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Dear Dr. Bri"W!all1 

-·~'~·· 
' ~- . 

Attaohr,ll. ia a rer,ort ontitled 11,,fUudy ot,,tho Sl.ptp 
M,.q;UL~ 5-!..ui,l!lll1 H,lqt,Jl by F\-allk A. Geld:.rd. 'l:'l!iJJ report is sub­
miirtsd by the CO!?i!'!litt~fl on Ss,l111t.'tion i.nd. Ti•11in:!.nc of Ail;•eraf't Pilots 
wUh the reo111W1endt.ticn th,d• it be :tnoladod :!.n tile i:11.1ries ot tsa.lio1• 
cal reports i.swJad by tho Division of R,;s11urch, CiVil Aero!!ll.\.'t.11111 
Adminiutrai.1011. 

'.Fna report is of lntor@m; in doocribine a tsoh­
nique tor inv1111tigating th• w,otiN·.'.l.l J.1o1,m-'bt,ncH 'fihion fllt\1 daveJ.op 
during tliglit trai11U1S• The filld:~nee of' a pr.,l~ ut udy u11lnc 
this technique aro also preBanted. 

MSVttq 

Cordiall;r Yours, 

fr~-10;-
t1wris ;J. V:!.\ale a ~ht:1.irm,m 
Commit~e'> on Sole.Jt:!.an !llld. 
Trainitig ot A1ror111 tt P:t.lc.t s 
Natio111iL1 Re.-oarch Council 
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;;D:tTORIAL lrOJ\Ei.'1001) 

l'ne at-..1:, pr.isemod in th:l.c report was begun :b1 '.1. '.139 
under the e~onsorehip of the GQlllmittee on Sele~tion 8ll/l 
Training of Airernf't Pi10"l.s. '!he iav11stigation of the pro­
b1£mS of sleep !t!"1.ility rsi'lc,.i,,l.l thill C1J1DWitte11's earl:, in• 
teresta in invor,-1.irr~;(;:l.ng erioti.:iim.l. a1,1)Gcta of tllg}i.t t1.'aj.ni:ig 
and of. flight p:,r!o:nianceo 

The prf'lsr,llf, stud;, 11ut"far~ .from la.ck or sui"fici,,11:\. II.Ullt•• 
bars of eaaoa and from ths sbsenoe of dsttn on stidemi, • flight 
performonc'l during training. It l'wtl!l,ins to \a detsl'!!'.ined, 
therefore, '!.ilether the d.ifferance8 or ·trends i'onnd in this 
Blady Will hold up in :,arger sa.mplea and ·31),i!'ths:.· slN.!• -
tility is 11 measure or wc>tionality wh!.ct, i.s dil•ectly t·elP..ted 
-to succesa or failure in fli~ht trair;ing. !ivnrth~l•rJ!lt the 
report is ot i:n.tereat from the viewpcir.t of tha ejns in ;-•ilc,t 
re~e~r.ch and of m~t~udolOl.!::f, 
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SUWAR.l:' 

ln tua early dayg of ,eeear..ll on probleme involved in th& 11ele~iou 
amt trailli.ng of atr.irai't .1•flot11 one :,f the prin.ii.P4l uei.11 Ulldor i!I.Yt1a• 
t1ge:~ion waG thdt of the emoti"lr.ta.l a<Jl's!!Cta of fli.ght training, Sueb 
f'aotors aa inereaesd "tension" ,uoUl!Je,.l in the studer,t pilot by the 
flight e1tuat1on1 "noMous:101!11:-" 1 ~ swea ,1116" ;i ete. • m>r<i Bet 11.Jide, for 
11t1.1dy 1n relatior, to the atu.dont •11 euo.csss or ~ai lu1·., in J'ly!,ilJ. 

Ae on., stop in 1nvest1@.tin~ the emoti<>ool aspacrtii qf fl:t;;,t, a 
11tudy of ,oovem,mte dur1n::t ~laep was und.irtaken. ln ordar to :l.'1"'81J" 
ti!llllte this sleep boliavior a. :;poeiii.::.ly (1'.)Jt!t:niotad instrument (the 
5:1.mmonH K1netograph, slightly n,odifit.'+d} lffl.11 atta~he,i i.c, the b'3d.ii of 
a ola;is of 12 student ;;,ilc,;te ut1dorgo1ng c,,P.~. traininc a;t '\\he um.­
"'ers:l.t,y of Virghli11.. This inatrt,ment r seorsle on o. 1Jt'1)1i:io record all 
of the major ltrunk) and minor (h.-ad Emd U?lib) ruov$m,mi.o of •.he atu-. 
dent while h~ ie asleep. 

In ionenl, the 1•e:n1lts of' the 3·l;t,.dy :;ere nue;atl.ve, 1, e,, after 
amlyllil!G tbs rG11orde of i;he11,:, .~tudents (~) 1m.:h1:r norma.l llvlne oon­
dit.ions before baginntng their fll:~t tr:>ai:ni.ns, (b) follonng (lays 011 
which flight lessons .-,-,re e;iven, anc ( Q} follcn:rit.e; tl.!.1ya d1n·in·1 ·t11e 
J;raining on 11hioh no :f'ly1n.(! mos done, fo~ stgaii'ic;i.nt cl'.nngee W<.lN 
r,otioed in the rJl1>ap motility, 'J.'hi.11 (s6nerc.l :l(lll<llul!1.on a'.!!!lllll to hold, 
whether the 1411\0Ullt cf tillll) spent in rnov&IW3I,t curing iileep or t!!.11 img., 
nitudee of tile m,;,,roments iradec are 001.sid<!r<>d. 

lt must be poim.ed out• llc'll'llver, th,:it t1om& of tlH studMnh did 
ohe.ng., s1gn1fiea.>ttlr in tllair r;leep tc,;.,._,rior. I:!' a larse gt-oup of 
11abjerls wer11 trtudied, ChfU16oe migli·t oi::our ir, sleep motility fr~ .. 
quer.tly enou~ to be of value in l:.ho s0l11o·tion of 11Uot.e. 

Unfortunately• th111 prason.t otu<:'y t'.oei, not ehow wh .. ther n«iae 
llt.Udenta 1vha did change si::sni:1'1011.ntly :tr. their eloep behr,.1d.or flre 
the ones '71,o were good ur bad ix:. i'l,'in,; or ·mo pa.e11ed er J:'e.ilsd. th& 
i'll(Sht oouree. Until it can be :.ihotrr, tl1G.t olnn13cs iu slo&p ll'otil:Lty 
arl!> eharaatorist:I.,: of' c;ood ox- l:!nd pilot a• c:r paesin::; or f:.ilin(t 
studonta, the ehiaf value of .ho present study ia to ~c1nt the tay 
ro:r further e:i;porimsr.tation 11.lon::i; theee. $11.t:!'II llnc,e. 



A STUDY or TF& SL!lllilF MOI'J:LITY QF S'l'UDEm' ptwrsl 

Tam l'ROlll.,Dj 

stated in g$Mrul tcrm11> this p..-obleill iuirolved !lll i."lf;ell.:d.ve s,ud:y of the 
eloe-p ptrfoninnee ot a group ot night stii-iimt.a. At tho bo~ of tha ex~ 
pO?'iment the s-tudcmte 'll'ero re,:,aiv:l.ng g:z'Ound 11c:h<01)l hl.str-..1~icno Th,;,so &al/la 
studonte uer~ then ot.udiod af'ter they had taken up ~atulil..fl:tght irll!ltruct.io~. 
:iho11. aul:'!'it.ierrt; 1·11c:ords 1re1ro t.V!lile.ble there ui•.i.; an a.ttompt to i11olat.o 1Jl11op 
uurt.il:1.t:r 110r.lllil for e,:,.ch ot tho indi.vid.Wlll~ ll'tudiod. T.i:.~ raoords colle-ited 
were then c~•d with other records ga .. thcrall m; critica.l into1"'1'l!.ls• viii., 
nights betore and aft.or actual fli~t leaoone• ~•l llll.ffllllffN!, flltc. It ira.a 
hopecP. that 01lt ot 11t1ch an amlys:1.s would comc 11om<!I :naasvr• of tho 1l"J) b­
h.avior of the .-tndhl'?t pilot wbloh would corNtltttc oignitioa.mly onough with 
nying abili:t;y or pertoJ'1:ll!Jlnc to be: ot prc.ctioal prW1ctive valu• .. 

Speoifioolly, the problem oonsi11teil at ii. d$\!'.ilod arlfl.lysis ot the eloep 
roatillt:r of' student pilat.a 'l!lith a ·n,.JW tc; d11t11r.unirig1 

l. ifhother fl.i(lht tr111n.'tng altered. er interfered with thr,, normal sleop 
behavior or thEi stUdont pilat., a:n4 

2. Whsther the :,lnp behavior ot sfrndam pilots rff"11il ai-,y Gta!:,le 
ob!ll'aoterilltias. 

Till\! SIJBJECTS 

An experillle::ital gr-oo.p of twelve t1ll.bjects wae selec:ted fr0111 a. la.r-ger 
group ot forty stw::.ent.11 who nro t.l!l'olled in tht uound--eobool courses ot 
the Civilia."1 Pilot 'l'rahing !'rlJgl"llCl beir.c carr:l."'1 on at the Un1vera1ty of' 
Virgillia in 1,;39. 'l'weln ,ubject.o w,:ire s1>hcte4 tar study <.111 the bl.Ilia ot 
the toll0'1!'1ne ori:ter1a,2 • 

1. The probable avnil,,.bility of the 11:libJeots tar cmrU.nuou study. 
Thus, third yoor mon vero seleatod u'.llere poseibl& because t'hey would be tha 
molf; likely ones to ooutinuo their \701:'k in the UniV&reity durl.ng the fol• . 
lmv:l.ng yeoJI'. 

2. The e.ooesoibility ot the 11xporimem;al uboi•o.toiry to tho Sllbjec::t.11. 
h.ll twelve of the eubj11ct11 t:\nn.lly eelo::ted. 11-nd in i':!:'at•rnit;r houa1,i1, 
apartmentlil, o.nd rot11l!i.11g hoas'lts within ll orio"lllilo radius of tho laboratory. 

l 
Tho w.ritin- wish11e to aclmcmloo.ge the c1n.rtribatio:n1 of l>r4 H. u. 

JohMon• Or. c. o. Wlldlll"t Md ?.lr. Ho a. l1a.!LO:lu:11r.1H• 9 Jr., to the conduct of 
this 11t udy. 

2 
It 111 rrgi-ettable that thu s11b;Jo11ta C.1)1!.ld not have been selootod 11n 

t!Mt baoia 11f thooe 'ilho '110u1d h?..vo fiight ir..t1·taction un.illl' tb.:i',e,r.io inotrucrti:11',. 
Such stleotion would he.ff ei,ven ;i.. valli:l'lbb 11.n ot tl:l.(lbt ratinga itluch could 
have bean included ill th!!' ano.lysi.l'!. 
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. J• The 111!1.lile.ri ty of the ,w'l,j'lete' sloepinz equipment. Only thoae whc 
tif4d essentially the sOJJle beddin1 equipment ~ere eelected in order to avoid 
cou;pliee.tione in mountin~ and a'.!Juatinu the sleep motility reoorderi,, Eleven 
ot the subjecte had flat-spring, single beds; one had a coil-epring bed. 

il'PA.'ti\TJS AND PROCEOORE 

The lllflthod employed thro.i:;,½aut thie study involved the use or the Johnson 
Sleep Motility Roocrder (SillllllGns Kinetograph),3 One recorder ftl!I attached to 
the bed ot aaoh ot the t:ielve experimental subjects. 

The entire roeording um.t or tlrl.11 appar,itue ( the 113.n.&tograph, the Tele* 
ohron clock, the control clock, and tne necessary dey cells~ \1all mounted on 
& wooden platform and euspended from the side bedrails, In all inetance1 it 
ne necessary to increase the clllar::i.nce ot the bed spril'J& from the floor to 
accommodate the recordere. Thie wae aeeo111plished by Jaoking up the bad poets 
with either s1x-inoh or eiflht•1noh wooien blocka, The elide carrying the 
recorder pene was attaoh,d in the convo.ntioMl lll!Ulll8r to the bed apring .r1th • 
a. l1n$n cord and was adjusted in each oa.ee to give a one-millimeter deflee• 
tion with the passive droppin~ of the auojer.t•s arm to i,is side. In all in• 
ate.nee&, this required a displaoemen~ of the lonrµtudinal we .tl"QIII the oen­
ter of the syetem to\'19.r,is the foot of tho bee!. 

Tho recording drU111$ wa;;e driven by quiet "Graen Flyer" two•spoed phona• 
graph mot ore. The recording ;:,ene ,vcrs c,;,.de 11.p of right•angls gl11se po1nte 
and cetlllilnted with liquid eolde~ to the ina1a 111alle ot 3~•oallber c~rtridgee. 
'l'hia provided an ink well large enough to hold a two to thl"Ele day1' supply 
ot ink and gave a very fine line on the recording paper, Esterlino•Angue 
:red recording :l.nk proved to b(, the moet eati&tactory for use in conjunction 
with those improvised pene. 

A time lll!l.l'k fts obtained in the rocorda for each minute durine operation 
of the recorder, Thie was accolll!)llshed through the expedient of uoing Tele• 
chron wall clooke or the collllDOn kitch9n variety havinz a eiu~lo.wipin~ con• 
tact on tho swe&? har.d. 'this tilM mark t1aa aotue..ted by mea.ne of <>ruinary 
dry eelle, Control cloeks (n'l'yln:lta·•) -re used for etartir.g and otoppinis 
the entire meohinecy, These olooks were set to be8in re~ordiDe at 10 p.m. 
1111d to stop at? a.m. 

It -• reporlsd b1 1toms of tbs stibjeeta that for e. i'oli nig)lts the slight 
mo11otonous noise of ~h<.t reoordor ftlil h>ther11ome. However, all s·1.1bject11 be­
- throughly accw,toJ110d to U in tr.e early stages of the irtud:,. 

3 Tho writer ia indebted to Dr. H. ~. John&on tor hia aid i~ proouring 
thee• inatrwaent,. Or. Johnson ha1 previouely nnde e:itteDeifl UH of thirl ap­
paratus in his etudiaa of aleep carried on at the Melon Institute. 

4 Theao ~ight"'!Ulgle glass point• were aupplied by the Esterline•Angu.1 
Company, 

i 



The reoorderia >ffl:l'e aeniced dail7t the ro,oir4 of tlle provious night 
blling remoYc«l, the ro'lordlng paper &djul!<~ct. t:. r&oeive the Mitt noord, ani:! 
thlil necec;11nry adjustme,nte of t)Je penlil, drlvinQ: tnchim,ry, ete,, b,sing !llll.du. 
It might bi9 noted that oe,·tain dii'i'ioultiei, :11th t1'~ apparatus we • .,. rm­
counter,..d. &8.rly i'l the studJ•• These w0ru, p·lil!arilJt aaeidsntal d:l.sconr.eo• 
tion of the <>leotrlo plugu, excesoiYe ir.ld.,i;; an".!. tearing of the r,.oordiug 
paper b7 rll-1.\son of the u~bjeots' failur~ ~o keap off tt.s bedg in tho day• 
ti.lll8 (Whe!l the rocwrcl11r11 m,ro stopped), occa11ione.l slc-p.:)ing of tho record• 
ing !111t, ll.l'ld the br&ak:!.r.g oi the rJllord!.ng pen tips .-esuJ,tL"\g .from JUJUping 
on the bedo, In one ir,st&.nee, doit'l)l.e o'leupsnQy of the bo,!. 1nv,llidated th-11 
record fer purpo11e11 ox i:tds stady, Hwover, onec the oo.rvieine; routine had 
beol:lme ·,Tell aE1tal;,liehed md oouparation had boon r.:,e~ived fro<ll tbe e11bjsct11, 
theea dlf,ieuJ.tics di11appe:1rad and useabln rocorde uRr" :;ibta11nd ,1itho1.~ 
interruption, 

Nothin,~ wa, dono dul:'ins tho couroe of the etudy to ifl.terf'ere wit.ti the 
normal living habits of tl1E1 t".7elve ,:;;bject.e, It mig):tt hava betn bettor i'or 
e~!)E,rimcntal purpoae:s to 1=110 s. population ,;b:,,;o h<it>1.te r.-la~iv.- to retirhig 
~nd arising '1ere less erl":ltio than tlle&e. H.t'e in lo~al f'ratl>r-nity hc1.!8~S 
and roominr; houaee is oh11,I'tlctE>l'izs1d ':>y gi,,;:,.t irrer,,l::trity. N~ effort was 
made to obtain eupplelrnlnta!:"y dat11 :m t!1li daily non-ele•ping 1,~z,f,:,rmauc-<1 of 
the subjects. 

rt was poa11i'l:le to b{.gin the e¥.teru,1v<1 tau!< o': ,,n-. lyd11 of tto l"f>R 

oord11 within ~ fe,,, -.0e,,s nftor ths llaitiM:!n£: of tt,41 s',1tdy. It w1.u1 :ie­
c1deJ., at the outset, to avold oxos~aiv1> llandlil'.\r, <>t t"e .:-eoord11 by 
taking s n,riety ot me!11uree at t;,o 66'!':1$ tirna. '::'ll11 f'ollo'f'i!'I;;; WOJrl'> ta.'1u~ 
lated for ea.ah record, 

2. The number of "auth·e• mir,utes :l.11 bod. (An e.ot!:ve mlm1te h 
def:!ru,d e.e a one-ridrmte iniarv;,l in whit1!1 at leact o~,e :i:,:,veW:.,rrt 
ooour1113 ceTeral llIDvw~nte l'.i'lly, of oouree, ooour,) 

The r.wnber ot N~qtive" mnuteo during tn~ els•~ period. 
na rcg,irdEld to have triterv<tn11d at tho b361mi.1ne ot tha 
fiv~•~inute pa~iod or quiet,) 

(Sl!l'll1J 
rir:rt 

6, 'i'ha total number ot' individual ire>v~mGnt:., during elea.p (1r.l.th<0ut 
regard to the in tonal in :,hi,,l'. \11.e, oo¢urr~d). 

;, The differentiation betn-eo.:i tha ,mjor 11..d mi{)?::' rao"?~m.;r.ta {13 r,:itd 
14) is explal.,;llld later in ·thG pi,,pe:-. 



11, The !llllXiu>1.llll =plitudo of' dil'!f)a,;,e:n,,nt of the recording pan frol!I 
tha por,ition of non~oo~up~.1~y \e. meo.sure of the sensitivity of 
the reoor1ing eyetem). 

12. Teo ·co"'ft,~e:tkn or one•qtlllrt'>i· c,f the above va.1-ue (the line ot 
d,'111!!.I'C"-'oiG'I b01',11)sin :n,,,jor and mi.nor eleep movements). 

13, The to.-,al ,wmbcr of Min?r (hsn.d nr.rl limb) moyomenta during sleep, 

14. Tt.e tot·::.l nU111h,r.- o·~ mjo,· (trunk) movomevta during sleep, 

Sleep no dofinod for r-ur~~~o~ of this inv~et1gation as the timo be­
t'll'~en th8 boglnning of the fir5t fivG-inin.u:to "paoehe" period after enter­
ing th<t 'iisd e.r:d tha, en•~ ot' thu L.ot five m:\.nu:to!I of quiot before leaving 
thcr bed, ln ';hone casoa ·.vhora the reaord ravonled that the 11ubjeot had 
loft the be.i tm:o.po~"'l'irily dUl'ing ths o~ur3e of: tho r.:\.gh·~, it wns neaeesary 
to re11pply th.~ o•Horiu1 .,f ~lti,ap l\pon ;"fo r®o~nupaucy of the bed, 

A pr,,.ll.!!1.,n.J.i"Y cc:t:;,c.r1&on or tlie o,1e••minuti, and fiv~minute egoring 
ai,thods inc\icat<>d :. •!'>::")' ~OfJJid n·ablo difference bett~eon tlie two, 1//hile 
m->~i. of t,;,e pr,nb,,e atdi.t,~ on rdeep haTe regarded the fiv~•minute in­
terval as the DmaE.,~·~ -';= ,y wllii1'e,~ to ca11e!.dei:r f'or s11orlJ1G purpcass it 
so,ome:J. deeirabl<!i t,; dot1.,:rmL1t, wha·~ the e.r:.~~t would be cf narrowing the 
al:ias interval. ';,':,l." p1·eU.,,inaicy eno.l:fl!is ravoaled th&.t :,coring :!..n tera.a 
of one-minute inte,"'1:alo., d1ilil atill 1htorling tho pieture !}om,idere.bly, 
11iu1 auf£1oiontly cJ. .. s,,'° t.,, ,,ct•,a.lity than =fl th,, f'iv<!-;ninute ecoring 
m.,thod to nrI'ant tl:e ,1se <l? th,, for,oor, 

6 In ordor to ,:t,.kn ·,hb • :n•e,lbdnary o<'mpari:,o~a high-epeed recordez­
'RII introdi:o,Jd ..r,d co1:1pa.riso,.a :l'<lle on the srur..o record of three different 
eoo!"ing 1irocod\lr~s. This r,~·:, rec;,rder q)srated at about one lrnndi•ed tillllls 
tne paper ::i:,,oad of the eta.ndG.rd reec1•d,;rs. .1nalyeeo wer,i, ande of a ei'1(',le 
nl~ht'a reeordo with tho fcllo~im: result&: 

For a reoord ~ovc!·.L-ig 454 mir.u'i.e~ in 'twcl., .ttei·o \f;>ra 167 disor"te 
movements requiring a 'total of 8. 9') lllinut&e, Thus appraxl!"T.'.tely 2% of the 
t:l.mG in bod was actually a pent :ln 1:!0Vem::,nt. (ThifJ incL,d"'d ••.warnenta e;ett:l.,ii 
into and out of bad,} There •v-Jre 166 periods ,,f rast, s.ve.-aging 2,67 mim1te11 
in length, o.nd rangin~ from 0,5 aaco!l~a to 33,8 minutes. The same record 
showed there to be 102 "ar.:t.ive" fuinutea, or 221, of tlla total number spent in 
bad. The number of "active" fivv•ir.inute intervals in the oama record wa.11 52, 
or 51% of tho total of' the fi -,o-:rlnute intervals. On thu average, about ~ 

. of an "active'' minute proved to b,; really active, ·dth a ra?lgo f'rom o.~ to 
4lf., On the e.vera!!fJ, 3.4% fJf the five~minuto "active" interval■ was really 
ective, tho range being fro~ 0,2% to 13.7%. 

Thie pJ'el~ analyaie w.a acincfuated by 11.r. ii. II. Jackson. 

I , 



for purp,,i;.,11 of the entire nt,tdy R "o,ie-111inu.te 1110tillty index• -...a de• 
Vised, 1'hi11 'llnS caloule.tad a.a the ra+.:.o oet:,e<111 the nlll!lber of nact1v11•1 om1• 
mt.mite ir,turval11 an:l the tots.1 number of' one-mitr~te periods epent in sleep, 
A simtur J~aaure 118.s oomputed for the r.iT~-mi~ute period~ or eleep an~ wao 
ce.lled <::1e "1'1vu~lllinuto m~tili:ty index ~ 

'.en tn, pr"s,,ntstion and i1;,r;tewatu,.:.ioc )f tr.11 reeul'..a, diatinct::.,m is 
imd'I ::>0twa-11n tour (1r:i,,per!.&ental) oonditirin,,= (l) S.eourda tor "normal" (PN'" 
rl.igi,t) night a 11..'e inc,lt1ded in the first t;a·;;og?ryt ( 2) Reollrdfi for the n::.gh'fl a 
foll,•,,ri!'.I~ the days on \1hicil a fU;ht 'il~t<.1 lDl'l.de are put in tno t!ilOond catell;O>'l, 
{3} RE>Mrdt: i.'oi• the l'li,",hte .\'oUowin,; .ion•i.'lighi: days during: th.o cour,m -~ f 
tr,iin:I:.~ made •lp th., third1 !!.nd l4) A oo!Sbil'lll.tion or tho fi.r:,t and thlro 011.­

togc,d.oa '°"'de up the rourt~ (einee tln!'fl mig_'rl. be g,,od ree.aon :!'or ooneider­
in~ ,,ll ,1,:m••t'lii',ht r11.:orde, au beit13 nnonral ~), 

OQS1°minv.k,~._419.i1li,ty irydieee, i.n i'r,lJle I are vreaellte,u t.n<> maanEt ottd 
etl!indard d.eviatiQ!'III of ·i;b.e o.n.,-minute ,r,0tiHt:1 ii:dlees f'c,. eoncii of th:, 
t.web-e students un6<:1r ell.eh oi' the four ex:;:,eri,nontal oonditi<:>ns. It will 
bl'! notud. tlut the ms1<ns rnni~ Pt•cm ,na3 to ,179 ar.!! that; the ,ir:l.t1bility 
18 eorne~1h~t 1,u<ge, 

O~~-lcrHJJ'tE! MC•f ! /.JT! :.nm:: ~.i~:1 ror, TID1 Y JiJl EXPrR!lfi.S?>rr."i.L 00:IDIJIVNS 
("i.ll.U:,9 !Uld at ll.lld.a ~d d...,,1atior,e of 12 llLD jG~tf!} 

ifll"IL-',l 

s.r,d 
~,:orwul !!Ugh·t "1,m=f'l 1.gl!t Non-fUj,t 

:a,ub.fta! N:!.@te, ~~ ?--'i'jhtg S.D .. -- ?liti•~e !j..,j).., -- {comb, l 

1. •,l43 .0~2 ,is.;; ~ot~1 ,l!.il ,04C .u6 
2. .140 .028 .u.3 .03? ,J.55 ,030 .151 
3, .i35 .035 ,241 -04~ . ,s.3 0,, t' 

1' , . ..,,. • 1.46 
4. ¥139 tt◊32 .145 .026 ,132 ,O.:j ,134 
5, ,l;'-f, ,034 .13(; .029 (,l!l .oit- ,134 
6. .084 .018 .083 .Ol.9 .085 () ., ' .064 ill J. ~ 

7. .153 .OH .175 ,012 .176 ,036 .lf,, 
a. ,179 ,037 .162 ,031 .1(.,7 ,/J;if. ,170 
" , l;, ! ,,033 .. 145 '')jf, .149 .024 ,152 ,. 

lG. ,092 .019 ~092 ,'..ll,9 ,os, ,024 .oo, 
n. 086 .:>~3 .111 .035 , l01 0,.,., . -, .100 
12, .1313 . .']31 .158 ~CJ·~ ~JS! .023 .152 

L!k 
.038 
'?O?!{ 
.031 
.027 
iF::30 
.017 
.0311 
.038 
.027 
• o,; ;i 
.028 
·1 O)>. 

.. 
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fo Table n IU'9 :pr,;sants;d tlle ~ritioe.l reit i.c.o ".•: Ji.f:fer,meee u0tmw"l "the 
mean one•minute mo1;.i.11ty 1ml1cee o.f the d'ii'fei:-em. expc:ait00ntal conditions, i.e. 1 
normr.l ,rersue flie;ht nic;lrts, fli:jlt veraue non-fli3}1t ni.i;hts, Wld t'li1ht verEUS 
the combined normal and non-.flii;,t nights-, All. but three 9u0h compar'leona 
yield etat:lat.ically unreliable dii'i'ere.noes, The, -thre;i exceptions were those 
for the normal V'lrc,i;e flight rd~ts in the ce.se9 of Sul:,jeatiil 7, ll, an:1 12. 
All three of thesa aubjeots show a reliabl:,r higher mot-ility on nic;hts follow­
ing the de.1,s on whioh fli:;hta tTere made. '/!'r,r the &("O'll? as a whole there 111 

no un1t'orm1::.y in the dirooti'>n of the dHf01-erH:oa. 

CRlTIC'1.l, RATIOS OF DIFFzrt--;N<:ES Bh"!Wllilsl'I' t'.i':ANS OF THE ONE~l~HllJI':, 
MOTIW:':'Y IIIDic·ss 

Normal Flight flight VD, 
,rs. va. combined 

Subject flight Non-fli-tht No rms.l Jl!ld Non-fl.i;,tyt 

l, .751 ~lt9 .516 
2. _,360 1.728 1.157 
3. .509 1,226 .505 
4. ,437 .4<j2 .10'} 
5, .013 .857 ,436 
6. .286 .600 .361 

'7. 4.687 ,161 .919 
8. 1.354 ,, '124 .'J46 
9. .937 ,425 ,959 

10. .053 1,380 1..362 
11. 3,096 -519 l.493 
12, 3.634 .145 Ll75 

Five:m;J,nute !11\>tility iajiue!I. Preohely tlle same OOl!lpututione wen 
mede using the tive-mJ.nute motility inde~. The result~ or these oomputationa 
tu·s presented in tab lee III aud IV, On the t.e.sie of th.\a index,. only one of 
the eubjeota (Subject 11) sh~\'15 a IS"~atiatioally reliable inorease or aleep oo• 
tlllty on the tlig.'lt nights, :tt will i:,e, noted, h<>11e1·e.-, that three other .iri• 
tioal .. -atioa are 9bove 2,00, i11dioatiiig an approao~ to 11ignifioanc11. 

Correla;tion& bet,:,een o,ie-minute am five~ute indie.!§:• Gorrelatioru, 
were 1:omputed between tha om;,~m.nu:te e.nd fi,re-ntir1•ltll motility 1ndieas for eaeh 
of the experimental condltione, All eorrela:~iona rMged bl"t\'111en ,73 and .,84, 
Thees oorrelatiom, wen somewhat higher t.hau lilllll aua1>9cted on the basis of pre­
limir.ary oomparieons of the two. indices. 



TADLE 111: 

FIVE-MINUTE MOTILITY INDICES ~·on 'l'HE FOUR .EXPERIM!!!!-TJ.'AL CUtlDITIONS 
·'1-; 

(ldeallS and standard dov1ations for 12 ~ul>jeots) 

Nonoo.l 
Wld 

Normal :&"light Non·•fU gilt N1Jn•tli~t 
Subfeo\ N1$tt ~t, @ra:,t, 2.!.11:. !~~-- s,011. i:,ona, • l hlL. 

l, .425 ,118 ,463 .109 ,470 ,096 .462 .103 
2. .1118 .054 .417 .065 ,439 .079 ,433 .063 
3, .436 ,092 .4-64 ,U5 ,4116 .067 .465 .082 
4. .446 .063 ,449 ,,066 .42,0 ,054 .446 .061 
5. .478 .046 ,462 ,091 .464 ,071 .466 .072 
6, ,349- ,055 ,340 ,045 .346 .064 .343 ,063 
7. ,429 ,075 .464 ,063 ,486 .,061 .468 .078 
8, .525 • 069 ,498 ,094 .509 .069 .518 .075 
9. ,497 .070 .460 .072 ,493 .051 ,49'1 .oB4 

10. ,340 ,060 ,343 .063 .322 .066 .321 ,c65 
11. .327 .on .418 .080 ,399 .OBJ ,374 .089 
12. .417 .cB.5 .445 .012. ,447 ,062 ,435 .072 

TABLE rv 
•'.llllTI'JAL ll.'\'1'!01;: OF DIFl?EP..ii;NCES !mT\'mEll JEANS OF 'IHE rrm-lUNIJTE 

ilO,:'lL!'!'Y nmICES 

Noma.1 Flight Flight "I 11 • 

vs. va. ocm1b ined. 
Subject Fll.gh\ ~Mn-fli'Y}t r~:oo.u.&}k!J:.~rught 

1. l.453 .3.59 ,593 
2·. .087 1.306 l,l'/'O 
3, .951 .?()8 .045 ,: 
4. .i86 1.311 ,.262 
5. .890 (,!02 .193 
6. .1305 .492 .240 
1. 2.063 i;.::.14 .93~ 
8. .996 .473 ,887 
9. 1.900 1,891) 2,062 

10. ,184 l.2jd ·l.032 
11. 4,095 .995 2,260 
u. l,4$1 .132 .695 



.-.,:. 

~: 
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}J;1iqH,.£!Li:.aj,,r and m\·,-.or r,ovema11te. Slnc0 the ro-~tiUt.:,r raco!"da diap~y 
n:agnitu<le oi' ,novemont (to 11oms deg;roe) ~.13 m,H ai; tll.i time oi' ,.,ceurrence oi' the 
mo'fllJJunt, e.n ati«,iept ',7!HJ Wilde to separ9.ts +,he major and minor movements ma.de by 
the aubjc.cts, ·ro dotermine ·;ihE>thor euoh c. separation could lle eftected~it we.a 
nooestm,/ to =ka a ca:ibra~ion of the individual records, Toward this and, a 
sflriee of 122 prede-~erminod move1Dents, r:ipreeenti113 all si,,gle movements of the 
limbo, head and tr•1nk, and oomhinatiom, of these (at various e.-,eede of the re• 
~or:ier} <1Cr& e<>leot••d for te~t. All move,n'3nto jud~Gd to be rel,ovant ·:rero in• 
olud"d in tbiA calibrati,;,z, nm! ti,eir aelec~ion wae •yatematic. 

It wao found that a olenr eeparation could be 1111de betwe~n r.iajor (trunk) 
and minor (head "-nd limb) movnroer,ta in that distributioniJ of the t:10 (major 
and minor) did no·t overlap. The dividin:; point wae found to be at e.n ampli­
tude or approxil'l!lt.,ly 2~ of tho tot:i.1 dieplaoem-,nt ooaaaioned when the 
cubje~ entered (moved'to) the 00r.te~ of the bed, In count.in~ mjor and minor 
movemen+,e in the :r,3corde, time 5.nt.en·,.ie wore diare:,.:.,.rded eo th..1.t th£ die~ 
tdbutiona of the h-;t,al mWJl,er of w,jor and tlta total nlllllber or minor move­
:eents were arrivsd :lt. from (heeo valuc·e a ''JDBjor movemant index" (the L 
index) and a "minor llillV8Clen·i index'' (th'3 S inde.-:t) were ccmputed, 'i'hg major 
mov,nr.ont index was deri1u,d aa the t<ite.l ,:umber of majol" (trunk) movements 
divided by the total number or ,,,ovemGnh made during slasp, ·rha minor move• 
111-0r.t (S) ir,t.l!x ,,a11 oo:irauted in e. alr.dlar manner. 

,l;nalyal'ls fi;?t'i!> made of thosa tud!.cos iu the l.l&me r.nnne,· aa ,,as done ror 
the onevd.r.ut~ o.,1d f'iv0~winut0 moLill:ty indiooe. Pre.aent3d in rable V are 
the n:ean,s an<i a'.an,:',ard dovio.tioll6 of ,t,e L index lmajor movament) fer -~he 
no.--1, fli:5,ht, non~fligbt, and the combined normal and non-fli~,ht records 
for each of.' th'd t·r.sh·e aul:,j•~ots. The cM.Uoal ratios of difi'orenc~e between 
these m~ans a.rs preoented ill Tab~o 'll 

TAl3.IE ·1 

'l'HE l. (MA.JO[¾ M0\13,~!1.'l') INDEX. ~'OR THE FOOR BXPERIMEN'1'AJ, COW-111'10N$ 
(Me~ne and standard daviatior,s for 12 subjects) 

Nomal 
~nd Non-

Normal Flight fk,n-fl:lght flight 
§ub1~.d Uighte W.t. ~.!t!.11. ~9Q.s !i1ht:!l __ s,o. joomb.l_ s.o. 

l. .028 .009 ,034 .013 .•)29 .009 .029 .009 
2. .028 ,ooa .040 .023 ,042 .011 ,039 .013 
3, .029 .013 .044 .018 .055 .011 ,034 .017 
4. ,031 .007 .026 .006 .026 ,009 .030 .009 
5, .039 .013 ,04~ ,Oll .04~. .013 ,o,io ,013 
6. .042 .012 .046 ,012 .045 .011 ,043 ,012 
1. .016 .008 .030 .01·1 .032 .013 .027 .014 
8. ,05'1 .015 ,046 .016 04 .. .011 .oso ,004 • I 
9. ,048 .013 .041 .015 ,04S .012 ,,)45 .012 

10. .036 .010 .039 .008 ,036 .009 .036 .010 
u. .031 .011 .042 ,014 .038 ,013 .035 ,012 
12. .022 ,Oll .c.25 .012 .030 .009 .027 ,010 



a!'ll'.1:'lCAL h.11'.t'IOO or /JU'1FRJ:;:·,C.i:S nli:T,IEEN MEANS or THE !, 
(111.J'OR .iOV&~lf.i') !ND1C.E8 

ti'o .ra.1 rllcht Flight vi,, 

~-., ve. "':llbii:,od 
§ubjeoct Fligr,! !.!2.!!:!.µ. r.'11 !!!l~i 11.11d 1~•f~,!aht 

J.~ 1.:::79 1.071 1.300 
2. 2,645 .178 .363 
3. .;i.465 2.454 2.~25 
4. 2.300 ,389 2.500 
.5. ,51! ,207 .200 
6. l,51'.I ,.160 l,(100 

'1. .3 ,,38'1 ,463 .6,o 
a. 3,545 .4o; 1.235 
9. 1.897 1.1n 1,088 

10. ,l'l2l. l.,364 1,353 
13. .. 3,250 l.,265 2.061 
}2,., .. s;;, ?..360 1,167 

l'll v,ill h, not._.\ kt,at. ·;;her. th;, majr.r ,11<>'7,.lililltit indux i0 l!l!l'\pL,ya(, 1,, "he 
1Ul8,~.y!d,,1, ii 11ie:ni!h.ai:nt 11ft\H'3ll.(lfl .tll :ro,.m~ het;,:1(11';!! t;h!l 11();:'!"'1,l ~mt i'light 
rE.tordi, fat' SubJe~tll 3, ? • a. n.nd li., Th~ dH'fc,rer;C'llll in the lkl!Ol'l!I !<Jr 
Su\,jf!cte 2 an1 4 ;;.l,,o 11.pp:-oe.11!! nlgi:ifi,,an,;,-. !t v1Uet be r;c.te4, hovrevGr, 
tlnl,.t, n~t. all ni" tne:,e diff,;ren111rn era in t;ie li'l8.lll6 dil·ec'lion c l&dl.cee for 
Sub,: <'Otll ,i. and (1 a how ,i da;Jri.as,, or, r tight n/.ghti., 'l"b1le tho~f!I i:i! 3:ibjH111 
2, 3, 1. l'!r-,1 11 »h<:!>11 au 1,1-,re,u~. 'l.'h<1 ,ri'tli;•,l M·~ioe for th.; fli.(lbt var~ 
su11 tl>a not,• flight re . .Jorde for SubJeel;11 ,;i ,.,!ld 12 ~.lee appro11.o:1 at .. 1ti,r>,ieal 
aii;'11U ea.:1ca. and, ..,.Hr<bh di!i'e,>illn<l"fl a,e n,:ito.J b:itl!l'eon the mm1r L in• 
dia,,I! of Subj&0to ; and ~ t'rJt' the 1.lie~t. Vi:t'~Ui! t'>Je coirb:tn,.d !!o,;'1!l!.l. ri.,,:,.i 

~.,~~flight ~eool!"d~, 

Th• 11m~e -:,or:q,arlJJ<>ns ~,ra !lllltle ..t~lr,,; t.h~ :'< {minor· ;,,iov.;,llll:mt) ir..du 'tr,r 
tba fou: eo,,diti?U" The l"E-11ul:t11 of tbo;iE> eompv.ta.tion!! aro pre~ontad in 
1allluVII (m,;a,ie 1md atandarJJ,;v.laM .. oai) ,.,.d I0:1.I :Odtiolll r<1.~i<>fJ), 

lt ·m.ll \,~ r..:•t~d that th,, <liffo,,,m:,,i; apprr.,o.,m l"'•lla;,U:.·,:, !i>r Sub·•· 
,)$<'ti! 11 l!.ll'l. 12 1..r1 "!:-h'I.I normal 'l"i'rau, I::.:! !',.~ rr·.>?:Nl11 and for S1.1bjeot 6 
in th!) tligb:t ,i·;,csus combinod aoninl !.!~ ,,,,.,-fliJllt n1e(1i·d,s, 

' 
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l. 
2, 
3. 
4, 
" ~. 
6, 
7, 
6. 
9, 

lO. 
111 
12" 
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Ti\EL~; Vl! 

THE S (IUNJI\ ;.:oV,;IA.ll:tJT) INDEX FDR HiE fOUR ZXP~RILlEUIAL CiJN:llTIONS 
(Ileana and sta,1dard d"v:l.a.tione for 12 aubjsct•J 

!Jome.l 
and !Ion-

~rmal Flight Non-t'ligM t'light 
!!E!ril s.o. fil:.f-'1 t 6 ~~⇒~ l~igh:h ~!h ...(,4:omb-L 

.124 .036 ,,52 ,-1Q;;.i ,152 .041 .138 

.148 ,036 .157 ,()4'! .165 ,ca4 ,160 

.119 ,031 ,125 ,046 .129 .032 .123 

.128 .034 ,128 ,034 '1127 .026 .127 
,llO .o:n .109 ,02g ,,10,3 ,024 .101 
,05(, .013 .048 .·)l'l .057 .020 .057 
,14/3 .0~4 .1;1 .047 ,188 .044 ,184 
,l,39 ,040 .141 f", ., ,. 

-.~..i '( .. -5, "J, .... i:043 .148 
,138 .03, ,12';' .029 .137 ,029 .138 
.062 ,021 .ct-5 .c:.u .056 .022 .058 
.o6o .021 .08!) ,,027 .080 .o:~5 .074 
.143 .047 .16~ .030 .J.61 .034 .154 

CRITICAL RATIOS OF D!r11'RltENCES BF."!'WEEN UEA:,'S OF THE 5 
(illllOR MOVEliEl,l') '.i:Nlll GE;; 

Nonnal Fli(sl,t F:!.i,;ht va, 
va,., vc. .:1oro..'iine'1 

Sub.fll9], FlJ.ght ~fll@t ~l_ anrLnon•flight 

. l, 1.590 ,J17 .840 
2. .762 .743 ,330 
3. .6::,o ,301 ,214 
4, .ooo .04l .028 
5. .511 .207 .200 
6. 2.294 2,1')0 2.576 
7. 2.136 .65? .62?. e. .551 .3s;; a057 
9, l.125 1.149 1.319 

10. .476 l,792 l,471 
11. 2,811 .121 .. 966 
12, 2,432 ,725 l.'164 

LJh. 

.039 
,042 
.032 
.,029 
.029 
,019 
.041 
.042 
.030 
,022 
.026 
.040 
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The n11xt step 1111111 to compute th~ ~tio between the major uid ,,,incr- ::iQn1-

ment11 (the L/S) index. Mea!ll!I and stan~ard dev1ati,ne ot this index for the 
four c,mditione ctre preeonted in Table IX e.nd the critical ratios in Table :c 

TA.BL!: IX 

THE L/s !U.TIO {.iAJOP./MlNOa} FOR THE FOUR EXP~RIMENTAL CONDITIONS 
(!:.$ans and etandat'd devi~tionn for 12 eubjeote) 

Norwi.l 
and Uon~ 

Normal Flight Non~tli ght fllght 
Subieot Nightt 2.&. Ni!5!J.te ~ .!f1.1,11t 11 ~ .. (ooml>..d_ §,D, 

l. .22::. ,091 .243 .107 ,198 .079 .21.1 ,087 
2. .194 ,054 .291 .213 .,270 .088 .246 .088 
3. • 259 ,095 .389 .196 ,413 .134 • .332 .167 
4. ,243 .o6o .220 ,062 .217 .106 .2.l'l .118 

5. .371 .152 ,3T6 ,113 .420 .192 .3?6 ,175 
6. ,827 .329 ,855 ,370 .853 .324 .,837 ,32~ 

1. .10; 0057 ,l.74 .. 128 .183 .075 ,,161 c0'./9 

8. .450 ,218 .316 .022 .333 .014 ,365 .,J.36 
9. 0335 .129 .329 ,132 ,344 .113 0 33'1 .,135 

10. .661 .253 .626 .241 .698 .296 .688 ,281 
ll. • .553 .308 ,558 ,188 .495 ,168 .$16 ,.Ul 
12, .166 .,085 ,137 .066 .196 ,015 ,l 83 ,082 

TABIE X 

CRITICAL RATIOS OF IJIFfERENCl-:S l'>E'l''.'IEEN WANS or THE i/s !V.TXOS 
(MAJoR/u:rnoa 1 "''':"c;iff,, i • 

Normal Flight flight ..-111. .... Tl!, MmM.ned 
Sub.1eot. Flight !'!2!.:DJ.10t Mrmal and ncn··f'ligb\ 

l, ,637 l.312 .969 
2, l,075 ,2)J .506 
3. 2.354 ..557 1.289 
4, 1.323 .1« .380 
5, .1'17 1,13~. .735 
6. ,359 ,OJ?. ,25, 
7, 2,212 ,,309 .470 
8, ~.289 3,221 ,885 
9, ,,190 .457 ,347 

10~ ,473 l,121 1,052 
lL ,1oe 1,415 ,938 
12, 1,5'/7 ~ ,950 3,114 



It ean be aeon from 'l',,b 1., X. M:at -t\w on.lt stuti .. tically aignifict11rt d:Lr­
ferencee are for Subjects 8 and l,' i.n th3 flight versus non•tlight records 
and for Subject 12 in the ?:ii:;ht ven~us tta combined normal and nor.-fli~ht 
records. For both subjects the proportion of 1Jinor rJOveCJ.Ont,s i11cre1eee on 
flight nights, It will be c.oted tl,at on the no:mal versus fli ',ht racorde, 
Subj11cts 3 and 8 approauil eign:i fieance. Particular ,1ote should also be !llllds 
o! thu lar;i;e individual diffetenoes sho\m in the meane for the normal con•· 
ditione, ranging from , 105 to ,827 ('£able IXL 

Couelationa of major filld minor indices with other indices. Correlation 
eoeff'ioients ,vere also computed between ~he L (major movement) index and the 
S (minor movement) index for all four conditions. The oorrelationa proved to 
be small and negative, ranging from ,17 to ,56, Correlations were also com­
puted between the ono-minute motility index and the Land S indiaee, The 
r'11 between the L index and tha one-:riinute motility indox ,,are all cloae to 
zero and unreliable, However, the correlations between the S index and the 
one-minute motility inli.ex 1vere uniformly hi~ :,.nd ,,ory reliables ranging from 
.85 to .93, Apparently, than, countin,:i the ~1inor movemen'\11 would provide 
nearly as good a picture of ale-ep i:-_o&ility ae oountinp; all movemants, 

Of interest also are the correlations computed between the L/5 ratios 
!lnd the one-minute motllity indioee. For the records taken on the normal 
nights the correlation proved to be ,551 for the nights following fli3hta 
it we.a .871 for the non•fli$ht conditions, .83; and for the combined non:1&1 
and non•fli<;ht conditione, .68, rt -thus appeara that those eubjeete who 
stir about vary little in their sle~p tend to me.ke lar3er movements when 
they do stir than those ,vho at'a vo;·y active" 

lleoordp for nights followinz critical maneuver&, Inaemuch ae there 
proved to be row reliable :iifferencee bet,Yeen the normal and fll;ht ni[lht 
records ae a whole, the poasibility waa investigated that larger differences 
might be revoalod if the normal sleep records were studied in relation to 
those records t:.iken on the nivits follo"s-iing fli:;it leasone in whioh "crl~ 
tioal" maneuvers had been praoticed, 

The determination ot whit constituted a critical manouvor was some~ 
what arbitr:iry, However, after du>J eonaiders.tion the follo11ing maneuvers 
·-•ere adjudged to be •critl.cal" enow0n to fall in this category: the first 
three hops, the first etalla, the firat eolo flights, the f:i.ret three 
fliyite after the solo, spin■ (both dual ~nd aolo), ei~t• around pylons, 
and ~roes-country flighta, 

The average one·-minute motility indices for nights i'cllom.ng critical 
maneuvers (presented in Tahle XI) proved not to differ eignifieuntly from 
normal motility, (It ,rlll be reoolled from Table II that thr·ee subjects 
showed_ signitioant differences batvaen normal and ''flightn records. For 



Os:l•:h of' thilli!II ,;;ubjacts, d.iffc,...01,ci,s >":ce dim~.nished nhen attention :le focus"'d 
upon nitcM,s follord.ng critical w,11.m,..r.nrei.) 

l'.311.ll.S OF o;·m-t1;nnrra UOTlLl'I'Y nrolaliS FOLLO.'/I:fG CRITICAL t!AMFJUi!'ERS 

3. 
4. 
5. 
6, 
7. 
8. 
;>. 

104 
11. 
12 .. 

!:!e.f,ilit,, lndg 

.160 

.149 

.126 

.136 

.137 

.080 

.158 

.166 

.146 

.089 

.102 

.ltl 

.Ji\i!2i•~7Ji.!.<m.}lf £!1~~~:;~.J.m-ol r:!.fil'.. lom;; ttian e:lx_t,.,.,ura of els~. In gni.ph• 
ing the I'J:!>alttJ :l:t bl)Orull& app,u-oi:..t ·U,.:..-t 11:i.·,,!1 ot the sxtrwne nriation 11.ppco.rad 
to be brouc;l:it e.bou~ by the i~olue-t,m l"i' roc,.rda tor r,il.ativoly shori sleeping 
pr,r:i.ode. J.·:oordingly, now ,ii~i·ibu11.unn ,n1;:-o t:llll.do hi which no records involv­
:i.ni::; lese. t he.n si;. hour111 ot sl,1ep were incl11eod. Th-, ~f:l'oct of th() elimination 
of thoao rocords of shc,.rt p~r'.l.<l·ls o:f' 8leop on the dilltr:l.bu.t:l.,:,na ia ehown in 
Tnbl, .ltll. Th~ 'i!'ll!."i~bti.lt7 :l.s ~onciderably reduced ar.4 eertain ot the dif­
fe~r.nu•~ arv ::oade raor~ r~liabl,:,. It io not eloar na yet why short sleeping 
poriods ohould. tend tc, fil.!Llte the motility ot the e'.lbjoat either very hil,';h or 
vu;-7 la.v, bi1t it 11.l apparent tlls:t suul\ is t;1c n1ralt. 

'.M.BLE XI! 

01$--1,!INUTE ;JQTILITY 1rnn~s F:JR Rli:..::OR'fJ.S roa srx OR ram.: HOiJRJ 513[iiP 
• (lfolUlfl i'OJ." 12 eu'bje-:ts) 

Normal !l..!ld 
!lo:t"!!!!!.l F:lie'-,t M1>anflight Non-i'l1s;b:i 

5JabJ.<m. fil.i:ht!. fil.lzli:.t~'.\. _N~gh\§ {comb.~ 

l. .146 .16'{ .i.;9 .152 
2. .147 .144 .160 .1§3 .. , .138 .139 .148 .144 .,. 
4, .135 .133 .132 .133 
5. .!41 .140 ,136 .139 
6. .084 .0&2 ,08$ .08.f. 
1. .lfl .183 .161 .1.19 
8. .185 .166 .116 .179 .,. .158 .l$6 .1,s .1;6 

10. .096 .092 .087 .O'JO 
11. .088 .103 .110 .102 
12. .149 .163 .165 .159 
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Stl'..ll.L'li« All) OONGJ~TJSIO?ii1 

R$corda of the .;l11cp mctU.:lty of tl!l'olw atrulets pl'.U"ticipr.t.ine; 1n tho 
Civilian Pila\ 'mining Prcigi-a111 o1ere obtidned b:r IIIOW'l& of th• Johzu:on Sleep 
Motility Recorder (Silra/Jow, Kin&tograph}. Uightly reoords, NJ)l-.110:ntins U56 
"man-zdghte," nre proour~d ovm- a 111:c-.:10:i.th )i!Grto.l. An_ '11.dequate emcple of tl.eo 
"normal'" sleep bt1hav!or o! !Ill.ch m.wimti; 111 .. e pro::u.·cd r,ri:~ to the begi~ 
ot hie flight trainin,g. Th? record11 t,1.ten dtlf'il!g tll-1 :f'lisht tr&.lniog 'l/9l°e 
lirtded into two imjor types• thoeo t'!k11n un rdg.'rts ·following e. fU.ght l,:i::ieon 
,utd thooo taken on -~tliglrt nizht.r.1. F'.U1;h:,r ru:ialy-i,es wcn,•e also mad~ of 
tb.oe:e r••orda of slsep mati't:\ty follovin3 daya on whi.eh "oritical" ma.now,sr11 
were pr1.1.cticed. Both· tho rsiJ.,;.tiTe runo,mte of time spm in IZIOVl'.IClont duri11g 
o:teop o.nd the llla(lm.tude of ·th'll o:ovansnt.:i wvr-o stui:Ued. 

In general, the re,mlt11 of 'r.h" s!;ud,• were :negr.tivlJI, i.~~, 11.~cording te 
these data, 11.otaa.l flii;lrt troiioil'!c; hitii lit'Lla ei'.i'eat <l!I the aleep beho;v'.wr 
of the subjoot • This general c,,:.r,oluaion <&®me to hold IF'1t;ardlc~s of whett1sr 
thll amoullf; of time Sl')Elf,t 111 l!WVerJom; ,~l' tll'll ~gm.tude of th-s lll"Ym!Ol'ltll Ji;'~\) 

considered. 

'fo.~•1ouu indices of ele.Jp mo-d.11·1,;y wore c"n:;iifared an-'l. lt !!!'OB !'Qlll'.d that 
although the ot10-!ldnute 114-.-tilit:t itldGJ: (the r-,;,t:io of the n!J!ilb<sr o:t "aet.i,;,;," 
onc·-::dnate periods of slaep ani the t~&.l ni:wibor ot mtnl.t";ef! Gpent in sleel)) 
distorted the pieture e<.maidera'bl,7 • it wa111 wff'ioi<lct,l:, <:l0$8T' to tho e,a= 
tuality tluw was the five-minute l!l.:ltil..i:1.y indox to ;1111ti!'J it11 u11vo Corre­
laticma botw00n the ono- ,mc:l, t!".e f'i-.·e~nul.0 i::iot:!.lit.y irl::V ""11 reJ'l[(l!d from 
,.73 to .84o 

In the QllalJsie o!' thtt or.lJdmii:mta mo-tilitl" indico::i t'ur tha fciv.r exp~ri• 
mental conditions (IIOJ'lllal n:l,~rt.s, l'J.1)'7,lrt ntghtlli, 11011-fli:;ht l"...igllt,a,_ and tho 
1'.lOn:1111 and non•!'light .dghttl aom.'blm,d ~;!; -v,aa t'otmd ilmt thor.i m.s a. sig­
r:itioaut change in the :.le!ip oohav:l.or lollo'l!inr; .flir,ht cf onl;~ thr'-'• mudimts 
(C. R. -;i 4.687 £or SubJoirl. 'fJ 3~0',6 £::,r 5u'llJi,et llJ a:i.d 3.6~ f,,r- Subje~t lZ) • 
Th• 1U1&lyais ot tho f'i~ut1> m,ii;ility index for ths - ,;ut;,gorie11 of 
reccrd.a shOliled tho sleep beha'ti111• to i:wrooao e:!.gnificwtl.ly follom.r,.g flii:;hf; 
days in only one ot th, subjecl;a (O. R • .; 4.095 tor 3u'bjact ll.). 

Analyoi::i ot the mjcr (ti'tluk) mo·ument J.udox (the L :l.nde~J r<Jvor.l.Jd that 
tho pr0pe>rtio11 ot major movi<coJ\~a following flights in<:r-oe.i;ild 1:i.grJ.:f."1,;,,-,nt.l; ,cnz· 
nor=-. nir:;hte :!.n three or thv &Ybjecta (5ubjeot-e 3, '1, Md llJ c. R.:::; 3.116;, 
3.380, and 30250 res11octiT&ly), !1nti d»croti.Ged aieuif:'.cnntly in ono (Su.bjsot 
81 c. R. : 3 • .5'4$). The change a·pp.•oa.ch~d eig1d.i'io:1nee in 5ubj&ats 2 nrul. 4 
&lso (G. R. :: 2.645 IIJld 2.380). Subjeat~ 3 and 12 aleo up:,;:ro-ach<ild 5ie,n11'1-
oanoe in tho dif'ferenoe bot1;all!n fl5.e;ht o.nd thll ncn•f'light n1[;h',a ·(C. R. 
• 2.4-54 and 2.360) • Th• SWZIO :l.s t;:"11& tor SubJeo-ta 3 !Uld 4 for tho flight 
reoorda versu■ the <:ooibi1..ed no1"1Ml and non-rl:l.e;ht re.i.>rda (c. ll. :: 2-525 and 
2o$00) • 

The results of tho m1no:.• (limb and ht-ad) mi:ivc,mom; ln-i~x {tha S inde::I'.) 
rnealed no signifioam; inore&:JG&o llovrev&r, here also Subj<11ot a ll and 12 
appr-:>ached ,1 aii;riifieunt ch..WJJll i;1 nomal vor,1aa f'lic:Jit rdghl (o. R. a 2.611 

T ]iditqr'q Mt9. The 1n'.e1·pz>~tation et l:h3 resultc or this study, 
Jll'l'"l;iculel:r tho i'!lterpretat:!.tm ot t!,.e <IZ'iti"fa:_ ratiors pl'GSil!it.ed, is sc!"iouslf 
haru\ieapped by tho i'aat toot the m'l'l,h~.· tJf rlicords upon 'd;i,,h esich itidox ie 
bae<11d !.a r,ot gi~;im~ f\:Mihc;x·, tl·,,' .:,;i;z.,1t r!trt'iJ.od;i o.t' crop,.:t;,n3 1J,c, tun'!x:lr -Jf 
"a.O't.tt·~ t-1f1:.:i:,!.fa~~ c:,: -~; C' :-:..-:,:_'03 ~ -\~ ".f.i. ', ·°t",}-i.':\'.:.~.:"J -.t:t~: \'.:~~~ 1·1 f:.~{,1((~';$;1:i 



and 2.4.32) 111.nd Subj act, 6 in •tha fli3ht versus the combined ,iormal and non­
fli~i, records (C. R. :: 2.576). 'the corrolatione bet,Yeen tJ-;e L index and 
the S index all p.-oved to be elll'lll rc.:r,::;in:i; from .17 to .56. The correl:i.tiona 
bat:,aan the L index and the· on<:'l-minut€1 uotility index ·.1&re e,ll close -~o zerv, J 
while the corre9pondini r'a for the S :b:dax ran3c,d froci .85 to .93. 

A.,alyaie cf >.ha L/S l'!'!.tio r(),on!c;j tbt f:11b,ioots 8 an-i :2 ahowod & sig-, 
nifi112nt inure1se in the pro po rUon ~ f' ,~i~or mJvement, on the fli3ht nic,ht, 
oval:' the non-flic,ht ni~t& ,c. n, : :,,.22.1 i,mJ. 4,95Ci and Subject 12 o.l~o 
showed si.gr,ific,i;t di.fi'ertlncss in tl:e 1'li;;l1t. ,oi-eua the combinc,d noi"ll1/.!.l and 
non-fli:;ht ni~ta (C, R. ~ 3,114-), • • 

The e.11er'.l.30 ono-minu:ta moUlit,r in,'d.oa~ for ni:,h·t;3 i'ollo.d.ng "crHica'..." 
,,10.nouv~re (Te.blo XI) provod not to ha 11i':7'i.fir:aatly different from nor:eal 
wotility. 

l'Jhe~ rocc:.-ds of losa tron 0:l.'.f. b!;~;:; cf slc<Jp a.re e~eludod i'rom the 
arolyois tl,o v,1rJ . .1biHty 0£ thQ lll<l"~\lr3;: l.e, gr,mtly d~crae.eed. 'The roai;on 
fox- thl.t'I is not cl.o:;r ut tho p,·ascnt timG. 

FUS.ffllllR Wcmt 

FuturE> arw.lysia of the~e ::-occrda s'.10,.1ld tak~ i,1to eooount tho J\-111?.,. 
ing 0.1lculati~na: 

l, A. ''mr:-vem,mt tit:13 index,'' co!l.sistir,e of the tltal r,umbor of 1:.ove­
.c.onte d:l:vided by the total mi.:r.ut"'s of aleep, ehoul.d he computed 
for t.he varlotll! eon:li tton,:i. Lil:e.11oa "minor movement ti..:e indir:es'' 
and "uie.jor moveme,;t time indioe,o~ should bo oaloulato<.l. 

2. Distribut1one of ull indices, r.cm':>b?:ln::i f'l.i~-t e;.•,d non-flight 
,1ichte in u ein_3le olase, shou),d be r:iad1;1, 

3. The d:l.:l.'faronoe11 in all indio·,a hot:w•~n the w:,rmal and c~mt1r-?d 
:i.'11'.,ht and nonuflight 0onditi:,n,9 should be deteretl.r..ed, tos,,th,.n:­
'i1ith their reliablll ties, 

(4) rl"vema1rt tiWl i.nd11x verew! minute motility inc.sx, 

(b} Minor movement tii,ia i:id,,.& verim1, minute motility index. 

(c) Major movement time tndsx versue mn,~t.a motility index. 

(d) Minor mov,rm.Gnt time ir.dox V81"8U$ major 11:0VSm,mt tiina index. 

5. ,\ rather more c:i:nplete oalibi·at.-icu or m.."-Jor e.nd winor n,ovemonte 
should be made, involvins ao·,;•n-'<1<1 ~ubjact.s on differsnt types of 
i;lf>eping eq\t:l.pment. Po~eibly a »tudy of this sort should be d~na 
photographioally or at lan~t e~pplcy~entaJ by photographs. 

6. All rti,ults should be $\.ilJectc,d to a ihorou~h graphica.l analysit'l 
to aupplQment the n=eri~al ono, 
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