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Divisicn of Anthropology and IPsycholagy
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Dra Cean R, Prizhall

Dirsutor of Resaarch

Givil Asrosnutics Adelnigiyvatlon
Washingbon, D, C.

Dear Dr. Brisvhnll:

Atached s o roport ontitled 4 5t Lthe Sloe
Motid 3y ol Stxdent Pllotn by Fiaak A. Geldurd. This report 1s sub=
witlsd by the Commltine on Selecvtion and Treinine of Alreoraft Pllots
with the recomaendntinon that it be incladed in the sorles of tachnl=
cal reports lzsued by the Divieion of Resgurch, Civil Acranaitiicn
Adnindvtration.

Tho reoport is of intersct in doporibing a tesh~
nigque for investigating ths ometisral llotorbances which muy dsvelop
durlng flight training. The findinee of a prelinivery ohudy using
this technique are also presanted.

Cordially Yours,
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Hegrrla 3. Viseies Chnirvan

Comnities on Selestion and

Training of Alvcreft Pllots
MSVity katienel Hecearch Couneil
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SDTTCRIAL FORBUIRD

fne stedy prosented in this report was begun im 14939
under the eponsorship of the Commdiies on Selestion and
Training of ilreraft Pilcis. The lavestigation of ths pro~
bleme of sisep nstility roflestie the Comwittes's eariy ine
torests in investimiing enoctiomel aspecta of flight trainiag
and of flight mrieormanco.

The presont study suffers from lack of suffisient oum-
bars of cases and from the absencs of datn om studewbs’ flight
performonce during trainiseg. 1% romsins to Be detsrmined,
therafore, shether the diffsrences of trends found in this
stady will hold up in larger samples and wrether slsap mo-
tility is A measure of smobionality whileh iz diroctly releded
to suecens or feilure in flight treining. FKevertheless, the
veport is of interest from the viewnairt of the alms in rilot
reogsarch and of wmethodelogy.
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STAMARY

In the sarly daye of ressarch on problsms involved in the salsctlon
anc training of alrovaft ¢ilote ane 2f ithe primoipal aress under invese
tgation was that of the emolioral agpaeta of flight treining. Sush
factora ue inoreasss “"teneion™ aroused inm the student pilet by the
flight situation) "norvousness®; "svea:ing"; ete., wers set aside for
study in relatiom te the studont’s euccsse or sailure in Slylag.

Ag one stop in luvegbigating tho emwtional aspscis of flisht, a
gtudy of covements during alsep was undortaiten. In ocirder tc laves~
tipate this sleep bohavior a upecially concivucteod instrumont {tha
Simmony Klunetograph, elightly nodifled) #ns sitashed %4 the beds of
& olass of 12 student pilsie underseing C.I.7T. training at the Oatlw
versdly of Virglnia. This instrument rocordas om a arankis rocord ell
of the major (trunk) sad minor (head mwd lisdh) movsmsnio of the stu
dent while ns 4ip asleep.

In gomerxal, the resulis of the study vers rogative, i,8., pftsy
annlyging the resords of %hess studests {a) wndsr aormal living sone
¢itions before baglening “helr f£lizkt trafaning, (k) folluwing days on
whish flight lesgons wore plven, and {c) foliowing dava durinz the
YIraining on vhioch ne flylug sue done, fow signlficant shangee wers
notlosd in the slesp metility. This generel sonc¢luaion sesms oo hold,
whether the amount of time spent ia wmovewont durinmg sleep or the 1 e
nitudes of the movemeubs made amre conaldsred.

{t must be polnmted out, however, that some of tho studonts did
chengs significantly in their sleep tevewier, If a larse group of
siubjarts were studied, changes might scowr in eleep motility fre-
quontly enough fo be of wvalue in ths celeotion of rilolde,

Uafortumately, the prasent study Coss not chow whether thuge
ptudents whe dld change siznlfioantly 4n their sleep bshavior were
the onss who wore good or bad 1 fiyiny or “ho passed or failsd the
flight course. Un%il 4t oon be shovn thet changos in sloer rotility
are chargctorigtic of seod or vad pilots, cr passiaz or failing
studente, the chief walus of the present siudy ig to peint the way
for Further exporimentation alonz thess sans Ilnce.



A STUDY OF TEE GLEGF MOTILITY OF STUDEND PILOISt
THE PROBLEM

Sfated in gemorul torme, this problen Luvolved an intensive study of 1he
glosp porformones of a group of {light stuisnts. A% the beglmning of the ex~
poriment the studentz wars revaiving groved schoel imstrusiion. Those szme
studonte wers then studiod afer they had taken sp zciurl £light instruction,
Jhen sullisiasnmt rocords were avsllelle there w's an chitemnt 4o isolate gleep
metility norne for ench of the individualis studied. The records collested
ware then compared with other records gathored it eritical intorvales vizes
vlghtys balero and after actual flicht laasonsy novel moneuverny etee, IS was
hoped thet out of such an analysls would come some aensure of the aloep bas
havior of the atudert pilot whisk would correlnte piznificanily coough with
flying abllity or porformenes 4o be of proctionl pradictive value.

Spsoifivallyy the problem consizted of u dotoiled snalyeis of the sloep
motility of student pilots with a view tc detsrsining: '

1, Whether fiipht trolulng altersd or interfered with the normal sleop
behavior of the student pllot, and

2. Wnsther ihe sleep behavier of sindent pllots reveals any diable
characterigtics,

THE SUBJECTS

An expurlmentsl proup of twelve subjects waz selected from & larger
group ef forty etudonts who wers enrolled In ths ground-schon) courses of
the Civillaxn Pilot Traiwing Progrom beinp curvied on at the Ualveraity of
Virgiria in 1939. Twelve subjecis wore selected for study on the basis of
the follewing oriterins? .

1. Thes prodadle avallability of the subjecta for comtimmons study.
Thuzy third year men vers seleshod vhere possibdla decouss they wonld be the
mogt 1likely omes to combimus thelr work An the Usiversity duriang the fol~
lowing yenr.

2« The actesaibility of the experimental lubormtory to the subjecte.
All twelve of the subjects {inally selasted ldved inm fraterniiy houpody
apartments,; ond reoming housss within g one~mlleo radius of the laboratory.

The writer wishes to ackaoulodge the csoairidutions of Dr. H. M.
Johuson, Dre G, G Wilder, and lr. f, 2. Panchester, Jr.py to the conduct of
thls study. :

2 It im regrettable thal tho subjeots ¢onld not bave bsen gslaeoctad om

the bYeois of thess whe would hevs fiight instruction under thoe'ssme instructer,

Such salection would heve piven x walusble sel of flipht ratings ehich couid
nhavs besn included in the amalyels,
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3. The similardty of the suhjacta' gloaping equipment. Only thosse whe
yad essentielly the same beddiny equipment were ralacted in order to aveid
corplisations {a mounting and wijusiing the sleep motility recordors. Eleven
of the subjects had flat~spring, sinzla beds; one had a coilespring bed.

4, The ease of contact =% the besinning of ths study.

AFFPARATIS AMD PROGEOURE

The method employed throashout thias study involved the use of the Johnaon
Sleep Motiliiy Recorder {Slmmons xinetagragh}.3 One recordor was attached to
the bed of sack of the tvelve exporimentel avdjscts.

The entire rocording umit of this apparstus {the Kinstograph, the Psle-
shron elosk, the control cleek, and the necespary dry celle) vas mounted on
& wooden platform and suspendsd frowm the sids bedrails. In all instancss 1%
wag asceasary o incrsase the eclearunce of the bed apring from the flosr to
acoormodate the resorders. This was ascomplished by Jeoking up the bad posts
with either six~ineh or eight~inch wooden blocks. The slide carrying the
reporder pens was atiagchsd in ths convonilonnl mammer to the bed apring with .
& llnan e¢ord sud wna adjusted in each case to gzive a ore~millimetor deflecw
tion with the passive dropplng of the subjest's arm 4o his side. In all in-
atanceg, this regquired a displacement of the longttudinal axipg from ths cen-
tor of the system dowvaris the fook of the bed.

The resording drume weire driven by quiet "CGroen Flyer" two=-ppoed phﬂng-
graph mutors. The recording pens wers made up of right-angle gzluse poelnts
end cemented with liquld walder to the imslie walle of 3Z-omliber cartridges.
Thia provided an ink well large enough %o hold s two to thres days‘ esupply
of ink and gave a very fins line on ihe recording paper. Ssderlino-Angus
6d recording ink proved to bt the most satisfactory for uase in conjunction
with theoss Lmprovieed pena.

A timo mark wes obiained in the rosords for eoach winute during operation
of the recorder, This was accomplished throush the axpedisnt of using Tolew
shron wall clocks of the common kitchen variety heving e single wiping cose
tnect on the sweep hand, This time wark wes astuated by means of ordinary
dry cella. Control closlks ("Tyzits*) were used for gtarting and stopping
the sntire machinery. Thess cleoke were set to bepin recording at 10 pem.
and to atop at 2 a.m.

It was reported by some of the gubjecta that for a few nights the glight
wmonotonous neiae of tho recordsr wes botkarsome. However, a&ll egubjscte bo-
eams throughly accustomed to 1% in the carly siages of the siudy,

3 Ths writer 1s lindsbited tc¢ Dr. H. ¥. Johnson for his sid in prosuring
these ingtruments, Dr. Johnson hed proviougly made exbensles uss of thip ap~
paratus in hip studies of 2leep carried on at the Melon Iustituie,

4 Theso righieangle glmegs points wers supplied by the Esterline~Angus
%m;pmy .
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The resordera wors serviced deily, the rosord of tie previovus nlght
belng remeved, the resording papsr sdjusziled to recsive the nexl record, and
the negsceary sdjustments of the pens, delving snoznisury, olo.; belng mde.
%% might bo noted shat coxieln difficultlesz zith ths apparabus wave sn-
counterad esrly in the study. These were, rlmarllys ascldental discounsq~
tion of the sleoctris plugs, exeescive irkiac and tesring of the resording
puper by rusgon of the subjeots® fallurs 4o keap off {he Yads In the day~
time {when the rocordsre weroe stopped), ccearional sloppdng of the resord~
ing ink, and the bresking of the roacordlug pom tips reaulting from Junping
on the bedn. In one instance, double cosupsney of the bed invalidated the
resord for purpeses of this study. HBewover, onee theserzising routine had
besume well established and cooporatinsn had beonm rocaived froa the subjecie,
thepe AT0icultios disappesrad asnd useakhle rosopde ysre sbiasivnad withoud
interruption, -

Rothiny was done duping the euurss of the siudy tc interfors wiih the
normal living habits of the t7alve zubjecks. ¥ pigid have becn better for
sxperimontal purposes fe vso a population whoes habite relsilve to retirine
and ariaing vere lesa srratic than these. Idfe in local Trazarnily houses
and rocwing houses 1z sharacterizad Dy great irremilzrity. %o effort was
mado to obdain eupplementary data sn the dally noa-pleaping performaucs of
the aubjecta.

TAS DatA

it was poasitle to begin {hs extsasive tank of anelysly of the roe
sords within ¢ for weeks aftor the bepinming of tla sludy. It was do-
sided, at the oulget, 4o avold oxwsesivs hendling of the rescrds by
taking & variety of msagures at the aams tinme. The followiag wers tabo-
lated for each record,

ls Tha dﬁtsr

4. The numher of “active” wirnutes in bed. {(4n active minute i
dofined e & cre-minude intorval in ohiok at least cus movewoud
sosurss ceveral moverenis pay, of gourss; ooour.)

3. The total nwber of minutes sf cenuparuy of the bad.

4. The rumber of "mative™ sinutes during the slsep poricd. (Slesp
was regarded $0 have Antervened st the baglmming o the [irgt
fivewrinute pardod of guiat,)

5. The totai nupber of wiaules in elesd.

6., The toiml nuwber of individusl zovements Juring elesp (without
regard 50 the interval in shieh thsy cosurrad),

b - ] Sy

5 The differentiatiea beiweon ths zajor and zicor movements {13 sxd
18} ig explaived later in ths psper,

a3
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T« Ghe nuabsr of five-alwute "assive” povleds fn ssd.

8. The total muabsr ¥ flveeminuie periocds in bed,

%. Tho numbey of five-minuts “sntiva” perieds during sleep.
10, The tctzl wmber ¢f five-minute periods in slesp.

11, The maxbrum saplitude of displazemsnt of the recording pen from
the ponition of non-cosupnasy ‘e meogure of the sanait ivity of
3he recording ayatsm).

12. Tho oorpuseticn of ono=quartsr of the aebove valus {the line of
dewaresticn botvesn major amd minor gleep movements).

13, The toval nuwwder of minor (nsnd awd ilmd) movoments during sleep.
14. Tre tot2l ummbur of wajor (trunk; wovoments durding eleep.

Slesp was defined For purpsses of dhis invesilgotion as the time be-
tgzon the baginniag of the Tizret five-minute "pagelve™ period alter sntere
ing the Led and ths end of thu last five minubes of quiet balore leaving
the bed, In “hozs oresa whers the regord revealed thal the subject had
laft the Yel tompoomrily dwing the souras of tho night, it was necesszary
1 reapply tha crijericn ef gleap upon iuls reccdupsuey ef the bed,

A proliminsry comparieon of ths ornerminuts mnd five-minute egor
@athcde indleatsd & very sosoldirable difference betweeon the two,” While
most of the previsva wtudleca on plsep have rsgaxded the five-minute in~
terval as the amalless Ahsyy wighed Lo conelder for zaoring purposes it
soomed degirable tc dsterming what the eflent would @e of nurrowing the
alass inbterval. %hias prelinzirary snnlysiz revoezlod thal 3coring in terwms
of one~minute intevtals, vhila atlll distsrting the plsture zonsiderzbly,
wes suffiolently cloasr to actuality thaa vae the fivo-ninuie pcoring
Eethod to wsrrant the uze of {ha ferasr,

b . T 4 i Y ook s "

6 In order %o sakn “his urellulasry comparison,a hizh-spsed recordsr
wag introducsad and comparisors zade on the ssxo record of three diffsremt
agoring procedurze. Thle woar reecvrder cporeied st aboul one hundred times
tne paper 3puad of the atanderd reocrdera. iralyesp wors oade of a glugle
nigzht's records with the fellowing resultsl

For a resord saveriap 454 mirnuies in bed; thers wirs 167 discrsie
rmevsments requiring a totsl of 5,99 mimutes. Thus approxirntely 2% of the
4ime in bod was aciually spemt in movemend. (Thip includsd movements getting
into and out of bad.,} Thers ware 166 poricds of rost, sveraging 2,67 minutes
in length, and ranging from 0.5 seconds to 33.8 minuies. The same record
showed there to be 102 "active' ninutes, or 227 of the total number spent in
bad, The number of "astive® fivuemlnute intervals in the same record was 52,
or 57% of the total of the five-minute intervals. On the average, about 9%

_of s "active” minute proved 4o bo really active, with a rangs frozm 0.8% te

41%. On the sverare,; 3.4% uf the five-mlnute "active"” intorvals was really
ective, the range being frou 0.2% to 131.7%.
This proliminary anelyals Was odnducted by ¥r, M. M. Jeckson.
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For purpngep of the eniire study & "ous-minute motility index™ was de-
vised, Thig wns ealoviated sz tiie ratle petreen the nupber of "netive" one~
winute intervals and the i{otal number of' ome~minute perdods spent in sleep.
A ginller asazure ®mms computed for the fivgemivnutse perdedu of sleap anc was
selled the "flyuv-minute motility index ”

- o
RINULYE

In $as pregontstion and aygtemaltisz«iion f tho resulis, distinetion ia
rady batwasn four {erpericental) condiiinng: {1} %sourds for "normsl® {uree
Flight) oniehts ave included in the first cavegory: (2) Reocrds for the alighta
follewing the days oz whieh & Ulizht wng wede gvs pub in the eosond sabagory;
{2} Regorde for ihe wishiz following com~Tiipghi daye during tho couras of
tpalnine wede up the third; and (4] 4 comblantion of the first end third cas
togeriss sade up the fourth feines tioyre mighd be guod resson for conalder-
ing a1l son-flizht recorde as beilng “oormal®), .

Upgemipvio motillty indicepr. JXn {ohls I are vreserted *hz means and
ghtandard devistisne of the onsesdrute wotillby indlens for sach of tho
twelve studonts undor saeh of the four expeelwonbal vonditions, 1% wili
be notud that the medns rangs Trew D83 40 1TY and thad the viriability
i womevhat largs,

Takii 4

ONZ-RIYNTES BOTILITY IHOTCAS IOh THE SLUR BXFFRYMZRCOAL COPDIPIUNS
izars snd slandard deviations of 12 eibjecte)
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in Table Il ers preassnitosd tne oritieal ratizo of differenees veblween the
mean cne-minute modility indlices of the dirferenms experimentul conditions, i.e.,
normsl varsus flight uwights, f£lishd versus nmon-flizht nights, and flicht veraus
the combined normzl and non-€iight nights. AL} but three sush comparisona

R RPN

" ['wfzww_‘. e

yield gtatiatlcally unrelistle differencesz. The thres exceptions were those
3. for ths normal versus Flight wdchis in the cases of Sukjeols 7, 11, and 12,
2 411 three of thesas subjests aliow a reliably higher motility on niphts follow=
ing ths days on which fli-hte were made. Fer the group as a whola there is
. ne uniformity in the direction of the difforencoes.
- TADLE 3X

3 CRITICAL RATIOS OF DIFFSRONCES BETURSN LTAN3S OF THE ONE-NINUTS
- . MOTILITY INDICSS
¥ Hormal Fight Flight vsg.
3 " va. e, sombinad
: ’ Subjeot Flight Hon~f1i~ht Normal mud Non-fli~hi
L 1. «T51 < ill§ 5ib
N 2. -360 1.728 1,157
o 3. 509 1.226 505
‘ , ‘# 9‘37 —..492 0109
:.,_m : 5& e013 l\gs? o436
F 6. 286 600 « 361
: Ts 4.687 <161 <919

8. 1.354 « 724 86

9 «937 425 2959

10. 053 1,380 1,362

i1, 3.096 . 519 1.493

12, 3.634 «145 L. 175
z- Five-minute motility indloss. Preclsely the same compuiaticns wors
50 meda uaing the five-minute motility index. The resulte of these oumputailons
T ure presented in Tablee LI and IV, On the tasis of this index, only one of
T the subjsots (Subjest 11} shows a statistieally ralimbie insrease of eleep mo-

tiiity on the flight nights. It will be moted, hewever, thet thres other i
tical ratios are above 2,00, indiceting ar approssh to significance.

Correlations between vue-minute ami five-minute indices. Gorrsiationn
were computed betwosn the ons-minvte and five-minute motility indices for éach
of the sxperimental csnditions. All correletions renged between .73 and <0k
These correlations wers somewhat higher thau was suspected on the basis of pro-
limirvary comparisons of the two indinss.
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FIVE-MIRUTE MOTILITY INDICES FOR THE FOUR HXPERIMEINTAL COMDITIONS
{Moans and standard doviations for 12 sudbjects)

Sublest

1.
2.

3e
4.

Bormal

Nights

418
w436
A6
°47 B
a34?-
429
525
«4%7
2340
«327
217

$aDs

»118
054
092
<063
048
«055
075
969
<070
<060
<077
085

Flight

Wahts

.483
417
¢4'64
o449
462
<340
454
,493
+460
343
418
445

fon-£11lghd
82D Hlahts
L109 470
065 <439
2315 SHbBS
06k 430
091 i
045 + 346
.063 LALH
024 2509
«072 + 693
2063 «322
-080 »399
<072 44T
TARLE IV

SoDs

096
o079
-067
054
,23?1
<064
20061
<049
<357
D66
5033
062

Hormal
and
Ron~=f1lizht

{ponb.)

a%?.
+433
2465
n4¢6
+466
2343
468
2518
54'9?
»327
4374
o35

SRITICAL RALIOS OF DIFFSRENCES BETVIEN WRAMS OF THE FIVE-MINUTE
HOTILITY TUDICES

Nermal
3.

Flight

1,453
087
2951
.186
890
. 308

2,062
0996

1,960
.184

4.095

1.451

Normel ard Hon-flicht

Plignt Flight vs.
V8. ecebined
Gon-filaoht
0359 ?593
1.306 1.1%0
« 908 2045
1.313 262
ol s193
2492 2240
1% 235
0473 usa?
.99 2,062
1,293 ‘L.032
g 995 2 [} 260
2132 «£95
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063

082
061
072
L ] 063
<078
-075
084
.C65
=089
«072
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5 Irdlees of wajer and minor rovements. Since the rotility reecords displey
s wagnitude of wovemsnt {40 some degros) £ wall az the time of occurrence of the
wovenont. en abisxpi was wade to geparate 4the major and minor movements made by
the gubjuots. To dotermiue whethor such & separstion could be affected,it wea

Lttt

seriss of 122 predeieormined movements, roprecenting ail siugle movements of the
limbp, head aud trunk, and oombinations of these {(ut warious speeds of the re-
sarder} wore scleotsd for test. All wovemants judeed to be relesvant wers in-
cludud in thip salibration and thelr gselecticn wae systomatie,

¥4 wap found that a olear seperation cculd be made betwoen major {{runk)
and minor (head and limd) mowvaments in that distributions of the twe (major
and minor) did not overiap. The dividinz voint was found to be ai en ampli-
tude of approximately 25% of iho total dieplacemsnt oooseioned whsn the
cubject entered {moved to) tho sorter of the bed. In countling mejor and ninor
movemen%e in the racards, time inisivala were disresurded so that the dis-
toibutisna of the total nurber of major and the total number of miner move-
wents were arrived at. From these valucs a “major movemant index™ (the L
index) and a “miror movemend index"{ths 3 index) were computed. Ths major
moveront index was defiped as the totel nuber of major (trunk) movements
: divided by ihe total muber of wovements made during slesp. The miner move-=
L wont ($) Lrcex was ocomouted in a glmdlar wanner,

B S U TRA I S R

L Analyses wmere made of those indlcos in Lhe same mnner as was done for

- the onermirvute nad flveo~uinubo motility indicoz. Frepentad in Iable V are
the means and atandzrd doviaticpns of the L index (major movement) Icr the
nsrmal, flisht, non-flight, sad the combizned normal and non=flizhi records
for oach of ihe t7elve aubjsots. The erilleal ratios of differencos between
thoss meana are progenied iv Tabie VI

TABIE ¥

P THE L (MAJOR HMOVILENTY INLEX FOR THE FOUR EXPERIMENTAL CONMDITIONS
-l (Means and standard devietiors for 12 subjects)

Kormel
i eand Non-

P Norzel Flight Non-flight ¥light
i gubject NI Sels Biphtey 8.0, Flzhts S.D, {oomb . S.0.
1 - -. 1. .025 nﬁO? 5034 3013 5029 9099 5029 .009
S Ze .028 .003 040 023 042 2011 .03 013
3' 0029 9013 0044 QOIB 0055 3017 t034 9011
4o 031 007 026,006 026 009 030 009
5. .039 013 L08) 012 o085 .013 +040 ,013
&, 042 012 D46 012 2045 011 043 012
Ts .01% L08 030 017 2032 WO013 029 014
&. 057 015 046 016 047 L01% +050 004
9. 048 .013 L4 015 045 012 + 045 012
10, 036 010 039,008 036 +009 036 010
1. 031 L011 L0482 014 038 .013 <035 012

12, 022 2011 L25 0 J0l2 030 009 027 010

i,
we F

nocessary %0 moke a calibreiion of the individual records. Toward this end, a
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TARLE VX

SRETICAL RATIOR OF DIFFFREICSS RETVEEN MEARS CF THE L
{MATOR MOVEZEERT) INDICES

ROl TMight Flight va,
T L7 -2 gythived
Subject Flizet Hon~fliang norpal ond nen~flicht

L. 1079 i.on 1.300
24 2.645 +378 363
i, 3845 2.454 2.52%
r' 2,360 389 2,500
5. N3Xi 207 L300
6! 1‘(’51? 915&"0 1»(*&6
? € 3’!3 80 «‘%'63 ¥ 650
8. 2,548 +403 1.235
Fe 14897 1,131 1,088
0. LAY 1,364 1.353
il 3,250 1.265 2.061
12. 2 D5 2,360 1,187

14 will te noted Lhat skhen $lhe major awvsmsat index s employsd ln ke
analyeds, o oigedfisent ulfferauce 18 Jouns belossn ths noywal rnd Flighd
recordas for Subjestiz 4 T B, and 11, Ths differences in the mevous fur
Subjects 2 ard & alse spprossh nigrificansy. It nuatb be nohsf, howewsr,
et not sll of tnese di{farenses ere in tae eseme diveellon. lmdices for
Subiests 4 and { ahow & dsorsass on flight nights, whlls those of Jubjecta
2y 3: Ts ard 11 show ae iatreass. Ths sritiecd vaiics for the £iighd verpe
sug the nop-f1ipght reserde for Sudblects ; and 12 slec approsen statigtieal
algiiicance, and, ralicble differencos ars noted botwess the mear L fo-
disne of Sudbjsats 2 sad 4 fue the flight voreus the corbined norpml and

-

anv-filght records.

The same asciparisons wora made Joing #h? X {alney wovsment) irdex for
the four sonditions, The tesulis of those somprtstions are prevonted in
Tahlee VI (meaas and standard Eviatiors} ol VITT [eritical ratioml,

T4 ¢ill he noted that the differonces aperowsh reldabilizy for Sule
jacts 11 ant 12 in the pormal wersus i b roconds and for Subjeok £
in tha £lignd wersus gombinod uermel wwd neu-Lidght racorde,

L L
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THE & {BINOR COVEURMT) INOEX FOR VHE FOUR ZXPSRILENTAL COMDITIONS
{Moens and stasdard dovietions for 12 subjecis)

§ Wormal
. aad Non~
P Rornsl - Filiant Hon-f1ight flight
z Subject Nghie 8.0, Nichts 5.2. Nights 9.0, {somb,} 8.0,
2 1. 2124 036 2152 Land 2152 L 138 029
% 2, <148 -036 157 04T 165 084 <190 042
4 3 L1119 2031 A25 085 2229 032 v123 ~032
E 4, 125 034 2128 D34 2127 026 6127 1029
;- Z. 2110 .033 L1098 L0284 103 D24 107 .029
v 6. L0856 <013 048 017 057 020 JO57 .019
7. ;148 <024 LITT O LDAT 168 2084 .184 -041
“ E. o139 +040 1. % B T4 .51 083 =148 D42
- 3. <338 038 127 029 137 029 21318 «930
= iD. L0682 ,021 065 021 »086 0322 058 022
i il, 060 2021 J080 029 2080 025 074 +026
; iz, <143 08 P T .5 v 2161 034 <154 « D40
. TABLE VIIT
;. CRITICAL BATICS OF DIFFERENCES BETUEEN MEANS OF THE 8
(MXTOR MOVEMERY) INDICES
B Hormal ¥light Frisht v,
it Ve . e, agmbined
B Subjgot Fllght Bop={light ugymal and asa~flight
‘_ -1, 10590 4311 0840
: 2, 762 743 »330
1 3. 630 301 214 -
. 4, 000 043 .G28
. 5e o517 207 L2000

6, 2,294 2,390 Z.576
5 Te 2.136 A 622

8. 551 2339 057
\ 9s 1.125 1.149 1.319
% 10, 4TH 1,792 1.471
N 11, 2.81% <121 « 376
- 12, 2,432 725 1,764
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The next step wag to compute the vatioc between the major and GLAGE ngve=
mente ithe L/S) index. Means and stonoard deviations of this index for the
four conditiops are presented in Table IX end the critical ralios in Table 1

TABLE 1X

THE 1/S RATIO (MAJOR/MINOR) FOR THE FOUR EXPERIMENTAL CONDITIONS
{¥sans and standard deviationa for 1& subjects)

Noresl
and llon-

Normal Fllght Nou=fTilght £light
Subiest Nights 3.0, Highis 5.0, Mphte | B.Ds  legmbg) S.0;
1. 2223 091 283 109 .198 LO79 L211 087
z, <194 054 L2911 .212 L270 088 . 286 88
3. +25% -095 389 (196 413 »134 +332 167
4, <243 060 220 062 «217 ,106 «2217 118
5. <371 152 3786 113 A20 «192 396 175
6, 827 =329 .885  ,370 853 0323 .B37 329
T» 105 051 L1784 128 <183 <075 2161 0%
8. . <450 218 316 022 2333 .0l4 365 L1386
9s <335 s129 <329 .132 <344 +113 <339 <135
10. 661 « 253 H26 .24 =598 =295 608 .28
11, .553 .308 558 .188 495 168 516 <221
12, <166 .83 JA37 066 .196 015 183 082

TARLE X

GRITICAL RATIOS OF DIFFERENCES BETWERN MIANS OF THE L/S RATIOS
{MAJOR/UMINOR 1 FTMARES )

¥ormal Fiight Flight va.
s, v, sompined
Subjleat Flisht Hon~#1ight normal and nen-fiighi
1. 537 1.312 . 967
2. 1,015 .23 504
3. 2.354 ESY 1,289
4. 1*323 O-IM w3’8*3
5& al?? 1 f}tsgi u73§
. <359 032 253
T 3.212 2309 470
8, 2.289 3,221 ,88s
9. »190 457 247
0. 473 1.127 1.052
il. 108 1.615 L9368

124. 3-35? 5‘:?53 3“114
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It can o8 seen from Tnble X %hat Ihe only sitaitistisally algaificamt dif-
ferences are for Subjects 8 and L2 in 4hs flizht versus non-flight records
ard for Subject 12 in the Zii-zht veraus the comblined noruel and non-7light
records. For both subjects the preporiion of minor muvemomta inereases on
flight nights. It will be soted that on the rormal versua f1i-ht records,
Subjectes 3 and 8 approaun significance. Particular .ote should also be mads
of the larze individual differences shown in the measns for the normal con-
ditions, ranging from 105 to .827 (Tabie IXJ-

Corrglations of major and minor indiges with other indices, GCorrelation
zoeffliolents were alac computed between the L (major movement} lndex and the
S (minor movement) index for nll four conditilons. The correlations proved to
be small and nogetive, ranging frew 17 to .56. Correlations were also com=~
puted between the ono-minute motility index and the L and 5 indices. The
r's between the L index and the one-minute motility index were all cloas to
zors and unreliadle, However, the correlations between the 5 index and the
ons~minute motility incex were uniformly high and yory reliablegranging from
285 to «93. Apparentlygthan, counting the 2inor movements would provide
nearly as ood a ploturs of plesp motility as ocounting all wovements.

Of interest also are the correlations computed between the L/S ratios
and the one-minute motility indices. For the records taken on the normal
nighta the correlation proved to be .55; for the nighte following flights
it was .87; for the non=-flignt conditions, .833 and for the combined normal
and non~flicht conditions, .68, It -thus appears that these subjecta who
atir about very little in their pleep tend to make larger movements when
they do stir than those shu are very zctlivs.

Records for nights following critical maneuvers. Inammuch es there
proved to be fow reliable jiffereances betwveon the normal and filzht night

regords as a whole, the poaaibility wes investigated that larper differences
oight be revealad if the normal sleep rceords were studled in relation to
thoge records taken on the nlrhts folloving flight lessone in which "erd-
tical" mmneuvers had been prasticed.

The determination of what constituted a pritieal manouvsr was pome-
what arbitrary. However, after dus consideration the fellowing maneuveis
wpre adjudged to be "eritical” encusn to fall in thils category: the first
thres hops, the first stalls; the first solo flighta, the firet three
flizhte after the solo, apins (both dual and scle), eizhi® around pylons,
and srosas-country flighta,

The average one-minute motility indices for nights following critieal
maneuvers (presented in Tahle XI} proved not e differ significantly from
normal motility. (It will be reoalled from Table II that three subjects
showed signifiocant differences betwsen normal and "flight"™ records. For



savh of these subjecls, differouern rnre dlminished vhen attention is fooused
upon mights following critical maneurirs.)

TaBLE XX

FEADS OF OMEMNTE 1OTILYITY IEDICES FOLLOVING CRITICAL LIANGUVERS

Suldest Votility Index
1. .160
2. <149
3. 2126
'" .136
5a 2137
&, L08%
Te 158
8. 166
9. »146

10a 089
ile 2102
1% 2341

olampiastion of resords inyolzing Ioug than siz hours of slsep. In graph-
ing the resulin it tooame appareut ih:t wach of the szireme variation appearcd
L0 be broucht eboubt by the dnclueginn of procords for rolatively chert sleeping
poriode. iueordingly, now distriduliuns wore oede in which no records involv-
ing lese then six hourgs of slesp wore SnelunCods. The =ffect of the sliminetion
of thoge rocords of short pericis of =leep om the dimtridutions is shown 3n
Tabls KiX. Ths garlabliily iz conciderably roduced and sertain of the dif-
fercnves are tads more reiieble. It is not cloar as yet why short slesping
porlods should tend to make the metility of the sudject either very high or
vory lows bul i3 is appererdt that such iz the result.

TABLE XIZ

OUE-HEINUTE 10TILITY INDICES FOR RISORNS FOR 57X OR ORE HOURS aLInP
“{ifoanz for 12 subjecis)

Formal nad
. Hormal Fligsht Uanefiicht Non-L{light
Sukiout Niphte Highbn Nty {eomb, )

i, #1844 «157 2159 s152
Za o147 144 180 153
3e +238 «139 <148 r144
4o L35 «133 «132 «133
5 141 <140 «136 139
He 084 062 «285 084
7. #1731 =183 «181 <179
8& .135 aléﬁ 43.?6 al??
Ya =158 156 155 156
10. 096 292 087 090
1i. «068 103 2110 102

129 .149 n16’3 &3.65 *15?



SUMMARY AND GORCLUSIONST

Rocords of tho aledgp mobilliy of twelve students participetiag in the
Civilian Pllot Treinlng Proprsm were obinined Yy msans of the Johaneon Sleop
KotAlity Recorder (Sirmosns Kinetogreph}. IWightly records; represemiing 1156
"man-nights" were procurad over a six-uozik perdel. An adequate sample of the
"normal” eleep behavior of soch sludew’ Wae procwrsd wrior $o the begimziasg
of his fiight iraining., Tho recurds ¢zken during 4the flight tralning wers
ilrided into two wnjor typess 4hose f2ken on nighls -following e flight lsgson
azd those taken on nom~Lligh! nighiz. Parther aznalyses were else made of
thoess records of slsep motiillty foilowinz days on whick “eriticel™ muaeuvsrs
were practiced, DBoth the roletive amounte of time spont in movomoudl during
gleop and the magitude of ths moyonents wore studied.

in gemeraly the rasults of the studr ware uwegailve, l.7.s ascording Lo
fheas datay actual flight training hos 1itils effasl on 4hke alsep behovier
of the subject. Thils ponsral conclusicn zecms %o hold wagardiess of vhetler
the amounmt of time spent in mevemoaat o ihe mmenitude of the mavemunte zrs
considered.

Tarious indices of elesp mouillity wors considored sai it was feund thead
although the one-minuts motility Lndex ($he retic of the nmwmber of “active"
onszinute periods of slaep snd the t9isl nuaber of miawies sponi In slasy)
distorted the picture conaiderablir; it was pufficlomily 2lugzer Lo the so-
tuniity than wag the five-minuie motiliiy iadex to Justily ifs wsse Corroe
laticns gat'mon the one~ anl the five-minute wotility ind’ oes Fanged from
0?3 to B4,

In the sualysis of the oms-minubte motility indicos for the four experis
renta) goaditlons {normel nickiszs Ilizid nights, non-fiizat nigatz, end the
normal and non~flight adghts ocsblned) 1L vas found tusi thora wus & sig-
rnifiecant changs in the zlesp behavier fellewing Llipkd ¢f only three sivdents
{Ce Ro ™ 4.687 for Subjoot Tj 3.056 for Subjuct 113 ond 3.6%4 for Subiset 12),
The anelysis of the flwves-minute metility indcx for ths same cutsgories of
recoerda showed the gleop bLshavior to increass significantliy fellering flight
days in only one of the mubjecha (0. B. ¥ 4,095 for 3abjact 11).

Apslysis of the mnjor {trunk) movament index {ihe L index) rovomlsd that
the propertion of major movémoends following flights increesod aignifivamdiiy .swer
noro=. aights in three of the subjects (Subjscts 3, Ty and 113 C. R. 2 3465,
m 30380, and 3.250 respectiveliy); and dscronced aignificonmtly im ona (Subjsat

83 C. Ro 2 3549). The change apmwoachsd siznificcnce inm SubjJectz 2 nud 4

8l30 (Cs Ra 2 2,645 and 2.380). Subjests 3 and 12 slas opproached signili-
sance iu Hhe differance betireen Tlisht and ths non~flight niphis (0. Re

@ 2,454 and 2.360). The same is trus “or Subjects I snd 4 for the flight
reeare,;m vorsus the combined normal and non-Tiight records (C. Re z 20525 and
20503 ™

The results of the minor {limb and head) wovemont index (the § index)
reveanled no pignifisumt increcses. However, hore alse Subjeots 11 and 12
appraached a significont chanmge in nmermal versus £Ught nisht {C. R. o 2.011

1 Egitor's mote. The iulerprstotionm of tha resulte of {his study,
purticalurly the iuterpretation of the oritionl ratlcs presovted, is ssclously
hendizapped by the faot thet the nombur of records upon whish ench Indox is
based La not given. [erthury tho cmasl zelhoda of compubinz the mambur of

Pagthive miratus® el Wl o, L WS wd o tudiosd ars o 1Y Luohsds
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and 2,432) and Subject, 6 in-the flizht versus the combined rormal and neon-
f1ighi records {C. R. = 2,576). The corrolations betveen the L index ard

the & index all proved to be amall ronsing frem .17 to .56, The correlationa
bet vean the L index snd the onc-minuie Liotility index were sll clese o sary,
while the correapondinz r's for the 5 izdex ranged from .85 o .93.

Avalysis of she L/S ratdc revonlod tiat Smbjecta 8§ aud 22 showed o alge
niPleant inersise in the proporilon of plner movemesntz cm the flizht aizghts
aver the non=fiilshd nishts (0. Re = 3221 aud 4,950) and Subjeet 12 alpe

showsd sigrificint differencas in tke fli-fht wersus the combined normal and
nor-fiizht nishts (C, R. = 2.114).

The averaze ons-minuts motiliiy indicss Jor nishits follonng "eritieal”
aanouvare (Table XI) proved mot %o »o aisnificastily difforent from unormal
wetility.,

fhor racords of less than slz hsurs of sicep are wxoluded from the

analyois the varlability of the mensurss ie greatly docroased. The reason
for this is nol eleur ot the pregent time.

FURTHER WORX

Future snalyszis of these rocords should taka into agseount the fallyge=
ing ealoulaticna:

1. A "moveument time iundex,” couaieiing of the total numbor of nove=
monte dividad by the total mimutes of sleep, ehould he computed
for the varioug conliticns. Lilerise "minor mevement ti.e indiceg"
and “mejor movemort time iudices” should bo saloulatod.

7, Distribulions of ull indlces, scmbining flight and non-flizhi
alehis 4n a sinzle cluass, should be made.

3., The differonses in all indices hotvewn the normal and cumblirad
£1i~bt and non-flicht conditisns should be delersdred, losgather
with thelr relisbiliiisa,

4. The followinm corrslatlons should be computoeds

{a} Movemani %4ims indox versus mlnule wotllity index.

(v} Minor movement time ind:sx versus mlputs mobllity index.

(¢} Major movement time index versus minute mofility indaz.

(d) Minor movement time index versus major movsment itime index.

5. A rather more complete salibralicn of major and olacr movemonts

ahould be made, imsolving soversl subjscis on differsnt typee of

rleeping equipment. Foosibly a study of iinis sort should be dons
photographioally or ei least supslazeniad by photographs.

6. All repults should be sublectad to g thorevgk graphical analysis
4o suppicmertt the numsrizal one.
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