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2101 Constitution Avenue, Washington, D. C.
Division of Anthropology and Psychology

Committee on Selection end Treining of Aircraft Pilots
April 6, 1943

Dr. Dean R. Brimhall

Director of Research

Civil Aercnautics Administration
Weshington, D. C.

Desr Dr. Brimhall:

The attached progress report, entitled Electroencephalogra
of Naval Aviators, by Alexander Forbes and Hellowell Davis, embodies results
of an early investigation conducted at Pensacola Naval Air Station under a
grant-in-eid from the Committee on Selection and Training of Aircraft Pilots.
The report ia submitted by the Committee with the recommendation that 1t be
included in the serles of technicel reports issued by the Division of
Research, Civil Aeronsutics Administration.

Attached to the main report, as a Supplement, 18 & Progreass
Report, by Pauline A. Davia, entitled EEG Anelysis of 79 Selected C.A.A.
Subjects, which embodies materiel referred to in the paper by Dr. Forbes
and Dr. Davis.

The results and conclusions in both papers must be considered
a8 highly provisionsl, in part, because at the time the progress reports
were prepared much stil) remained to be done in resolving problems in the
interpretation of FEG records and in meeting experimental requirements for
statistically determining the sl gnificance of data, for cross valldationm,
ete. Nevertheless, it seems desirsble to include these reports in the
technicel series, since they repregsent pioneering studies in the investi-
gation of the possible usefulness of EEG in the selection of pilots.

Further analysis of the Pensacola data has been undertaken, and
the results of this analysis, as well as results of other electroencephalo-
grephlc studies sponsored by the Committee on Selection end Treining of Alr-
craft Pilots, will be published in subassquent reporis.

Very truly yours,

Moo A Vil

Morris 8. Viteles, Chairman

Committee on Selection and

Training of Alrcraft Pilots
MSV:rm National Research Council
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FDITORIAL FOREWORD

Rerly in the history of the Committee on Selection
and Tralning of Aircraft Pllota, it was sugpoested that
alectroencephslographic techknigues might provide & means
of eliminating from flight tvaining thoase individuale
posseasing lstent apilepitold trends and emotionsal insta-
bilities not revealed by other forms of examination,
Steps were thorefore talen to include an examination of
the EEG in the investigation of flight predictors undar-
taken at ths Pensacola Naval Alr Station in 1940, in co-
opseraticn with the U, S, Nawy.

The followlng raport rsprosents & preliminery analy-
gis of the data gathersd in this lnvestizetion, submittad
by the suthors as & prezresza report., It ssens desiradle to
publioh this report &z a ehapter in the history of eleotro-
encephalographie research, inciuding results of interest to
those currently engeged in gush research, Later reporte on
the Pemsacole study will include & more extendad analysis
of the predictive efficiency of FEG.

There is sleo pregentsd as Supplement T, & progress
report on a related study by Pauline A, Davis, EEG jnailyeis

of 79 Selected C,A,A, Sublecta, This study, sponsored by

the Commlttes on Selection and Traiming of Aireraft Pilots,
was dirested A4 detormining the practieslity of a 20-minute
EEG measure in sgelecting military pilots,
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SUMMARY

The purpose of the present study wes to determine the incidence of EEG
patterns emong cedets snd¢ trained aviators which were definitely suggestive
of lztent or undetected epilepsy; to define the degree of correlation between
lesser degrees of electroencephalographie irregulerity «nd fazilure in flight
treining; and to devise & precticel empirical method of scoring.

EEGs were teken and anzlyzed for nearly 1000 cadets, student officers,
end instructors &t the Pensacola Neval Air Stetion. TFour feastures of these
records, (s) the frequency of the dominunt rhythm, (b) unusuzlly »rominent
episodes, (¢) unusual prominence of fast-freguencies, end {d) unusuzl promin-
ence of slow-freguencies, were snalyzed by three different secoring systeus:
(1) & 13-point 'stebility' scele (modified from the original 5-point scele
of Davis), (z) the Brazier nmethod, znd (3) the Forbes modifieetion of the
Brezier scele.

The incidence of marked episodes in & group of 471 cadets and insiruc-
tors wes found to be 3%; of merked slow waves, 11%; znd of merked fust-fre-
yuencies, 19%. Only one clearly zbnormsl record was found inthe entire group
tested. Elinination of records for those individuels who become drowsy during
the tests 'did not meterielly zffect this percentege incidence,

Calculations of the percentage exvectancy of passing (corrected for the
ratio of pessers to feilures for the entire base) revealed thut no useful dis-
crimination could be mide tetween those who will succeed end those who will
feil vwhen the 'stability' scale method of scoring ves used. Only the presence
of unusuelly srominent fest-frequencies (expectaney of 86.3%) carried with it
¢ oreciction of less tnan average expectency of success (90%) when the records
ere scored by this method. However, vhen the results of only those classes
from 148-15% are used and the drowsy records eliminated, episodes, fast-fre-
quencies, and slow Ireyuencies all shov less then avercge expectancy of success,
85.1, 84.2, end 84.1%, respectively.

When the nercentege expeatsncy of pascing was celeuleted for the scores
on the Forbes modification of the Brazier scele it wes found thet & score of
12 or worse definitely indiczted & diminishing expecteney of success in flight
trzining. This scele is shown to be slightly superior te both the originel
stebility scile znd the Brrzier method in terms of the percentwge expe:tancy
of pessing for those in the feiling group with sdverse records and scores.

SJcores on the Brmzier-Forbes gcale showed a2 -.194 correlztion with
Peckhem's flight-score based on check cnd recheck fiights, but the signifiecance
of this figure is doubtful since both distributions sre extremely skewed.

The relation of EEG scores to the reasons given for feilure in flight
treining confirms the ihumpression thet the 'bad' EEG indicetes some !'psycho-
logicel' or 'temperzmentel' treits thet ere unfevorcble for avietors.

Trends tre shown vhich indicete thet the REG gould possibly serve in a
selection bettery to weed cut & very smell mincrity of potential feilures.
Hovever, proof of the velue of the EEG &s & seisetion device zweits statis-
ticelly significent results.
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INTHOLUCTION

Tre etectraenceshelogrzm {EFG) reor<rents & eomposite niciure 2T the
cction sotenticls penereted by tns celivity of certieal cells tnd thelr
syneotic interconnections. Gertein of these potberns heve been found to
be feirly stutls for normel, neclthy inaividuels. Others of tne -~etterns
seew to wevitts rerzedly from tuls charscterisiic picture inuicaiting dys-
functicning of tne nervous systenm.

One of the wost aistincetive tnu thwoughly invesbipetea of Lisse deviete
petrerns is found in individuels suffering from epilepsy or whwo heve &£ histury
incicative of lutent or uncetected epilepsy. It nes elso Leun poluted out in
v number of otner studies thnet jersons with unusuel cherzcteristics in temper-
aaent L. emotione]l meke-uvn tend Lo heve istinetlve petterns.

1t seemed ~ossibie therefore thet some of these zbnormel petlerns, perti-
culerly those uosb closely wssocictec with latent epilepsy, if properly scored
wnd interpreted, might correlzte vyith success inc Teilure in treining for
avittion by revesling favorsble :nd unf:voritle chrracteristics of the nervous
system not readily wssessed by otaer lypes of eximin: tions.

THE PROBLEM

The puroose of the »resent investigztion wesy first, to determine the
incidence sncng cedets end trelnea wvicbtors of petterns delinitely suggesting
letent or undetected epilepsy; second, to determine the correleztion hetween
lesser degrees of ke kind of irvegulariity end instebility of the FEG pattern
tssocicted vith epilepsy cng uifficulties or failure in training; end finelly,

Lo devise ¢ surely empiricel scoring system for the records vhich night nrove

o? Jrietiecel, precictive velue.

PROCEDUKE

The EkGs vere tuken essentielly cccoraing to tne procedure described by
P. h. Levis under stznderd conuitions (physicel, ena &s fer &s possible, men-—
tel relexetion).t

Briefly: Electriczl potentiels were picked up by meens of smell elec-
troces attached externelly over three aifferent arees of the sczlp -- the
frontal, precentral, und occipitel wrezs. These tction otentiels were tsken
of!" Ly three leads and greetly emplified. Their psttern wes sutometicelly
recordetd by & three-channel pen writer. Eech record took apgroximetelg forty
minutes to complete incluwing time necessery to stiech the electrodes.

lpevis, P. 4. Technique enu Evelustion of the Blectroencephalogrem.
J. Neurophysiol., 1941, 4, 92-114.

2professor Hudson Hoeglend colleboreted in obteining these electroen-
ceshelogrems but wes uncble to saere in the preperstion of this report.



As pert of tne originel érocedure, following routine recording of the
electroencephalogrem, eivch cundideate wis reiuired to breethe degply for e
deriod of three minutes while his EEG wes still being recorded.

SUBJECTS

Nesrly = thouscnu cedets, student officers, &nd instiructors at Pense-
cole were inciuded. Testing begen July 15, 1940 «ne the &jdaretus wes dis-
mentled on April 25, 1941. It should be emphesized thet only in the cise of
the first five flight clesses (Nos. 147-151) did ell the cecets in eech cless
cone to the leboretory for testing. Only one~half or less of thec cedets, end
none of the ztudent officers were tested routinely in zlesses from 152 on.

In the sutumn, e&ll cundidutes recomended for drop by the Advisory Eoerd,

end leter, ell those schedulec to &ppecr before tue boird, ciue in for a test,
wnether they hec heen studied before or not. Therefare, it iz only from the
first five clesses (147-151) thet the distributions of EEG findings for the
total populetion were obtained. Subsequent date ere mevertieless valid for
compering successful &nd unsuccessful cendidates.

3sucn hyperventiletion frequently precipitetes diagnostic episodes of
ebnormel weves in petients subject to 'petit mel' forms of epilepsy, but no
such cuses zppewred in the oresent study. Other types of slow waves did dp-
peur in many ceses &g a normel reaction, i ¢ their eppecsrence showed no
relation to flight serformence. It is dif: icult To standerdize the ceygree
of hyperventilstion snd &t the same time mi ke certuin thaet the blood-sugar
level is not too low at the time of the te t. (Stuncerdizeation wes actuslly
tttempted using a spirometer end instructi g the ceandidate to inhale in time
with a given signel. Thils tends to insure the same de ree of hyperventila-
tion in ell subjects. The method is, howe er, cumbersome zna not entirely
setisfoetory.) '

I* wc= net unbil after most of the ¢f es hed beenr recorded thet the
cignificance of low klocod-sugrr in reletic L to the effect of hvperveptila-
ticn on the TEG wes cetermirec (Devie, B, .nd Rellace, ¥., Fectorg Affecting
tke Chenycs Precduced in the FEG by Stendar- lirzed Hwperventiletion, from Dept.
cf Phreicl., Hervard Med. Schoel. Copy ir Commitiee filern. And Dsvis, P. A.,

EEG Anrlys*" ~f 79 Seleat e@hglg_g_ Subiec 3. 1241, Progreas Renort to the

Nr.ticnel Rcren?c Courcil. Zee bupple:en. I}, Therefore, no aimificence in

5mlﬂ rconrt wos atboched +o citaretione v vducec by hyperventiletion. Some

riner diceropencies hetveen Tigures renor od here wrd these pressnted in the
Qg

prelirinery renart {The .ection of Neve Avistors, Pencecnle Project, Pro-
fresa hroord, Moy 1941, ?.wéO) era due to the feet that in eveluating the
records for the first report some weight &5 abteched to the effects of hyper-
ventiletion. It is now belleveu thot rou ine hyperventilation is quite as
likely to >rove misleraing s it is to be helpful to znyone but & specificelly
treined enc vwell informed ob.erver, wnd i 8 use is not reconmended uniess there
is & clinical histery cuggsative of spiloaer.
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METAODS OF ANALYZING nECORDS

Two jua,es (H. Levis «nu wirs. E. N. Beresford) independently rstec the
first 475 recorus. Those cuwses in vaich There wes disegressent were jointly
revieweu wna rescorea. Ten separate festures of the record were mecsured or
estimeted end tinen exemined in relsation to success or feilure of the cendi-
dete to determine vhizh of ther peve most gsromise of neving poreoulctive velue.
The featureg viaich vere found Lo be most sromlsing in this oreliminery study
were:

1. Frequency of tue dominent rhy*hm (zlphe rhythms of 8-1z.9 cycles per
second) .

2. Unusuaily rrominent Tepiscdes,' i.e., zbrust, transient cutbursts of
rhythmic secuences of weves with frecuencies either cbove or below
the neormsel elpha renge.

3. Unusuel oromirence {not necessarily episocdel} of weves slover the
8 cycles per second.

4. Unusuel prominsnce of veves lester taan 13 cycles rper second.

The Letter two feetvres (dysrhythmias) were reve:lec es interfercnces with
the more common fre uencies by weves of the frecuencies specified, ruming ir-
regulerly through the record. (The distinction Letween episodes ¢nd dysrhyth-
mias is & resl one but iz souwetimes heard to drew. In meny cases, merded dys-
rkythmiz is apt to Le correlasted vith episodel tendencies. 4n exemple of these
two types of dysrhythmias is found in Fig. 1, U.S. 320.)

The Stebility Zeele. This scele represents e slight modificatlon of the
sctle described bty P. A, Devis, {(op. cit.). The originsl Devis secle ney he
Gescribed briefly ws o« five-point scale ranging from 1, inaleeting the sitsblest
:nd moat smoothly functioning cerebrel cortex, through 5, reve:zling zbnormali-
ties which su,.est instibility :nd ¢ tazudeney to e broad cless of di-turbinces
vaich includes epileptic seizures :nd robebly &lso & number of kindred condi-
tions less clewrly recognized. Tiese letier conditions zre sometimes czlled
teoileptoid! fnv soreti.es 'psychomotorteyuivelents.

Tais originel five-point scele wes subdividea in tas fstebilisy cecled
into 13 points to cbtein {iner diflferentistion. It nov ren.ged from 1, the
wost normel ena regulsr weves, through 5, tne clesrly ebaormul or ciinical
veriety, ¢s follows: 1, L+, 2=, &, 2+, 3=y 3, 3ty 4=y 4; 4ty 59—, 5. (Note,
that in tais scele 24 is worse not better than 2.

The retings of thw twe judges on this sc{le vere identical, or within one
aor occisioneily two D6incs, ih nesrly all ceses, end agreenent wis &s good on
the extremes of the scole o3 on the lerss nj dle group centering around 2 end
<= s

It was implicilt in tae derivetion o this lettey cecile thsi it expressed
the de, ree to vhich the lccﬂ“as vere jud.ed to resem ble the twv.oe of EEG cher-
scteristicelly found in epileptic petients. Unfiversble sceres were given to
recorcs shovipg comsider: bie irregulerity, (an sariicalarly to those 1ith
episodes of —eveos of wmsucd frecusncies, vhile the nore fevoretle scores were
given to recnrds cherreterizec by r1egulerily snu stebility. lest of tne EEG



petierns f Yoo enlegrle LT e Dorl ameerly o srecle types vhich
Ve Do Iound Do owvl Lae bilohest LLoocnee amon,, et iy, vell-be lenced

. :ons, although scze recoras ceve- e Lhe lrve, Mzl w Lterns thaet are more
o Less like tnoue © ssociotea vitn epiispsy. It must be stetew ot once, how-

ever, tnet exce;t Ior e Iwo mosc_exire:e cezes, no sipnificent relction be-
tveen retings oo ta.s 'stebility' spele enu £iirht performence could be demon-
streted. .

The Hrezier wethod of scoring tne BEG. Vhen lete in 1941 1t becanme
evident thet the originel tstebility? reting ves not yislding significent
correletions vith flight nerformence, Dr. M. A. B. Br..zier developed enother
systerm of scoring for use in e stuay of .hae BELGs of cenaidetes &% the Sgucntum
Elimination Bese.® Two criterie entered this system, the first besed on the
frecuency of tie dominent rhythm, the secona on the presence of other disturb-
ing rhythms or episodes. The scele wes 50 constructed that the most fevorable
rating wes _iven to those indivicuels lying vithin 1 stundard devistion (sigme)
of the meun, ewpiricslly determinec for s« proup of 100 cancidates. The next
stes in the scele included those ceses lying between 1 and 2 signa from the
mecn, &nd the vorst retings were ;jiver to the smsll number thet deviated
most videly. WNo jreconception es to resevblance to 'Tepileptic! patterns en-
tered into the construction of this sceale, but simply the principle of devia-
tion from thc meen for the grouvp. In more detail, Dr. Brezziler's criterie were
as follows:

Criterion No., 1: Using only the occipitel records during normel bresath-
ing, the fre.uency of the dominunt rhythm was meesured. The riting depended
on hov fer tnis deperted from the me:n in terms of the stenderd devistion.
Ketings 1 to 3 were based on the dominant rhythm, vhether thet wes in the elpha
(3 to 13 cycles) or in the bete (19 to 42 cycles) renge.

Rete 1: 4lphe dominent, with & frejuency between 9.6 end 11.2 cycles;
or beta dominint between 26 cnd 34 cycles {in each cese, not over 1 sizma from
tie mean}).

hete zr Alphe 8.3 to 9.5 or 11.3 to 12.0, or tets 22 to 25 or 35 to 38
(1 to = sigma). .

Hete 3 Alphe 3.0 to 3.7 or 1l<.1 to 12.8, or bete 19 te 21 or 39 to 42
(2 to 3 sizme).

Lete 4: Cuses in which frecuencies from 12.9 te 18.9 were merked &¢nd of
high voltege, even if not setusally the dominent rhythm,

hete 5: Dominent rhythm slower then 3 cycles.

Criterion No. Z: Now the records were reted for other distrubing rhythms
(dysrhytamies end episodes) using the perietel or precentral end oceipital
recaings under normel breething conditions.

Rete 1: No waves between 14 end 17.5 cycles and none less than 7 eycles.
Rete 2: Teves of 14 te 17.5 cycles in treins of 3 or more successive
wLves, or eny 6 cycle weves.
+  Rete 3: Scattered 4.5 to 5.5 cycle waves (dysrhthmia).
Rate 4: Treins of 4.5 to 5.5 cycle weves (episoces), or trains of high-
voltege fost veves (fester then 14 cycles per second).
Rete S: Presence of 2 to 4 cycle weves (delte waves).

4Tnis scele was ugsed in the seme manner &s the previously mentioned
'stebility! scsle.

ERg



5

The Forbes ilouificetion of the Brazier Method. In e&n effort to produce
¢ single scele piving & wider spread of scores, one of the cuthors (4F) com-
bineu Brezier's criterie end supplesented them by other date believed to be
significent by Drs. Thorner (Ranaolph Field) wnd Goodwin (Toronto). Thorner
end Goodwin considered the dominent fre,uency more iuportent then the disturb-
ing rhythms, zno Thorner believed thet frequencies between 10.0 and 10.5 vere
more fevorsble then those in the rest of the bend. He further believed that
& vide spresd in e&lphe frejuency wes & bed sign.? The following rules were
therefore edopted:

1. Multiply by 2 the reting according to Brazier's firgt criterion
{except when tie dominent freguency is in the renge of 10.0 to 10.5
cycles; this is counted &s 0.);

2. Ada the resulting figure to the reting for the second criterion.

3. If the smrezd of the elpha frequencies exceeds 1 cycle, &dd 1 point
for every cycle or frection of & cyele more than 1.

4de The sum of the three figures 1s the totel score.

5. In the cese of 'beta! records in vhich the dominent frequency is
higher then 14 cycles, exient of spreed is ignored, and 1 point is
arbitrarily =sdded.

It reguired 5 te 10 minutes toc evaluate & record sceording to the Brezier-
Forbes system of scoring. In this investigetion, the Brezier method wes ep-
plied to 123 of the Pensccole records selected at rendom, end the Forbes
method to 265.

CEITERIL OF FLICGHT PELFORHANCE

The criterion of serformsnce employed in the Progress heport of May 1941
ves primarily thet e cendidete hia pessed the ecwrse or hied been droppec from
treining. A minor correction wes e3plied in thet cendidetes who were dropned
beceuse they vere found to be 'not shysicelly quelified! or for 'disciplinezry!
rewsons were elimineted. The criterion wes further refined by considering cs
intermeaiste groups, {e) tuose vho &rpecred before the idvisory Boerd but were
recommended Ly the board for extra time, md (b) those recommended to be dropped
by the Boera but who were grented extre tine by the Gomcendent.? The finter-
meuiste group' is & cetepory not used in the present rezort.

5Editor's note. A wice spreed in zlpha freyuency is consiuered & bad
sign Ly some workers only if it excesds certsin chbsolute limits (2.5 wnd 12
cycles per second).

6It ves impossible vo extend further the cpplicetion of the method be-
ceuse Dr. Forbes was ordered to Veshington end & large number of the Penszacola
records vere transmitted to Dr. Goodwin in Teronto for him to ztudy by his
methods.

zggitor's note. I & cedet®s flight treining goes smoothly he does not
come before the Commenuent's Advisory Boerd. If he feils & number of flight
checks or feils in ground sohool, he spneers before the Boerd énd his casse isg
carefully considerea. He necy or mey not be srented extre time by the Boerd.
The Comnandent bthen reviews the reconuendetions of the Board and mekes the final
devision. He may or nay not teke the Boerd's decision. This mekes for four
clesses of cudets: {(a) iShose who heven't come before the Boerd; (b) those grent~
ed extra time on recomnendetion of the Bowrd; {c) those recommended for drop by
the Bocrd but given extra bime by the Commcadert; end (4) those dvooped from
flizht treining.




Jore complebe cete wetve soler wive .vellielle concermine the number of
Tt chiecks ana recrnecws tiown by ‘hc sbudents (see p. 12}, ind elso concern-
L Lle reasons for whichn stuuents vose oyosced frow flig-t treining {see p. 13).
“imy of the students who ceesed truining ¢t tueir own recuert, those who were
Rilled in sccidents, those dropped £0v wiseiplinery reesons, ena taose dropped
tecruse they were not physicaily quelified bo continue heve been eliuine ted
from the frilure or 'wesi~out' Jroup in nost serts of the sresent renort. Tne
Vsuecess! and 'fulliure' groupns thuc conforn to those used by other workers in
trecting dets on the same Penuocole subjects. For supplezentary comiesrisons,
hovever, &l1 of those eliminateu “roi treining vere included since the student's
own recuest to cewuse treining mey hive been airectly releted to certain cheree-
teristics of anls EEG or mey hieve disgulsed other more signifiecant reesons.

The Peckhem Flisht Score. 45 oae xina of criterion, Dr. iv. He Peckham de-
viesgw &« flipht score besed on tue nuder of possible flights and the number of
rechecks .3 follows: There vere 35 poscible flight checks ¢nd rechecks in pri-
méry lend Dhenes, ¢ll of vaiciu mey or mey hot heve been flown. If ¢ student
sesscd nis rirst cheek ot ecch Lieie of Tlight treining, he vould heve flown a
totel of five check fli nts :nc it 16+ nssumed thet the remeining 30 checks

v ould hieve been flown setisficruarily. [f he feiled the first tvo of his tlree

checks ¢t eny stige, it ves ¢o3uncd

Lt nis third would ¢iso huve been unsatis-
fictory. He couid then be g rentec rechecks by the Sgquearon Bourd or rechecks by
tne Comi:ndent's Lavisory Lowre or b tnhe Corwencent aimself. If ¢ student was
gronjyed for eny reeson, ali checks “oilowing his stege of dron vere re_earded &8
unazetisfectory.

The flight score wes then, 3% (oossible checks) uinus the number of checks
cctuelly flown or essumec flown unse tisfeetorily, i.e., it wes the number of
fii;ht checks cctuelly flown or assumec to heve been flown setisfactorily out
of & possible 35.

REGULTS AND CONCLUSIONS

Lbnormel BEG Records. Tac one record jud; ed sbnoriel encush to be reted
& 5- on the stsbility scele ueserves speciel mention. This cadet, vho hed
successfully comdleted & C.A.8. btreining course, wes sent to the EEG lsboretory
by his instructor bLeceuse of uis extreme tendency to get eirsick with frequent
voumiting, «nd generslly erratic nerformence. He would fly vell or his tests
¢nd then slump suddsnly ir a wey thet led the instructor to conclude thet he was
dengerous. He elso showed cepricious psychology vhich his instructor celled
tinfentile.® Although he nzssed his solo check, he declded himself thet he wes
not suited to nevel evietion sna ves rooped &t his own recuest. [lis ELG (=ee
Fig. 1, U.S5. 116Q) showed episodes of high-voltage, low-frequency weves, &t
tires clesely resembling those of & petit mel epileptic seizure. There is little
awbt thet the epizodes in his recorc shoved &ébnormelities of brein function re-
teteg to nis uifficulties in flight. In this crse, haa tie recora been teken
in cawvince of nis fiight treining ¢nd oroperly evelucted, it night well heve
Justified his eliminstion.

Tne ¢ poeertnce of only one recorc inaicsting; such £ ue:ree of ebnormelity
caon,, netrty 1,000 stuaiec grobrbly _ives o feir indlection ot the repity vith
t.ioeh onen wita unaetected or 1ctent epilepsy osesc the rigorous cxeisinstion end
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Sample Section of EEG’S of Three Pensacola Cadets
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selection through which candldstes must pess befors they reach Pensacola.

The fact that some cadets whose EEGs were rated pear the denger point have
passed the course ruises the question of the significence of borderline de-
grees of 'abnormality.' Possibly their unstable EEGs carry with them &
positive fuctor actuelly favoring succeas if the inatabllity is not teco
extreme, or perhaps they mey yol prove to be denmgerous pilots in their sub-
sequent ceresrs. Their flight scores {Peckhwm'a) give no indication of diffi-
culty in learning to fly, but thelr future histories should be watched very
closely.

Incidence of Specisl Fewtures in the EEG. 8 The frequency-rsnge of the
usual dominant rhythm (the so-called a’pha rhythm illustrated in the top
record of Fig. 2, U.S. 136) was from ebout § cycles per second to ebout 13
per second, showing agreenent with most other investigations of normel EEGs
that have thus far been reported. Individuals differed considerably in the
regularity of their alphs rhythma. In some it varied only a fraction of a
cycle per second from one pert of the record to snother, while in others it
v:ried by as rmuch as 1 1/2 to 2 cycles. The most common frequencies for the
group a&s & whole vere those between 10 &nd 10.5 per second, again in agree—
ment with other studies of the normel individual.

The incidence of unuguslly prominent 'spisodes,® slow frequencles below
8 cycles per second, and fapt frequencies above 14 per second were studied in
clesses in which all the cedets were given tests (classes 147-151) and in 94
instructors. All three of these feetures, eplsodes, fast, and dlow weves,
were scored on the szme five-point scale as follows: -- (absent), & (doubt-
ful), + {definitely present), ++ {marked), +++ (very marked).

These percentuges constitute en implicit definition of what is mesnt by
an unusual degree of prominence. The amount of fast-frequency sctivity con-
sidered !unususlly prominent'! {scored ap 4+ or s++¢+ on this scale) was the
emount found in about one case out of five in such & group of presumebly
normel youn;; men such a3 wa3d studied here; 'unusuelly prominent? slow fre-
quencies (scored as y4 or ++¢ on the same scale) are the sort of slow waves
observed in one cut of eight or nine records of ithese men, and so forth
(Table I).

TABLE I
Percentage Incidence of Special EEG Features

No. Episodes(++) Slow Waves(+4) Fast Taves(4sd)

EEGa  No. 2__  No. X Bo. 2
Cadetlp 377 10 2.7 46 11.9 73 19.4
Instructors 94 A 4.2 9 9.6 16 17.0
Cadets minus
‘drowsy recorda’ 311 9 2.9 37 i1.9 59 18.9

e
—

8presented in Fig. 1 are sample sections of EEGe of 3 Pcnoecola cadeta.
Top (U.S. 136) is a normal stable record; cendidate successful. Middle {U.S.
320) is an irregular, unstable record with frequencies faster and alower than
the alpha rhythm; both prominent; cendidate falled. Bottom recim- {I',S, 1160}
is abnormal; the worat in the seriee; presumptive evidence of av sptlliaptolid
conditlion; cendidate feiled, {85 means standard sensitivity, as shown in cal-
ibration.)
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EXPL-TLNCY OF 3UCCHs5S Il rLLATTON 0 S7LCIAL FEATY
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Entire urouo exceot for "drops not counted &8 wesh-outs"

Total Episodes Slow Fest

EEG {4+)
A. Successes studied 721 39
B. TFuilures studied 126 6
. ocuccesczes corrected to
30 zer cent pass rete 1134 61
E. Correctea totals, i.e.,
B«+C 1260 6’7
Per cent expectency of
pessing, i.e., C/D 0.0 91.0

{3¢) (3#)

94
14

14

162

9 4

Reting of 3w

or_worse
155 58
39 9
244 91
283 100
3.3 J1

Clesses 14%-152 Celculated Senarciely

Total Episodes Slow TFast LReting of 34
EEG _ (9) {¢#) (4+) _ _or worse
A. OSuccesses gstudied 239 5 31 55 <1l
B. Feilures studied a7 1 8 12 4
£. Successes corrected io
90 per cent pass rote 333 b 36 63 24
D. Corrected totals,
i.e., B+ ¢C 370 7 FAA 75 28
Per cent expectzncy of
passing, i.e., C/D 90.0 35.8 281.9 84.0 35,7
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I e egeublions wihen, & consicerahle nomber F th ciants

oo ne drowsy durire rhe EBG tests. The usual slteratlcns, particularly

waetion on onar amount of elpne rhythm, cad e £ ooesraace, often ia episodes,
siov wav.so ip ae orecentral and frontel regions, were sulsequently iventi-
fied in the records.? Apoerently the effects of drowsiness were successfuily
ccecounted for Ly tne judguent of' the significunce of epi-odel, slow, and fest
Tiwved, "o aen tue recoras suspected of drovwsiness were eliminated the percent-
weeg of tnese three features remained virtually unchenged. (See last line Tatle
1.3

F

]
~
13

Percent Fxpectency of Pessing Besed on Verious EFG Criteria. A convenient
nethoa of expressing the preaictive vulie of the virious EEG criteris was devised
in terms of the Dsercentige expectiney of success. The cversye percentege of sue-
cess of &«li cinaidetes ot Penszcole over tae period during vhich ths EEG records
vwere teien wes aboubt 0%, ALl of the successful candidates &t Pensacols vere
not studieu in this investigetion hovever. Therefore; vhen arbitriry numbers of
successiul ond unsuccess’ul men vere tn be compared, it ves necessary to increwse
the number in tne jegsing groug to give the known passing rete of 90%. To sccoa-
plish this incresse, tr2 nunmber of passers siudied was multiplied by the foliow--
ing fictor:

feilurss gludis6 X  sssuwed retio of sass to feil, i.e,, 9:1
auccesses studied

The percentage of .aen with e given EEG score who could expect to pass way
then calculated aceording to the procedure indiceted in Tatle II: (The suc—
cesses studied were corrected to a 0% passing rate. Thls new figure for the
passers was thep sdded to the achbual number of failures studied fo yield e
corrected totsl. The percentage expectsanc of passing was now equal to the
number of corrected successes divided by whe corrected total.) T this way
the percentage expectency of pescing wes calculated for the men »ith wiusual’
(supnosedly unfevorable) festures in their EEG, e.g. eplscdes, slow waves,
faat weves, or a gtability 2cals rating of 3% or worse.

From Table I {last line} it can e shown that only the oresence of
unusueaiy =5t Treyuehcico \~:nrottu“" TELAEY eerviiea w'th 1t o predicticon
of less ihan averz;ec nxg@ranrj 2 suceese.

To aeteriine Li.s gussissinuy 0L Lald resulil 1ie szfe cipectlunceles were
celedisted Tor ¢lesses Laﬂ -15e Jrﬁaw"iely. ltesults from these clesses were
mors reliclle since (r) these clesses were more completely studied than the

sthers, (b} tae wjoriiy ol zae reeovds were obleined by experienced operators,
LI \c) our techni,Ues Dew Loen csiabllisned vhile studying elass 147. The re-
ulis frou tnis group (WA8-152) wure soaevhat nore encouraging tieh those of
the totel group. (uee Telis JI.

AL s S —— A AL sy ¢ e R T % L e e 4 — A Rribn s — s LT NSHERE S P

Lt zuss be empitasiged loaet czre lies to %e teken in judging ¥EGs not to
corduse toe nerueld slow vevss of orowsiness with slow waves appesring in the

fuliy sokenew sTalte, “hicn el vary difierent significence. 4s a matter
of pwreetical orocecur-, 30 L8 helpful fo tell to the cubjeect and instruet him
Lo move sbout on the coub and b T8 wegd In tae wir fron time o time auring
the intervels in the FLO routine The anheanuent svaloation of records in
“fieh this ves done was s enslel than Tor ogany of those in vhieh it wes not.
(Cave muzbt be tenrp 18 thiz picesgr To vsco B see thet the electrodes ers
AT Toatr o LT e TG0 G utL e fr«}
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TABLE III

EXPECTANCY OF SUCCESS IN RELATION TO SPECIAL
FEATURES OF EEG: CORRECTED FOR POSSIBLE DROWSINESS

Entire group except for M"drops nolt counted &5 wesh-outer

Total Fpisgdes OSlow Fast Rating of 3¢

EEG  _ (#¢) (++) (34) __or worse

A. BSuccesses studied 569 23 59 128 48
5. Falluras atudied a3 FA i1 29 5
C. Successes correeted Lo

90 per cent pess rate 832 36 21 225 &4

D. Corrected totals, -
il.e.; B¢ C G230 40 102 R54, 69

Per cent expectency of
passing, i.e., C/D S0.0 g0 89.2 383.6 g2.8

Clssses 148-152 Celculated Separately

Totel Episodes Slow Fest Reting of 3
EEG {34} (5+) (&) Or_WIrse

A. Successes studied 243 5 . 20 L6 20

B. Pellures studied 21 1l 6 10 2

C. Successes correcied to .
30 per cent pass rate 273 5.7 30 53 23

D. Corrected totels,
l.0., B3 C 319 6.7 36 63 25

Per cent expectzncy of
passing, i.e., C/D $3.0 25.1 84.2 84.1

0
H¥
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Lag <Xom 'lLeNCEIS.)  aa 0 oo le seld U Leo.oho wmerc nobl uetertel iy nitercd
Lof s wnlise crout ov for clesces 1g3-154 by fag eliniration of thi se recerds.
The onis comsistent resuct weg the indlestion tai b the ores:noe of very proiine
ent fzs'—freHUency veves in the EDG wrs ca unfevorsble sign.  The lel. of cop--

“lotency in rezect to eplrodes enc slow wmeves is stili v itnout exelonation.,
et Teble ITI.)

Fakt

txpectinecies b tae Erccier-Forbes Isthode 1o d-ternine tne gignificcnce
2T ote kErrzler-Forbes secic anc tie tesc rdiviein, line for srecictive pur-osos,
«Je succestes (ud 63 fiilures vere selectec et rencon from the generel wrouna
of svecessful ence ansuccessiul cinicetes (cee pe 5) wnae taelr aistiibutionsa
loties aceoraing fo the Dercentege f soch ;roup receiving ecch prezier-Tor os
corre. b Temter nercentege of [hlanres cicelved Ybhed! ccores sng e oSmile.
JEICeN b e rbcslved ‘oood' scores in cooserizon vith the pessing zroup. The
ozl furoriiles cut-nl§ point for wnis gecle sewmea te fell between scores 1]
220 be.  (See Fig. )

ine expectincies ~f isoing vere cileoule ted for verious score-intervels
in the hrevier-Forbes scale. These ¢re oresented in Tebtee IV for the total
croup {N = 265) anc ¢ group wfter fne urowsy recoras were elimineted {N = 221).

TABLE IV
Expectancies of Pessing =t Verious Br.zier-Torbes
Scele Sceores

frazier- % Fxpec. for % Lxpec. drowsy
Ferbes totel sroup rec. elininated

tcore (N_= 265) (§_= 221)
- 3
-7 32,
- 13 a3

u

[ESRN N
(G D WD
M

0
0
5
7

[529
e
(&

11 B2
12 - 18 64.

These datez slso indiccte thet & seore of 12 or vorse definitely indiczted
& diminishing expectancy of success in fli.ht treining. Furthermore, woder:te
degrees of drowsiness «id nect seriously evrect the scorin_ of the records by
this melnou, ot lewst In the hinds »f £n expericnced electroenceshaleyrzpher.

o

63.9

Comperison of fhe drazier-Forbes lethod 1ith the Stebility Scele. To
cetermnine hether the sucerierity of tke Erazier-Forbes method uver tae ori-
giuwl Jethcu uepenuel on e Tortuncte selection of records, the expectency of
sessing fovr tue stue group {erovsy recorcs elimineted —— N = z21) wes celcu-
Lited fir scores derived oy one originel netnod, t 7us found tht the per-

cent expectaney of  assing ves 329 for episoaes (ff)j 93.7% for the slow

1074e5e features cre rezerbel by Lrs. Thorner enu Goodein, in & personal
corwunication, to aave soze precietive velue.



fregquencies ie4); 47.9% for lue Tast frequencies (+4); =nd 95.5% for those
records scored 34 or worse. The cxpechincy by the Erazier-Forbes scoring
system &t score~intervil 12-18 (see Talle IV) was 63.9%.

The low expectincy of zessing by the Brazier-Forbes method was all the
more striking in view of the high expectencles for this group vhen the previous
method of acoring was used.

Comperison of the Brazier-‘orbes llethod with the Brazier lMethod of Scoring.
The Brazier method is simpler than the Forbes modificustion, and, if equelly sue—~

cegsful, vould therefore be preferable in prectice. The expectuncies of pessing
were therefore calcuicted for 86 records [drowsy records excluded) studied by
Dr. Brazier cnd ilater re-scored by the Brazier-Forbes method. The serieg in-
cluded 39 feilures, 1l of whom were given unsetisfactory scores (12 or worse)
by the Breziev-Forbes method end 12 by the Brezier nethod (ruting 4 or 5 on one
or both eriteria). In other words, 23% and 31% of tae failures were correctly
identified by the two metnods. In percentuge expectency, however, the Brezier-
Fortes modification was superior, &s i1t reted as unsetisfactory only 3 records
out of those belonging to the 46 successful cendidates, egeinst 6 8o reted by
the Brazier nethod. The expectincy of passing for those rated &s 'unsetlisfec-
tory'! (corrected to 907 pissing rate) was therefore 79% by the Brezier method,
&5 kguinst 67.8% for the Brezier-Forbes modification.

The superlority of the Brazier-Forbes method seemed to lie primerily in
a better discrimination, tna therefore less westege of good men if it werc used as
& criterion for selection. If concluaions may be drawn from this smell group,
the Brazier-Forbes method is better then the Brazier system end fer superior to
the original method. On the other henc the success of both the Brazier-Forbes
end the Brazier methods rested upon the correct selection of only ecbout & dozen
feilures, end 1t 1s obviously important to re-test the method on & large and
different group of sdditional cendidstes.

Analysis o the Besis of the Succegsful Indicators. This enalysis showed a
single feature of the EEG common to all three, namely "the presence of marked
end high-voltage frecuencies from 12.9 to 18.9 cycles* (Brazzier's fourth item
uncder criterion 1). This festure eccounted for 8 of the 12 or more points in
the scores of neerly ell of the feilures correctly selected by the Brazier-
Forbes method. Obviously this festure is included in the brosder designation-
of ™unusuelly prominent fast frequencies™ which was the one to show some con-
8istent degree of wccurszcy in the originel scoring. This band of frequencles
lay between the familitr elphe (8.0-12.9 cycles per second) end beta (19-42
cycless freguencies, vhiech usually constitute the dominent rhythms. Only a
few fzilures were correctly identified primsrily on the basis of prominent
slov freyuencies or irregularity end instebility of the totel patterm which,
on the besis of the ecrlier experiences with 'ebnormel' EEGs, had been given
perticuler weight in the originel scoring method.

Anelysis on tae Busis of Peckhem's Flight—-Score. Very fev of the cendi-
dates who falled ctteined & flight score ebove Z3 &nd no cendidete with & acore
below <3 passed. A correletlion wus celculeted for the relition betveen flight-
score (high score fovoreble) ¢nu the EEG score ts derived by the Forbes modifi-
cetion of the Brazier scele (high score unfevoreble). This correletion, - .194,
&lthough smell, is of the proocer sign. The exmct significance of this correlsa-




e N e . wasLE L . C A TRt T s B Y
L o, AR el

202 PASSED
63 FAILED

FIGURE 2

—————

i

8
EEG score by Forbes modification of Brazier rating

A Comparison of passing and failing groups in terms of
the Forbes modification of the Brazier rating method.
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a%m: Tor L cunpgw s cere s Tollowse
| Py scurce 35 24 33 32 31 30 2% 28 27-23 Dropped
Ne o Men 32 21 17 13 33 16 21 19 10 63

Ave R-F Score 5.7 €.3 5.4 5.3 5.9 6.9 6.8 4.4 52 Tody

Lelevion of ERS to Recsons for Frilure in Flight Trainiqy. It need not
doncern us greatly thst many wash-outs show good EEG scores, &3 1e TLoLre MEnY
rersans Yor feiiure end it wes upreasoneble 4o expect that the FEC would be
dirongly correletbed with mzny of them. ‘wre disconcerting were the excellent
flight scores {34-35) wude by three ren whe scored 13, 14, cnd 17 on their SEGs.
No exolenetlions mre oflercd Jor thls sitvctican. but it waws in eccord with tne
aXpPr:Pn”G of Drs. Goodwin sao Thorner thatb, aith-ugh the expectency of passing
ves lew for andiaetes with ‘bad' EXGs, those who did ness flight treining terded
%o he better then averape evistors.

Tie rric tion of EiG zcores to tue rewsons piven £or feilure confirmed the
geriier Iupression thet Vie 'had' EECG indiceted some 'psychologleal? or 'tempera-
mental? traits e i were uafevoraple for cviction. Froo the £ligat-jeckets for
MOl .zl dropoed, Dro Peovhoem su2)lizg one ox wore {(usuelly two) of twelve pos--
dible reesons Tor fuilure (see Lish in Teble V).

For t.ie present ensliysis inose kilieu in wceldents :na thwse dropped for

arsciplinery reesons vere groudea topetiier, &- tie nunbers In these groups were

dguell.  Also, aen cropyec from wraining bulr not counted as 'vish-outs® were in-
c;aced in tais eneiysis. Tae nusber of en for whom & Jlven resson was stated
{wietner or aut 1' was tne sole recson) was wotaled, and the percentuge of each
rloup thet showed prominent fast (F+4) or siow {Sey) frequencies by the 'stability
dcule' scoring wes calcuicted. The serceuntege of esch proup receiving a score of
3 or worse by the Srazier-Forbles nethod weos nleo celcoculeted. Tinelly, the per-
deateges of lneidence =f Lne funfavorable! FEGs by the two nmethcds were averaged
(lrgt colwrn, Teble V). {i.e reazons ere liztea in the order of %iese aver:ge
percenteyes . )

It should be noted thet the incidence of 'unfeavorsble! KEGS in the entire
populaetion weg eboul 307 for ewch method, are Lt the wverage ineidence anong
the 'not physicelly quelified® (N.P.Q.) mes #9%. All other recsons showed &
grezter ineldence, vwhleh wasz well -bove chunce expectation for me y of them.
The renk crder wis on inbsresting confirmetion of tne expectetion thst the EEG
tenperaﬁwntal or Tpsychologicel? reaaors rether
die
on

- r|

vwould indicate feilure fox

tivn weczuse »f chysicel i ap, noor rolor acurnination, oar irck of intelll-
gence. The noszille exce3t1 qdv~rqc “hysical reestions, ves Lesed op & srall
tHumber of ceses. Hovewver, it &8 quite stirongiy correletec vith urominent slow
weves, wni mey well be relstecd to the ERG =t tie neurological rautner then &b the
gsychologicel sevel.

—_—— e T o b $ s e i, e v <5 nm e
‘ ]lnultor'c rots. Tolr ,ozerv-tion 18 nol in LP{OTQ it recent finaings

in & chuLy of 100 fliers ut nencolph Field (Ta.rver, M., Gibls, F. A., «né Gibbs,
E. L. heletion Beiveen Lhe Diectroean ool 3,20y em Plyving Ability. Yer Nea.,
1342, 2, 2585-.+62). Here 20 1uciosnce of cnos Lvisunrs smong thoce with abnor-
Tel reeosrds wer muell Al ner baen aioh wen VAL qormel recoroa. Roone men

£
Who ur ghed ocut in sueondar ;7 e o LheTe W L prcet exeess of craormal sesoros.
! ¥ 4 .
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sreater erpirical relinenent. &% least i1 Jeens oot & ;;uhyltcaub culding
srincipre Tar the construction aof & satisfectory scorin,g Jystenm a3 oees deman-

Flreted -7

The vere stricily Léojc&l rroklem of U incldence of undetected epil-
epsy nes seen at le:st hertly answered. The conditicn arovec to he very rars
emong the Pensscola c&detL‘ Neverthelesj, zlectroencephalozraphy hes 4 place
in the atuay of cbscure ceses in whleh the aliniecel evicense is not clear, -
wne if the FEG becomes establisbea e&s one of ¢ battery of routine selective
teets it would flso serve to cell cttention to sore s2tull or aclential
egpileptiecs who should be sorutinized @ it perticuler care fror the elinieal
point of view.

In considering tae olece of Lhe EEG in o leinery of selective tecis
some -« _ght should be given o our indicelticrn Llot tnhe <26 2ecos to indicate
"osychologicvel? or "temperamental™ reasons for failure racher thin inadeguate

motor coordination, keck o intelli ence, or jcneral inentituce.

Tae sug_estion offerce dn oor crellininary vcoost tiuet e PLG nay prove
still more useful in the oroblem nf difterenficl seleciion for cifferent types

ha
A4 o ~r3 JEp— PR —— 5t f'-.‘+-,¢. 51111 serl: t.
of service, such &3 Lurber Tersus fighter is stlll sevlinen

J"J

2EQlu0T’u ugte. B, ore exbensive use is mede o this methcd it will
necd to we shown Gabt b 5 & better technioue Lhen stbher uweilwods of scoring

alrescy mmown Lo yielc po ;fivﬁ resuits.  Further, nea techningues have srilen
gince the inceptlion ol th” study vhich slsn snow proadze.
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SUPPLEMENT I

The following report presents a related
study by Davis, P, A., E,E.0, Anelyels of 79
Solesotad C,p,.A, Subjests, submitted as an
Intarim Pregress Repnri %o the National Re-
gearch Councll Comrittze on Selection and
Trelning of Alreraft Pllots,
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Tuterim Progress Hepurd Sentemnbar 1841

Report Po Tha Natiorsl Rersarch Council
F.E.G, ANALYSIS OF 79 3JELFCTED C.A.A. SUBJECTS

By Prulins A, Davis

PROBLEMs

Taie study was undertekan tc dlszovser whether a twenty minute E,T.G,
taken under sltandard conditions might aid in the selection of candidates
for service in the alr forces. It iz undsratood that epproxisately half
of this selected group have failed end thet the other half have pasaed
the C,A.A, reguirements. With no information whatsoever concerning these
subjects, ihe routine E.E.C,'s were gnelysed, The records were meparated
into normal end sbnormal groups in ovder to determine the slgnificance of
certain factora in the E.E.G., and thelr possible relatlon to the subject's
success or failure,

FRQCEDURR:

A group of sslected C.A.A. mubjeccta were sent o the laboratory for -
a routine E,E.G, taken under standard conditlons. 'Twenty minutes to one-
half hour before the record was bemun, erach subject wes glven by mouth
80 c¢.c. Rad Lebel Karc Corn fyrup in an equal amount of water to awnid
too low a blood sugar leval, The E.F.0.,%8 and analysas were made accoxrd-
ing to the atandarde and rules set furth in the paper on "The Technigue
and Measurement of the Flegtroencephalogram,* by P. A. Davie {Jour, Neuro-

phyeiol. Jen, 1941,)

“he twenty minute routine reecord ingcluded the simultanecus resords
ing from three different areas of the head, the Frontal, the Precentral,
end the Occipital, as well as %the slmulteneous recording from left, right,
end mid--line reglon of each area, Both monopolar and bipolar technie,
and three different degrees of amplification were uased for the purpose of
bringing cut detail, 7This g egoential in low-voltage records,

& record rum before, during, and after three minutes of hyperventila.
tion was continued until the E.E,G., returned to the characteristics seen
in the routine record. (The typs of hyperventilation procedurs was standard-
ized by lr, Ashton Greybisel.)
NALYSE

l; The routine records were analyzed by teo judges independently,

lepffect on the E.E.G, of Changing the Blood Sugar Level™ P.A, Devis, given
before Amer. Physiol. Soc. April 1941 (sent to press),
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then by both together, and & rating was agreed upon for each record,

2, The anelysea were repezlted Independently at a later date with-
out reference to the previous ratings, The conslstency of the ratings
was satiafactory,

3. The hyperventilation record slone was rated by one of us, with-
out raference to the routine record,

4, The total record, routine endb yperventilation response, wera
then studied as a whole and agaln rated independently of the findings
of the other analyses,

§. The specific features of the E,E,G. were then studied separataly,
The reistlon of the special features to the types &nd ratings are prasented
in tabular form go that the po3aibls glgnificance of any speclel feature
ney be tested and to facilitate comparison with the enalyses of E. F.G.'8 by
other investigators,

COLEAENT:

Tables 1 sad 23 The pubjects ware rated first on a five-point sczle
and then on a three-point secale, The divisions were made into novymal,
borderline, and abnorrmal categories on theo basise of the routine E,E.G,
ratings, The vetings of the hypervenlilation records were edded for com-
paerison with the routine reting in order to revesl the fect that a subject's
responss Yo 8 stress esituatlion may or may not relnforce ths rouiinz rating,

The E.E.G, reapoase to hvoerventilation is werlable, HWany of the diffi.
cultles are due to the assumption that e£ll subjecis are egually Wntelligent
and cooperative in regerd to the requirements of the procedure, The appre~
hensive or tense subject msy not hyperventilate adequatsly in aspite of his
efforta to cooperate, Another subjsct usy unconsclously decrezse his rete
of respiretion when he feels dizzy. in athletic subject, on the other hand,
may hypervontllate go efficlently that delts activity will develcep within
the firet minute ceusing his recerd to be considered sbnormal, An abnormal
subject, from whose routine K,E.C. one would predict an sbuormsl response to
hypsrventilation, often will elther refuse or be unable to carry out the
procedure for thres minutes,

Certaln types of E.,E.G, patterns are normally more resistant to the
developmzat of delta activity then other types of patterns, regerdless of
the efficiency of the subject in carrying out the procedurs, In the 1940
geries of subjects recorded st Penszacola, and several hmndred undergreduate
students reccrded et Harvard, it was found that delta zctivity would dewelop
more readily when the sub;ect was permitted to breathe freely then when he
was attached to a apirometer, The E,E.G, responses nevertheless were ro-
corded, measured, reted and plotted, It is believed, howsver, that reliance
on the hyperventilation record alone should not be used in evaluating the
nornality of the subjects in this seriesn,



BT TP SR R

e

The C.A.A. subjeots appear to be distributed ae follows:

“ Normal E.E,G.s - 38
Borderline ¥.E.G.8 - 17
Abnormal E.E.G.9 . 24

Fiva E.E.G.a in the normal group developed ebnormal activity in response to
hyparventilation, Eight E.E.G.s rated as abnormal in the routine record
showed noramsl activity in the hyperventilation record,

Table 33 A and MF patterns are predominantly rated as normal,
B patterns show a wide distribution of ratings.
M and MS patterns fall lergely in the borderline or
abnormal classifications.

Teble 4: The UF and B types of E.E.G, pattern phow fewer !'abnormel!
resronses to hyperventilastion than the A, M, and MS patterns,

Table S: The alphe frequency represents the peak of the distribution

of a minimumn of twenty measurements of each E.E.G. counted in sections of

the record at least 10 seconds after eny response to stimulation, The rea-
son for this is because of the known momentary sccelerstion in the frequency
rate when the eyes are opened and then closed., A count in such a section would
not be representative of the E.E.G. routine record, The alphe frequency is
pot clearly releted to the rating of *normality! and 'aebnormality’,

Table 6 The alpha frequency is one of the features that distinguishes
the A and MS types from the B and MF types,

Yable 7: A division of the E,E.G.s into three main groups on the basis
of dominant characteristics of the total record show that these T, E.G.8 1n
which the glpha activity is the dominent feature, apnear to be the most normal,
end that those in which there is a continuous interplay of slow and fast acti-
vity, within a narrow frequency renge are regarded a3 less normal, Low voltage
1s considered to be consistent with normality.

‘ Teble 8: The distribution of the patterns in Groups 1, 2, and 3 1 clear,
From the published definitions of the types of patterns this distribution should
be expected,

able 9: A list has been made of the code #, rating, types of patterr,alpha
frequency and group claassification in order to discover whether there muy be a
gross correlation among these seversl factors, and those measurements and find-
ings from other tests whicii aided in qualifying these subjects as pilots,
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FINAL GOUTING £.E.G. RATINGS AMD AVPFRVENTILATION HESPONSE RATINGS

FivePoint Scale
T2 C.£.4, Subjects
Y7 Subjaets /lyperventilated

RATING 1 EATING 7 a4liht 3 LG HATIRG §
LY4 ¥ P.R. AV HYP.R. PR G AV# HYP.R. AVF LHYP.R.
R ! I R— £, e Do rmey Breasenmean

20 emeren3 L — 5 A JN—; S R S— 5
Py — 13mmena? 2 2o 1 Bersoewmm
33cnml e ! B 1 Sennoranminan 5
 E R, | L J— 2 R mrn ] T — 5
I 4 . i 1c SRS, § oy S 1 19 wnaual
TG PS— 1 F S— 1 o T Z, ) )
LR ? A5 e -3 o Jo -3 22 et
s § A el g
| Sy e 1 P2 P— | A TS— b S Y |
G5 i 1 iy — | 2 PP 30 i 4
S ) 60 51w mmismen 3 3lemcmwab
%) SN T GRS { [ p—— 4 T |
L TN | Y T S | 39 pot done
L FO-eaem—m a3 E e wmmnty 4F~mmeeu§
N A W | T e 1 57 1
‘ 7 I— 3 S 1 [ J—

y S 63———--~1

TT=imm -1 o R

I Y S

73 not done A !

80~—=—l B2
‘Totals 16 Totaly 22 Total: 17 Total: 22 Totaly 2

NUMFRICAL DISTRIBUTION
Routine Rating 1 2 3 4 5
iyp.Rating 1 11 13 g 7 0 =39

< i 1 o 1 o0 =3

= 19

=11

-

- fm &+ 33
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TABLE ¥
TINE E.E,G TINGS ARD ERVENTILATION RESPONSE RATINGS
Three~Point Scale
N-Normal includes ratings of 1 and 2
B-Borderline- " ® LA
Ab~Abnormal -~ o » "4
NORMAL GROUP BORDERLINE_GROUP ABNOKMAL_GROUP
AV# YP.R. AVH HYP.R. AV HYP.R,
F A 9——Ab S=eemempb
11——=w—Ab 12mewal e cmmempb
17——=———4Ab 13——-N Jem———iAb
18-——..p 14{—-—-Ab 8~—-—14b
20— —B 25=~—=B 10=mwee-ib
f——-N R7=~=N 15——emeapb
29————N 28-——-Ab 16.e—eeib
33N 32——-B 19———-N
35amamnl 3f~-~-R 2l ———-Ab
37} 46-—-N 22— umapb
32 N 50~—-B 23~——=—=4b
40—em—w=B 51-——PB 26 N
41N 53--—-Ab 30—-—-Ab
LRl 58——-N 3l-www==Ab
44 N 64,~-—-——=hb 3-——-K
L5———B T3-——-NK 39 not dene
y A e A+ 8lema-N 4Y-—m——pb
48N 57———N
52———~=N 62- -N
S54————N 63—l
55————N 66~—~~--Ab
5bemee—-B Y —
29 N  J—
£0w—=B 82—~we—u;Ab
61 N
65 e
&7 N
69-——e-pb
70———-B
A
72 N
75—~———-ADb
y - OO
- N
73-——N
79 not done
80-w—ea=}
Total: 38 Totals 17 Totals 24
Hyp.R "?:?be Hypoﬂawgggb Hyp.Ro—-32N

W



‘Digtribution bty subjert's code ¥

IABLE 3
TYPE OF E.E.G, PATIFAY AND ROUTIHE LoTING

— -

A LF M S B
Ratirg 1 20 44 g 40
24 85 a5 54
33 69 56 59
41 95 65
42
2 17 43 LT 52 37 11
25 61 60 78 72 23 18
43 70 £ 79 80 45
Tl yis
3 50 217 9 53 12 13 73
51 14 53 46 25 31
28 64 k7
7
4 g 639 19 57 15 63 16
21 7638 30 66 22 32 62
n 23 74 49 26
36
5 5
10
RUMERICAL DISTEIBUTION
A 133 " us
Rsting 1 4 - - = 16
T 3 7 3 2 L w22
3 1 2 7 2 5 =17
4 3 7 5 5 2 =22
5 2 - - - - = 2
21 20 15 9 14 = 79 (Total)
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TABLE 4

TYPE OF E.FE.G, PATTEHN AND HYPRhVENTILATION RFOroMah RATING

Distribution by subject!as code #

| al M M3 51

Rabing 1 24 43 4 67 19 20 1z 13 31
29 55 27 71 34 26 £L
33 61 35 T4 o 24 g
41 56 77 57 6 62
£ 85 75 £g é 73
4d &5 72 7

2 42 63 37 _

3 23 51 13
5C £n 25
70 P

i~
L 3 v

4 21 3 14 53 2 11
75 _ 28 f-4

3 5 17 & 3
131 '7 43 P
10 6% I

]
=
Ox

Reting 1 9 11 73 7 =55

R T

s 3 2 - o s o

. 2 1 e 1 1 .a
5 & 3 2 2 1 - L4
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TABLE 7

DISTRIBUTION OF F,E,C,S INTO 3 "AIN GROUPS

RELATION OF TYPE OF PATTFRN TO GROUP )}, 2 and 3

Group 1:

2
3

Distribution by subject's code #

Alpha activity is dominent festure,

Dysrigythmice quality is dominant festure,

Low voltage is domincnt feature,

4

Group 1 2 3
ELE.G, Pattern A 5 24 48 3l
- 8 29 50 33
10 41 55 61
5 17 42 69
: €0 4% 70
_ 21 44 75
‘ ¥ 47 7 39 67 4
71 2% 51 68 6
77 27 56 74
78 35 80
| 79 3665
l it 9 14 34 58
49 19 52 64
80 28 53 66
- %0 57 72
' 1S 1z 58 15
26 48 22
- 7 B2 83
B &4 11 25 76
59 15 32 81
62 16 40
73 18 45
NIDAERICAL DISTRIBUTION
Group 1 2 3
Pattern _A 18 3 : =) _
¥ 5 i3 2 = 20
- M8 e - = 15
N 55 ....{.5_..‘, 5 - = 9
B - Z 10 = 14
i 3] Al 12 = 79 (Total)

fl g
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Group 13
2:
As

¥

LABLE 8

il

£phe sovivity is dominent ferture,
Dysripythaie quality is doainout fecvure.
I-m voltage is dominant Tscture,

Distribuation by subjectts code #

Group 1 2 3
Reting 1 20 44 35 B 4
24 55 5 59 40
41 69 54 g5
42 75
2 17 4% 78 53 1
9 48 79 a0 18
27 70 80 81 45
2B 71 a7 76
43 77 7e
] 9 14 51 73 13
12 27 53 25
46 28 658 32
5Q 34 64 81
4 B 7T 3 62 6
1 15 31 63 18
26 12 36 66
43 22 33 68
82 =5 97 74
g 5
10
NULIFRTCAL DISTR (BUTION
Group 1 2 3
Rating 1 g 6 2 = 16
2 13 5 4 = 22
3 4 9 4 w 17
4 5 15 2 = -22
5 2 - - = 2
32 28 iz = 79(Total)
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Patterns & . 15 B
Normel 15 B 5 2 7 = 38
Borderline 1 uﬂ’ o _:" . 2 5 =17
Abnormal 5 1 5 5 2 = 24
21 20 1s 9 14 = 79 (Total)
__ Freg. d 8.5-2 9 &, 10 10,56 11 11,5 12 13
Norpal 0 1 5 18 2 9 i 1 1 = 38
Borderiina 0 2 1 8 P> 4 1 0 1 = 17
Abnormal 2 l &5 88 1 8 0 3 0 = 24
2 4 9 32 5 13 R 4 8 = 79 {Total)
Grouns i 2 3
AULELL pal 11 =] = 358
dorderline 4 ) B =17
Abnormal 7 iz . ___RB = 24
32 35 12 = 79 (Total)
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SUPPLEMENT IT

Editor's Notas Preliminsvy snalysis of tre Validity

of the ¥.F.G. a8 & Predictor,
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SUPPLFMENRT YI: Editor'a Note T i
PRELIMINARY ANALYSIS OF THE VALIDITY OF THE E.E.G, AS A PREDICTOR d

~ Subsequent data have made possible a preliminary emslysis of the degree of
flipht success of the C.A.A. subjects used in the study by P.A. Davis (Supplement 1.)

A commitiee of threa instructors at the alrport rated the subjects used in
thig study as "average" or "wery good" pilote in flight aptitude or as "potential
washouts" or "vary poor pllots", These date on {light performance were supplied by
In, Ross A. McFarlend, a Project Director of the National Research Council Committee i
on Selsotion and Training of Alvcraft Pilots and were used by Dr, H, Davis in the -
preparation of the following tebles: '

IABLE L .
E.E,G. Rating 4
1 2 5 4 5 Total :
Wigeraget and "wery gaod" 15 11 1110 2 47
pilots
*Eazhout® and "wery poor® 5 8 6 11 0O 28
pilots .
Total 16 12 17 21 2 75 j
Per cent puccess gL 58 65 48 100 6% :
TABLZ I ‘
T.F,0, Pattern
A MIo B ¥ M) Total
Piversge® and ¥very good® i 1 ¢ 7 4 48 ¢
pilota
"Raghout® and "ysry poor" 4 é 6 7 & 28
pllotz
Total 21 17 .15 14 9 78
Par cent succagp 81 65 60 50 44 63

Io z2nalysing these tableeg, Iir. Hallowsll Davla points out that “ths success
of all those vho sre either type A or rating 1 {or both) is 82%, 1,e., 23 out of
284 4t the other end of the scale, grouping all who are pither rating 4 and 5 op
¥ and M8 (or both}, the percentage successful is 84 (30 out of 47), which is alwost
sxactly the ratic of the group 33 & wholej but of thogze who are both rating 4 or &
2ad types M or IS the percentage succesaful is oaly 40 per cent (4 out of 10),"

In presenting these dzta it should be pointed cut that the mmber of cases in
the individuel cells iz too amzll to permit caleulations which wmight indicate the i
slgnificence of observed differances, Woreover, welidation on successive samples :
S8 required as a baplc step ip validating the predictive efficiency of E,E.G.'s,
Neverthalesg, the findings are reported as desonsirating sazential interest in in-
vestigating the validity of E.E.G.'B, Further situdies on predlctive efficiency of
this techniqus will be formd in subgequont veporte covering investipations eondue-
ted et the Naval Alr Station et Pasngacolsz, Floride,

‘
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