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AIRCREW FATIGUE DURING EXTENDED TRANSPORT, TACTICAL,
AND COMMAND POST OPERATIONS

William F. Storm
Crew Technology Division
? USAF School of Aerospace Medicine .
Aarospace Medical Division (AFEC) )
Brooks Air Force Base, Texas 78238

BUMMARY|

Self-ratings of msubjective fatigue and sleep logs provide a simple and useful
means of evaluating airorew fatigue during reel-world operations involving large num=
bers of participants working irregular schedules, Evaluationa of extended USAF opera-
tions involving transport, tactical, and airborne command poat systems are reviewed,
. Following onboard crew rest on C-141 transport airaraft flying 8- to 9~hour missions,
) aircrew performance in simulator missions was significantly deteriorated and accom=

panied by reporta of severe fatigue. Tactical aircrews are being trained and evalu-
ated in unit flying at the fast pace enpacted in the first crucial days of an armed
conflict, PFlying 2 to 3 sorties a day for a week or more resulted in reports of .only i
moderate fatigue. Daily fatigue was amcliorated by a night of quality sleep. During a :
30~hour airborne command post mission, crew fatigue was moderate and not suggestive of
compromises in performance. After misasion completion, severe levels of fatigua were

rcportod.w‘
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The Crew Performance Branch of the UBAF School of Aerospace Medicine (UBAFBAM)
has used a variety of paychobiclogical measures to evaluate c¢rew fatigue in both air-
borne and ground operations. The measures have bean selected and developed to allow -
flexinility and to minimise interference with operational duties, daily schedules, and ] A
personal activities. The procedures are simple and, after a brief explanation, wost |
can be completed without supervision. A self-administration mthodologir hes proven to f
be a convenience, if not a necessity, for simultanecusly collecting individual Adata
from a large number of orewmen located at different duty stations and working irregue- .
lar schedules. Q L

The core of our field measurement battery has been self-ratings of subjective i‘
fatigue and daily slesp logas. The subjective aspect of fatigue=-the feeling of bein ‘.
tired=--has considerable face validity, The Subjective Patigus Checklist (SBAM Farm 13 g
was developed at the Bchool in the 1930°'s (Fig, 1). The scale development mthodol.ogy .
used to create the checklist was state-of=the-art at the time and is still highly W“
regarded. It ia an undimsusional scale of 9 equal-appearing (based on axpert judg- 1
ment) intervals ranging from very refrsshed to extreme { tired, It employs a foroed- Y O
choice response format which is also regarded as an excellent technique. f“ J

The Subjective Fatigue Checklist is useful in operationa)l astudies, not only
because it meets the measurement coriteria of reliability and validity, but because it
ia brief, readily understood, easily completed, and simple to score. The ohecklist ]
requires less than & minute to complete and results in an integer score ranging from - ;
0=20 (arbitary units) with lower scores indicating greater fatigue. Interpretation of ) 3
the subjective Catigue scores is based on both relative values and absolute scores. -
In general, scores of 12 or above indicate feelings of alertneas and are interpreted uo
mean fatigue is not affecting crew performancs. Scores of 11 down to 8 {ndicate moder-
ate feelings of fatigue. Scores of 7 and below indicate severe feelings of fatigue.
While more resesarach ia reguired to establish a firm nlntionlhir. there is some evi-
dence that fatigue scores of 7 to 4 may indicate performance impairment and that scores
of 3 or less very likely indicate degraded performance on complex, demanding tasks,
This categorisation of the fatigue soores is based mostly upon observation and to a
lesser extent upon data collected in both operational end laboratory studies.

Circadian (time-of-day) variation is known to ocacur for subjective tfatigue.
For the typical day worker, feelings of alertneus and freshness prevail during morning
and® afternoon, while feelings of fatigue become more prevalent in tha late afternoon
and evening. ' Fealings of fatigue can be oconsiderable wvhen an individual is regquired
to be awake during normal sleeping hours (2200-0600), “The baseline relationship
between Bubjsctive nttguo Checklist mcores and oral temperatures oollected simultane-
ously from the sams subjects over three consecutive days is presented in Pigure 2,
Because of this established circadian variation, analyses and interpretation of subjec-
tive fatigue scores must often conaider the time of Jday the data wers colleated.

Duri most operational tests, we have found it useful to administer the
fatigue cheukliast about once avery four hours, although in some situsations it has bean
more practical tu tie its administraiion to the termination of an operational event
rather than to a scheduled time. The Sleep Burvey (SBAM Porm 104) is usually completed
onve a day (Pig. 3). It simply documents the total hours slept during esach 24-hour
pariod and requires about a minute for oompletion. When given the opportunity,
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subjective fatigue ratings and sleep histories are also collected for a few days imme=
diately before (bassline) and after (recovery) the operational test. The availability
of referent haseline data and subseguent recovery data often provides the basis for
recommendations pertaining to crew rest reguirements generated by the operation under
study. The desirability of collecting data from opsrational crewmen while they are
o{t-duty and at home providea furthar impetus for a simple, self-administration method-
vlogy.

We have used other capabilities and procedures In various field studies. These
include other paper-and-pencil surveya, bicchemical analyses of urine samples, oral
temperaturs, and heart rate, However, this presentation will oconcentrate on subjective
fatigue responses and slesp hiutories reported during real-world operations requiring
extended duty periods in three diffevent types of USAF airborne operationsi transport,
tactical, and command post. Many of the requasts we rvecaive from operational commands
and test agencies are for geaneral human fagtors support to assist in evaluating the
offects of nev eguipment on the man-machine interface and overall mission performénce.
While we typically include at least a modect svaluation of fatigue in such teats, there
is seldom any involvement of an extended mission factor. The three tests reported here
are unigue in this respect; in each case the main objective was to evaluate the effect
of extended mission duration on araw fatigue,

C~141 INFLIGHT CREW REST

This test evaluated the concept of resting off-duty aircrews while airborns on
a C=141 transport airvcraft, Military Airlift Command (mcx aivcvews flying long-range
intercontinental missions must enter ovew rest on the ground after completing a basic
16~hour duty day. While the aircrew enters orew rest==or is staged--the mission air-
craft usual continues on ranned by & fresh crav. The staged crew .4 &nsigned to
another mission upon completion of their minimal creverest pariod, Military Airlite
Commund plannsrs have ldentified this approach to resting alvcrews as a prtnr{ lin-
n:tmi fagtor to having airlift rapidly available for use in oversess theaters. Avail~
ability of orews to continue missions bayond staging points is dependent on these crews
being proparly rested. Currvent planning factors allow a 9= to 18=hour delay for stag~
ing crews to rest at some enrout¢ staging point where the follaw=on mission is to
launched, The follow~on mission can be an airland or an aird mission and can
include a full arew duty du{.. The Military Afrlift Command directed an evaluation of
methods to reduce the time between a sudden execute order and the time when the first
mission airoraft to arrive overseas can be launched for in=theater missions.

Ona possible solutiuvn was to use palletized orew-vest capsules that could be
loadsd on C-l41 aireraft to provide a facility within which staged orews may rest while
airborne and enroute to the staging base., This approach ocould reduce a staged ocrew's
initial “hl from the 9 to 13 hours required for orew rest down to a 3I=hour opera~
tional stop for refueling and uplcad of cargo. Howaver, this approach sould be limited
due to availability, cost, and llnping capacity of the crev-rest capsules. Therefore,
an austere approach, uming stundard medical litters, was also avaluated for feasibility
as an alternate airborne crew rest mode.

For the record, it must be noted that USAFSAM paraonnel served only as remote
gonsultants for this test, The field trials were planned and implenented by staff par~
sonnel assigned to tha planning and medinal offices at the MNeadguarters of the nmmz
Airlift Command, They are to be commended for conducting a well-designed filel
study that {ncorporated evaluation of ogauuonll performance. The blending of treal~
world missions with high-fidelity aimulator missions provided a veridical wnd sefe
means of svaluating the impact of alrocrew rest procedures on airorew psrformance.

The test consisted of four misalons; two departed from Charleston Alr Porce
sase (APB), South Carolina, and two departed from MoQuive AFS, Naw Jersey. HNach mis~
sion wos comprised of a U.B.,~Burope leg, a JI=hour layover, and a return Europe=U.8.
leg, Piying times for each leg ranged from 8.0-9.5 hours., Crew fatigue and ensuing
performance were avaluated in four roundetrip crews and four ataged crewas. Round-trip
crews departed the aontinental United States (CONUS) and flew the teat airvoraft to
Burope. After a 3-hour refueling stop, they returned directly to their homs base while
resting onboard in either the capaule or the litters. Staged crews from the same home
base were prepositioned in Burope in crev-rest status 12-24 hours prior to the sched-
uled return departures. One such staged araw joined each mismion for the return leg to
CONUS, On the Burope~CONUS leg of the Charleston missions, the round-trip orewa rested
in the capsule and the staged crews reasted (n the litterm. On the return leg of the
McGuire missions, the roundetrip crews rested in the litters and the staged orevs
rested {n the wapsule,

Onboard crew rest during the return legs was also evaluated for intervals both
in- and out-of=phase with normal homs station slesp times. One mission from esch U.8.
base departed homs station in the morning huurs (0930 kST, 1430 3) 80 that the return
log departod Rurope as evening fell on the U.8, Rast coast (2100RET, 0200 %), The
other mission from each base deprrted home station in the evening (2130 RET; 0230 83) s
that the veturn 1 departed Rurops as the morning hours ocoutrred on the U.8. Rast
coast (0200 BET) 1400 7). In the first case, the return leg temporally aligned with

— e T
RN T RV e

T

e S S Bt —omen e sea eSS




A B
i
l
i
i

%

T._ -

b

R i ) - J i - ,t

the normal home station sleep period ifor the test crews. In the latter case, the
retirn leg aligned with the daylight hours at home atation.

Subjective ratigue Checklist ratings were collected from the round-trip crewa
approximately one hour after departure from home station and, again, one hour prior to
arrival in Europe. Cn the return leg, fatigue rltlnzl were collected from both the
round-trip craw and the sataged crew one hour after departure snd one hour prior to
arrival at home statior., Bleep records were maintained by each crewman for 24 hours
prior to home base departure and throughout the mission. Upon arrival at home base,
both round trip and stag:d crews fiew a 3.3-hour aimulator mission vhich was evaluated

b{ a flight examiner., A final fatigue rating was reported by each crewman immediately
after completion of the simulator mission,

Bach crew was comirised of 2 pilots, 2 flight enginsers, and 1 or 2 loadmas-
ters. Althicugh subjective data were collected from all the crewmen, the data from the
loadmasters were not incluled in the evaluation bscause their work schedule is typi-
cally different from that o their fellow crewmembers on the flight deck, and lcuadmas-~

ters do not participate in s'!mulator missions. REach crewman participated in only one
test mission.

The CONUS=-Europe legs ©of each mission were routine channel missions which the
participating aircrews had experienced nseveral times previously. Susmary schedule,
sleep, and fatigue data for CONUS-Burope mission ugmnn are prasented chronologically
in Table 1, The two crews who flew the morning (0930 EST) departures from homs base
reported about € 1/2 hours of sleep for the previous night. rews flying the svening
(2130 EST) home-base departures reported 9+ hours of slesp for the previous night,
In about 20 studies, it has been our experience that USAF aircrews typically acquire
7.39=7.75 hours of ad 1lib nightly sleep, The requirement to report for duty at least
2 1/4 hours prior to scheduled departure resulted in the morning crews reducing their
sleep by about one hour while the evening departure crews “slept=in® for an extra hour
or #0, It can be noted that most of theme crewmen, regardless of departure time,
retired at about 2330-2400 the previous evening.

An hour after departuxe from home bame bhoth the crewa flying the morning and
the esvaning mission reported subjective hr.iguc ratings indicative of feeling fresh and
alart, An hour prior to arrival in Europe the crews reported mild fatigue levels, typ-
ical response patterns for transatlantic missions of #=10 houra duration. Bven though
on=duty, one or two membera of some of the crews acquired short naps during the CONUS-
Burope leg. These rest periods are encouraged when the mission workload permits.

TABLE 1

MEAN SCHEDULE, SLREP, AND FATIGUE DATA
FOR CONUS-RUROPR LEGS

ROUND TRIM ROUND TRIP)
IN~PHASE OUT=OF=PHASE
PREDEPART CONUS SLEEP 8.6 HR 9.3 H®
CONUS DEPART TIME 0930 EsT 2130 E8T
FATIGUE 1-HR PQST DRPART 13.0 13.0
ENROUTE SLEEP 1.3 m 0.6 HR
FATIGUE 1-HR PRF ARRIVAL 9.9 10.4
EUROPE ARRIVAL TINME 1830 msT 0530 BET

Summary schedule, sleep, and fatigue data for the Rurope=CONUS return legs are
presented in Table 2., The wtaged orews reported about 8 hours of sleep prior to
daparting Burope. An hour after departure, all of the round trip crews raported ocon-
siderable fatiguas while the staged crewas reported little or no fatigue. Under each
scheduling condicion the amount of sleep acquired in the capsule and littexrs was an
similar. Therefore, for the purposes of this report, these data vere combined. Bot
the round trip crews and the staged crews reported 35~ hours of onboard sleep on the
return missions which were in-phase with the home bases aleep pariocd. Round trip crews
and staged crews assigned to rest onboavd during return lega which ocoocurred out-of-
hase with the home base sleep rulod reported only 2-3 hours of sleap. Ona hour prior

o landing at home station, all of the crews reportad aild to moderate lsvels of sub-
jective fatigue.

Crews that departed Burope at 2100 BST on the return leg were evaluated in the
simulator during the worning hours at home station. Crews that departed Burope at 0300
BT were svaluated in the simulator duving the night at home etation, done of the
crews parformed at acceptable lavals, Regavdless of the time of day tested (end,
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therefore, whether the return leg occurred in- or out-of-phase with the home station
sleep period), the round-trip craws demonstrated about 8 serious deviations per nission
while the staged crews dsmonstrated about 4 serious deviationa per mission (Table 2).
Most problema were in the areas of crew coordination, judgment, and use of check-
lists, The examiners noted slurred spsach, langthy discussion of usually routine proce-
dures, and a general slownsss at making decisions, Postesimulator subjective fatigue
ratings corresponded with the levels of performance. The round-trip orews reported
severe fatigue upon completion of ths simulator mission, The steged crews also
reported strong feelings of fatigue, although their fatigue sc¢ores wers not as low as
thome of the round-trip crews. Based ui these behavorial and operational findings, it
was concluded that aircrews cannot reliably f£ly & safe follow=-on misaion after resting
onboard an airborne C-l4l. The longer a crewman is onboard, whsther on-duty or in
grev-rest, the more fatigued he beconmes.

TABLE 2

MEAN SCHEDULE, SLERP, AND PATIGUE DATA
PFOR BUROPE-CONUS LRGS

ROUND ATAGED) ROUND STAGED)
TRIP; IN-PHASE TRIP) OUT-OP-PHASE
IN=-PHABE OUT~Or-PHASE
PREDEPART RUROPE N/A 8.2 KNR N/A 8.1 MR
SLEEP
EUROPE DEPART 2100 paT 2100 R8T 0900 =87 0900 BST
TIME
POST DEPART ’
ENROUTE BLEEP 5.8 HR S.4 HR 3.2 un 2.0 Mr
PATIGUE 1=HR 749 11.0 7.0 9.0
PRE ARRIVAL
CONUS ARRIVAL 0640 m8? 0640 k8T 1830 ua? 1030 E8?
TIME
SERIOUS SIMU- 7.0 2.5 9.8 8.0
LATOR DEVIATIONS
FATIGUE POST 4.1 7.4 4.2 7.0
SINULATOR

A 7, A-10, AND P-4 BORTIE BURGE

To achieve and maintain total operational readinass, USAP tactical aircorews are
being trained and evaluated in unit flying at the fast pace axpected in the first cru-
cial days of an armed oconflict, Called "sortis surges", a unit ux be required to per-
form a month's flying in a wesk's time. In response to reguests from operational com-
mands, we have svalusted aircrew fatigus during four sortie surge exercises, The
objective cf thess studies has been to asaess the impact of flying demanding multiple
missions for several consecutive days on noute and cumulative fatigue, Two of the
surges were ocondiicted at Myrtle Beach AFB, Scuth Carolina, and involved A-7 and A-10
aireragt, The other two surges both involved P=4 aircraft and ocourred in the Rapublic
of Rorea and West Germany.

buring sach of the msurges, a Sleep Survey vas collected daily from each crewman
upon his reporting to the squadron. A Subjeotive Patigue Checkaard rating was ool-~
lected after sach sortie. While sorties were flowm w.rydiz in all four surges; most
creawmen had a few ﬂlxl on which they flew no sorties. Data were not oouocué troa
orewnen on days they did not fly.

Statistical snalyses were aselected to detect systematic changes in fetigue
scores both across=days and within~days of each surge exercise. fSaveral factors oom-
plicated the analyses: The number of sorties per day and the time of day the sortiss
cacurred varied us a result of scheduling uirenents and censelled nissions. There-
fore, for the purposes of within-dey anslyses, the daily sorties waore parceled inte
four time intervals based on sortis termination or landing tiwes; (A) an early morning
interval, (&) a midday interval, (C) an atternson interval, and (D) an evening inter=
val, Not all possible sortie/time=interval combinations ocucourred and thers was & wide
range in the frequency of those that 4id oecur. Rach analysuis tested for airorev
effects, day effacts, time=interval effects, and sortie-within<time effacts.
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The eavaluation of an A-7 squadron flylng a two-week smortie surge provides
representative findings for all four of the surge exercises. The exercise was con-
dycted with less than 24 hours notice and was initiated with a simulated deployment
flown over the Southaastern United 3tatea. The dJeployment atarted at 0700, was of
about 8 hours duration, and began and ended at Myrtle Beach AFB, the A-7 pilots' home
bage. During the next 7 days of the exercise the surge requirement wam 64 sorties a
day) during the last 7 days the goal was 36 sorties a day, The two-week surgs period
was extended one additional day as a vesult of a serious mechanical problem common to
all the aircraft., The sevanth day was a "down® day for the necessary repairs. Because
of this intervening shutdown and the Accomganylnq unscheduled craw rest, data were not
collacted on the seventh day, and data ocollected on the following day (day eight) were
;xcludcd from sone of the analyses. All the sorties were flown hetween 0600 and 2500

ours,

Thirty-one pilots each flew 8=1y sorties during the first eight days of the
surge, with each pilot flying 0-3 sorties per dn{. Twenty=-eight of these pliots esach
flew 6=11 socties during the last seven daya, with esch pilot flying 0-2 sorties per
day. Bsparate statisticsal analyses were performed on days 1=6 and days 8-13, No sta-
tistically lignittclnt {(p<.0%) between-day differences were found for mean hours slept
par night or for mean dally fatigus score, The pilots averaged 8.1 (range: 7.6 - 8.8)
hours of nightly slesp during the surge., The average daily postmission fatigue score
:a; 11,8 (range: 11.5 - 12.2) for days l=§ and 12,0 (range: 1ll1l.4 - 12.3) for the last

ays.

Within each day of the surge, feelings of Fatigue increased in relation to the
numbsr of sorties flown, with complete recovery occurring by the start of each succea=
sive day, This pattern is apparent in Pigure 4 for the first six days of the surge.
The day-to=day consistency in the absolute values 0f the fatigus scores reflects the
absence of s cumulative (aoross days) fatigue effect.

Statistical analyses of within-day changes in fatigue scores were possible
after grouping the daily postsortie scores into four time intervalss (A) 0600 - 1000;
(B) 1000 - 1400) (C) 1400 - 1800; and (D) 1800 = 2100 hours. During both the first six
days and the last eight daxn of the surge, the mean fatigue ratings reported after com-
pletion of the first sorties reflected no fatigue, regardless of the time-of=day the
firet sortie occurved (Fig. S8). As was ver 1fncru ly presented in rigure 4, the
gilotn becane progressively more fatigued following the mscond and thivd sortie (Pig.
), with statistically significant overall sortie=within-time effects occurring during
days 1~¢ and days 8-13 (p<.001 in both cases).

Specifio atatistical comparisons considersd differences betwesn pairs of sortie
for & given time, between adjacent times for given sortle, and between first and last
times for a given mortie., Additionally, subtests analysed *best” available comparisons
b{ vollapaing data across time tnt.rvnfl for sortie comparisons or across sorties for
time~interval comparisons, The rusults for days 1l-¢ and days $-13 are summarized in
Table 3, Bignificant statistical differences reinforced the general overall trend pre~
sented in PFlgure &) wmubjective !attruo inoreased with each sortie flown, while time~
of«day had little or no systematic effect on postmimsion fatigue scores,

The subjective fatigue and sleep findings for ths other three sortie surges
vere very similar to those for the A-? surge. MNoderate levels of fatigue were reported
at the end of each duty day after Elylnq three and, ocassionally, four sorties. The
daily fatigque was ameliorated by a night's sleep, and cumulative éathuo did not ocaur
over the one=~ to two-week surge intervals, In each case, the moderats levels of sub-
jective fatigue genevatsd by the surge schedules wers complemented by reports of accu-
rate bomb-range performance by the aircrews throughout each surge.

Two tactora common to all four of the surges contributed to the abeyance of
operationally meaningful levels of fatigue, PFirst, sach of these surges was oconducted
at the aivcrews' home bases, permitting them to both perform in familiar operational
snvironmants, and to rest and sleep in the comfortable surroundings of their own resi-
dences., Becond, seldom was s crewman's normal day/night schedule interrupted. Most of
the sorties occurred during daylight hours, and rest and aleep osourved during normal
nighttime intervals:. It has besn wall established that parformsnce can be malntained
on well=lsarned tasks highly motivated pecple for several days, provided a g9ood
night's sleep is soquired daily. We have not yet had the opportunity to evaluate air-
ocew fatigue during tactical sortie suvges {nvolving nighttime and/or arcund=-the=clock
oparations at remote, austere sites,
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TABLE 3
STATISTICAL PINDINGS (p VALURS) FOR SPECIFIC PAIRED COMPARISONS
OF FATIGURE SCORES REPORTED DURING A-7 BORTIE SURGE
SORTIE COMPARIBONS
BORTIES TIME=INTERVAL ¢ DAYS 1-¢ DAYS 8-1%
1w B 463 <,001
lve2 ¢ 087 .Q01
lved [+ <001 <, 001
2vel c .039 009
1l ve 2 o] .002 <.,001
. 2vl D 914 -
1l ved D 008 -
1l ve2 B+l+D <.001 <,001
2ve CeD «159 -
lvsd C+D <,001 -
TIME~INTERVAL COMPARISONS
SORTIE TIME-INTERVALS DAYS 1-6 DAYS 8-15%
1 Ave B +070 +170
. 1 BveC A48 098
: 1 CveD 485 +801
. 1 Ave C 234 04
' 1 Avebd +880 92
2 Bvs C +620 214
N 2 Cwvw D 070 702
2 BveD «Q0% W14
k] Cwve?Dd 933 -
1+2 B v C 833 068
14243 CwvD 1837 -
142 Cvp - 882

* Time~interval A10€00~1000) B:1000=1400; Cr1400-1000y D:1800-2100,

e

i E=43 30-HOUR MISHION

The Air Porce Test and Rvaluation Center (APPRC) conducted a 43=day initial
test and evaluation of the prototype B-4B Advanced Airborne Command Post., L major
. objective of the test wasm to svaluate the extended mission capablility of the system, as
i both the Strategic Air Command and National HEmergency Airborne Command Post (NBACP)
il require continuously airborne operational capability in contingency situations. NBACP
is the Emergency Airborns element of the Joint Staff and is an alternate command center
of the National Military Command System. NEACP provides the National Command authore
ities with the emergency means essantial for accurates and timely decisions, including
the communicatiuns required for reliable transmission of those decisions with a minimum
of d‘ll{. for the direction of U.8, military forces, To assess the extended duration
capability of the syitem, a 30-hour continuously airborne test mission was flown., At
th: r;g:cn: of the APTEC Command Surgeon, we evaluated crew fatigue associated with the
exten mission,

| '-: The 30-hour misaion departed Andreaws APS, Maryland at 0730 C8T (0830 maT), ¢
!

-,
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1 February, and landed at Offutt AFS, Nebraska at 1330 C8T, 7 Pebruary. Prior to the
3 axtended mission, all test participants ware briefed on the purpose, procedures, and
i data=collection achedule 80 that eagh arewman ocould assume major rurmubuuy for the

‘ propsr and timely collection of his own data. The 68:l ratio of crewmen to study
director and the need for at-home data collsction during postaission off-duty days is &
case-in-point for the use of a self=administration methodology.

| Collection of lub{:ntm fatigue ratings and sleep logl
Sl shortly after takedaff on the morning of ¢ Frebruary., PFrom that time on, fatigue ratings
were ccllected at i-hour intervals around-the=oloek during the mission, and at d<hour
! intervals durin ?‘rlul waking hours for ths 3 1/2 days after the nmission. A Sleep
! Burvey was completed at 0800 (or u awakenity) each dlz. This data collection sched-
ule served only as a general guideline. Test participants were never avakened for data
colleation, ome fatigue ratings were coliscted as much as 60-90 minutes before or
after schesduled times to allow for uninterrupted work and sleep periods. The USAPSAN
study director was onboard 4during the mission to obssrve and collect completed mata~
rial. tsmedlately after landing at Offutt AFR, wach participant was given a supply of
! Subjective Patigus Checkoards and Sleap lug'vwl to take home tor self-administration
I during the 3 1/2 day poatmission period, The -tnd¥ director wvas avaiiable daily at the
ou:: ‘MI‘I-AI test offioe to collect complated forms at the convenience of the test
partigcipants,

began at about 0800 CaT
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The BAM subjective fatigue and slesp data from the 66 test participants wers
grouped into six functional crew categories: 9 flight crewmen (S5 pilots, 2 navigators,
2 flight engineers), 4 stewards, 17 radio and teletype operators (COMM), 12 radio main-
tonance personne)l (AMS), 10 ajrvcraft maintenance personnel (OMS/FM8), and 14 members of
the NEACP battle staff. Although the 4 stewards formed a very smali samplea, their
unique duties and schedule necessitated treating them as an independent group. 8uch a
snall sample, however, severely limits statistical description and analyses, o these
data were not subjected to all evaluations.

Data wete incomplete for various roasons. As expscted, some of the 6§ orewmen
slept through one or two data-collectinn intervals. During the mission, no data were
collacted from the OMS/FMB and NEACP groups at 0400 because they were all slesping.
After the mission, some participants departed Offutt AFB on other missions before post-
mission data collaction was completed, A few participants nesver submitted any postmin=
sion data. Mean values presented in text, tables, and figures are compoaites of esti-
mates from the various analyses.

The amount of sleep acquired was documented for the day before the mission, the
30=hour mission, and each of the 3 days following the mission. An initial analysis of
all 5 days indicated that miosion sleep data had significantly greater variablliity than
the data for the other 4 days. Therefore, four separate analyses wers performed, in
which esach nonflying day was xndlvlduaul compared with the miassion-day (Table 4).
Because of missing data, best-estimates of means were calculated for the various com=
parisons, resulting in twoc sets of means for the mission day: one set for comparison
to premission sleep (upper portion of Table {), and ons set for comparison with mean
houts slept during eadh postmission day (lower portion of Table 4). As noted earlier,
ostmission data were not available from the NEACP crewman. Significant group x day
nteractions ocourred in each of the four paired analyies involving the mission day.

Premission sleep was modevately to sevearely reduced from normal for all ¢roups
hut stewards, BStandby-alert duty schedules required some COMM, OMS/FMS, and NEACP pac~
sonnel to remain awake during the 20 hours preceding takeoff at 0730 on 6 hbruu¥.
During the mission, the overall average sleeping time was 7 hours. The NEACP stalf
received the least sleep (4,7 hours), and the OMB/FMB group the most (10,1 hours).
However, the overall range for individual sleep data during the misalon was very larges
0.9-20,0 hours. ‘The vesponsibilities and duties of the vaiious groups determined when
thox could acquirs some sleep. For instance, most of the OMS/FMNE personnel were mich
busier during the hours preceding takeoff than when airborne; while the ogponto was
the case for the ntewards. The sleep acquired during the mission by moat (724) of the
participants was fragmented into two or three intervals separated by an hour or more.
A fifth analysis simultanecusly compared the sleep data for the 4 nonflying days, Onl
the day effect was significant (p<.001). The least sleap was acquived premission (8.
hours), and the most was aaquired the tirut postmission night (10.1 hours), Typical

amounts of sleep occurred on the second and third postmission nights (8.1 and 7,0
hours, respectively).

TADLE 4

MEAN HOURS SLEPT DURING PREMIB:ION,
MISBION, AND THREE POBTMISBION DAYS

Premission vs Mission Day

flightorew Stewvards COMM AMB oM8/rus NEACP
Premission 6.1 7.0 4,9 5,8 5,9 4.
Mission 6.3 8.4 7.% 7.0 10,1 4.7
Mission va Tach Postmission Day
Flightorew Stewards  COMM AMS OMS/¥ME
Mission 8,1 8,3 0.0 7.9 10.5
Postmnission=l 10.5 10.3 11.2 9.0 9.1
Postmission«2 8.6 8.5 8.6 T.4 7.8
Postnisnion~-3 8.2 . 10,13 | 7.0 7.6

Bevare levels of subjective fatigue were not reported during the 30-hour ais=
sion, but moderate levela did occur as the mission %ro:rund into the evening and
early morning hours (Pigs. 6 and 7). Through 1200 on sbruary, a typical cirvcadian
pattern oovourved for both the overall crew means (Fig. §) and, allowing for minor varie
ations, the means for each orew-group (Plg. 7). Even after a night of reduced and dis-
rupted ulug. feelings ot fatigue subaided during the last ¢ hours of the nission
which, in this case, corresponded with the time of day (0800-1400) when most pecple
Faal alert and fresh, In both Figures 6 and 7, this time=-related improviny subjective
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state is depicted by the gensral pattern of incresasing sacores (leas subjective fatigue)
from 2400 to 1200 un 7 February.

Both mission and postmission mean subjective fatigue scores are presented in
Figure & for 0800 and 2000 on each day of the study, The format of Figure 8 highlights
some group differences in patterns of change during the misaion. Comparing the fatigue
levels for sach group at 0800/8 February and 0800/7 Pebruary, essentially no diffezence
ogcurred for the flightorew and AME personnel) the COMM group reported a moderate
increase in fatigue, while the OME/PME8 group felt less fatigued. The OMB/PFME ¢roup
acqQuired a large average amount of sleep (>10 houes) during the mission. Most of that
sleep (964} ovourred during the firet 24 hours of the mimsion. The vecuperative value
of this sleep, svan though acquired in the airborne-mission snvironment, was refiected
in the reduced fatigus ruported by the OMB/FMS personnel at 24 hours into the miasion,

for each crew category, the graatest amount of subjestive fatigue (lowest
scores) reported at any time during the study ocoutred at 2000 on tha evening of 7
February after landing at Offuct APD (Pigs. € and 8). The mean score of onl +2 for
the flight orew at 2000, while based on only % of the § members (the others had already
retived for the night), was snrueuurly indicative of intenas feelings of fatigue.
The effacts of the previous 40-43 hours, combined with the opportunity to “let down®
upon entering homs-base postmission crew rest, contributed to the high levels of sub-
j;uttvo tatigue reported by most participants on thia first eveniny after mission com«
pletion.

After a night of extended good quality aleep at home (10.1 hours), the craws
wars considerably recovered and vetfreshed on the first postmission day, as indicated in
Figures 6 and 8 by the elevated fatigua scores on 8 February. Comparing scores
reported at 0800 and 1300 (NRACP omitted) during the laat portion of the mismsion (7
Fab) with those reported at the same times after the firamt night of recovery (0 Peb), a
significant inorease (p=.002) in dally mean fatigue scove omourred; the average soore
war 10,9 during the final airborne hours and 13.4 a day later.

‘The mean subjective fatigue scores reported during the first and second ocom-
plete postmiosion days (8 and 9 Peb), pius the need for only normal amounts of sleep on
the sacund postmisaion night, indicated complete recovary on the morning of 9 Pebruary,
about 40 hours=--and more importantly, two nights of restful sleep=-after mission come
rhuon. The relatively lower subjective fatigue scores reported on 10 Pebruary, the
ast day of postmissicn evaluation, are probably not related to miesion effecta, While
no definite explanation can be offered, 10 PFebruary was a Saturday, and the conulusion
of the {35=-day test pariod was celebrated the Friday night bafore by several of the test
participants, The postmission fatigus scores ocollected at 0800, 1200, 1600, and 2000
on 8, 9, and 10 rebruary wera submitted to analysis of variance for all rlruclponnc
crew=groups but tha stewards, for whom too much data were missing. Significant crew=
groups (p=.019), day (p=.026), and time-of-day (p=,004} effects ocourved (Table 3).
The ttmo-ot-du{ sffact reflected typloal cirvcadian variation, Additional testing of
the dn¥ means indicated no change from § to 9 Pabruary, but a significant decreasa in
score from 9 to 10 February,

TABLE 8

MEAN POBTMISSION SUBJECTIVR FATIQUE BCORES FOR E-4B
CREW=GROUPS, TIMRB-OP-DAY, AND
POSTMISSION DAYS

CREW GROUP MEAN FATIGUE BCORE
PLIGHTCREW 14.0
COMM 4.0
OMB/ 8 10.7
ANS 11.4

TIME=-OF=DAY
0eqo 13,1
1200 13.4
1600 13.%
2000 10.¢

POSTMISBION DAY
A res 13.3
9 FER 13.8
10 ma 11.4
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In summacry, the subjective fatique levels reported during the 30-~hour E-4B mis-
sion were moderate and not of a magnitude associated with compromises in performance
and safety. Although not o* the hest quality, the sleep acquired inflight in the
bunks, in the duty and passenger seats, and even on the floor was of restorative value
and oontributed to the general absence of severe fatigus during the mission. The high
quality of the meals and the comfortable biocsnvironment alsc contributed to the maine
tenance of crew motivation and morale. Notable levels of subjective tatigue were
reported on the afterncon and sveniny following mission completion and entry inte post
mission crew rest. After the first poostmission night, in which an average of 10 hours
of sleep was acquired (2-3 hours more than usual), the crewmen were considerably recove
ered and felt generally refreshed throughout the firat complete postmission day. After
the second postmismion night of an uninterrupted, typical amount of sleep, tha crewmen
had racovered suffiociently to resume normal ground and flight duties. The subjective
fatique scores were of normal amplitude and pattern.’

Genaralisations are limited for the crew fatigue findings for thiu aingle
J0-hour missicn. The scheduling involved only one normal sleep period during the air-
borne mission. Greater crew fatigue ocould rvesult from e 30=-hour miseion starting in
the early evening hours because two normal sleep periods would be disrupted, the second
during the final hours of the mizsion. The severe subjective fatigue reported after
the 30-hour mission, about 36 hours after takeoff, is cause for some concevn when don-
sidering the NEACP requirement for a 72=hour gontinuously airborne capabuu{.
Although this finding was partially a consaquence of entering postmission crew rest,
the data suggast that severe levels of fatigue could ococur during the last half of a
7a-hour continuocusly airborne mission. The current fatigue findings for the 30-hour

mission cannot be extrapolated to a 72-hour mission, as any acounulation of fetigue
would be nonlineatr,

i
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DISCUSSION T

DR A F SANDERS (NL)

! To what extent do you think studies carried out only using ratings of subjsctive fatigus have anything
' : to say about the real state of affairs? How does one know that the subject's rating reflects his

performance?

AUTHOR'S REPLY

* directly I would do so, but we do not yet have the techniques which will aliow us to determine
performance in many of tha cperationsl sfituations vhich we are reguasted to invastigate. Thus many
of the operations which we have investigated have been organised by others and v have to do the
best we can under the circumstances to evaluate crew fatigue, You will note that I spoks of

airerew farigue and not aircrew performance, Whenever it is passible we attampt to relate

subjective fatigus ratings to performance as, for example, in the firat study with the C-141.

Thers we uzed the ts of perf sade by the flight axsminers. I balieve that

' assessment of fatigua and workload in the fisld can be improved by incorporating petformance measurss
such as BWAT (see paper No 20), PFrequently we have to base our racommendacions on operations
mattery, on less information than one would wish, However, aven with a limited smount of infermation,
we can make recomsandations which wiil imprave air opsrations,

|

[ i 1 too am concerned that we have to rely on subjective ratings, If 1 could measura performance sore
|
i

PROF W URBIN (NO)

I would like to support the use of sudbjsctive ratings, It is praferable, of course, to use
objective measures but subjective fatigue scales do correlate with other indicators, wot only
performance but also the incidence of slow waves in the RRG. As I will detail in my paper
(No 22), 1 believe that subjective reporting can be of conaidersble value,

s ad

( - DR C B BILLINGS (US)

tndeed subjective vating scales ave one of the measures which wost consistently correlate with
porformance over a wide range of situations,

b i DR J R ALLAN (UX)

1 would also 1ike to defend subjective measures. It is sometioes claimsd that objective measurements,
for example tracking performsnce, are somshow wors valid, Thus thy demonstration that one strass
produces a greater tracking error than apother may well have no significance vhatscever in terwme of
effectivensss of a mission, Objective measures raquire as much validation in terms of velevance to
oparational effectivenass as do subjective measures.

DR A RIKCK (GE) \

Bhould not the minumum valus of the rating in the scale of facigue during the 30 hour flight occour %h ) ,
at 04,00 hr rather than 24,00 hr? !

AUTHOR'S REMLY

1 beliave that this question ralates to the study of the EAD mission where we found that the
) average subjective fatigue ecores wers lower st nfdnight than at 04.00 hr {n the worning. This : |
- 5 result did not raise any concern, There vas probably more activity at 04.00 hr than at midnight U

¥ and this almost certainly disturbed the rhythm which ocours in undisturbed individusls. The scores i
at midnight and 04,00 hr were low. Yurtherwore, one frequently finds fluctuations so that the lowest K i
! score may occur at midnight or at 04,00 hr or sven sowetimes at 06.00 hy; thare is a lot of U , A
. 3 indfvidual variatien.

I E K HOVARD (UK)

Would it not be valuable for unit flight madical officers to administer fatigus check lists to
aircravw on a routine basis so that they could monitor the type of flying performed and tha
t ] intenaity of fatigua?

g ST '-;MJ&« W wy R

et

S ' AUTHOR'S NEPLY

Operationsl Flight Surgeons do ask us incressingly for sdvice snd support to lawvestigsts facigus
during local exercisss, I hasitate to give aireruw the additionsl paparwork which routine

mnonitoring of fatigus by check lists would imvolva. I balisve, however, that such r and pencil
tasks can, with valus, be used by the local Yiight Burgeon to monitor fatigue ia spsaific operational
exsrcises, In ptwu{u sdvics to Flight Surgeons on fatigue in airorev I have feund the raview

by Drs Klein and We (AGARDograph o 247, Significanse of Circadian Rhythme in Asrospace N
Oparations by K R Klein and H K wepmann) on circadian rhythes and the AGARD publication by = : .
; Dr Laverma Johnson (AGARDograph Mo 193, The Operationsl Conssquences of Slsep Daprivation and Sleep . Bl 4.

T l:o!inu :y L h:' .::h::on and P Naitoh) of considerable value as refarenss documnts for the Flight : i '
Ea urgeon ia ¢ sld,
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DR C E BILLINGS (US) - '
A furthar AGARD publicatiom written recently by Gp Capt Nicholson on fatigus (AGARDograph No 270, )
Slasp and Wakefulness Handbook for Flight Medical Officers by A N Nicholson and B M Stona) will slsoc be
b

of great valus to Flight Surgeons in the fleld - for vhom it vas primarily written, It is well
writtan and providas a very good exposition of the current stats of knowledge in this area.

vhen the aim is to predict impairment or failure of performance.

DR C E BILLINGS (US) ' ; r

| DR L C BOER (NL)

g I would 1iks to comment that Dr storm's and Kimball's pa (Mo 21 and 20 respactively) may creats
the impression that cartain measures, such as fatigus scales or thermal stre can pradict
performance. 1t should be realised thae ing perf ce is, of courss, alvays suparior

‘ .
\
|

Tha chair notes that both Dr Storm and Dr Kimball were very carsful mot to suggest that their
seasures vere in any seuse pradictive of performance,




