be found of any current coordinated effort to collect,
evaluate or recommend measures that can be used in the study
sub-areas.

This  study focuses on concepts for the:. reduction ~of
fatigue in its various stages in sustained tactical
operations. There are a number of concepts applicable for this
subject, yet, fatigue reduction bty chemical and electronic
methods are assumed not be politically and socially feasible
and hence are not dealt with in 'this paper.. Methods for the
reduction of  fatigue focus specifically on techniques of
leadership and on measures to prever: fatigue as well as
‘measures taken to reduce the effects of fatigue, once it is
~evident. Iin addition, other subject areas within the scope of
fatigue reduction are isolated in terms of areas that need to

be 4identified for further research in order that fagctual

conclusive information can be recommended for use tn tactical
training.

317. Pfeiffer M. G., Siegel 4, I., Taylecr S. E., & Shuler L.
(1979). Background data for the human performance in

‘continuous operations guideiines. (USARI Report No. 386).

Alexandria, VA: US Army Research Institute for the Behavioral
and Social Sciences. :

, This'_hebqrt presents the technical data and literature
review necessary to develop a companion volume to a handbook:
‘Human - Performance in Continuous Jperations Guidelines. The

literature relates 'to the effects on individual. performance of"

the stressors associated with continuous Army obderations.
Critical tasks associated with a typical continuous operaticn
‘are {dentified along with the results of a study into the
1nfluence of various continuous cperation stressors on
performance effectiveness, Needed research into the effects of

various continuous operations stressors on soldier performance
is described. - .
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318. Pleban R. J., Thomas D. A., & Thompson H. L. (1985).
Physical fitness as moderator of cagnitive work capacity and
fatigue onset under suatained combat-like operations. Behavio:
Research Methods, Iastruments & Computers, 17, 1, 86-89. (ARI
Tech Report No. In press). Fort Benning, GA: US fLrmy Research
Institute for the Behavioral and Soeclal Sciences, Fort Benning
Field Unit. '

A study was devised to investigate the role of physical
fitness in moderating both cognitive work capacity and fatigue
onset under sustained combat operations. Sixteen male ROTC
cadets were followed through a two and a half-day Pre Ranger
Evaluation exercise. Prior to the actual start of the exercise
the cadets' overall level of physical fitness was assessed by
using five fitness 1indices (Harvard Step Test, chinups,
pushups, situps, and two-mile run). Cognitive performance and
subjective measures of fatigue state were assessed at regular
intervals before, during, and ore day after the exercise. The
results suggest that fitness may attenuate decrements in
cognitive work capacity for certain tasks requiring prolonged
mental effort, particularly as the cumulative effects of sleep
loss and other stressorz begin to mount. Similarly, the
results of this study suggest that as overall stress levels
increase, fltnqss may have a beneficial effect in wmoderating
fatigue rate. Fitness did not significantly enhance the
recovery process with respect to cognitive work capacity, and
actually appeared to hinder recovery from fatigue.

319. Pclzella D. J. (1974). The effect of sleep-deprivation
on_short-term recognition memory. (USAF OSR Report No. TR-78<
.329). Ann Arbor, MI: Univeristy of Michigaan, Human Performance
~Center. (DTIC No. AD T78u4-895).

A nultiﬁrial_ probe-recogniiion qxbgriment was conducted
using five male subjects under normal conditions and wunder

conditions of 24-hour sleep-deprivation. Results indicated a

predicted decrement in short-term recognition memory following
sleep loss due to the increased incidence of lapses, periods or
lowered reactive capacity, which apparently prevented the
encoding of to-be-recognized {tems. .

320. Poulton E. £. (1972). The effects of fatigue upon sonar

LR e IR

detection. (MRC NPRC Report No. OES 20-72). London, England:
Royal Naval Personnel Research Committee., (DTIC No, AD AO013-
12“). ‘ . . .

Hahy_vlgilénce experiments abé'not_very relevant to ;onar‘
vork. The most relevant experiments are 1listed ‘in this

report. In most experiments vigilance declines during the
uatch,.evqn after fairly prolongcd practice at the task.
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The decline in vigilance can be prevented if iaentical
artificial signals are injected when there are no real signals,
and full knowledge of results is given on the artificial
signals. Another method of maintaining vigilance is to provide
the sonar monitor the assistance of a computer. Il desired the
computer can be programmed to inject artificial signals, and
give 'knowledge of results on them, when it detects no true
signals.

The article presents a 1list of the effects of mild
stresses upon vigilance. A sleep debt of about 5 hours reduces
vigilance, With enlisted men, vigilance is low at the start of
the working day and after a heavy meal. A cabin which is too

warm for comfort may help to increase vigilance. So may

extraneous noises. :

321. Poulton, E.C., Edwards, R.S. & Colquhoun, W.P. (1971).
Efficiency in heat after a night without sleep. (MRC NPRC
Report No. OES 8-72). London, England: Royal Naval Personnel
Research Committee. (DTIC no. AD 763-040).

Mild' hedt 1is a behavioral arouser. It can help to:

counteract the effect of loss of sieep for short periods of
time. But mild heat ‘also degrades performance. So it should
not be used .deliberately to counteract the effects of sleep
-loss. -

322. Preston F. S. (1970). Time zone disruption and 3leep
pattern in pilots. Transactions of the Society of Occupational

Medicine, 20, 77-86.

This' study investigated sleep patterns in BOAC pilots by
having them keep a log of sleep time and sabjective feelings of
tiredness or Treshness on retiring to bed. Much more research
is required in this field--the control of plasma cortisol
levels being possibly the most promising. In addition, the
control of external cues ' such as illumination/darkness could
also be investigated in the transport field. This could
probably be accomplished by removing aircraft windows and
transpocrtating the unfortunate. passengers in .total darkness.
This would not be a popular airline. In the ¢ase of airline
operating crews, the problem is more acute. The econonic

. pressures on airlines to operate their aircraft “hroughout the .

twenty-four hour period are immense. One way of tackling the
problem would be to base crews down the routes. By so doing
the pilots would operate over set routes with small time~zone
zhanges; but the costs . involved on overseas bases are
considerable -and although popular with the individual pilots
and their families, the system has led in the past to trade
‘union disagreements, ! ‘
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7 An alternative method, wuded in some long-haul U.S.
airlines, is to send the crew round the world at a much faster
rate, i.e., 6-8 days. In this way, by keeping stop-overs
between 14-24% hours, pilots manage to remain on their home time
throughout. the trip, e.g., Eastern Standard Time if operating
out of New York and Pacific time if operating out of San
Francisco. Such a regime, while rigid, is based on good
physiological principles and pilots get their tours over and
return to their homes with a minimum of delay. To achieve such
a regime, of course, demands a highly professional outlook by
the pilots backed by good hotels which can provide the sort of
service described in this article.

323. Preston F. s. (1973). Further sleep problems airlifé
pilots on worldwide schedules. Aerospace Medicine, 44, 775-7%2.

This study follows previous work carried out on airline
pilots operating long-haul transmeridian routes with particular
respect to the sleep patterns obtained at siip stations en
route. The author accompanied a B-707 crew on a long
transmeridian tour when all members kept careful sleep logs of
1 month. The data obtained show clear eviience of sleep
deficit occurring in tours of this nature with some evidence of
age variation in individuals. The practical problems in
scheduling c¢rews in 3such c¢perations are discussed in sonme
detail in relation to performance, the use of hypnotiss, and
difficulties surrounding piloats in bidding for successive tours
which may result in sleep deprivation,
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'324. Radloff R. & Helmreich R. (1968). Groups under stress:

Psychological research in Sealab II. New York:  Appleton-
Century-Crofts. ‘ : ‘

SEALAB II was a R and D project sponsored by the Office of
Naval Research and the Special Projects O0Office of the US
Navy. Its purpose was to open up the millions of square miles
of submerged cerritory comprising the continental shelves by
showing that man c¢an live {n this environment and perform
useful work for extended periods without returning to the
surface. ' . :

Three 10-man teams composed of c¢ivilian and military
divers, scientists and salvage specialists lived and worked in
a habitat 205 feet under the sea for periods of time extending
15, and in once case 31, days. During their stay under the sea
the aquanauts worked on such tasks as salvaging a sunien jet
airplane, conducting censuses of marine life, studying current,
water temperazture and visibility, experimenting with underwater

acoustics, evaluating the effectiveness of a trained porpoise

and testing a wide range of experimental equipment.

Additionally.'the aquanauts served as subjects for both
physiological and psychological research. The attempt was to
see how ueil a man could work under uater while living there.

Loug hours of work , combined with difficulties {in
sleeping producei extreme fatigue in many of the .aquanauts.
Difficulties in sleeping were caused by the exotic atmosphere,
_the need for standing around the clock watches in order to
monitor the gas and'electrical equipment, and probably also in
part by high arousal from the multitude of stressful. stimull.
Nearly all of the divers stated that they became very tired by
the end of their firteen day stay.

This book describes the measurs:s and. observations
collected during this historiec research project, with a speclal
emphasis on the psychological and physiclogical responsass to
the obviously stressful working and living zituation.
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325. Ray F. T., Martin O. E., & Alluisi E. A. (1960). Human

performance as a function of the work-cycles: A review of

selected studies. (NRC Pub. No. 882). Washington, DC: National
Academy of Sciences, National Research Council. (DTIC No. AD

256-313).

Studies relating the effects of different work-rest cycles
on man's performance are reviewed. Included are only those
studies in which (a) olLservations of performance extend for 24
hours or longer, and (b) results pertain to the general probleam

"of optimizing overformance through. the scheduling of work and
rest periods.

. While several specific conclusions are supported by the
studies reviewed, the number of generalizations relating to

optimal work-rest scheduling are 1limited. It 1is not yet
possible to describe accurately the complex relations among
performance variables, work~-rest cycles, sleep-wakefulness

cycles, and the durations of the work, rest, and sleep

periods. The need for additional long-term experimentation is
evident.

326. Riemersma J. B. J., Sanders A. F., Wildervanck C., &
Gaullard 4. W. (1976). Performance decrement during prolonged

night driving. (Report No. IZF-76-14, TDCK-68563). Conference
presented .at the NATO Symposium on Vigilance 2: Relationships
among Theory, Physiological Correlations and Operational
Performance, ' at St. Vincent, Italy, August 1976. London:
Tachnical Editing and Reproduction Ltd.

In an attempt to demonstrate progressive performance
decrement, an exploratory experiment was carried out in which
the effects of long-term work, declining diurnal rhythm, and
accumulating sleep loss c¢onverge, Sub jects carried cut a

continuous driving task between 6 and 22 hours, preceded and.

. followed by two driving tests of U5 minutes each. 1In another
conditinn they had only the pre- and post-test and slept in
between. . o '

. The results show progressive decrements of performance on
several performance measures, including lane drifting and two
subsidiary tasks. In general, considerable recovery was
observed in the poststest. Although heart rate declined and
heart rate variability increased during the long nightly spell,
there are strong arguments against relating heart-rate and
fatigue. Suggestions for future research are discussed.
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327. Robson B.M., Huddleston H. F., & Adams A. H. (1974).
Some effects of disturbed sleen on a simulated flying task.

(RAE Report No. TR-T4-57). Farnborough, England: Royal Aircraft

Establishment. (DTIC No. AD 923-598).

Data are reported for 12 Royal Air Force pilots required
to perform a series of 30-minute runs in a simple flight task
simulator. Six pilots knew they were to return to bed
immediately aft:~ a 0300 (or 0330) hour run, and six knew they
were to remain awake and work. Pilots aroused for a single
early morning task showed degraded - altitude control
performance, scored significantly higher on a subjective
fatigue check 1list, and recorded a larger number of fast
reaction times to peripheral 1lights. »

328. Rokicki S. M. (1982). Fatigue, workload, and personality

indicies of traffic controller stress during an aircraft surge

exercise. (USAF SAM Report No. TR-82-31). Brooks Air Force

Base, TX: US Air Force School of Aerospace Medicine. (DTIC No.
AD A121-9008/8).

- During an aircraft surge recovery exercise, stress survey
instruments were administered to 25 USAF air traffic

controllers. The survey instruments consisted of sleep
reports, fatigue and workload scores, and the State-Trait
Personality Inventory (STPI). The STPI yields scores to

measure anxiety, curiosity, and anger. ' Data were collected for
a UY4-day period during the exercise, with a maximum of 22
controllers participating on any 3ingle day. The data were
collected to provide a baseline for comparison with. future
studies involving chemical warfare defense equipment.

Although the controllers averaged more than 7 hours sleep
per night during the exercise period, 70% felt they could have
used more sleep. The average subjective fatigue level never
suggested more than moderate fatigue. The 'average perceived
workload corresponded to a challenging but manageable level.
Average State scores for anxiety, curiosity, and anger were
generally low; average Trait scores for these same emotions
were below .scores reported for Navy recruits and college
freshmen. During +the course. of the exercise, significant
differences were found in State anxiety scores, as the novel
situation (the exercise) became a familiar rovtine. The major

- conclusion is that the surge recovery exercise, in comparison
to normal duty conditions, had minimal effect on all measures

for thias group of controllers.
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+329. Rosa R. R., Wheeler D. D., Warm J. S.{ & Colligan M. J.
(19385). Extended workdays: Effects on performance and ratings

of fatigue and alertness. Behavior Research Methods,

Instruments & Computers, 17, 1, 6-15.

This 1investigation provided a 1laboratory test of 1long
workdays and served as an initial step in developing a field-
test battery which {8 =censitive to fatigue. Six subjects
worked both a 12-hr/ld-day workweek and an B8-hr/6-day week at a
data entry job simulation. Before and after the first aand last
days of each week, they completed a battery of brief measures
testing cognitive, perceptual-motor, task-sharing, motor, and
sensory capacities, as well as subjective feelings. Results
suggest that the 12-hr/l4-day week was more fatiguing than the

8-hr/6-day week. '~ In the data-entry Jjob, it was easier to’

improve performance across the 8-hr/6-day week. This result
2uggested that the fatigue of the 12<hr days slowed the rate of
improvement across the week. With respect to the test battery,
two cognitive tasks (grammatical reasoning and digit addition)
and several self-report scales also reflected greater fatigue
in the 12-hr/l-day week. Performance efficiency decreased and
reports of drowsiness and lack of concentration increased from

" the beginning to the end of .the final 12-hr workday. On the

basis of thece resuits, it was concluded that the test battery
has utility {ivr the asscssment of the potential fatigue effects
of long workdays in actual work settings. .

330. Rotondo G. (196%). Experimental contribution to

preéventive and therapeutic.treatment of flight fatigue. Revista
Di Medicina Aeronautica E Spaziale, 32, 231-268. (In Italian.)

The author frames nosologically, flight fatigue syndrome

through {ts definition, the study of its opathogenesis,
diagnostic methods, symptomatology and traditional therapy.
Results of = experimental research .are summarized.
Investigations were carried out to test the possible
effectiveness of a few cortical hormones, as dehydroiso-
randrosterone as well as of association of metabolitie drugs, as
adenosine trephospheric, and cocarbossilaﬂis, ‘and acetyl
aspartic acids and citrulline 4in. preve*t¢ve and therapeutic
treatnent of thias syndrome,

For each substance studied the author surveys possible
physiopharmacologic mechanisms of its - favorable action 1in
therapy and prevention of operational fatigue. This survey is
carried out mainly 1in. 1light of the modern coacepts on
etlopathogenesis of this syndrome. The author states that the
‘favorasble results obtained with the tested drugs, mainly with
dehydroisocandrosterons in manifest flight . fatigue, and with
‘acetyl aspartic acid- citrulline association in mild and initial
syndrome, are such as to encourage further and larger clinical
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experimentation. This proposed study would be useful in view
of flight safety and flight accident prevention, as well as of
prompt recovery of fatigued flight personnel, ard of preszerving
conditions of perfect psychophysiological efficieny. :

331. Rotondo G. (1978). Workload and operational fatigue in
in hz2licopter pilots. Aviation, Space and Environmental

Medicine, 49, 430-436. (In English). Revista Di Medicina

Aeronautica E Spaziale, 1976, 39,91-116. (In Italian).
(NATO/AGARD Report No. CP-217).

In 1light of the modern etiopathogenic views, a brief
review was made concerning possible causes of operational
fatigue to which flying personnel in general are exposed in the
exercise of flying activity. The author describes the meaning
and importance of the various stressing facicrs that constitute
the physical and psychic worklocad to which the heticopter pilot
is subjected in performing his professional activities. Also
analyzed - are the influences exercised, both separately and
jointly, on the genesis of flight fatigue in helicopter pilots
by stressing and fatiguing effects of vitrations, noise, and
psycho-emotional and psycho-sensorial factors related to the
variety and danger of wutilization of this modern aircraft.

Such an analytical 'investigation enables the author to. conclude

that one must adwmit that helicopter pilcting involves a
psychophysical workload certainly no less than that required by
more powerful and faster aircraft.

332. Rubin R. T., Kollar E. J., Slatter G. G., & Clark B. R.
(1968). Excretion of 17-hvdroxycorticostaroids and

vanillylmandelic acid during 205 hours of slsep deprivation in

man. (NMNRU Report No. 68-17). San Diegc. CA: US Navy Medical.

Neuropsychiatric Research Urit.

Previous studies of adrenccorticecal activity during sleep
deprivation revealed unchanged or 1lowered plasma 17-hydro=-
corticosteroid (17-0HCS) ievels and either unchanged, lowered,
or 2levated urine 17-CHCS values, depending on ‘the subject and
the length of the deprivation period. ..Ia this study, plasma
17-0CHS, urine 17-0HCS, and urine vanillymandelic acid (UMA)
. Wwere measured during 205 hr. of Wwakefulness, the rational being
that an extended period of sleep deprivation might result in
more definitive physinlogical responses. Plasma 17-0HCS in all
4 subjects decreasad to a low point at about 9 hr., then
ingcreased to peak values at about 170 hr. Urine 17-0HCS values
tended to reflect changes in plasma ‘17-0HCS levels. Urine UMA
ekchetion varied ~nronsiderably among the 4 subjects. . The
resnlts suggest that prolonged sleep dqprivition per se results
in only, 1if ary, specific activation of the pituitarye
" adrenocortical axis and in variable inereases of catecholamine
biosynthesis, Differing patterns of physiological activity may
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occur among sleep-deprived subjects.
333. Rutenfranz J. (1975). The physiological basis of
industrial work. (NASA Report No. TT F- 16, 808). Translation

of " Physiologische  Grundlagen der . Industriearbeit",
Zentralblatt fuer Bakteriologie, Parasitenkunde und

. Infektionskrankheiten Abteilungl, Reihe B. Originale, Vol. 158,

1973, pp. 219-238). Washington, DC: National Aeronautics and
Space Administration. ’

In a brief review three main . .pics of modern induztrial
work are d.scussed:
1) Relationship between physical fitness and the endurance
limit at heavy work; ,
2) - Problens of rest pause: and their physiological and
psychological implications;
3) Basic problems of circadian rhythms in relation to night
and shift work.

334, ' Rutenfranz  J., Knauth P., & Colquhoun W. P. (1976).
dours of work and shiftwork. Ergononmics, 19(3), 331-340.

The time elements of a working day, the duration of
working time and the time positioning of working time are
descrited unaer ergonomics aspects. The reasons for shiftwuork,
different types of shiftwork as well as, 6 effects on health and

on family and social 1life are discussed.’ The following
physiological criteria for optimal shift-schedules are
presented: (1) Single night shifts are better than consecutive
night shifts. . (2) At 1least 24 hours free time should be

allowed after each night shift. (3) The cycle of a' shift
system should not be too long. (4) The length of the shifit
should be related to the type- of work. (5) In connection with
continuous shiftwork, as many free weekends ‘as possible shoulid-
be arranged.

335. . Ryman D. H., Naitoh P., & Englund C. E. (1984)
Minicomputer administered tasks in the study of effects gqf
sustained work'on human performance. Behavior hesearch Methods
Instruments, & Computers, 16(2), 256-267, & (NHRC Report Ng.

"e¢ollection and analysis easier and quicker. Six tasks a

‘buttons, the Simple Reaction Time task recorded response time

B3-21). San Diego, CA: US Naval Health Resoarch Center.

Computer . administration of 'asks during laboratory studi
of human performance changes in rontinuous work has made da

snroring .programs were developed . for the MINC 11 (Digit
Equipnent Corpcration’s Modular Instrumentation Computer) wi
an A/D converter and a c¢lock nodule. Four of these tas
measured different types of reaction time; the TRAP ta
measured the response times of alternate pressing of 't
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t~ a visual stimulus, the Alpha-Numeric Visual Vigilance task
measured response latencies to correct and incorrect
{disjunctive) visual signal detections, the Four Choice Serial
Reaction Time task mcasured reaction time involving correctness
of choice to a visual stimulus in onz2 of Jour arcas on a
terminal screen. :

Two. other tasks presented via computer were the Logical
Reasoning Task, measuring correctness of complex information
processing, and a Mood-3ymptom-Fatigue and physiological state
survey. The tack programs were Wwritten in assembly language
(MACRO-11), and the scoring programs in Fortran 1IV. The
programs have been run on a MINC-11/03 and 11/23 computers,
with " two double-density disk drives, *wo:. terminals and a
printer. ' '
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336. Saldivar J. T., Koffmann S. M., & HMHelton C. E. (1977).
Sleep in air traffic controllers. (FAA Report No. AM-77-5).

Oklahoma City, 0K: Federal Aviatior Administration,Civil
Aeromedical Institute. (DTIC No. AD A038-297/8ST).

Data obt. ned from sleep logs maintained for a period of 5
weeks by 185 air traffic controllers indicat: that on a weekly
basis there is no significant difference in the amount of sleep
obtained by controllers working the 2-2-1 rotation pattern and
that obtained by those on the 5-day rotation pattern.
Controllers working ‘the 2~2-1. rotation | pattarn sSlept
significantly less prior to the midshift than they did before
the evening and day shifts. On both the 2-2-1 and 5-day
rotation patterns, the most sleep obtained was on the evening
shift followed by the day shift and midshift respectively.
Approximately half the controllers indicated satisfaction with
their present shift rotations; however, preferences indicate
that they would prefer to work a shift rotation that excluded
the midshift. Age and experience do not appear to be related
to pattern of sleep or amount of sleep obtained. "Fatigue™,
"weakness", and "somnolence" were complaints most often
expressed on the midshift on both rotation patterns.

337. Sanmn 3. W., & Perelli L. P. (1982). Estimating,aircréw

fatigue: A technique with application to airlift operations.

(USAF SAM Repsrt No. TR-82-21). Brooks Air Force Base, TX: US
Air Force School of 'Aerospace Mediecine. (DTIC No. AD A‘2-

531/9). ‘

'

This report proposes a method of assessing aircrew fatjigue

'based on work/rest profiles, Possible circadian desynchroni. -

zation and cumulative fatigue an aircrew may havae experienced
are considered. -The method was used to assess aircrew fatigue
during computer-simulated ajirlift operations. It shouds

quantitatively how flying-nour limitations can affect average

aircrew fatiguc and system performance.
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338. sSanders, A.F. (1983). Some issues in research on effects
of sustained work and sleep 1loss on performance. In: J.
Ernsting (Ed.), Sustained intensive air operations:
Physiological and performance aspects. Proceedings of tha NATO
Advisory Group for Aerospace R&D (AGARD) Aerospace Medical
Panel Specialists' Meeting at Paris, France, April 1983. (NATO
AGARD CP-338; pp 13-1 - 13-7. Loughton, Essex, United Kingdom:
Specialised Printing Services Ltd. (DTIC No. AD P002-988).

This paper argues that effects of sustained operations are
minor as compared to those of sleep loss and diurnal rhythm,
and that such effects are selectively related to the nature of
performance demands. Examples of the author's own research
and that of others on these topics are given.

339. . Sanford J. é., Sfeinkerchner R. E., Cantrell G. K.,

Trimble R. W., & Hartman B. 0. (1971). Alertness, fatigue, and
Morale of Air Force Sentries. (USAF SAM Report No. TR 71-
34). Brooks AFB, TX: US Air Force School of RAerospace
Medicire. (DTIC No. AD734-766). v

A rour-phase study investigating the degree of alertness
and subjective fatigue among sentry police and evaluating
general manning, management, ar.d morale problens within
Security Police squadrons was conducted. Subjects 1inciuded
sentries stationed within CONUS an¢ in Southeast Asia (SEA).
Results showed that CONUS. sentrius experienced increasing

feelings of fatigue but no measurable loss of alertness during

8-hour tours, while SEA sentries showed both increasing fatigue.
and diminishing alertness. Differences were discussed with
respect to morale and manning proble&s, and recommendations for,
improving morale were made. '

340. Sawka M. N., Gonzalez R. R., & Pandolf K. B. (1982).
Effects of sleep deprivation on thermoregulation during
exercise. (USARIEM Report No., M-6-83). Natick, MA: US. Army-
lesearch Institute of Environmental Medicine. - (DTIC No. ‘AD
A124-982/0). . : ' :

Five fit males completed a practice, coatrol (C) and sleep
Jdeprivation (SD) exercise test. Two nights of normal sleep
preceded the C test and 33 h of wakefulness preceded the SD
 test. These tests consisted of 20 min of rest followed by 40
min of ecycle ergometer exercise (50% of peak VO0,) in a
temperature (T sub a=228 C, rhz30%) environment. Esophagezl
temperature (T sub es), local sweating rate (Js) and chest skin
gonductance (K sub c¢h) were coatinuously measured. In

comparison to control levels, sleep deprivation resulted in a-

26% increase in Tes from rest to final exercise values. Total
body sweat Trate, calculated from Potter balance measurements,
was 27% less for the SD test than the C test. Both d sub s and
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K such ch values were lower during the final 20 min of exercise
for the SD than C test.

An asynchronous rather than a normal synchronous ds
pattern was frequentiy observed during the SD test. The ds
threshold was not changed but the ds sensitivity was 38% lower
during the SD than C test. During the SD test, the K sub c¢ch
threshold was 0.11 degrees .C 1lower and K sub ch sensitivity
(delta K such ch/delta Tes) was 42% lower than during the C
test.

These data indicate that sleep deprivation decreases the
pctential for evaporative and dry heat loss during moderate
intensity exercise. The reduced d sub s and K sub ¢h responses
were mediated by thg central nervous system.

341, Schiflett S. G., Cadena D. G., Hemion R. 4. (1969).
Headlight glare effects on driver fatigue. (SWRI Report No. AR-
699). San Antonio, TX: Southwest Research Iastitute. Department
of Automotive Research. (NTIS No. PB 190-154).

Two separate studies were conducted with real and
simulated night operation to examine the phenomenon of fatxgue
in drivers by a variety of physiological and psycho-
physiological sensors and 1indicators, including EEG, EMG,
reaction and task performance measures, and changes in 17-0HCS
level in body fluids. The objective of these studies was to
differentiate the onset and development of fatigue in drivers
with respect to specific modes of oppoesing vehicle' head-
lights. The experiments were essentially wunsuccessful in
finding a sensory technique of adequate sensitivity to provide
such discrimination,. although gross changes related to fatizue
were observed. , s
342. Schaidt-Amelung J. (1974). 'Effects of two transatlantic-
flights in rapid sequence upon the 24-hour rhythm in the
urinary . execretion of  17-hydroxycorticosteroids and
catecholamines. (DLR-FB Report No. T74-36). Translation of:
"Auswirkung en von zwel Transatlantikflugen in rascher Folge
auf die Tagesrhythmik in der Aysscheidung . von 17
Hydroxycorticosteroiden und Catecholaminen.”, Bonn-Bad
Godesberg, Germany: Deutsche Forschungs~-und Versuchsanstalt fur
Luff-und Raumfahrt. '

The ‘effects of two transatlantie flights in rapid sequence
upon the 24-hour rhythm in the  urinary excretion of 17-
hydrocycortico-steroids (17-0HCS) 'and ' catecholamines were
" studied in 8 male subjects. Flights were performed zs outgoing
and return flights between Frankfurt and Chicago with a time
- siift of 6 hours and a stopover time.of 26 hours. The results
showed distinct excretion patterns in all atudied functions on
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day 1 and 2. The diurnal rhythm of the 17-0HCS showed marked
time shift effects on day 1 after return. The changes and
their operational significance for the. flying personnel are
discussed. o .

343, Shingledecker C. A. (1983).. .Behavioral and subjective
workload metrics for operational environments. In J. Ernsting
(Ed.), Sustained Intensive Air Operations: Physiological and

Performance Aspects. Proceedings of the NATO Advirosry Group
for Aerospace R&D (AGARD) Aerospace Medical Panel Specialists’
Meeting at Paris, France April 1983. (NATO/AGARD Report No. CP-
338, pp. 6-1 to 6-10). Loughton, Essex, Englarnd: Specialised
Printing Services, Ltd. '(DTIC No. AD P002-983).

The assessment of crew performance capability under
conditions of sustained air operations requires the use of
specialized measures of operator workload which are matched to
the .nature of the investigation and to the environment in which
the workload evaluation must be conducted. In many cases, the
effects of severe combined stressors and of aircrew performance

requirements on mental workload cannot be studied in the-

laboratoby, and must be addressed in high fxdellcy simulation
or'during operational test exercises.

This paper examines the advantages and limitations of
traditional subjective report and behavioral measures of
workload for application 1in operational environments. In
addition, recent efforts at the US Air Force Aerospace Medical
Research Laboratory to develop improved field-usable subjectxve
and behavioral secondary task metrics are described.

344, Siegel A. I., Pfeiffer M., G., Kopstein F. F., Wilson L.

G., & Ozkaptan. (1979). . Buman  performance in continuous
operations: Volume I. Human performance guidelines. ~ (ARI
Report No. Research Product 80-4a). Alexandria, Virginia: U.S.
Army Research Institute for the Behavioral and Social Sciences.

This . document provides guidelines to ‘the military
commander on expected human  performance 'degradation of
continuous ground combat. Degradation projections are based on
ext.rapolations - from scientific literature and realistinc
scenarios of continuous operations.. ' '

The advantages and application of task restructuring, task
reallocation, and work rest ' mahagment concepts in the
.continuous operations ¢ontext are presented along with
considerations, for training, system design and performance
support. : :

COupreheqsive’i £a§1es show . anttéipatqd " performance
degradation for aspecific duty positions in the mechanized
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infantry, artillery, armor and fire support (FIST)
categories., Methods are discussed for minimizing the
anticipated degradation.

345. Siegel A. I., Kcpstein F. F., Federman P. J., Ozkaptan
H., Slifer W. E., Hegge F. W., & Marlowe D. H. -(1981).

- Management of stress in army operations. (USARI Report No. 81-

139). U.S. Army Research Institute for the Behavioral and
Social Sciences,and Walter Reed Army Institute of Research, )

The two most important ingredients of combat 3tress are
physi~al faitigue and mental stress. Combat stress is a result
of exposure to battle conditions, just as injury and physical
disease are results of battle conditions. In past wars, it was
revealed that there was on~ combat stress casualty for every
four wounded in action--one for every three wounded during
lengthy periods of intense combat. '

In a war characterized by continuous operations a high'
intensity integrated battlefield, the relationship of stress

casualties to wounded in action is expected to be at least one
to three and conceivably even greater. However, combat stress
i3 not solely a medical problem. It is also a command problenm-
both in terms of numbers lost from duty and reduced performance
of duty. - . .

Battle in Central Europe'against forces of the Warsaw Pact'

is, the mnst demanding mission the US Army could be assigned.
If such conflict were to oczur, it would most likely take the
form of continuous grouad combat operations. By their nature,
continuous operations provoke severe combat stress.

Reinforcements and logistics will be difficult to maintain and

force maintenance will be a prime issue. The effect2 of major
sources of stress on fighting capabxlity are reviewed agalnst
this background.

This report integrates and presents the latest research
information with respect ¢to *he . recognition, c¢ontrol, and
management of stress in combat. It i3 designed principally for
use by military personnel at Conpany Igve; and below.

346. sSiegel P. V., Gerathewohl S. J., Mohler S. R. (1969).
Time«zone effects on the long distance air traveler. (FAA

Report No. AM-69-17). . Washington, DC: Federal Aviation
Administration, Office of Aviation Medicine. (DTIC No. AD 702-
443). : : o

Findings are prcsented on the consequences or rapidly
crossing numerous time zones, such az occurs in presente-day jet
aireraft travel. ' Conclusions reachead by FAA researchers and
sci:ntists of other laboratories are included, together with
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recommendaticns for overcoming time-zone fatigue. These
recommendations are for use by the individual 1long distance
traveler. A practical formula is given which describes how one
may compute the rest period followiug a long distance trip.
This perjiod is to erable the biological rhythms to rephase in
order that the traveler will be in proper physical and mental
condition to pursue his responsibilities.

347T. Siegel A. I., Taylor'S. E., Shuler L., & Ffeiffer M. G.
(1979). Human performance in continuous operations guidelines.
(USARI Report No. RP 79-8). Alexandria, VA: US Army Research
Institute for the Behavioral and Social Sciences.

This handbook provides guidelines to the military user on
expected human performance capability during continuous
combat. The performance of squad-level soldiers engaged in
continuous operations is subject to constraints and degradaticn
in many critical tasks. This Guidebook presents, in handbook
form, a detailed analysis of 76 selected critical tasks
performed by a mechanized infantry squad and the platoon

leader. The analyses give the areas of projected performance:

decrement and the reasons for the projections, and implications
for doctrine, strategy, training, and equipment. The
information will be wuseful to military tactical planners,
training specialists, and design engineers.

348, iegel A. I., Wolf J. J., Schorn A. M., & Ozkaptan H.
(1981). Human ' performance in continuous operations:
Description of a simulation model and ‘user's manual for

evaluation of performance degradation. (USARI Report No. TR-
505). Alexandria, VA: US Army Research Institute for . the
vBehavioral and Social Sciences. '

User instructions and rererence materials are presented
for a computer simulation model which analyzes performance
effectiveness when variables such as continuous time in battle,

light level, sleep permitted are varied alone or in

combination, The model is designed or interactive operation
at a terminal by a user with minimum sophistication in computer
usa. The primary output of the model is tables of personnel
-effectiveness degradation by day, type of combat unit, and each
of five "combat factors."™ . Along with interpretive guidance,
step-by-step procedures are presente for the preparation of
mddel data and for running the model. '

349. Simonson E. (Ed.). (1971). Physiology of work eapacity

and Fatigue. Springfield, IL.,CharlesJC Thomas.
This volumae is a comprehensive review ot'thc‘physiological

aspects of fatigue. The author concentrated oa . fundamental
prob;ems and méchanisms of fatigue - with representative
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references for various problems discussed. These problems
include cradiovascular, respiratory, metabolic, biochemical,
and physiocthemical functions and their relationship  to
fatigue. The information given provides the basls for
practical applications in athleticecs, military situations,
occupational work, extreme environment (temperature and high
altitude), and medicine. However, the -applications are not

spelled out in detail. No systematic differentiation between

fatigue and exhaustion is made.

350. Simonson E., & . Weiser P. L. (Eds.). = (1976).
Psychological aspects and physiological correlates of work and
fatigue. Springfield, IL: Charles C. Thomas. .

This volume is meant to be mutually supplemental to
Simonson's Physiology of Work Capacity and Fatigue. Due to the
fact that the separation of physiological and psychological

aspects of fatigue is somewhat arbitrary the first part of the

volume contains chapters with primarily a physiological
orientation followad by chapters with primarily a psychological
orientatior. The Dbook cointains six sections which cover
physiological background, motor, sensory, and central
proc2ssing aspects of fatlgue, aging and introspective aspects
of work and fatigue. hE

351. Soldier Support Center. (1983).  Soliiar performance in

continuous operations. (U.S. Army Field Manual No. FM 22-9).
Washington, DC: Headquarters Department of the US Army.

This manual deals with methods for susta‘ning Soldier

performance during continuous operations. Conflict in Central.

~Europe against forces of the Warsaw Pact has bteen called the
most demanding mission that the US Army could be assigned, bdut
a continuous mission may be required anywhere in the world. 1In
any such conflict, combat operationa are expected to continue
around the clock at a high pace. Soldiers will be required to
fight witinout letup for extended 'periods. - Under ‘'these
conditions, the soldiers' performance will suffer. " The
procedures for ensuring soldier performance capability and for
conserving it in battlz need tn be well understood.
This manual:

1) presents principles for countering and aloﬁing the

erosion of soldier resources,

2) shows methods of conditioning units for continuous
operations and for preserving  their fighting capabilities
during continuous combat. .

3) presents factors governing rates . aad degrees of
progressive performance degradation in detail.

BY {llustrates differences in expected ertectiveuess for
various types of combat activity over 120 continuous mission
hours. ' '
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The information can be used by leaders who plan and manage
soldier performance in extended, continuous combat missions.
In missions of this type, soldier resources can dwindle
rapidly. This problem must be addressed early during initial
planning stages. This manual contains guidance for reducing
the impact of adverse effects on soldier performance and for
prolonging soldiers' fighting effectiveness.

352. Sonderfeld A. T. (1977). The influance of the journey's
time of day ‘on the de- and resynchronization of the 24-hours

rhythm boldy temperature after transatlantic flights. (DLR
Report No. T77-10). Bonn-Bad Godesberg, Germany: Institut fur
flugmedizin, Deutsche Forschungs-und Versuchsanstalt fur Luft-
und Raumfahrt, Forschungsbericht.

The influence of a time-shift of six hours on the 24-hour
rhythm of _body temperature was investigated in a group of 8
students in Germany and the U.S.A. by measuring their rectal-
temperature after transatlantic flights. The temperatures were
taken continuously over the first 6 days aad on days 8 and 13
after an East-West flight and after a2 West-East flight. In
contrast to previous studies in which the West {light was day-
flight, the East-flight a night flight, both flights in this
case were day-flights.. The time of resynchronization after the
East-West flight ran up to seven days, the time after a flight
in the opposite direction up to ten days. This resylt squares
with the results gained from previous experiments orn day and
night flights in so far as an influence of the hour cf the day,
at which the flight is carried ocut, i3 not supposed.

353. Spinweber C. L., & Johnsea L. C.  (1983).
Psychopharmacological techniques for optimizing . human

performance. (USNHRC Report No. 83-11), San Diego, CA: US Naval
Health Research Center,. . : :

In operétional environments, administration of

psychopharmacological agents could be employed to optimize and
maintain human performance.’ One technique of considerable

military importance is use of sleeping aids to promote rapid
sleep onset and permit efficient utilization of rest periods.
A methodology for evaluation of sleeping aids for military iuse
is described. In a laboratory = study of the

triazolobenzodiazepine triazolam 0.5 wng, s3sleep latency was

reduced and morning performance was uniampaired, although a
clear performance decrement was present up to 5 hours poste
administration. Triazolam also produced anterograde amnesia
and aelevated auditory thresheld for arousal from sleep. In

operational use, triazolam could be effectively administcred :

when rest periods of 8 hours duration are scheduled.

The dietary ;mino apid l-tryptophan (3g) was effective in
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reducing daytime sleep latency in normal sleepers, suggesting
its usefulness in alleviating sleep disturbances associted with
Jet lag - and altered work-rest schedules. In night-time
administration to chronic poor sleepers, 1-tryptophan of 3g
reduced sleep latency after three nights of administration, and
had no adverse performance efrects.

The suitability of both triazolam and 1-tryptophan for
military use willi be further evaluated in field research and
tested in operational environments. Another psychn-
‘pharmacological approach 'is admianistration of carefully-chosen
stimulants to maintain alertness and performance effectiveness
_when there 1is. no opportunity for sleep. The techniques
developed in this on-going research program in behavioral
psychopharmacology will be employed to evaluate stimulants for
operational use.

354, Stamper D. A. (1978). Physiological, psychoib&ical, and

symptomatic factors. affecting prolonged physical performance.
(LAIR Report No. 56). Presidio, San Franciscc, CA: Letterman
Army Institute of Research. (DTIC No. AD A059-965/4ST).

During long term »>hysical performance taskc, individuals
rely on feedback mechanisms which enable them to adjust the
work load level. This feedback process is hypothesized: (1) to
be important when successful completion of the task and/or time
limitations are imposed on %the individual; (2) to reflect on-
gcing physioiogical changes; and (3) to be affected by an
individual's personality which can modify 'the perception of

~sensory information. Only one subscale from three personality

tests, ‘'i.e.,  the Disinhibition subscale of the Sensation
Seeking Scale (38S-DIS), was related to total ride time.
However, contrary to the inhibition/satiation model proposed,
the relationship was negative. Specifically, individuals that
performed best on this physical endurance task were those who
tended -to show:  the lawest scores (the ‘more inhibited
persons). This suggests 'that the original model that has as
its basis the inhibition/satiation hypothesis may not be
sufficient. Perhaps specific psychosocial, work 1ntensity, and
stimulus intensity ractors nust also be considered.

355. Stave A. M. (1977). The effects of eockpit environment
on long-term pilot performance. Human Factors, 19, 503-514,

A fixed-base helicopter simulator was used to examine
pilot performance as influonced by noise, vibration, and
fatigue. Subjects flew the simulator for periods ranging
' betweer three and eight hours while exposed to vibrations (at

-17 Hz) ranging from 0.1 to 0.3 g, and noise stimuli varying

between T4 (ambient) aad - 100 dB. Despite répovta of extreme .-

(atigue on these 1lcng flights, suchct ;perrorngncé did 'not
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degrade. Within the limits of this study, performance tended

to improve as envircnmental stress increased. However,
subjects did suffer from lapses resulting in abnormally poor
performance. These 1lapses are probably of short duration

(seconds) and occur at unpredictable times. If such lapses
occur in actual flight, they could provide an explanation for
many so-called "pilot error™ accidents.

356. Stokes J. W., Banderet L. E., Francesconi R. P., Cymerman
A., & Sampson J. B. (1975). The field artillery fire direction
center as a laboratory and field stress-performance model: I.
Position paper; II. Progress towards an experimental model. In:
H. S. Fuchs, G. Perdriel, & A. Gubernale (Eds.), The role of
the clinical  laboratory in Acrospace Medicine. - (AGARD
Conference Procesedings No. 180, pp. A1-A10). NATO Advisory
Group for Aerospace R&D (AGARD) Aerospace Medical Panel
Specialists' Meeting at Ankara, Turkey. London: Technical
Editing & Reproduction Ltd.

The S-man fire direction center (FDC), common to all Field
Artillery batteries, was chosen for study in the laboratory and
field to evaluate the impact of environmental and situational
stress on the complex performance of highly trained  and
motivated individuals working together as a team. The working
environment of a field FDC was simulated within'  a hypobaric
chamber and a volunteer FDC team from an elite U.S. Army unit
was tested using realistic matched "combat™ scenarios. To
minimize practice effects, the team was initially given 26 h of
"intensified training®" (ITS). The team was then tested single-
blinded as to the altitude condition for 48 hours at both 427 m
(control) and 4242 m; the team rested 22 ,h bdetween ITS and
control, and 48 h  between <control and the higah altitude
conditions. , : ' .

Mission performance during ITS and control was sensitive
to disrupted sleep-rest cycles, with errors clustering at times
of low arousal. At  high altitude, performance wa3 less
- effPicient during the first 10 h; most seriocus errors involved
processing of digits. ‘Overlearned FDC skills showed 1little
deterioration even when the men were 111 with acute mountain
sickness; - compensatory behaviors were evident and technical
performance for the last 38 h at altitude equalled or exceeded
control. Thus, in this study cosmunications, psychomotor, and
judgment agspects of FDC perforhgnce, as well as measures of

_symptoms, mooud , and neyroendocrine response, appear
.'differentially sensitive to psychological stress, hypoxia, and
fatigue. 'The rationale and objectives of this program are

'given as well as initia) experimental results.
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357. Stolgitis W. C. (1959). The effects of sleep lcss and
demanding work/rest cycles: An analysis of the traditional Navy
watch system and a proposed alternative. Honterey, CA: U5 Navel
Postgraduate School. (DTIC No. &AD 763‘047)

An analysis of the traditional Navy watch system and a
proposed alternative are presentesd. current research on sleep
deprivation and the effects of demanding work/rest schedules is
documented and discussed ac a basis for key assumptions in the
analysis; Methodology is also presented for determining the
relative ability of the .two schedules to meet the assumed
minimum sSleep requirements. The results tavor the alterrate
schedule as the more efficient for allocating anllable time
resources to meet established sleep requirements.

358. Stolze H. J. (1971). Circadian rhvthms of pilots’
performance in a fiight simulator. (DLR Report Nc. F3-T1-14),
Bonn, West Germany: Deutsche Forschungs und Versuchsanstalt
Fuerluft and Raumfahrt. (DTIC No. AD 855-740). -

In order to investigate variations in pilots' performance,
possibly existing in dependency on daytime, 18 pilots had to
perform standarized ‘instrument flight 'in a simulator. Their
deviations from the preset flight task were measured and their
responses to flight incidents were evaluated. The results
showed almost constantly high performance plateau during the
late afternoon and a trough during the night hours between 3
and 6 a.m. The range of oscillation in performance parameters,
amounting to 28.1% of the 24-hour mean was considerably larger

than that of the reaction time with 8.1%.

From the results it can be concluded that, considering the
nightly trough| in performance, pileots on night flight duty may
be subjected to substantial stress. A possible safety risk can
be reduced by| a sufficiently 1long rest period prior to the
night flight duty and by 1limiting the duration of the night
shift. : : .

359. Stone L. W., & Duncan C. B, (1984).  Efrects of extended.
use of AN/PVS-5 night vision goggles on helicopter pilots'
performance. (USAARL Report No. 884.3), Fort Rucker, AL: US Arnmy
Aeromedizal Research Laboratory. ‘

The effegts of extended use of AN/PVS-5 night vision
goggles (NVG) |were investigated by obsarving 10 NVGC helicopter
instructor pilots during two 6e-hour missions.  Each mission
consisted of three 2. hour flights during which. pilot ecoatrol
inputs and aineraft status variables were recorded in flight.’
Questionnaires| werse completed befores the first mission and
aftar She NVG misaion. : ‘
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Only the out-of-ground-effect hover showe! a statistically
significant carryover eff2ct; that is, suujects who flew
without goggles before flying with NVG demonstrated a greater
difference in hover flight performance variasbility than those
who flew naked eye after NVG flight. In the traffiec pattern
(final approach segment), there was a significant difference
‘between the visual conditions only. " The postflight
questionnaire responses revealed a -concern over what was
described as a "lack of concentration®™ and a "decline of meatal
alertness.” Some physiclogicai stress reactions were
reported.’ None of the three maneuvers anaiyzed revealed &
significant effect on performance across flights.

360. Stone L. W., Krucger G. P., & Holt W. R. (1982). Pursuit

rolor tracking performance in conjuncticn with extended flight '

operations in a helicopter simulator. (USAARL Report No. 82-b6).
Fort Rucker, AL: US Army Aeromedical_Research Laboratory.

Six US Army Initial Entry Rotary Wing School graduates
participated as subjects and flew a simuiator for 14 hrs per
day in a week-long study to examine the effects of extended
simulated helicopter operations on pilot performance. This
report covers pursuit tracking skills.. Using a photoelectric
rolary pursuit device, three fixed patterns (a square, a
circle, and a triangle) were presented to each subject three
times daily for 5 days. An analysis of the results revealed a
significant difference in subject performance between
patterns. It also. revealed a statistically sigrificaant
difference in performance over days on one of the patteruSe=

the triangle. The thread woven through these results was one

of relative complexity. It suggested the effects of sustained

operations interfered with the aviator's  ability to fully

iategrate his mental and psychoémotor skills in order to meet
the requirements 6f a more complex task.

361. Storm W. F. (1980). E-4B Crew fatigue associated wita

30-hour TOT&E missfion. (USAF SAM Report No. TR-80-40). Brooks
Air Force Base, TX: School o* Aerospace Medicine. (DTIC No. AD
A084-839/8), o

The Air Force Test and Evaluation Center (AFTEZ) conducted
an independent 45«day IOT&E of the AJvanced Airborne Command
Post (E-4B aircraft) system from 27 December 1978 to M1
February 1979. A 30~-hour continuously airborne mission was
flown to deamonstrate the extended missicn capability of the E-
4B system. A pattery of psychobiological measures was used to
evalvate 2rey fatigue associated with the extended mission.
The battery consisted of sleep surveys, subjective fatigue
. re2.ings, ‘and mood surveys, as well as endocrine/metabolic

indizes derived from urinec .samples. . . '

-;.186.4 .

et



Data wcre systematlically collected from 66 crewmen at Hi-
bour intervals during the mission and for 2 1/2 days after .he
rmission. The data were reduced for siy functional crew
£ oups: flightcrew, 3tevairds, radie operators, - radio
izaintenance technicians, aircraft maintenance technicians, and
Lhe National Emergency Airborne Comm:ni Poxt (NEACP) battle
starf. ' .

Fatigue and stress levels that occurred during the 30-hour
miysion were moderate and not suggestive ol compromises in
verformance and safety. Fragmented sleep acquired in the bdunks
arnd passenger seats was of restorative value and contributed to
ine abeyance of severe fatigue and negative mood states during
the mission. Sevare levels of subjective fatigue were reported
a 7ew hours after mission completion, dbut after 2 nights of un-
ioterrupted sleep in the home environment, the crews were
ssificiently recovered to resume normal ground and flight
dirtles, ' . ‘ '

362, Storm W. F. (1980). Mission crew fatigue during Rivet
Jecint Block II demonstration/evaluation. (USAF SAM Report No.
TR-8037). Brooks Air Force Base, TX: US Air Force School of
A2ruspace Medicine. (DTIC No. AD AOG4-822/4). '

RIVET JOINT is a USAF Electronic Systems Command (ESC)
airhorne (RC-135) r=connaissance system. The objectives of an
ongoing modernization program are to improve mission capability
and manpower utilization through wuyse of state-of-the-art
ccaputer technology and surveillance equipment. A prototype
modernized system recently underwent testing and evaluation in
the operatinnal environment, ESC/SD requested the the USAF
School of Aerospace '‘Medicine evaluate the impact of the systen
on operator stress and xatigue.

Psychoblological data were systenatically colleoted from
13 operators over 6 consecutive days, including two 8—;our
airborne test miss{ons. ' The subjective fatigue and
physiological c¢ost associated with the test misaions were
moderate and did naot suggest compromises L. performance and
safety. The operators were fully recovered from each ol the
test missions after an extended postaission night of sleap.
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363. Storm W. F. (1983). Alrcrew fatigue during extended
.transport, tactical, and command ~post operations. In J.
Ernsting (Ed.), Sustained Intensive Air Operations:
Physiological and Performance Aspects. Proceedings of the NATO
Advisory Grcup for Aerospace R&D (AGARD) Aerospace Medical
Panel Specialists! Meeting at Paris, France April 1983.
(NATO/AGARD Report No. CP-338, pp. 21-1 to 21-16). Loughton,
Essex,United Kingdom: Specialised Printing Services, ' Ltd.
(DTIC No. AD P002-991). '

Self-ratings of subjective fatigue and sleep logs provide
a simple and useful means of evaluating aircrew fatigue during
real-world operations involving large numbers of participants
- working irregular aschedules. Evaluations of extended USAF
operatjons involving transport, tactical, and airborne command
post systems are reviewed. Following onboar¢ crew rest on
C-141 transport aircraft flying 8- to 9-hovr missions, aircrew
performance in simulator missions ‘Was significantly
detrriorated and accompanied by reports of severe fatigue.

Tactical aircrews are being trained and evaluated in unit
flying at the fast pace expected in the first crucial days of
an armed conflict. Flying 2 to 3 sorties a day for a week or
more resulted in reports of only moderate fatigue. baily
fatigue was ameliorated by a night of quality sleep. During a
30-hour airborne command post mission, crew fatigue was
moderate and not 3uggestive' of compromises in performance.
After mission 'cowmpletion, severe levels of ' ' fatigue were
reported.

364. Storm W. F,, Dowd P. J., Noga G. W., Schuknecht L. A.
(1981). ' Fatigue in double-crew aerial-refueled transport
missions. (USAF SAM Report No. TR-81-23). Brooks Air Force
Base, TX:  School of Aerospace Medicine. (DTIC No. AD A104-
75477 . : -

, Military Airlift Command (MAC) contihgency plans call for
extending strategic airlift capability by flying C-SA aircraft
with ([double crew and aerial refueling. This mode of operation

~i{3 known as the Blue and Gold concept. Standard MAC operations -

limit| the C-5A basic crew-duty day to. 16 hours, after which a

winumum en route crew~-rest/g-ound time of 16.25 hours i3

requﬂred before flying duty can be resumed. Under the Blue and
Gold | concept, two crews, one designated Blue and the other
Gold, alternate being on duty on the flight deck and off duty
in clrew rest. The mission progresses as the two crews
alternate responsibility for the ajircraft. Thus, under the
Blue/|Gold concept, all en route crew rust and sleep occur
onboard’ the adircraft, and auch of this time i3 while the
alrcraft i{s airborne. ' ‘ :
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Self-ratings of subjective fatigue and sleep histories
were used to evaluate crew fatigue during five Blue/Gold
missions, two each of 32 and 56 hours and one of U4 hours.
Results are presented and discussed.

365. Storm W. F., & Gray S. F. (1978). Minuteman missile crew
fatigue and 24-hour alerts. (JSAF SAM Report No. TR-78-19).

Brooks Air Force Base, TX: US Air Force School of lerospace
Medicine. (DTIC No. AD A5K5-561/4ST).

A Dbattery of psychobiological measures was used to
evaluate the degree of fatigue experienced by missile crews
performing 24~hour continuous duty alert tours at Minuteman
launch control centers. Operationally :significant findings
relative to the duty schedule occurred for subjective fatigue
scores, hours slept per day, and urinary outputs of 17-0HCS,

sodium, and potassium. The moderate postalert fatigue and
physiologic cost present at the end of the 24-hour alerts were
amelicrated by one night of wundisturbed sleep. Values

indicative of severe crew fatigue or stress were never attained
for any of the measures. A buildup of cumulative fatigue ove-
several alerts could be avoided by scheduling a minimum of tw.
consecutive nights sleep at home hetween alerts. The impact of
the duty schedule on contingency and emergency situations was
also considered. '

366. Storm W. F., & 'Hapcnney'd. D. (1976). Mission-Crew

fatigue during Rivet joint operations. (USAF SAM Report No. TR
76-36). Brooks Air Force Base, TX: US Air Force School of
Aercospace Medicine. !DTIC No. AD A032-437/6ST).

Subjective fatigue and sleep data were collected for a
USAF Security Service airborne aission team befors and during
an airborne aission. The primary purpose of the test was to
refine the procedures and analytical techniques in preparation
for an  upcoming demonstrati{on/evaluztion of a new and
modernized system. Results'}ndieated that only winor changes
in procedures and techniques were necessary.’ The data also
provide unique bdaseline information for future cosparison and
evaluation of similar data from the modernized systea.

367.  Storm W. P., & Merrifield J. T. (1980). 'Fatigue and.
workload in four-man C-5A cockpit crews (Volant Galaxy). (USAF

SAM Report No. TR-80-23). Brooks Air Force Base, TX: School of
Aerospace Medicine. (DTIC No. AD A0984-898/3). .

. Triple 1Inertial  Navigation Systess (INS) are Dbeing
installed on C-5A4 aircralt. At the request of the USAF Airlift
Center, aircrew fatigue and workload were evaluated in Hd-man
C-5A cockpit crews (aircraft commander, copilot, aad 2 flight
enginears) perforaing typical long-range transport missions on
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triple-INS-equipped aircrafti. Most of the navigator's duties
were assumed by the pilots with the balance assigned to the
flight engineer station. Considering subjective fatigue and
workload findings, discussions with crewmen, the workloads
reported during emergenclies ‘and aerial rcfuelings, and the
operational requirements of wartige conditions, it was
recommended that ihe 4-man C-5A crew concept not be implemented
.at this time. :

368. Sussman D. E., & Morris D. F. (1970). An investigation

of factors affecting driver alertness. (CAL Report No. VJ-2849-
B-1). Buffalo, . NY: Cornell University, Cornell Aeronautical
Labs. .

The study consisted of a review of the 1literature

ccacerned with driver alertness, and an experimental
investigation of the effects of three variables: driving time,
acoustic noise, and task complexity on driver performance. The
findings were that during 1long-<duration, iow-event driving,
drivers showed a linear increas2 in road position error; during
emergencies such a3 a blowout, the driver's position error
increased after four hours of driviang, and this increase 1is
most marked under high noise conditions. In addition, the
study revealed no degradation in performance attributable to
the use of a "speed 'controller®™ (a device which automatically
"maintains a present spead). Tre study aiso fincludes
suggestions for future research and - possible methods of
alleviating the eflfects of reduced alertness.

N
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369. Tasker D. I., Kinel D. G., & Tredici T. J. (1975). (Use
of the ERG and EOG in evaluating the effect ‘of sleep
deprivation on visual function in flying personnel. Aviation
Space, and Environmental Medicine, 46, 943-945 and {(USAF SAM
- Report NO. TR-75-2%43). Brooks Air Force Base, TX: US Air Force
School of ‘Aerospace Medicine,.

The electroretinogram (ERG) and electrooculogram (EOGC) are
electronhysiological tests employed ' in ophthalmology to
diagnose degeneration of injury to the outer half of the
retina, including the rods and cones of the visual system.
This pilot study wa3 undertaken to determine. if sleep
deprivation of more than 24 hours in rated flying personnel may
show an abnormality in retinal function as measured by the ERG
and/or ENG. This may give insight to the visual funétion in
{lying personnel on deployment or other long missions where
uninterrupted sleep may be a problem. The results of this
study showed' that some subjects deprived of sleep exhibited a
statistically significant variance in their EOG ratios as
compared to a nondeprived control group. No significant
changes in ERG were detected. Principles and theory of
eletrophysiological testing in ophthaimology are presented.

370. Taudb J. M., & Berger R. J. (1973). Performance and mood
following variations 1in the 1length and tiaming of sleep..
Psychophysiology, 10(6), 559-570.

‘The relative effects of extended sleep, sleep deprivation,
and shifts of accustomed sleep time on subsequent performance
and mood were studied. Ten regular 2400-.0800 sleepers worked
on . Experimenter-paced addition and vigilance tasks, and
conpxetad an adjective check list to rate their mood following
.2100-0800 extended, 2100-0%500 advanced-shift, 24000800 .
habitual, 0300-0800 deprivation, and 0300-1100 delayed-shift
conditions of asleep. . Accuracy and speed of response on the
vigilance task. were significa'tly poorer, and negative affect
was significantly greater after the sonditions of shifted sleep
and altered sleep duration than after the habitual a3leep:
condition. Changes in the mood and performance measures were
unrelated to prior sleep length or any specific aiteratlons in
the elee:rophystological patterns of slcep.
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371. Tharp V. K. (1978). Sieep loss and stages of information
processirng. Waking and Sleeping, 2, 29-33, and (NHRC Report No.
77-43). San Diego, CA: US Naval Health Research Ceanter.

The reaction time (RT) performance of seventeen male
subjects was tested during four consecutive sessions: Baseline
1, Baseline 2, Sleep Deprivation (one aight), and Reccovery.
The difficulty of the task was varied by manipulating two
levels of stimulus discriminability, two leveis of stimulus-
response compatibility, and f{(wo 1levels of stimulus-response
uncertainty in a balanced design. For each possible condition,
the means of the 25% fastest and the 25% slowest RTs were
calculated. These data were ‘then analyzed and interpreted
within the frame-work of an information gprocessing mocdel by
means of the Sternberg (1969) additive factor method.

The results indicate that sleep 1loss has two prisary
effects on choice RT. First, it produces lapses in performance
which are nct readily interpretable within the framework of the
proposed information processing model. Second, it produces a
highly significant performance deficit in the fastest RTs,
which appears to be a slowing of the response selection
process. . ,

372. Thompson, H. L. (1983). Sleep loss and its effect in
combat. Military Review, 63, 14-23. '

Chances are that future high-intensity battlefields will
require soldiers to participate in almost contiruous operations
for long periods of tiame. Extended periods of work without
rest and sleep eventually degrade the ability to function at an
‘acceptable level. Procedures must be developed to permit

soldiers, as well as leaders, to cbtain at regular intervals:

the minimum amount of sleep needed to assure continued useful
worko ' ' '

The author discusses sustained cQubafﬁsgz;;ﬁiona, sleep,
day-night c¢ycles, Jjet lag, sleep deprivation and proposed
counterameasures, : .

373. Thorne D., Genser S., Sing d., & Hegge F. (1383). -

Plumbing human. performance limits during 72 hours of high task
load. In S. E. Forshaw (Ed.}, Proceedings of the 2Uth vefense

Research Group Seminar on The Human as a Limiting Ele=ant in

Military Systems: Volume 1. (NATO-DRG Report No. DS-A-DR(837
170, pp. 17-40). Toronto, Canada: NATO Defence Research Group.

Eight volunteers, 18 to 21 years old, remained awake for

72 consecutive huurs while. working from 508 to 100% of each
hour on a varied series or cognitive tzsks. Although there

were d;:reronces in 1irdividual performance patterns, all
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subjects .showed a moderate progressive reduction in accuracy
and a large progressive increase reaction times across all
tasks. Th2 speed-accuaracy product (throughput) showed greater
sensitivity and less variability than speed or accuracy alone.

For each of eight tasks within a performance assessment
battery, 72 hours of sleep deprivation produced an average
decrement in throughput of about 74% relative to baseline
performance. The magnitude and pattern of this decline was
siuwilar ‘for tasks involving visual detection, mental
arithmetic, logical reasoning, short term memory, attention and
pattern recognition, Such ‘uniformity is not forced, and may
represent a general psychophysislogical effect of sleep
deprivation. The effect does not correspond to a change in the
operating point on an underlying speed-accuracy tradeoff
function, but to a change in the slope or shape of the function
itself.

Relative throughput ' values averaged across all tasks
revealed a circadian variation of approximately +10% of the
"baseline wvalue, superimposed upon a monotonic decreasing

function whose overall slope corresponds to a drop in

throughput of roughly 24% per day. The circadian variation in
performance was mirrored byv a similar  variation in oral
temperatures, with temperature consistently leading performance
2y two to four hours.

Changes in Subject'a self-assessment of their subjective
states tended to parallel changes 4in their performance,
including the presence of an overlying circadian modulation.

All subjects experienced perceptual distortions and visual
haliucinations, expibited reduced appetite, and reported
feeling cold. : '

A four hour nap at the end of the 72 hour period produced
significant improvemenis in both subjective state and objective
performance, although the absolute magnitude varied widely with
the task and measure, being best for accuracy and less for
soeed or throughput. Post-nap throughput 'still averaged 23%
‘beluw baseline, ‘ S :

374, Townsend R. E., & Johnson L. C. (1978). Relation of
frequencey~analyzed EEG to: monitoring behavior,
Electroencephalography and Clinical Neurophyaiologl,'gl. 272~

————

- 279.

Two éxperinents examined the relation of prestimulus

electo-encsephalographic (EEG) activity to cholce reaction time

(RT). In well-rested subjects (Experiment 1), trial-by-trial
analysis indicated large yaciat;ons in prestimulus EEG ac;;vity
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Wwhich were vnrelated to RT and large variations in RT which
were unrelated to prestimulus EEG. In Experiment 2, subjects —_
were deprived of sleep for one night and within-subject ®
comparisons made btetween RT and EEG activity immediately a
preceding the 10 fastest and 10 slowest RT trials, and 10
trials wheré the subject failed to respond. Significant
univariate correlations were found, largely between RT and the
15-20 c¢/sec range of EEG activity. A multiple regression
analysis using 2-5 EEG frequencies indicated significant v
correlations of prestimulus EEG activity with RT, but with s
considerable subject-to-subject variability in the EEG
frequencies contributing to the multiple R. The overall

results suggest that there can be considerable variation in EEG

activity which 1s unrelated to performance, except when the EEG
fluctuations are secondary to changes in arousal which, in,

turn, affect performance.

37S. Trumbull R. (1966).' Diurnal c¢ycles and work-rest
scheduling in unusual enviornments. Human Factors, 8, 385-398.

The extension of man's working environment and its control
have led to a new consideration of his "normal" -
.neurophysiological and psychological rhythms. There are some
fifty such patterns of fluctuating functions within man which
have various degrees of, influence upon his level of performance
and 4ability to maintain performance. Data are provided fron
physiological and psychological research in an attempt to
provide perspective for selection of appropriate personnel and
establishment of work/rest or duty cycles in deference to these .
influences. Discussion includes application te aircrew o
schedules. )
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376. Ursin, H. Grahnstedt, S., Hansen, T., Myhre, K., Opstad,
P.K., Walther, B. & Andersen, H. Attention, performance and
sustained activation in military air traffic contirollers. In J.
Eransting (Ed.), Sustained Intensive Air Operations:

‘Physiological and Performance Aspects. Proceedings of the NATO
Advisory Group for . Aerospace R&C (AGARD) Aerospace Medical
Panel Specialists' Meeting at Paris, France April 1083.
(NATO/AGARD Report No. CP-338, pp. 22-1 to 22-10). Loughton,
'Essex, United Kingdom: Specialised Printing Services, Ltd.
(DTIC No. AD P002-992). : ' .

Trained military air traffic controllers report increased
anxiety following, and demonstrate increased heart rate and
urinary levels of epinephrine during a session of ground
control interception. This type of activation has no
detrimental e~ffects on health, and is probably necessary for
efficient performance even in  well trained and  coping
personnel. There was alsoc some rise in plasma 1levels of
cortisol, but no other endocrine signs of any .general
activation.

However, if the coping potential of the men is threatened,

in a real life situation, the activation picture is expected to:

be totally different, with a general activation which 1is far
more taxing both on the information treating capacity and on
the brain biochemistry. Psychological defense 'mechanisms will
then be activated, which also impede performance. These
psychological and physiological mechanisms are difficult to
mimic, and occur only when the individual fee¢ls'a real danger
and threat to his or her coping potential. '

o The probdlem addressed in this paper 13 how personnel may
be expected to perform during critical situations where they
are asked to perform their best for long periods of time. What
performance ‘decrements may be expected to occur when high
‘levels of attention and performance are demanded beyond
ordinary working hours, and under conditions of high emotional

1oad? To what extont can we .predict who will perform best at .

any given time based on peace time training.
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377. US Army Aeromedical Center. (1376). Stress and fatigue
in flying operations, In: Army flight surgeon's manual.
(Special Text STI-105-8, C-15). Fort Rucker, AL: US Army
‘Aeromedical Center. . .

"This chapter discusses stress definitions and
measuyrements, stress concepts and 'etiolcgies, factors
influencing or determining reactions to stress, fatigue
diagnosis and classification, the prevention of fatigue, and
the treatment and disposition of fatigue cases. Stress 1is
identified as the major cause of fatigue and stresses present
in the aviation eavironment are examined in detail. They
include extreme environments, pcor weather, hypoxia, human
factors inadequacies in equipment design, and insufficient
rest. Factors which determine reactions to stress, suéh as
temperment, morale, discipline, and leadership are also
examined. Fatigue is described in two major classifications:

acute =skill fatigue, which can be cured by a good night's

sleep, and chronic fatigue, which requires more extensive
treatment. ., Fatigue management can be accomplished by:
maintaining physical fitness, minimizing self-imposed stress,
obtaining adequate rest, and having pre-scheduled rest and
recreation periods.
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378. Vogel J. A., Sampson J. B., Wright J. E., Knabika; J.,
Patton J. F., & Daniels W. L. 71979). Effeet of transatlantic

troop deployment on physical work capacity and . work

performance. (USARIEM Report No. T 3/79). Natick, MA: US Army
Research Institute of Environmental Medicine. :

Eigh*ty-one soldiers of the Tth Brigade, 1st Cavalry

Division, Ft. Hood, TX were studied for possible effects due to

trancsatlantic deployment to Germary. The obJjective was to .

deternine whether stiresses of traunmlocation across six time
zones arfected physical work performance and to separale out,
in so far as possible, the causal factors of physiological work
capacity and motivation or willingness te work.  The
anticipated symptoms of lassitude occurred in a majority of
soldiers and persisted in some throughout the five days of
evaluation. in Germany. Aerobic work capacity was unaffected.
Anaerobic capacity (muscular endurance) was decremented in the
arms and possibly the leg muscles. Maximal isometric uuscle
strength was unaffected but dynamic strength was significantly
reduced in a~m muscles. Despite these alterations in symptonms,

strength, and muscular endurance, work task performance was

unaltered by translocation, It was concluded that neither
motivation nor physiological work —capacity were 'impaired
aufriciently so a3 to affect coverall 'work ability during th
firet five days after deployment to Germany.
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379. Webb W.B. (1981). Sleep deprivation and physical fitness

in young and older subjects. Journal of Sports Medicine, 21,
198"202'

A physical fitness battery was administered to six young
subjects (18-22 years) and 10 older subjects (40-50 years)
prior to and following two nights of sleep deprivation. The
intent was to look at performance of personnel of ages near
those normally found in military command and control positions
for applications in sustained operations settings. Although
the use of older subjects extended the range of phyusical
fitness measures, sleep loss resulted in limited decremental
effects on the measures.

380. Webb, W.B. (1982). Sleep and Biological Rhythms. In:
Webb, W.B. (Ed.). Biological Rhythms, Sleep, and Performance,
(pp. 87-110). New York: John Wiley & Sons., '

The early history of the measurement of variations in
physiological functions and the measurement of sleep reveals an
extensive rand sustained interest in, and interaction between
biological system changes and sleep. The literature on
biological rhythms shows that sleep has served as a significant
experimen..> -ariable in that area. The chapter outlines the

increasing role of chronobiology in sleep research ,and a brier
review is given.

381. Webb W. B. (1985). Expériments of extended performance:
Repetition, age and limitea sleep periods. Behavior Research

Methods, Instruments & Computers, 17(1), 27-36.

Four eéxperiments on the effects of extended time periods
without =2leep on performance and on the effects of limited
3leep within such periods, i.e. naps, are. reviewed. The
performance measures included sub jective measures,
. attention/persistence tasks, continuous production, precision

and cognitive tasks. Repeated periods of sleep deprivation did.

not result in decreasad effects; older subjects tended to be
more vulnerahle to sleep 1032 and three different schedules of
4 hours of sleep within a 60 hour sleep deprivation Period were

-,limited in their ameliorative errects.
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382. Webb W. B., Kaufmann D. A., & Devy M. C. (1981). Pilot
fatigue and circadian desynchronosis. ({(Report No. TM-81275).

Moffett Field, CA: National Aeronautics and Space

Administration, Ames Research Center. (NASA Report No. N81-

.........

21045/2).

Pilct fatigue ~and - 2ircadian - desynchronosis, its
significanze to air t'ransport safety, and research approaches,
were examined. There is 2 need for better data on sleep,

activity, and other pertinent factors from pilots flying a
variety of demanding schedules. Simulation studies of flight
crew performance should be used to determine the degree of
fatigue induced by demanding schedules and to delineate more
precisely the factors responsible for performance decrements in
flight and to tes3t 3olutions proposed to resolve problems
induced by ratigue and desynchronosis. It was concluded that
there is a safety problem of uncertain magnitude due to
transmeridian flying andéd a potential problem due to fatigue
associated with various factors found in air transport
operations.

383." Wetb W. B., & Levy M. C. (1982). Age, sleep deprivation,
and performance. Psychophysiodlogy, 19(3), 272-276.

Men 18-22 and U40-49 yrs old were repeatedly given a
battery of monitoring, persistence, and cognitive tasks over an
excended period of sleep deprivation. The older subjezsts, who
generally exhibiied superior performance, were also more
affected by the acute deprivation of sleep.

384, Webb W. B., & Levy M. C. (1984)., Effects of spaced and
repeated total sleep deprivatioa. Ergonomics, 27(1), 45-53.

51x yoqng adult males were sleep deprived for 2 nigh '3 on

five successive occasions at 3 week intervals. During the
deprivation period. they completed subjective ratings| and
performed on an extensive battery of tasks. Subjedtiv:

measures and vigilancé tasks shcwed substantial deprivation
effect3; the cognitively-demanding tasks were lezs arfacted.
Where repetition of 'sessions resulted in changes, relativye to
sleep deprivation’' the  effects were those of "sensitization"
rather than *immunization". : :

385. Webster J. B., Kripke D. 'F.; Messin 3., Hulianey D. J., &
Wyborney G. (13982). An activity<based sleep monitor system Jor

‘ambulatory use. Sleep, 5(4), 389-399.

- Wrist activity measured with a pjezoceramic transducer wa.
digitized and analyzed together with subjects' sleepfwake
status to derive an optimal method for automatic computer
sleep/wake scoring. Several algorithms for quantifying .periods
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of activity were considered, and an algorithnf'thag summed
changes in activity level over a 2-s interva’ was found most
sensitive. A comouter program for scoring sleep/wake from the
resulting digital activity records was ther developed, and
parameters derived by comparison with subjects®' sleep/wake
status as determined by EEG. EEG and activity sleep/wake
scores agreed 94.46% of the time. A further prospective teést
of the automatic scoring system with new data yielded agreement
of 96.02%. Finally, the data collection .and .recording
functions were implemented in a wearable microprocessor-base
digital activity monitor.

The automatic scoring program was adjusted to use activity
data collected by this monitor, and agreed 93.88% with EEG
scoring. A prospective test with new data agreed 93.04% with
CEG. Automatic scoring of activity data for sleep/wake 1s not
only fast and accurate, but 2llows sleep to . be monitored in
non-labouratory situations. 1In addition, the score is objective
and reliable, and free of scorer bias and drift.

386. Wegmann H. M., & Klein K. E. (1983). Circadian rhythnms
and sustained operations. In J. Ernsting (Fd.), Sustained
Intensive Air Operations: Physiological and Performance
Aspects. Proceedings of the NATO Advisory Group for Aerospace
R&D (AGARD) Aerospace Medical Panel Speciaiists' Meeting at
Paris, France April 1983, (NATO/AGARD Report No. CP-338, pp. 9-
1 to 9-7). Loughton, Essex, United Kingdom: Specialised
Printing Services, Ltd. (DTIC No. AD P002-$85).

Sustained operations necessarily confliet with the
circadian system in several wavs: changes in the habitual work-
rest cycle, shifts in meal- or sleep-timing, intense activity
-during night hours, sleep deprivation and disriuptions of the
normal synchrony between body functions and environment. When
these rbhythm disturbances affect perrormancé. they becone
operationally significant. Their consequences are. d4iscussed
and f:2*wr3. are described which influence the range of
perform.. .2 oacillation. Of particuiar operaticnal relevance
art motivation, sleep and phyaical exercise. Under certain
'condit ©cas they can help to overcume deficits in perroruance,
and p..odé~ cf diminished efriciency. " .

387. Hegnann H..M., Klein X. E., Goeters K. M., & Samel A.
(1982). Studies on the flight medical aspects of the German
Lufthansa non-stop route fron Frankfurt to Rio de Janeiro, Part .
J. (Report |No. N82-20863/8).  Washington, DC: National
Aeronautics and Space Administration. (NASA-TM-76659).

The problem of crew size for regularly scheduled flights
between Frankfurt and Rio de Janeiro {is discussed. ‘Factors .
affecting crew performance are cxamined, comparisons are drawn




to rasgulatic s of'other countries and crew questionnaires and
tests are p.eu-uted. '

. pvy

388. Weitzman D. 0. (1977). A survey of some human_ factor
problems in night operations.  (USARI Report No. RM=77-4).
Alexandria, VA: US Army Research Institute for the Behavioral
and Social Sclences. .

In the preliminary research on this subject, the physical,
biological, and behavioral factors that affect night operation
performance in the individual soldier were considered. Topics
such as silent movement and camouflage, communication at night,
and night target engagemen. constitute an important Dut
separate. body of knowledge and 'are not part of this plan.
Emphasis in this report . has been placed on current sensory,
motor and cognitive factors in night mobility, the role of
night vision, and the effect of fatigue and stress in night
operations. In addition, individual differences in otherwise
similar populations exposed to similar environmental conditions
are considered. :

This report provides background inrormation potentially
useful in planning future behavioral research on efficient
utilization of the individual soldier during continuous and
sustained night operations. Also considered in this light are

r the further evolution of night operations training, and the
military operations that require weighing of the variability
and limitations of the night warfare capability of a soldier.

389. West V., & Parker, J. F. (1975). A review of recent

.literature: Measurement and prediction of operationai fatigue.

i (ONR Report No. 201-067). Arlington, VA: Cffice of Naval
' Resesarch. (DTIC No. AD A008-405).

This report presents an overview, and selected
bibliography of research dealing with the aseasurement and
prediction of fatigue and stress. ihe impetus for this review

—————is the need by military medical personnel for procedures which
might be uysed to evaluate "operational fatigue®™ during periods
of sustained operations. Of most interest are those techniques
which can be easily {mplemented in a field setting. Two broad
lines of investigation are being followed in current stress
research, Investigators are generally attempting to !‘dentify

- ' either neurosensory or biochemical correlates of fatigue.
Fatigue studies have fajled to demonstrate conclusively a high
positive correlation Dbetween subjective fatigue and work
‘decrement. Performance can be maintained, within certain
limits, in apite of limited sleep and high subjective fatigue.

While urinary excretion of proteins, electrol,tes, and
horzones seeas to be related to fatigue, the relationship does
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not appear to be¢ consistently demonstrable, principally because
of individual variability in the magnitude and direction of
response, and because of difficulty in controlling variables
not under study such as circadian rhythms, climatic conditions,
and food and fluid 1intake. It has been suggested that a
fruitful area of research might be to seek other metabclites in
the urine originating from tissue ecatabolism which would
reflect more specifically stresses of various origins and
fatigue in various stages.

Sowe success may be in the offing in identification c¢f
neurosenscry corrzlates of fatigue. Factor analysis of
eritical riicker fusion cap distinguish meaningful phases of a
long-term variation of cortical activity, and blink measurement

may be. a reliable index. Blink value,  an indicator of .

‘autonomic system function, decrcvases with accumulation of
fatigue. Moreover, these decreases follow trends similar to
those shown by urinary excretion of total 17-hydroxy-
corticosteroias. The blink technique is easily implemented,
and evaluations can be performed with 2 high degree of =2cocuracy
within thirty seconds.

_ 390, Westerdorf G. (1974). Desynchronization of circadian

rhythm of exercise puise rate following transmeridian flights.
(DLR PReport No. FB-74-39). Bonn-Bad Godesberg, Germany:
Deui:sche Forschungs-vad Versuchsanstalt fur Luff-und Raumfahrt.

The responses of the diurnai cycle eof ﬁulse rate to-

transatlantic flights with a 6 hours time shift were studied in
8 untrained students during submaximal exercise. For this
purpose the subjects were testsd on a dleycle ergometer in 3
hourly intervals on twec separate days before the autgoing and
on days 1, 3, S‘and 8 rollouing the outgolng and th hpnegoing
flignt. :

) The sojourn {n the USA was 16 days. The results showed a
significant’ dcsynchronlzation of the diurnal cycl of pulse
rate after the transseridian flights with n .average
- rezdaptation time of five days. No distincs:. differences wvere
observed with respect to the direction of flight.

391, 'Wever R. (1969). Untersuﬁhuqﬁgn zur circadianen periodlk
cdes wmenschen nmit besonderer berucksichtigung des einflusses

schwacher elektrischer wechselfelder. (Forschungsberinht Report

No. W 69-31). Svewlesen und Erling-Andechs: Hax-Planek-Institut

'rur,Verhaltenspbysiologio,

In a special underground bunker, circadian rhythms of 108
human subjects ha  + been 3tudied, in cospleta isolation froam
the eavironaent. * has been shown that these riaythas can be

influenced, not u:'ly by lizht but especially by an electric 1o¢[
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cps~-field, and this according to a rule. In addition to period
values and to some other rhythm parameters, the tendency
towards internal desynchronization depends on the respective
environmental conditicns. The significance of the recults

" obtained are discussed with regard to a special hypothesais of

circadian rhythms, and considering the practical aspects of the
influence of weak electro-magnetic fields on human beings,
proven for the first time by the experiments mentioned.

392. Weybrew B. B. (1971). Submarin2 crew effectiveness
during submerged missions of sixty or more days' duration.

(USNSMRL Report No. 686). Groton, CT: US Naval Submarine
Research Lab, Submarine Base. (DTIC Ho:. AD 740~ ’96) '

The primary objective or this study was to integrate that
segment of the literature of submarine psychology which focuses
upon the ma jor factors affectirg submarine crew-member
effectiveness during prolonged submergence. First, the most
significant submarine stressors were delineated together with
the specific adaptive processes correlated. with then. These
were fourd to be: confinement, revitalized air, flattening of
circadian rhythas, threat of hyperbaric exposure and sleep
deprivaticn.  Performance decrements, incidence of dedbilitating

.maorbidity . (including opsychopathnlogy), anrd decompeasatory

trends in c¢rcw morale appeared to be wminimal during long
cruises. ' :

In general, the impression from this integrative review of
this rather-sperfalized literature {s that the habitability
situation in the submarine service centinues to be optimal, in
part because of the effective paychlatric screening procedures
in force, but also as a result of the quality of leadership
demonstrated by the officers and petty officers -akiﬂg up the
crews or the submarines in the fleet.

393. Whitehurst L. R., & schopper‘l.lﬂ.'(i980)ﬂ Aeromedical

aspects of CH=-47C helicopter self-deployaent: Operation

Northern Lwap. (USAARL Repourt No. £0-i). Fort Rucker, AL: US

Army Aeromedical Research Laboratory.

In August 1979, ‘*he US Army accomplished {ts first
transatlantic helicopter flight. Four CH-47C cargo helicopters
departed Por*% Carson, Colorado, .and landed in Heidelbdurg,
Germany, with intermediate stops {n Iowa, Penansylvania, Maire,

Canada,  Greeland, Iceland and Eagland. A flight surgeon
accompanied the nmission to provide medical support and assess
aircrew workload, stress and fatigue. . Direct observation,

interviewa and questionnaires uere used to gathar. data.:

Respiratory inrections were experienced by approximately
50% of the mission crew during the i1d.day journey. These ware
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attributed to wide climate variations and in;dequaté crew rest
during the first half of the mission. Daily pre-flight
questionnaires showed highest levels of stress occurred at the
start of the mission ana decreased to a constant level once the
mission was underway.  Daily post-flight data demonstrated that
cockplit workload 1increased appreciably with deterioration of
weather during the latter part of the mission. Time at the
flight controls and mission condjt’ons during flight were found
to be the greatest contributors to pilot fatigue; whereas, crew
chiefs repocried frequent time zone changes and poor facilities
at stopover points to be their greatest causes of fatigue.

The results acemocnstrated - the feasibility of self
deploynent and the need for medical support of such missions.

3948, Williams H. L., & Lubin A. (1967). Speeded. addition and
sleep loss. Journal of Experimental Psychology. 73(2), pp. 313-
317, (USKHRC Report No. 66-16). San Diego, CA: US Naval Health
Research Center.

The effecct of 2 ‘nights of acdte sleep deprivation on
experimenter-paced additior tests was to i{apair speed but not
accuracy. Inpairment was, roughly speaking, & 3ultiplicative

function of speed load (time per addition) and amouant of sleep

lozs. If sufficient time per addition was allgwed, thera was
no impairment up to 2 nights of sleep deprivation. The wmost
sensitive of several experiaenter paced tasks was one in which
input and output requirzments were held constant whiie the
nuaber of adding operations was increased. This finding
implies that cognitive speed is especially vulnerable to drowsy
states. '

' 395, Wolfe J. W., & Brown J. H. (1968). Effects of .sleep

deprivation on the vestibulo-ocular rcoflex. (USAMRL Report No.
766). Fort Knox, KY: US. Army Medical Research Laboratory.
(DTIC No. AD 566-750). ' o

) ,Sixteen 'young adult men were deprived of sleep for a
period of 24 . hours in an atteapt to assess possible
interactions betwcen slerp mechanismss and the vestibular
system. - Ss were given a pre- and post-test consisting of
trials at angular accelerations of 8 degrees/sec sq and 24
degrees/ sec 3q. Following sleep deprivation, Ss showed a
sigrificant incredase in fast-phaze frequency at 24 degrees/ sec
sq, and a nonsignificant increment at 8 degrees/sec sq. Slow-

phase output reflected a significant decremaeant at 8 degrees/sec

sq, but no significant decrement at 24 degrees’/ sec sq.
Subjective latency estimates of stimulus onset showed  no
significant changes for either 8 degrees or 24 degrees/sec
3q. Discussion centers  around possibile physiological
mechanisms related to sleep and vestibular responses.
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396. Wopjtezak-jaroszowa, Makowska zZ., Rzepecki H.,
Bubaszkiewicz A., & Romejko A., (1978). Changes in psychomotor
and mental task performance folicwing physical work in standard
conditions and ir a shift-working situation. Ergonomics,.
21(10;, 801-810. . :

Ten shift workers and 43 students were tested on a batteéry
of psychological tests at ditferent times: of day within
prolonged sessions of activity. It was shown that performance

levels were determined by three factors: circadian
fluctuations, elapses time since the beginning of a session,
and physical work done prior to testing. .Visual-motor

‘epordination was ‘enhanced by K the latter, but efficiency at
purely mental tasks was degraded. ‘

337. Wocodward D, P., & Nclson P. D. 71974). A user oriented
review of the literature con the effects of sleep loss, wcrk-
rest schedules, and recovery on performance. (ONR Report No.
ACR 2006). Washingion, DC: Office of Naval Research. (DTIC No.
AD A009-778). , .

This review provides a brief systematically organized
azcount of the information frca the scientific literature on
the effects of sleep 1loss and work-rest schedules. on
performance. The orientation is practical, but consistent with
the available data. A brief narrative description and a series
of summary stateaments about the effects of sleep loss and work-
rest schedules on human performance as they apply to
operational settings is presented. Reacovery from sleep loss
effects as well as costs related to sleep loss eflects are
discussed bdriefly.  .Suggestions for future research are
presented. . . .

398. \Wright J. E., Vogel J. A., Sampsoa J. B., Patton J. F., &
Danfels W. L. (1980). '+ Physiological werk capacity and.
performance of soldiers rollowingi transatlantic deployment.
(USARIEM Report). Natick, MA: US Army Research Institute of.
Environmental Medicine. (DTIC No. AD A090-450/8).

A 1977 survey obtained information on the affects of rapid
transatlantic . deployment on- %the health ' and operational
efrectiveness of troops. Information could be provided only on
‘mental and cognitive functions which have been studied in
cvonmercial travelers and aircrew personnei. However, no data
ware available on physical work performance capacities. The
authors set out to define the 3scope and determire possible
remedies for this coritical combat readiness problen. This
paper discusses a survey which was coaducted to study thae
effects of translocation (jet-lag) on the ability or inrantry
soldiera to perform neavy physical work. ‘
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399. Zukhar V. P. (1968). Sleep and its limitations in long
spaceflights. (Report Nc. JPRS-47398). Paper for the 3rd

International Symposium on Basic Envircnmental Problems of Man
in Space, USSR. Translation from various Russian confersnce
papers, held at Geneva, 19-22 November 1568.

The main spacefiight ractors iikat may significantly alter
the sleep patterns of man and influence the duration and phase
correlation of sleep include the following:

1) Weightlessness and related changes in the nature of

‘the information arriving from the proprioceptive and

.exteroceptive receptors and vestibular apparatus;

2) Hypokinesia and hypodynamia, which are severe
complications of weightlessness and confinement to the
limited living space available in spacecraft;

3) Nervous and emotional strain caused by the dangers,
responsibilities, and unusual nature of spaceflight;

) Limited range of activity, meager information, and
montonous surroundings; " ' ‘

5) Changes in the circadian rhythas, light, air
temaperature, noise background, etc.

Data are presented on an investigation of sleep under
conditions simulating spaceflight. Sonme methods for
physiological control cf sleep patterns are suggested. '

The ‘comparative effectiveness of various ways of

organizing the 'sleep -and rest of astronauts during long
spaceflights is evaluated. ‘
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