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of Naval Aviators, by Alexander  Forbes  and  Hallowell Davis, embodies r e s u l t s  
of en early  investigation  conducted at  Pensacola Naval Air Sta t ion  under a 

The repor t  is  submitted by the  Committee with  the recommendation that it LXI 
grant-in-aid from the Committee on Selection and  Training of Aircraft P i lo t s .  

Research,  Civil  Aeronautics  Administration. 
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Attached t o   t h e   m i n   r e p o r t ,  a8 a Supplement, is  a Progrees 
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and Dr. Davis. 

The results m d  conclusions i n  both  papers must be considered 
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graphic  studies  sponsored by the  Committee on Select ion and Training of A i r -  
c r a f t   P i l o t s ,  w i l l  be  published in subsequent,reporte. 
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The purpose  of  the present study w t . ~  t o  determine  the  incidence of EEC 

i of   l a t en t  or undetected  epilepsy;  to  define  the  degree  of  correlation between 
?a t te rns  &mon,o chdets m d  t ra ined   av ia tors  which were defini te ly   suggest ive 

lesser   degrees  of  e lectroencephalog~aphic   i r regular i ty  i;nd f&i lu re  i n  f l i g h t  
~ t ra ining;  and to   devise  a prcct ical   empir ical  method of  scoring. 

EEGs were t tken &nd anslyzed  for   newly 1000 cadets,   student  officers,  
end in s t ruc to r s  a t  the  Penshcola  Ncvd Air Ste.tion. Four features  of these 
records, (a) the  frequency  of  the  dominmt rhythm, (b) unusurlly  ?rominent 
episodes, ( c )  unusuul 7rominence of fast-frequencies, rnd (d) u n u s d  prclmin- 
ence  of  slow-frequencies, were snnlyzed by three  different   scoring  system: 
(1) a 13-point ' skb i l i ty '   scc le   (modi f ied   f romthe   or ig ina l   5 -poin t   scc le  
of  Davis), (2) the   t i ra ie r   Je thod ,  and (3) the  Forbes  modificction  of  the 
Br t z i e r   s c t l e .  

t o r s  wits found t o  be 3%; of ; z r k e d  slox r;hves, 11%; ad of mrlsed fkst-fre- 
The incidence of  msrkea episodes i n  a group  of 471 chdets hnd instruc- 

quencies, 19%. Only one c l ea r ly  &normal record WES found i n k e   e n t i r e  group 
tested.   ElininLtion  of  records  for  those  individuals who  becorue drowsy during 
t h e   t e s t s  'did no t   ; n t t e r ih l ly   t f f ec t  this percentcge  incidence. 

C&lculations  of  the  percentage  expectancy  of  passing  (corrected for the  
m t i o  of ?&ssers   to   fh i lwes '   fo r   the   en t i re   base)   revea lea  t h & t  no useful   dis-  

f a i l  shen  the ' s k b i l i t y l   s c a l e  method of  scoring xrs used. Only the  presence 
criminhtion  could be n;de tetv.-een those who will succeed and those who w i l l  

of  unusually  pominent  f&st-frequencies  (expectancy  of 86.3%) carried  with it 
L p e u i c t i o n  of less tnzn hverhge  expectzncy  of  success (90%) %hen the  records 
are  scored by this method. HoKever,  vhen t h e   r e s u l t s  of only  those  clbsses 
from L'+8-152 are  used m d  the  drovsy  records  eliminated,  episodes,   fastfre- 

85.1, 84.2, a d  84.l$, res2ectively.  
quencies, m d  slow frequencies all shot,: l e s s  ti- rvercge  exsectmcy of success, 

men  the  3ercent tge  expeotacy of ?&ssing Ypas c t lcu la ted   for   the   scores  
on the  Forbes  rnodificQtion of the  Drceier  sccle it was found t k t  B score of 
12 or worse def in i te ly   ind icc ted  & aiminishing  expectancy of success   i n   f l i gh t  
tmin ing .   Th i s   s cde  i s  shorn t o  be s l ight ly   superior   to   both  the o r i g i n d  

of ? a x i n g  f o r  those i n  the   f a i l i ng  group with sdverse records and scores. 
s k b i l i t y  s c d e  m d  the BrFzier method i n  terms of  the percent&ge expe:tancy 

Scores on t i e  Br-zier-Forbes uc~2.e ahawed a -.194 cor re l r t i on  v;ith 
Peckhm's  flight-score b&sed on check ;mi .  recheck  f l ights ,   but   the   s ignif icance 
of t h i s  f igure  i s  doubtful  since  both  distributions tire extremely skewed. 

t r & i n h g  confirms  the  impfission t k t  the  'bad' KEG indicktes  some 'psycho- 
l o g i c d '  or 'temperzmentel' t rki ts  t h k t  me   unf tvorcble   for   &vic tors .  

The r e l c t iun  of XEG scores t o  the  reesons  given  for   fa i lure  i n  f l i g h t  

s e l ec t ion   b t t t e ry  t o  w e 2  ou t  E. very sm&ll mimrity of' 2 o t e n t i c l   f r i l u r e s .  
Trends &re shown K-hich i n d i c l t e  *,kt the LEG could rJosaib1y serve i n  a 

IIoy.ever, proof  of the value  of  the LEG LS E Yeiaotian device ewcits statis- 
t i c t l l y   s i g n i f i c m t   r e s u l t s .  



PhOCEDUhZ 

The EkGs v:erE t i cen   e s sen t i t l l y  i.ccoraing t o  t ne 7rocedure  described by 

t d  relaxation) 
Z .  A. h v i s  unuer  stzn&rci  conuitions  (physicd, ;.na L S  ftr is p s s i b l e ,  men- 

1 

br i e f ly :   E lec t r i c61   po t rn t i t l s   xe re  picked u;, by m & n s  of  sntil elec- 

f r o n t d ,   p r e c e n t r a l ,  ;nLi o c c i p i k l  i;rei;sn These t c t i o n   J o t e n t i t l s  %*:ere thken 
troaes  &tttched  externtl ly  over  three  aifferent hi-etS  of thr   scElp -- the 

of! '  by t!lree lehds m d  ;re&tly  mplified.   Their  pettern WE, tutomatict l ly  

ioinutes  to  complete  incluLing time necesscry to e t tech  tile electrodes. 
recordefi by i three-channel ?en nriter, Etch  record  took  t7sroximetel f o r t y  ?! 

~ J. Neurouhysiol., 19W, I, 92-1U. 

~ ce?halogrtms b u t  whs unLbie t o  s n u e  in t h e   p e p a t t i o n  of tni ;   report ,  

IDtvis, P. A .  Technique mu Evtlut t ion of the  hlectroencephblogrun. 

2Professor Hudson Hoeghnd  col i fhrcted  in   obtr inin;  thtse  electroen- 



-*- 

tlectroenceph~logr6m, eLch cmdidc.te m s  re:,uired to  breethe de ply  for  E 
7eriod of three: minutes  while his EEG WLS sti l l  being  recorded. 5 

As put of t i l 6  o r i g k . 1  jroceaure,  folloxing  routine recordinE of the 

SUBJECTS 

c o k  v:ere included.  Testing  begm July  15, 1940 t.nc the e:;hr&tus P;&S ais- 
mtntled on &ril 25, 19W. It  should be eixph&sized t % k t  only  in  the cise of 
the first f i v e   f l i g h t  clksaes (Nos. 1L7-151) d i d  the   c tue ts  i n  e t c h   c l t s s  
come to the l h b o r ~ t o r y   f o r  testing. Only one-half or less o f  thc c&dets, tnd 
none of tht stucient officers vere  tested  routinely i n  ~ l t s s c s  f rom 152 on. 
:n t-m autumn, 6 l l  c u d i d t t e s  recomrended f o r  drop by tbe  Advisory Cocrd, 
end l t t e r ,  ell ?.hose scheauled t o  &?:>e&r before th€ bo; r d ,  cc.rje i n  f o r  a test, 
-,.nether 't'ney hclc becn studiea  before o r  not. Therefore., i'. j.3 only  from the 
f i r s t   f i v e   c l c s s e s  (U7-151) t h t t  t h e  d i s t r ibu t ions  of  EEG findings  for  the 
to ta l  populetion  xere  obtained.  Subsehuent  date bre nevert:loless v d i d   f o r  ' 

com+qring successful  ma  unsuccessful  cmdidhtes.  

Nebrly L t housao  ctaets, student c f f icers ,  ma ins t lvc tors  a t  Pensa- 



Two juubes (H. Ltvis  :.nu Ars. E. X. Beresford)   indepndent ly   r t tea  -'?e 
first f+75 records. Those ctses i n   r 4 c h  there  KC.S dis&gree:rent were j o i n t l y  
revieweu &nu rescorea. Ten se2crr;t.e f e t t u r e s  of thc record nere  metsured o r  

d;te t o  deteminc-  rhich of  . c h a r .  kcve most p o m i s e  o f  i-;vin& $xu ic t ive   v t iue .  
es t ine tea  in6 tilen ex t s ined   i n   r eh t ion   t o   success  o r  f t i l u r e  .)f the  ctndi-  

The f c t t u r e s  1:hick %-.ere r^c?md i o  be nosi  .xomisiri$; in this  7reliminu-y  study 
were: 

1.; Frequency of  t , ~  domintnt  rhy%rn ( d p b  rhythm of 8-12.9 cycles   2er  

2. linusu;li.y ,romi:ltnt gepisodes,'  i.e.,  sbru?t, t rmsient  outbursts 07 
second) I 

rhythmic s~+uenct;j s>.f n-c.ves 5,i th  frecLuencies  ei ther Ebove ~1' bdo?: 
the  norshl  elpha r tage-  

8 cycles per second. 
js Unusucl yomimnce ( n o t  necesszrily e p i s o d d )  a? W I ~ V ~ S  s l o r e r  

, L m  tinusucl  romincnc.; o f  v-hves TLster tnhn 1.3 cycles  per second. 

The l t t t e r  two f e t t u r e s  (dymiqythmias) were r e v e z k i  ts interfercnces with 
A I  

rebulbrif  t:hrlrOL;& thc. record. (The , ,dist inction hetween episodes a d  dysrhyth- 
me m o m  coci:lon freLJuencies by m v e s  ::f the frecuencies s>ecified,  running ir- 

mias is  L recl  one but is sojnetines hLrd to  & L W ~  In many cises,  nlzrked dys- 
rk:ythnii is r + t  t o  be correl.&ted  r.ith  episodbl  tendencies. An ex&mgle of these 
two types of aysrhytrrmias is fuunc !  in Fig. 1, U.S. 320.) 

The j t c b i l i t y  ZL-~ This sccle  represents  c~ s l igh t   noa i f i c i t i vn  sf t!ic 
sckle  descrihod F.Y P. X. D L v i s .  (02. cit.).  The orii : in&i Dtvis sc-le x.y 'sa 



p t r ; c P I 5  ! I  !,'< , , ~ I I . . < . c : I . : .  $,Y,-,..:, ' c: , . '  , . , ,  ~ ~ : trl:! ::.x L ' - ' . ~ . . ' J ~ L  ty?es  ?hich 
, , ,  ' J<  river. <..>U!!!j r ', ,., $1,. t!lc- rlL,J;ts~. I..L..."-"" r .  ... s t,n;nn, .,G i t,?., ., i ell.-bc lmced  

r EYS l ike th.,>; ' ss3ci: ?,%a %;.it:, E?ile;syI I t  niust b e  st; tar E t  once, how- 
i v t r ,  tnt t   exce, : t  f:;r-;amo iaos; cxr!.:ie cr ,xs .  no s i ,nif ic ;Gt   re l&tion be- 
tv.een r t t in~s  CC t r . . L s  ' .;tchiLitv' >-,tit i.nu f l icht  g.rform&nce could. be deuon- 
S t r L  ted a 

, ,  

' 5 .  ~ n n 5 ,  ~ l t h o u . . : ~  5 ~ : ; e  [recarus :+v-, . f t ' ~  !-:,e LrreL?~~~;1 x !,+-em,s t!lct  &re more 
0 1  

i 

The Br;zier i.iethcfiLL,  bcorinr trle UG. Vher, h t e  i n  19L1 i t  trectme 
eviaent t i 1 L . t  t h e  o r i , i n t l  s tLbi i i ty '  r c  Ling V . L S  net  y I .dding  significent 
c o r r e k t i o n s  ; i t h  f l ight  ?erformmce, Dr. M. A. B. Br.,.aier developed  Enother 
system. o f  scoring f o r  w e  i n  e stucji of Ae ELGs of c&naid&tes kL, the  Squcntum 
Eliminttion R6se.4 Two criteri6 entereb t h i s  system, t h e   f i r s t  btsed on the 
freLLuency a f  t i l e  doninmt rhythm,  he seconu on t h e  presence  of other disturb- 
ing rhythms or  episodes. The s c d e  was so constructed that the most frvorable 

of t h e  mehn, empiricil iy determineti f o r  .'̂  group of  100 cmaid&tesr The next 
r b t i n g  w b S  , i w n  tu thaae   ind iv icuds   ly ing   r - i th in  1 s t tndzra   devbt ion  (sigls)  

meLn, 6nd the wrst  r i t i n g s  v::ere ;;iver. t o  the  small number t h t t  devihted 
s tep i n  the sccle ij:cluded those  ctses  lying be'tween 1 snd 2 s i & a  from the 

most videly. No reconcept ion t~ t o  rc5e::-,blmCe to   ' ep i lep t ic '   ph t te rns  en- 
tered i n t o  the  construction o f  tlhis scale, but  simply  the  principle of devia- 

as follows: 
t i on  from thc necn Tcjr the group. I n  Tore de t a i l ,  Dr. Brazier's criteria were 

ingp  t h t  fre,uency of t h e  iiorninint  rhythm wbs metsured. The r r t i n g  depended 

bictinus 1 to 3 here t u e d  m the  docinLnt rhythq, -:hether t h t t  v t s  i n  tne  dpha 
on hov. f&r this deperted from the mee.n i n  terms of the s t m d b r d  deviction. 

(3 t o  13 cycles)  or i n  the bet& (19 t o  L2 cycles) r a g e .  

Cri ter ion No. 1: Using only thc; occipitrl   records  during normel breath- 

o r  bets d o m i n a t  betv;een 26 ~ c c i  3f+ c::cles (in each  ccse,  not  over 1 sigma from 
t:lt mea)  

Rt te  1: Llphc doninznt,  irith t frs,:uency  betaeen 9.6 a d  11.2 cycles; 

iLk.te 2: kiphk 8.3 t o  9.5 or  11.3 t o  12.0, or b e t s  2 t o  25 or 35 t o  38 
(1 t o  2 sicnh). 

J-3: h l p k  3.0 t o  3.7 o r  12.1 t o  12.8, or S e k  19 t o  21 or 39 t o  42 
(2 t o  3 sign&). 

high  valkge,  even i f   n o t   a c t u l l y   t h e  ciominmt rhythm. 
h t e  4: Cises   in  which freL&uencies from 12.9 t o  18.9 were m&rked r.nd of 

- k t e  5: Dominknt rhythm slower t h n  3 cycles. 

Cri ter ion No. 2: Now tie recoras were rttea for   other   dis t rubing rhythms 

reaaings under n o r m 1  bret.thing  conditions. 
(dys rhy th le s  a d  episodes) using the + r i e b l  or pecontrcrl  and occ ip i t a l  

k t e  1: No W-LVES betneen U id 17.5 cycles a d  none less thhn 7 cycles. 
k t e  2: k v e s  u f  If, to 17.5 cycles in tr&ins of 3 or more successive 

wves, or m y  6 cycle mves. 
1 Rtte 1: Schttered 1.5 t0 5.5 cycle wave5 (dysrhthmis). 

vo lbge  f c s t   m v e s   ( f c s t e r  thm U cycles 2er second). 
Rhte ~ "iriins of L.5 to 5.5 cycle meves (episoces), or trains of high- 

h t e  5 :  Presence of 2 t o  4 cycle wves ( d e l k  reves). 

LTnis s c d e  was used i n  the seme m e r  GS the  peviously  nentioned 
"s tab i l i ty1   sca le .  



l3e Forbes  ilouificition of the B r h Z i e r  Method. I n  En e f f o r t   t o  produce 

bineL Brczier ' s  c r i te r i t  md su??lmented t h e m  by other kt& believed  to be 
L single s c d e  LivinG t wider spretd o f  scores,  one of the tu thors  (AF) com- 

1 tnd Coxiv;in considereri t he  domlnmt  fre,usncy more i u p o r k n t  t h t n  the  dis turb-  
s i g n i f i c t n t  by Drs. Tnorner (knool?h  Field)  a d  Goodwin (Toronto). Tnorner 

~ in& rhythms, Ln(l Thorner beiieved t h & t  frequencies betpreen 10.0 m d  10.5 v-ere 
i 

more fLvortble t l cn  those i n  the rest o f  the  btnd. ,Ye further  believed that 
i u.ide s p e i d  i n  hlpht fre;uency W&B i be4 sig1.5 The follo?:ing rules rere 
therefore Eclopted: 

1. Multiply by 2 t h e  rating  hccor<ing  to  Brhzier 's  f irst  c r i t e r ion  
(except Then tile a o m i n m t  frequency is i n  t'ne rcnge of  1O;O t o  10.5 
cycles;   th is  is cuunted E S  0.); 

2. Adci :he resu l t ing   f igure   to  t i e  r e t i n g  for   the second cr i te r ion .  
3.. If the s-mead of  t h e  d p h h  frequenci.es  exceeds 1 cycle, Gdd 1 point 

4 .  The a m  of  the three figures i s  the t o k l  score. 
5 .  I n  Lhe c t se  of *bet&' r eco rds   i n  P:!lich the  domintnt  frec,uency is  

f o r  every  cycle or  f x c t i o n  of E c y d e  more t k n  1. 

higher t k n  14 cycles,  extent o f  s?rehd i s  ignored, and 1 point i s  
e r b i t r h r i l y  added. 

Forbes  system of  scorins.  In t:lis invest igct ion,   the  BrLzier  method WES ~ p -  

method t o  265.6 

It required 5 t o  10 minutes to e v u l u t e  a record  bceordin[; to t h e  Brczier- 

~ ?!.ied t o  123 of the  Pensicole  records  selected at rmdom, E I I ~  bb Forbes 

C€iITERIi.'ijF FLIGHT PfitFOHIUNCE 

The c r i t e r ion  of ?zrformc-nce employed in the Pro@-ess heport o f  Lby 1941 
ncs y i m a r i l y  t n t  t t. c;ndia&te h;u p s s d  the  corirse o r  h&.d been dro-;?ec fro= 
trt inini; .  A minor correction piis &?plisd in th t t   ccna idotes  ~ h o  were dro,>?ed 
bscLuse they  xere founu to be ' n o t  ;?hy:$ic&lly h u c l i f i e d '  or  for 'd iscipl inzry '  
re;sona t e r e  elimintted. Tht c r i t e r ion  VAS further refined bjr considering i s  
interneaikte  poups,  (&) tLose rho  t??e&red  before the Advisory Boerd b u t  vere 
recommenderi t? the board fo r  extrz. t ine ,  ;nd (5) those  reconnended t o  be dropped 
by the L(o;rci but nho Rere gxn ted   ex t r&  t i ne  by t h e   C o ~ h m d t n t . ~  The ' in ter-  
meuihte group' i s  & cclteCory n o t  u3ed i n  t i ie  present re;tort. 

h d i t o r t s  note. A wiae  spre&d i z  t;lph& frequency i s  coositered 6 bad 
--- 

sign by some workers only i f  it excescis certhin Lbaolcke limi-ts (8.5 a d  12 
cycles  Jer  second). 

61t PCS ini?ossible t o  extend f w t h e r  the  La l i cL t ion  of the method be- 
ckuse Dr. Forbes VAS ordered t o  V,'&shj.ngton tnd t large number ,of the Tensacola 

methods. 
records P:e:e transmitted t o  Dr. Goodwin i n  Toronto f o r  h.in to study by h i s  

come before  the Con~v~n t i a~L ' s  Advisory  Boud.  If  he f c i l s  5 nuaber of f l i g h t  
7Editorgs note. I:' & ccdet ' s  fX&t  t rc in ing  goes smoothly he does Rot 

checks o r  fcils i n  ground sonool, he ; p e e r s  before  the  Borrd cnc h i s  c6se i 8  
carefully  considerea. fie r ~ y  or ncy ; l o t  be grmted  extre  time by the Bozrd. 
The Com::irnuant Linen rwieas  the  recormendttions of the Uohrd cad n&es t he   f i na l  
decision. He zzy or m y  not t r ~ k e  the Eosrd's Cecision. Th i s  u2ke3 f o r  f o u r  
Citsses of ccdets: (a) ! h o s e  who h;ven't come before the Botrd;  (b)  those gr;rtnt- 
ed ex t r&  t i ne  on recomaendction of the Bot.rd; (c)  those reco:llmsnded f o r  drop by 
the B0zr.i but given extre tine b;; tho  Coir.:oin&i?t; t n j  ( d l  those d r o l p j  -*om 
p1 i.;hk i;..c:n.izg. 



fiELULTS AN3 CONCLUSIONS 

bbnonntl LEG Records.  #me x c o r d  jud,eu tbnor:iEl enough t o  be rz ted  
2. 5- an t!lc s t t b i l i t y   s c c i e  ueservrs ;.s-cit.l mention.  This ckclet, v:ho htd 
succesafully com;ileted .?. C.A.A. t r t i n i n g  COUTSE, WES sent t:) the E G  1tborLtory 
bJ h is   ins t ruc tor   t ac tuse  of  ;lis extrsme  tendency to get   t i r s ick   vd th   f requent  
vomiting,  tnd  generelly  erratic  lerformmce. He w u l d   f l y  v ~ e l i  on h i s   t e s t s  
:.nd then slump suddsnly i r  a w&y t h&t   l ed  ti7t ins t ruc tor  t o  conclude t h & t  he was 
dkngerous. HE tlso shou;ed ccy ic ious   ? sycho loa   xh ich   h i s   i n s t ruc to r   c t l l ed  
' infmti le .s   Al thouEi  he :xssed h i s  so lo  check, he decided hinself t i \ r . t  he R E S  

Fig. 1, U.S. 1160) shoxed e3isodes of hi&h-volt&Ee, low-frequency KEves, c t  
no t  sui ted  to  n c v d  & v i k t i m  i n a  xzs ,:ro??ed a t  h i s  a m  rec,ucst. l I i s  FCC (see 

t izes  closely  resemblin6  those o f  E - J e t i t  mal ea i l ep t i c  seizure. 'here  is l i t t l e  
ti7:Jbt t h b t  tkc eiJ,iuoces i n  \ i s  r tcorc  shoxed ibnorm&lities of  b x i n   f u n c t i o n  re- 
1 1  t6d t o  nis u i f f i c u l t i e s   i n   f i i g h t . .  In t i x i s  ckse, !ma the  record been ttken- 
i n  ~ c v : n c e  of  h i s  f l i gh t   t r a in ing  End 7rogerly  evblutted. i t  z ight  vel1 htve 
ju s t i f i ed   h i s   e l imin t t ion ,  

P ,  

ir..un, n e u l y  i , W O  s tuaiec $rot]* bl;, , i v e s  L. f&ir indicktior, ,,f  thc rt-rity v it" 
L:ie t p e ~ r t . n c e  nf onLy m e  recorc innickt int  such E. uc:ree of  sbnorrnblity 

! . : k h  .Iden r r i t l l  unietactet. 31' L Lent epilepsy ,365;. tile r i jo rous  ux&i;rr,i,tion tnd 
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FIGURE 1 
Sample Section of EEG'S of Three Pellsacola Cadets 



a e h c t i o n   t h o u g h  which candidate8 must pa~s befors  they  reach  Pensacoh. 
The fact t h a t  some cadeta whose W s  were rated E e E  the  &tiger point  have 
passed  the  course raises the  question of the  significance of borderline de- 
e;rees of fabnorma1ity.l  Possibly the i r  unstable EEGs carry w i t h  them a 
posi t ive  factor   actual ly   favoring aucceae if t h e   i n s t a b i l i t y  i s  not too 
extreme, o r  perhapa  they m.y yaC prove t o  be dhngerous p i l o t s   i n   t h e i r  sub- 
sequent  ckre-fls. Their f l igh t   acores   (Peckha ' s )   g ive  no indication  of dlffi- 
cu l ty  in learning t o   f l y ,  b u t  t h e i r  f u t u r e  his tor ies   should be  watched very 
ciosely I 

Jncidence  of  SNci6-l  Febtures  in  the EEG.3 The frequency-range  of  the 
usual  dominant rhythm ( the  so-cal led a7p'ha rhythm i l lustrated in the top 
record of Fig. 2, U.S. h36) was Prom about 8 cycles per second to  about 13 
per second, showlng agreement  with nost Other inv t s t iga t ions  of normal KEGS 

r e y l t i r i t y  of t h e i r  alpha rhythms. In  some i t  varied  only a f r ac t ion  of a 
tht  have t h u s   f a r  been regorted.   Individuals  differed  considerably i n  the 

v:.ried by as much as 1 1/2 ,to 2 cycles. The most common frequencies  for  the 
Cycle per second from one pzrt of the recard t o  another, while in others it 

ment with other   s tudies  of t he  normdl indtvidual.  
group as a whole rere   those between 10 and 10.5 per second, again i n  agree- 

8 cycles per second, and f ae t  frequenciee above U per second were studied in 
The incidence of unusually  prominent ~eeDisodss,' slow  freauenciee belw 

c lasses  i n  which a l l  the   cadets  were given tests (claeses  1L7-151) and in 94 
ins t ruc tors .  All three of  these  features,   episodes,   fast ,  and elow waves, 
were scored on the same five-point  scale a s  followsz -- (absent) ,  2 (dou'bt- 
f u l ) ,  + (def in i te ly   p resent )  t+ (marked), ++f (very m k e d )  

an unusual  degree of  prominence. The amount of  fast-frequency  activity con- 
These percenttrges  constitute M impl ic i t   def in i t ion  of rh&t i s  memt by 

Mount  found in about one case out  of f i v e   i n  yuch a group of presumably 
siaered  'unusurilly  pomlnent'  (scored an *+ o r  tit on t h i s  scale) was the 

normil young men such as was studied  here;  'unusually  prominent@ slow fre- 
quencies  (scored a a  ++ o r  i+f on the shme scale) a re   t he   so r t  of slow waves 
observed i n  one out of e ight  or nine  recorqs  of thes6 men, and so f o r t h  
(Table I)  

TABLE I 
Percentage  Incidence  of  Special KEG Features 

Bo. Episodee(+) Slow Waves(++) Fas t  Faves(.++) 
ma u No. $ No. % 

Cadetg 377 10 2.7 46 11.9 73 19.4 
Ins t ruc tore  9L 4 4.2 9 9.6 16 17.0 
Cadets mlnue 

fldrowsy records' 311 9 2 * 9  37 11.9 59 18.9 

Top (Vas. 136) is a normal stable  record;  candidate succeesful. Middle (U.Ss 
320) i s  an irregular, unstable  record  with  frequenciea  faster and slower than 
the alpha rhythm; both prominent; candidate  failed,  Bottom recwT (Fuse 11603 
is ~ b n O ~ ~ l ;  the worst, In the   se r iee ;  presumptive evidence of u, J F t b p t o i d  

ibrat ion.  1 
condition;  candidate  failad,  (3s meane standrrrd sens i t i v i ty ,  a:* shorn i n  cal- 

%esented i n  Fig.. 1 are  sample sections  of EECs of 3 Pmoacola  cadeta. 



Tots1 Episodes Slow Fest €&tin: of 3t 
EE(; (++) &J or 'EO- -- 

A. :successes studied  721 39 94 155 

E. F;.ilures  studied 126 6 14 39 

C.. Aucceszes ccrrected  to  
70 +r cent ~ L S S  r t t e  113/+ 61 I/$ 2&!+ 

E. Correctea  totals,  i.e., 
B + C  1260 67 162 283 

Per  cent ex;rec+-ncy of 
ptsJing:, i.e., C/D 30.0 91.0 '31 ~4 3 6 , . 3  

55 

9 

91 

100 

3 i 
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TABLE I11 

FUTURES OF EEG: CORKECED FOR POSSIBLE  DKOKSINESS 

Entire  &youp except f o r  tlciro;.-, not collnted a b  acsh-aut@ 

EXPECTANCY OF SUCCESS IN FELATION TO SPECIAL 

Total Episodes Slow Fbst  Fkting of 3+ - EEG -* (A worse 

A .  Succpsves  studied 569 23 59 128 48 

3 .  Failuros studied 93 4 11 29 5 

C- Successes  corraczed ~ C J  

90 per cent pass xate 632 36 91 225 64 

D. Corrected  totals,  
i.e., B C 930 40 102 254 69 

Per  cent  ex2ecttncy of 
pclsaing, i.e., C/D 90.0 $0 89.2 88.0 92.8 

Classes 1@-152 C t l c u l a t s d   S e m r a t e a  

Totiil Qisodes  Slow Fast %tine  of ?+- 
EEC (++) & -@ or  wrse 

A.  Successes  studied 243 5 . 2 1  4-6 23 . 
B. Ftilurls studied 31 1 6 10 2 

C. Successes  correc-bed t o  
30 pa- c m t  p ~ s s  rdtc 573 5.7 30 53 23 

D. Corrected t o t d s ,  
i.e., B i C 319 6.7 30 63 25 

Per  cent  expectancy of 
phssing, i.e., C/D $0.0 ~5.1 84.2 84.1 92 



i k h z i e r -  
Forbes 
;core 
1 -' 4 
5 - 7  
3 - 18 
8 11 
12 - 18 

--I_ 

53 .O 
6L.7 

90.7 
63.9 



freGuencies ( w ) ;  >'/.!); fer tilt: f a a t  frequencies (tt.1; e.na 9j.$ f o r  those 
records  scorer; 3+ or sorse. Tne cx?ect,:ncy b:/ the  9i-aeier-Forbes  scoring 
system t.t score- intervd12-18  (see TeL'2.e IV) H ~ S  63.9%. 

The low expectmclr of 2essinE by the  Brazier-Forbes  nethod whs a l l   t h e  
more s t r ik ing  i n  %iew zf the   high  expectacies  for t h i s  group when the  previous 
method of sco;-ing was usedo 

The Brazier  nethod is simpler thEn the Forbas modifichtion,  md, i f  e q w l l y  suc- 
Comparison o f  the  Brazier-'?orbes Llethod x i th   the   Braz ie r  Method of S c o r a .  

cessful ,  could therefore  be preferable i n  pr tc t ice .  The expecthncies of passing 
were t i lerefore   cdcuicted  for  36 records (drowsy records  excluded)  studied by 
Dr. Brazier cnd la ter   re-scored by the  Brazier-Forbes method.  The s e r i e s  in- 
cluied 39 ff,i1uresg 11 of  nhon c-ere Given unStti8faCto1-y scores (12 or viorae) 
by tile ErhzieT-Forbes rnet,iwd a d  12 by the  Brczier ::Lethod ( r a t ing  4 or  5 on one 
or boih  c r i t e r i a ) .  I n  other \cords, 23% and 31% of   the  fhi lures  were cor rec t ly  
iden t i f i ed  by the t a o  metnods. In. percenthge  expeckncy, however, the  Brazier- 
Forbes  modification m s  su?erior, t s  it r r t e d  a s  unsetisfcctory  only 3 records 
out of those  belonging  to  the 16 successfu l   c tnd ide tes ,   tg r ins t  6 so r t t e d  by 
the  Brheier  nethod. The expec'kncy of passink f o r  those  rated ts 'unshtisfhc- 

LS &&inst 67.88 for   the Br&zier-Forbes  modifichtion. 
tmyf   (cor rec ted  t o  90$ piss ing   r&te)  P J ~ S  therefore 7% by the  Breaier method, 

a b e t t e r  discrimination, kna the re fo re   l e s s  w s k g e  u f  Good men i f  i t  were usedaa 
The super ior i ty  of the Brazier-Forbes netiod seemed t o  l i e  pr imwily i n  

t. c r i t e r ion  f o r  selection. If conclusions may be drawn from this sntll group, 
the  Brazier-Forbes method is  better  th&n  the  Brhzier system end ftr superior t o  
the  origintrl  ,yethod. On the  other h m i  the  success of both  the.Br&zier-Forbes 
tnd the  Brazier methods res ted  u?on the   cor r tc t   se lec t ion  of only  tbout L; dozen 
fLi lures ,  a d .  it , i s  obviously  imporbnt   to   re- tes t   the  method  on o large and 
d i f f e r e n t  group of  tdciitional  ccndidstes. 

s ing le   fea ture  of the  E X  common bo a l l  three,  namely "the presence  of marked 
a d  high-voltage  freiuencies  fron  12.9 t o  18.9 cycles"   (Brazierfs  f o h r t h  item 

the  scores of ne t r ly  dl of the  fhi lures   correct ly   selected by the  Brazier- 
under c r i t e r i o n  1). This  feeture  tccounted f o r  8 of the 12 or  more points  i n  

Forbes method. Obviously th i s   f ea tu re  is included i n  the  brosder  designation- 
of  "unusu&lly  prombent  fast  frequencies" which w&s the  one t o  show  some con- 
s is tent   degree  of   ~ccur&cy  in   the  or iginel   scor ing.   This  hand of frequenciea 
lay between t h e  fsmilitr elphs (8.0-12.9 cycles per second) cnd beta (1942  
cycles)'quencies,  vhich  usually  constitute  the  dominint rhythms. Only e 
few f z i l u r e s  vjere cor rec t ly   ident i f ied  ,?rimorily on the basis of  prominent - ~ 1 0 ~ -  freLiuencies or i r r e & l a r i t y   m d   i n s k b i l i t y  of  the t o h l   p a t t e r n  which, 
on the   b r s i s  of the   ezr l ie r  exAperiences d t h  ' tbnornalf  EEGs, had been  given 
g t r t i c u l t r  weight i n  t i e   o r i g i n d   s c o r i n g  method. 

Analysis o a  the k s i s  of  the  Successful  Indicators. T h i s  hnalysis  showed a 

Antlysis on tne  &sis of Peckmfs   F l iEhLScore .  Very f e r  of the a n a -  
dates  who f a i l ed   k t t t i ned  t f l igh t   score  hbove 23 tnd no c a d i d r t e  pi th  a score 
below 23 p s s e d .  A correl&~tion V:GS cr lculcted f o r  t h e   r e k t i o n  betv-een f l i g h t -  

c r t i on  of the  Brazier  scde  (high  score  unfcvortble).   This  correletion, - .194, score (high score  fc.vortble) 1.m the E G  score LS derived by the Forbea modifi- 

t l though amall, i s  of the pro?er sign. The e n c t   s i y i f i c a n c e  of  this correla- 



EEG score by Forbes modification o f  Brazier rating 

FIGURE 2 
A Comparison of passing and failing groups in terms of 
the Forbes  modification of the Brazier rating  method. 











taken under s h d a s d  conditione might a i d  In the selection of  candidates 
f o r   s e W c e  I n  the air forces. It is underatood that approximately half 
of t h i s  selected group have f a i l e d  end that the other half have pasaed 
the C.A.A. requirements. With co i n loma t i an  whatsoever  concerning these 

innto n o m  an6 abnormal groups i n  arder ).a determine the 8lgnificance of 
subjects, the rbut ine E.E.C.88 were3 annlyeed. The records were separated 

certain  factore i n  the E.E.C. and their   possible r e l a t i o n  to the eubjectls 

This etudy rea undertaken to discover vhether a twenty minute E.P.C. 

1 mccess or failure. 

B routine E.E.C. taken under standard. canditionn. 'hcmty mlmtes t o  me- 
A group of' selected C.A.A. mbjecta ware sent to the laboratory f o r .  

half hour before the record was b e g n )  each mbjeat .a8 given by mouth 

too lar a b l d  sugar leval. The E.d.G.*s and analyse8 were mads acwrd- 
W c.0. Rad Label Karo Corn p r u p  I n  an equal amount of r a t e r  to am3.d 

lug to t h e  atandards and rulee s e t  fur& io the Dauer on The  Techaiaua 

The twenty minute routine record included the oimulhneoua reoord- 
~ ing from three d i f f e ren t  arona of tho  head, *he Frontal,  the  Precentral, 
~ and the Occipital ,  ne w a l l  as %he simultaneous recording,fram l e f t ,  r i gh t ,  

and mid-llne region of each area. Bath mnopolar and bipolar technic, 

bringing out d e t d l .  This it3 a n s e n t i d  in low-voltage recordn, 
and three d i f f e r e n t  dogrees of mplificat4.03 were uaed for the purpose of 

$ record nm before ,   dk ing ,  aud a f t e r   t h r e e  adnutea of  bypenentila- 

i n  the routine record. (The m e  of hyperventilation procedure mas s-dard- 
tim was contirmed utfl the E.E.C. returned to the characterist ic8 seen 

iaed by Ib.. Ashton Greybiel.) 
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then by both together, and a r a t ing  m e  agreed upon for each record. 

out reference to the previoue  ratings. The consietency of the ra t ings  
-6 satisfactorg. 

2. The anal;.sea sere repeeted independently a t  a l a t e r  date dtb- 

3. The hypementilation record alone was ra ted  by one of us, w i t h -  
out  reference to the rout ine record. 

4. The total record, routiae  endhirpementilation  response,  were 
them s t d i e d  as a ahole and again rated  independently  of the findings 
of the other analyses. 

5. The specific feature8 of the E.E.G. were then studied aeparatoly. 
The r e l a t ion  of the apec ia l   fea tures  . t o  the types and r a t ings  are prasented 
in tabdar form 80 that the possibla  significance  of any special  feature 
nay be tested and to facilitate 'comparisou with the analyses of F.E.G.'s by 
other inveetightore. 

and thfm on a three-point scale. The div is ions  mere made i n t o  no&, 
borderline, and  abnomal wtegoories on t h a  basis  of the rocthe E.E.G. 
ra t ings.  The ra t ings  of  the w e ~ v e n t i l a t i o n  record6 a w e  added f o r  com- 
parison with the rout ine   ra t ing  i n  srder to reveal the  feet that. a subject ' s  
response t o  a stress eituation may o r  IUW nut re inforce tha iowiina rating. 

Tables 1 end 2s The subjecto rare ra ted  f i rs t  on 8 five-point s e l e  

The E.E.C. response to ~ y ~ e r v m t i l & o n  is vwiablo.  Many 0 the d i f f i -  
c u l U e e  are due to the assumption that ell subjects are equa l ly  .Intell igent 

hensive or tense a b j e c t  m y  n o t   h y p ~ ~ ~ e u t i l a t e  udequatdy in s p i t e  of his 
and  cooperatllwe in regmd to t h ~  reqd-lrments of %-,he pmce6uupe. The eppre- 

of  respiretion when ho feels dizzy. An a th le t ic   subjec t ,  on the other hand, 
e f f o r t s  to cooperate.  Another aubjoct m y  mconsciously decroaee his rets 

may hypemomtihte 80 ef f ic ienkly  that delta a c t i r i t y  dl1 develop wi th in  
the f i r e t  minute musing his record to be ccasiderad &bnorrnal. An abnomal 

hyparvent l la t im,   o f tan  will either refuse o r  l ieunabla to cany out t h e  
abject, from ahose routine E.E.C. one would predict  .an absorrabl response  to 

procedure f o r  three minutes. I 

developmmul of delta a c t i v i t y  tkson ot:her types of  patterno,  regtrdleas of 
the eff ic iency of the subjec t  i n  carrying out  the procedure. In the 1940 
series of subjects  recorded tit Petmacola,  and several hundred undergreduate 
students recom2ed. a t  Harnnrd, it wao found that delta e c t i v i t y  would develop 
more readily when .the subject  was permitted t o  breathe f r ee ly  than when he 
was attachcd to a spirometer. The E.E.G. responses  aeverLhelesa were re- 

on trie hyperventilation  record alone sbL!ld not be used i n  evaluating the 
corded, neaamed, rcted and plotted.  It is believed, howevsr, that reliance 

normality of the  aubjeets Fn this seriea. 

Certain types of E.E.G. patterns w e  normaUJ more r en i s t an t  to the 



The C.A.A. eubjeota  appear to be d is t r ibu ted  as follows: 
! 

~ 

Normal E.E.G.8 
Borderline E.E.G.8 - 17 

-98 

A~IIO& E.E.G.a - 24 
k ive  E.E.G.8 in the normal group developed abnormal activitp i n  response to 
hypemntiLation. Eight E.E.G.8 rated as abnormal i n  the routine record 
&wed normel activitp in the hypervmtilation  record, 

Table 9: A and MF patterns are predosinantly rated as normal. 
B patterns ahow a wide d is t r ibu t ion  of ratings.  
M and MS patterns fa l l  largely in the, borderline or 

abnormal classif icat ions.  

'&able 4: The L I F  and B type6 of E.E.G. pattern phow fewer fabnowal' 
Seauonaes to hyperventilation than the A, M, and MS patterne. 

Table 5: The alpha frequency represents  the peak of   the   d i s t r ibu t ion  
of a minimum of twenty measurements of each E.E.G. counted in sections  of 
the record a t  l e a s t  10 seconds after m y  renpanse to stimulation. The rea- 
son for t h i s  is because of - the  horn  monientary acceleration  in  the frequency 

pot  be representative  of  the E.E.G. routine  record. The alpha frequsncy i s  
Sate when the eyes are opened and then  closed. A count in such a section would 

not  clearly re la ted  to the   r a t ing  of 'normality' and 'abnormality'. 

Table 6:  The alpha frequency i 3  one of the features  that distinguishes 
We A and MS types from the B and NF types. 

of  dominant character is t ics  of the  total record show that them X.E.G.s in 
which the alpha ac t iv i ty  i s  the  dominant feature,  ap?ear to be the most normal, 
knd that those i n  which there  is a continuous  interplay of slow and fast acti-  
rib, within a narrow frequenw rage  are  regarded as less nonnal. Low voltage 
I s  considered t o  bo consistent with nornality. 

?able 7: A division  of  the E.E.C.s into three main groups on the basis 

From the published  definitions  of the types of pat terns  t h i s  distribution  should 
'Jable 88 The d i s t r i h t i o n  of the pat terns  i n  Groups 1, 2, and 3 iB clear. 

be expected. , 

Table 9: A list has been mkde of the code #, ra t ing,  types of  pat+iezF,alpha 
frequency and group c lass i f ica t ion  in order t o  dirrcover  whether there mcly be a 
gross correlation among these several f sc tors ,  and those measurements and find- 
b g s  from other t e s t s  which aided in q u a l i o i n g  these  subjects as pilots.  



Totalr 22 

I 

Total: 17 

-- 
Total: 22 Total: 2 

I NUNXRICAL DISTRIBUTION_ 

Rou'tine Rating 1 2 3 4 5  

. ' iyp.ht ing 1 11 1.3 8 7 0 = 39 
.- 



a. 

2AaU 
JLOUTINE E.E.G. MTINGS AND HYPERVENTIUTION HESPONSE RBTINGS 

Three-Point Scale 

N40md.- 
E-Borderline- 

includes ratings of 1 ana 2 
I m " 3  

Ab-AhOW- I " " 4  

LiQ&&sw 
AV# :MP.R. 

4--N 
11--- Ab 
17--- Ab 
18-- B 
%--B 
24-4 
29-----N 
33------N 
35--N 
37---- N 
38-N 
&---- B 
w----A 
&--4 
44-N 
4- 
47---- Ab 
48-- N 
52---N 
54--- N 

56-- 
55--N 

A 
59- 
C L E  

N 

6 5 4  
61-N 

6 7-N 
69--Ab 
70-4 
n--a 
72-N 
75--Ab 
%--4 
77----N 
78------N 
79 not done 
S L N  

BORDWLLNE CROUP 

AV# H Y P A  

12---N 
13---N u---Ab 
25---B 
27----N 
28---Ab 
32-B 
34---N 
46---N 
50---E 
51---B 
%--Ab 
58---N 
64----Ab 
73---N 
81-44 

9-Ab 

ABN0kW.L GROUP 

AV# HYP.R. 

5--Ab 
6--- Ab 
%---Ab sa--- Ab 

10--Ab 
15---- Ab 

19----~ 
16--Ab 

21-- Ab 
22-d-Ab 
23---- Ab 
26- 

Ab 
N 

31--Jb 
30-- 

%----PI 
39 not done 
49---Ab 

62-------N 
57---N 

63---4 
66--- -Ab 
63------R 
7.&--- N 
82---Ab 

Totall 17 



4 s 
21 
31 

5 5 
10 

3 1 2 7 2 5 = 17 

4 3 7 5 5 2 = 22 



3 23 
5c; 

5 i. 
c!3 



I 

2 4 9 3 1  6 18 3 4 2 = 7 9  



.. 



I TABLE 7 

DISTRIBUTION OF T.E.G.S INTO 3 '"IN c,nouPS 

RELATION OF TPPE OF PdTTFRN TO GROUP I , 2 and 3 

I TABLE 7 

DISTRIBUTION OF T.E.G.S INTO 3 '"IN c,nouPS 

RELATION OF TPPE OF PdTTFRN TO GROUP I , 2 and 3 

Group 1: Alpha act iv i ty  i s  doninmt  feature. 
2: Dysrhythmic quality is dominant feature. 
3: Low voltage is dominmt feature. 

Distribution by subject's code # 

Croup 1 2 3 i 

ELE.C. PaJtern A 5 24 40 31 

61 
35 

10 41 55 
8 29 50 

17 42 69 
20 43 70 
21 44 75 

?:IF 47 7 39 67 4 
71 23 51 68 6 
77 27 56 74 
78 55 60 
79 -. 36 65 

IJ  9 14 34 58 
19  52 64 
26 53 66 
50 57 72 ~. 

49 
eo - 

r s  12 58 15 
26 48 22 
37 82 63 

I-_II_ I-- 

B 54 11 25 76 
59 13 52 81 
62 16 40 
73 18 45 

? 



. .. 
F. 

Group 1 2 3 
I_ - 

Fating I 20 44 
24 55 

42 75 
41 69 

33 ';6 
35 59 
54 E5 

40 
4 

2 17 47 70 
29 48 79 
57 70 60 
38 73. 
43 77 

53 
60 
61 
0; 
72 

ll 
18 
45 
76 

3 9 14 51 75 
12 27 53 

13 

46 
25 

28 58 32 
50 54 64 81 

4 8 
22 
26 
49 
82 

7 50 62 
15 31 63 
19 36 66 
22 59 68 
23 57 74 

16 
6 

s 5 
10 

Group 1 2 3 

Rating 1 
2 13 

3 6 2 = 16 
5 4 

3 
= 22 

4 9 4 = 17 
4 5 
5 2 

15 2 = ,22 - - = 2  
'! 32 35 12 = 7 9 ( T o a  





,. . " I 





ANA?XSIS OF TEE VALIDITY OF THE E.E.C. AS A PREDICTOR 

Bubsequent data have made possible a prelidnaq aualpsie of tbm degree of 
fl.i+t 6ucceas of the C.A.A. subjeats ueed in the stwly by P.A. Dada (Supplemsnt I.) 

this cltudy as %vera@ or b e r y  good" pi lots  in fl ight  aptitude or 88 "potenkid 
A d t t e e  of three instructors at  the drport  ratad the subjects used in 

raahouts* or "very poor pilots". Thase data on flight performance were mpplied Dr. Ross A. M c F a r l a n d ,  a Project Direator of the National Research Council Camnittee 
on selection and Training of Aircraft Pi lots  and were used by Dr. B. Dada in the 

21 17 . 15 14 9 

P a r  cent mecsm 81 65 60 50 44 

T o t a l  

47 

29 

75 

65 

T O M  

49 

28 

76 

63 

i 
t 
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