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THE USE OF TOTAL SIMUI,ATQR TRAINING I N  TRANSITLONING AIR-CARRIER PI,140TS. 

A FIELD EVALUATION 

Robert J. Randle, Jr . ,  Tr ieve  A. Tanner, Jr. ,  Joy A. Hameman,* 
and Thomas I I .  ~howal te r ' f '  

A m e s  Research Center 

SUMMARY 

A f i e l d  s tudy  was conducted i n  which t h e  performance of a i r  c a r r i e r  
t r a n s i t i o n i n g  p i l o t s  who had landing t r a i n i n g  i n  a landing maneuver approved 
s imula tor  was compared wi th  t h e  performance of p i l o t s  who had landing t r a i n i n g  
i n  t h e  a i r c r a f t .  The s tudy  was accomplished a t  t h e  United A i r l i n e s  F l i g h t  
Tra in ing  Center i n  Denver, Colorado. NASA consul ted  i n  t he  s tudy  des ign  and 
gathered,  reduced, and analyzed t h e  da t a .  Forty-eight  t r a i n e e s  t r a n s i t i o n i n g  
t o  t h e  B727 a i r c r a f t  and eighty-seven t r a i n e e s  t r a n s i t i o n i n g  t o  t h e  DC-10 were 
included i n  t h e  study. It was designed and c a r r i e d  ou t  i n  a manner t h a t  
provided minimal d i s r u p t i o n  t o  t h e  normal t r a i n e e  flow a t  t h e  center .  

The s tudy  r e s u l t s  i n  terms of bo th  o b j e c t i v e l y  measured performance ind i -  
c a n t s  and observer  and check-pilot r a t i n g s  d id  no t  demonstrate a c l e a r  d i s t i n c -  
t i o n  between t h e  two t r a i n i n g  groups. The r e s u l t s  suggest  t h a t ,  f o r  t h e s e  
h igh ly  s k i l l e d  t r a n s i t i o n i n g  p i l o t s ,  a s e p a r a t e  t r a i n i n g  module i n  t h e  a i r c r a f t  
may be of d th ious  value.  

*Currently a t  Ford Aerospace and Communication Corp., Sunnyvale, Ca l i fo rn i a .  
?s tanford  Univers i ty ,  S tanford ,  Ca l i fo rn i a .  



EXEClrrIVE SUMMARY 

A f i e l d  u t t ~ d y  was conduct:ed i n  which t h e  check-lide performance of p i l o t s  
who had landing t r n i n i n g  i n  s f l i g h t  s imula tor  wus er~mpared w i t h  t h e  perfor-  
mancla of p i l o t s  who had landing t r a i n i n g  i n  tllc a i r c r a f t .  The una lys i s  of t h e  
r e s u l  t  s yie lded  the fa1  lowing f ind ings ,  

Nineteen measures of performnnce ( r a t i n g  s c a l e s ,  s c o r e s ,  measured d a t a )  
wt.rta acquired dur ing  t,he tecrt f l i g h t .  On a l l  meaeurecl a  significant over lap  
i n  performance between s imula tor - t ra ined  and a i r c r a f t - t r a i n e d  p i l o t s  was 
obvious from t h e  graphed d a t a ,  On t h e  b i l s i s  of t hese  p c r f o m n c e  measures it  
was not possiblcl ti) determine s t a t i s t i c a l l y  wliicl~ type of t r a i n i n g  t h e  p i l o t s  
lii~d vxperiencedb Ot1 most measures t h e r e  was u small d i f f e r e n c e  $11 favor  of 
tho a i r c r a f t - t r a i n e d  group, An o v e r a l l  s t a t i s t i c a l  t e a t  of t h e  c e s u l t s  ind i -  
ca  ted t h a t  t h e  d i f f e r e n c e s  were "nonsignif i c a n t  ," t h a t  is ,  not s t a t i s t i c a l l y  
r e 1  table, 

Safe ty  p i l o t s  wore nekttd t o  a c t  tis FAA chock p i l o t s  and t o  provide n 
I t  pt18s1' o r  ltftli1lt f o r  each pa r t i s ipu t l t  i n  t h e  test f l i g h t .  The r e s u l t s  were 
s t rong ly  i n f  luenccd by tht? c r i t e r i o n  u t i l i z e d .  Wlwn only  a  s t r i n g e n t  NASA- 
imposcd c r i t e r i o n ,  wliich ~\llowc?d no r epen t s ,  was used (Phase I) ,  a statisti-  
c a l l y  s ign i f i can t .  f a i l u r e  r n t c  (s imulator- t r t~ir~t .d  p i l o t s  f a i l i n g  more of t e n  
than a i r c r a f t - t r a i n e d  p i l o t s )  occurred f o r  t h e  DC-10 t r a i n e e s ,  When n m i -  
ttariun more r t>prescntu t ive  uf nn IJAA clwck r i d e ,  wllicti allowed r e p e a t s  of 
quest  ionable performunct~s, was oddtbd (Phase I1 ) , 111 1 t r a i n e e s  were deemed ti1 
llclve posst*d . 

F l a r e  imd lnrlding r a t i n g s  nssigncd t o  each t r a i n e e  by n NASA observer  
i n d i c , ~ t  ed t k a t  but11 t mining grllups improved ovcar tlie t h r w  I t~ndings  of t he  
c*huck r Jdc, 

I11 I'hr\sc 11  n uniqut~ s t a t  uf d a t a  was ncqtlircd f a r  a compnrison of simu- 
l a t o r  and clic?ck-ride pt>rformancc on a1 l, t r a i n e e s .  Ttlca in-f l ig l l t  rccordcrl. d a t a  
( s ink  r a t e  tit touchdown, v c r t  Lctxl acct?lernt ion nt: tc\uchdt)wn, cttc,)  were corn- 
pt~rtail wi th  s i m t l n r  d a t a  rtacardpd i n  tht? s imulntor .  P re l  iminnry r e s u l t s  showed 
t h a t  s i n k  r o t e  at: touchdown was s l i g h t l y  l i ighcr i n  t he  s imula tor .  These d a t a  
a r e  b r i n g  sub.jc~cted t o  f u r t h e r  ~ n n l y s e s  i n  n s e p a r a t e  p r o J e c t ,  wliich i s  
i\ttt\mptitlg t o  develop feedback tt~chniq.c~c?s bnscd on such informclticrn f o r  use 
dur ing  t r a i n i n g .  

One of t h e  parameters of i n t t > r e s t ,  s i n k  r a t e ,  was examincd f u r t h e r  i n  n 
\ t \ r rcl i l t  tonti 1 a n a l y s i s .  It: was shown t h a t  a c r o s s  t r n i n a c s  h igh  s i n k  r a t e s  i n  
t h e  s inlulator  were ussocinted wi th  h i ~ h  s i n k  r a t e s  i n  t h e  a i r c r n f t  (and low 
w it11 low). The c o r r t ~ l a t i o n  was h igh  o.nd s t a t  i s t i c a l l y  r e l i a b l e ,  i n d i c a t i n g  
t h a t  ind iv idua l  performance d i f f e r e n c e s  could b e  d iscerned  i n  t h e  si111ulator. 
A poss ib l e  c a p a b i l i t y  f u r  p r e d i c t i n g  a i r c r a f t  performance from s imula to r  da t c  
us ing  a mul t ip le  regression equat ion  was ind ica t ed .  

In a ~ompnr ison  of  t h e  l ong i tud ina l  touchdown d i s t a n c e  of t hc  t r n i n e c s  i n  
t llca NASA cl\eck-ridt> and rtavtlnuc landings a t  S t a p l e t o n  In tc rnnt io t ln l  A i rpo r t  i t  



wae seen that the trainees (group) dispersion was leas than that for pilots 
on line flights. It was hypothesized that this result may have been due to a 
greater attention to aim-point: precision in the "instructional" situation. 

Trainee comments on the bimulator's ability to provide landing training 
highlighted known weaknesses in training simulators: for example, lack of 
cues to depth, inability to judge sink rates, lack of peripheral cues, lack of 
faithful dynamic responses, and unrealistic environmental variables. These 
were catalogued without further analysis. All trainees rated the training as 
being above average, The B-727 trainees rated the training slightly Lower 
than did the DC-10 trainees, 

The landing training program for the simulator in this study was tan 
initial effort at United Airlines and, as such, was of an experimental nature. 
The study results would seem to justify further effort in developing total 
simulation training programs. 



INTRODUCTION 

The use  of f l i g h t  s imula tor ,  as sube t i t i l t ee  f o r  a i r c r a f t  i n  a i r l i n e  pi11)t 
I 
1 

t r a i n i n g  has  increased  d rama t i ca l ly  dur ing  t h e  c u r r e n t  e r a  cr f t h e  jet t r ans -  
po r t .  A s e r i e s  of changes and exemptions t o  t h e  Federal Aviat ion Regulat ions 
( F A R ' S )  t o  al low t h e  increased  utte of s imu la to r s  i n  t r a i l l i ng  has  culminated i n  
t h e  cur ren t  r egu la t ion  f o r  Advanced Simulation (FAR 121, Appendix t - I ) ,  which 

I 
I 

11t.f f nes t h e  requirtament s f o r  t o t a l  s imula t ion  t r a i n i n g  and checking. 1'111 5 

r r t . , r i l a t io~  de f ines  t h r e e  phases of s imularor  upgrade, each aLlowing projires- 
sivt. ly more c r i t i c a l  types  of t r a i n i n g  t o  be accomplished i n  t h e  simulntr)r,  so 

I 
t h a t  i n  the  f i n a l  !- ,:me a l l  piltrt: t r a i n i n g  and cnecking may be  done i n  t h e  
c;Srnulntor. 

The s imula tor  upgrade requirements  inc lude  hardware improvements t o  
increase  t h e  f i d e l i t y  of t h e  motion and v i s u a l  systems and sof tware  improve- 
ments t o  provide more r e a l i s t i c  r e p r e s e n t a t i o n  of aerodynamics and ground 
handling. Also r equ i r ed ,  a l though l e s s  w e l l  def ined ,  a r e  changes i n  t h e  simu- 
l a t o r  t r a i n i n g  programs o r  i n  t he  ways s imula tors  a r e  used, i nc lud ing  requi re -  
ments f o r  l ine-or ien ted  f l i g h t  t r a i n i n g  (s imula t ion  of complete missions and 
mission segments) and increased  t ra in i ,ng  requirements  f o r  s imula tor  ins t ruc tor ! ;  
and check airmen. These l a t t e r  requirements r e f l e c t  r e ~ o g n i ~ i o n  of t h e  ~ o a l  
of iinpiementiz~g t h e  regula t ion :  t h e r e  m t l s t  be complete confidence i n  t h e  
a b i l i t y  of i n s t r t l c t o r s  and check airmen t o  p r e d i c t  a p i l o t ' s  performance i n  
thc a i r p l a n e  from performance i n  t h e  s imulator .  

I n  s p i t e  of t he  previous ly  demonstrated va lue  of  t he  s imula tor  i n  t r a i n -  
ing ,  complete confidence i n  s i rnulatcr  t r a i n i n g ,  i n  t h e  absence gf an  a i r p l a n e  
check, may r e q u i r e  t h a t  increased  a t t e n t i o n  be  given t o  t h e  v a l i d i t y  and 
r e l i a b i Z i t y  of p i l o t  p ro f i c i ency  assessment dur ing  t r a i n i n g  and checking. Pro- 
f i c i ency  assessment w i l l  have t o  he o b j e c t i f i e d  and s tandard ized  t o  i nc rease  
i t s  v a l i d i  ~y and r t ? l i a h i l i t y ;  any s i g n i f i c a n t  contr ibut l1)n t h a t  can be made i n  
t!lis a r e &  should inc rease  confidenet. i n  s imula tor  t r a i n i n g  and checking. 

I n  a n t i c  ly r t i on  of t h e  Advanced Simulat <.on r e g u l a t i o n ,  t h e  United A i r l i n e s  
Tra in ing  Center and tht* Yan-Vehicle Systems Research Div is ion  of NASA's  Amcis 
Research Center ,  encouraged by t h e  A i r  Transport  Assoc ia t ion ' s  Simulator  Train- 
i n g  Task Force, conducted t h i s  s tudy  c)f t ~ ~ a l  s imuld tor  t r a i n i n g .  The s tudy 
was l imi ted  t o  t r a n s i t i o n  t r a i n i n g  ( p i l o t s  moving t o  a  new a i r c r a f t )  of cap- 
t a i n s  and f i r s t  o f f i c e r s .  Under t h e  r egu la t ion  f o r  advanced s imula t ion ,  t ran-  
s i t i o n  t r a i n i n g  is  permit ted only a f t e r  s imula tor  upgrade according t o  Phase I T  
of t he  r egu la t ion ,  a l though t h e  s tudy was conducted on s imu la to r s  t h a t  would C 

q i ~ a l i f y  only f o r  Phase I. Therefore,  t h e  t e s t  of t h e  s imu la to r s  f o r  t r a i n i n g  
w a s  more severe  than would b e  allowed under the  r egu la t ion .  However, t o  
i n su re  s a f e t y  i n  the  s tudy  and on t h e  l i n e  a f t e r  t h e  s tudy ,  an  a i r p l a i n e  check 
and ( i f  needed) a i r p l a n e  t r a i n i n g  were provided a f t e r  t h e  ' ' t o t a l  s imula t ion  
t ra in ing ."  

The purpose I )£  t h e  s tudy  was t o  eva lua t e  a  t r a n s i t i o n  t r a i n i n g  pi-ograrr. 
t h a t  t o t a l l y  replaced t h e  a i r p l a n e  wi th  a s tate-of- the-ar t  f l i g h t  s imula tor .  
The evaluat  ion procedure invol ved a n a l y s i s  of va r ious  o b j e c t i v e  measures and 



s u b j e c t i v e  r a t i n g s  of p i l o t  performance as a s t e p  toward ob ji$ct.iFyjng and 
s t anda rd iz ing  assessment techniques. The incthod of e v a l ~ i n t l o n  was t.o compare 
t h e  perfc)rrnance i n  a s tandard  check r i d e  (FAR 121, Appendix F) of p i l o t s  
t r a i n e d  t o t a l l y  i n  t h e  s imula tor  wi th  t h e  pcrformanc.it of p i l o t s  tralnecl par- 
t i a l l y  i n  t h e  a i r p l a n e  I n  accordance wi th  FAR 121, Appendix E. P e r f o r ~ n a n c ~  
measures used i n  t h e  eva lua t ion  were: (1) check-pilot p a w - f a i l  r a t i n g s ;  
(2) check-pilot r a t i n g s  of s p e c i f i c  check-ride segments; (3) a  NASA-employed 
obse rve r ' s  r a t i n g  of s p e c i f i c  maneuvers; (4) t r a i n e e  r a t ingh  of t h e i r  own 
performance and ef t he  t r a i n i n g  they  rec:ctivtvl; and (5) automat i caal l y  mcnsur. 11 
system v a r i a t l c s .  Thr s t a t i s t i c a l  a n a l y s i s  of t he se  d a t a  was designed t o  
(1) compare t h e  perforniance of t h e  s imulator- t rained wit11 t h a t  of t h e  a i r t ~ l a n e -  
t r a i n e d  p i l o t s ;  (2)  idc>ntify any anomalies pecl l l inr  t o  t h e  p~>rformance of the. 
s imula tor - t ra ined  p i l o t s ;  and ( 3 )  explore t h e  p o s t ; i b i l l t y  of developing a prc- 
d i c t i v e  equat ion of p i l o t  performance, t h a t  i n  t he  f u t u r e  m i ~ l ~ t  bc used t t )  

support  t r a i n i n g  and cahc, king. 

The au tho r s  wish t o  acknowledge t h e  con t r  i hu t ions  of t h e  fol lowing 
persons. 

Personnel of t h e  United A i r l i n e s  Tra in ing  Center ,  Denver, Colorado, were 
extremely coopera t ive  i n  accommodating t h e i r  scheduling and t r a i n i n g  a c t i v f -  
t i e s  t o  t h e  needs of t h e  s tudy.  I n  p a r t i c u l a r ,  Gary McCulloch, Manager of 
F l i g h t  Simulat ion Se rv i ces ,  was ins t rumenta l  i n  making t h e  stu.iy work from i t s  
concept ion,  f o r  which he  w a s  mainly r e spons ib l e ,  t o  i t s  completion. John 
Morrison, a  f l i g h t  i n s t r u c t o r  a t  t h e  Tra in ing  Center ,  organized t h e  s imu la to r  
t r a i n i n g  course and worked wi th  t h e  au tho r s  i n  developing t h e  t e s t  and d a t a  
c o l l e c t i o n  procedures.  

Without t h e  c o n s u l t a t i o n  of members of t h e  United A i r l i n e s  Master Execu- 
t i v e  Council of t h e  A i r l i n e  P i l o t s  Associat ion,  and of t l ie Federa l  Avia t ion  
Adminis t ra t ion ' s  F l i g h t  Standards Serv ice ,  e s p e c i a l l y  dur ing  t h e  des ign  and 
?lanning s t a g e s ,  t h e  s tudy  could no t  halve been conducted, 

Captains (UAT,, Ret. ) Glen H. Dorward and C l i f t o n  L. Bloom served a s  t h e  
NASA observers ,  rind t h e i r  ded ica t ion  t o  t h e  s tudy ,  cooperat ion wi th  t h e  
au tho r s ,  and genera l  performance i n  ca r ry ing  out  t h e i r  d u t i e s  were outs tanding .  
I n  a d d i t i o n ,  Donna L. M i l l e r ,  Informat ics ,  Tnc., and Joseph G. Guercio, 
San J o s e  S t a t e  Un ive r s i t y ,  cont r ibu ted  g r e a t l y  t o  t h e  d a t a  a n a l y s i s  and r e p o r t  
e d i t i n g .  A s p e c i a l  no te  of thanks i s  due Robert J. M i l l e r ,  Ames Research 
Center ,  f o r  t h e  des ign ,  implementation, and meintenance of t h e  on-board d a t a  
a c q u i s i t i o n  and record ing  system. That system w i l l  b e  descr ibed  by M r .  Miller 
i n  a  s epa ra t e  r e p o r t .  

EXPE2IMENTAL DESIGN 

F a c i l i t i e s  

The s tudy  was based a t  United A i r l i n e s  F l i g h t  Tra in ing  Center  i n  Denver, 
Colorado. To enhance t h e  g e n e r a l i t y  of t h e  r e s u l t s ,  two types of a i r p l a n e  
were included: t h e  Boeing 727 (B-727) and t h e  McDonnell-Douglas DC-10. Two 



..iaiulatr)xs Were used i n  the s tudy ,  oue f o r  p i l o t s  t r a n o i t i o r i n g  t o  t h e  B-727 
(her . 7134) and rl1 l t ,  f o r  p i l o t  ti t r a n s i t i s n i n g  t o  t h e  DC-10 (No. 605). P r i o r  t o  
t he  s tudy,  t h e  aerodynamic programming f o r  t h e s e  two s imu la to r s  was upgraded 
In ordrx t o  r ece ive  approval by the  Federal Avia t ion  Adminiatrat ion (FAA) f o r  
s imu la to r  t r a i n i n g  s f  t h e  landing  maneuver, Thin upgrading subsequent ly qual- 
i f i e d  these  two s imu la to r s  f o r  Phase I of t h e  new regula t ion .  The a i r p l a n e  
t r a i n i n g  and check f l i g h t s  were conducted a t  ~ e n v e r ' s  S t ~ p l e t o n  I n t e r n a t i o n a l  
, I i rpor t  f o r  t he  DC-1U and a t  Pueblo (Colorado) Airpor t  f d r  t h e  B-727, t h e  
7,r)rnul procedure f o r  I h i t e d .  Except f o r  t h e  s p e c i a l  p rovis ion  t h a t  t h e  s tudy 
t r a i n e e s  r ece ive  a l l  t h e i r  s imula tor  t r a i n i n g  on an  approved upgraded simu- 
l a t o r ,  a l l .  of t h e  t r a i n i n g  c e n t e r  f a c i l i t i e s  used i n  normal t r a i n i n g  were used 
i n  t h e  ~ t u d y .  

Captains  and f i r s t  o f f i c t l r ~  a r r i , v iug  a t  t h e  Tra in ing  Center f o r  t r a n s i -  
t i o u  t r a i n i n g  t o  t ~ i t h e r  t h e  DC-10 o r  13-127 were s e l e c t e d  11 . random b a s i s  t o  
be p a r t  of ttir s tudy  o r  t-u r ece ive  normill t r a n s i t i o n  t r a i n i n g  and checking 
i~i:c.t~rding t i1  FAK's 61 and 121 ( inc luding  Appetldixtls E and F).  Those t r a i n e e s  
s e l e c t e d  f o r  t h e  s tudy  w t l w  rsadomly assigned t o  e i t h e r  t h e  to ta l - s imula tor -  
t r a i n i n g  (experimental) group o r  t h e  normal t r a i n i n g  ( con t ro l )  group. 
Occasional l y  , aimul u t o r  avn i l ab  L l i t y  modi f i cad t h e  r a n d ~ m  assignment of 
t r a i n e e s ,  e i t h e r  t o  t h e  s tudy  o r  t o  thtt s tudy groups. 'This modi f ica t ioe  of 
s tudy  ljrocedure was neccs s t ry  t o  a ~ i n i m i ~ t ' .  l l isrupcion of t h e  r egu la r  flow of 
t ra in t*es  of a l l  types  throtigh the  Trairlinp, Center ,  A1 s o ,  f o r  a v a r i e t y  c)f 
rtiasl)ns, i u ~ * l u d i n g  s i m u l , ~ t o r  and a i r p l a n e  . ~ v a i l a b i l i t y ,  some p i l o t s  o r i g i n a l l y  
iissigtwd to  the  s tudy  had t o  be dropped l a t e r ,  i n  which case  they became 
n1)rmal t r a n s i t i o n  t r a i n e e s .  These w i l l  be  d iscussed  i n  more d e t a i l  l a t e r  i n  
t h e  r e p o r t .  A t o t a l  of 135 p i l o t  t r a i n e e s  ci)mpleted t h e  s tudy ,  53 cap ta ins  
and 82 f i r s t  o f f i c e r s .  Of t h e s e ,  48 (19 c a p t a i n s  and 29 f i r s t  o f f i c e r s )  were 
t r a n s i t i o n i n g  t o  the  H-727 and 87 (34 cap ta ins  and 53 f i r s t  o f f i c e r s )  were 
t rans i t io rz ing  t o  t h e  DC- 10 (setb t a b l e  1 ) .  

Tra inees  uf  but11 t he t>xperirneu t a l  and c o n t r o l  groups received normal 
gl r~tmd schoir 1 , ~ n d  normal s imula tor  t r a i n i n g  i n  t h e  app ropr i a t e  landing- 
approved s lnlulator without  being informed of t h e i r  group s t a t u s .  Af t e r  pass- 
i n g  t h e i r  normal s imula tor  check, t h e  control-group t r a i n e e s  progressed,  a s  
normally,  t.o r ece ive  Appendix E (FAR 121) t r a i n i n g  i n  the  a i rp l ane .  We w i l l  I 

r e f e r  t o  Appendix-E-type t r a i n i n g  a s  landing t r a i n i n g ,  s i n c e  landing i s  con- 
s ide red  to be the  most c r i t i c a l  p a r t  thereof .  Tra inees  i n  t he  experimental 
.gLr)tlp received t h e i r  landing t r a i n i n g  i n  t h e  landing-approved s imulator .  The 
simu1,itor landing t r a i n i n g  course  was developed by personnel of t h e  Training 
Center and w a s  designed t o  d u p l i c a t e  as c l o s e l y  a s  poss ib l e  t h e  s t a n d a ~ ?  Land- 
ing t r a i n i n g  recc ived  by t h e  con t ro l  group i n  t h e  a i r c r a f t .  

1 ' ~ ~ i n e e s  next 11roceeJed t t )  tllc NASA chec'h s ide .  For inany i.n the  expcri-  
,~ltbntul grt)up, r llc NASA ial~eck riilkl t;,,-; tilei r f i r  st c...pcrience a t  t he  c o n t r o l s  
~ $ t '  t 1~ i l l  i) l inc t \pcl t r ~  whic il t hrrv wt.rtl trans i t  it~inlng ( H a ,  C I 8.1 itC-.lU) . 'l'l~c 



YASA check r i d e  was designed t o  s imula te  t he  normal check iidcb t h a t  would 
r e s u l t  i n  c e r t i f i c a t i o n  of t h s  t r a i n e e  t o  f l y  t h e  new a i r p l a n e  type i n  rcvri\utl 
f l i g h t s .  A United A i r l i n e s  check p i l o t  served I n  hfa  n o m a  capac i ty  i n  check- 
i n g  t h e  f i r e t  o f f i c e r  t r a i n e e s  and i n  s imula t ing  t h e  r o l e  of an FAA inapcc to r  
i n  checking t h e  cap ta in  t r a i n e e s .  Check p i l o t s  were assigned t o  t he  NASA 
check r i d e  on t h e  b a s i s  of a v a i l a b i l i t y .  The check r i d e  cons i s t ed  of t h e  
maneuvers s p e c i f i e d  In  FAR 121, Appendix P, p l u s  one a d d i t i o n a l  normal landing 
i n  t he  fo l lowing  sequence: (1) t a x i ;  (2) normal t akeo f f ;  (3) VFR approach 
without  instrument  guidance; (4) normal fu l l - s tup  landing; (5) normal takeoff ;  
(6) hooded approach, one engine inope ra t ive ;  (7) missed approach; (8) VFK 
approach, one engine inope ra t ive ,  ine t r rment  guidance ava i l ak l e ;  (9) engine-out 
landing,  touch-and-go; (10) JFR approach wi thout  instrument  guidance; and 
(1 1) normal landing.  The second normal VFR landing was added t c ~  provide addi-  
t i o n a l  da t a .  

Upon completion of t h e  f i n a l  maneuver, the  check p i l o t  had t h e  \ )+t ioi l  of 
r e q u i r i n g  o r  o f f e r i n g  addi t ional ,  p r a c t i c e  i n  t h e  a i r p l a n e  before  ct)mpletion of 
t h e  f l i g h t .  This  op t ion  was almost i nva r i ab ly  exerc ised  r ega rd l e s s  of t h e  
t r a i n e e '  s perf  omance  on t h e  check-ride nianeuvers. Xn o rde r  t o  maintci  n l l i s  
r e s p o n s i b i l i t y  a s  s a f e t y  p i  l o t ,  t h e  check p i l r ) t  d i d  twt i n t e r r u p t  h i s  mon: tor -  
i n g  of t h e  f l i g h t  t o  record h i s  r a t i n g s  of t h e  t r a i n e e s '  pi!rforn~di~ct -11iti1 
a f t e r  t h e  a d d i t i o n a l  p r a c t i c e ;  however, It was undc?rsti)od t h a t  h i s  r a t i n g s  
were t o  be based snZy tin thi. check-ride maneuvers, To guard a g a i n s t  L i a s  I n  
t h e i r  r a t i n g s ,  t h e  check p i l o t s  were ilot t o l d  pr i ,or  t o  t h e i r  r a t i n g s  wl~ethc~r  
t h e  t r a i n e e  had received t h e  landing t r i i in ing  i n  t he  a i r p l a n e  o r  tlie s imula tor ;  
t h a t  is, they were not  t o l d  t o  which group the t r a i n e e  belon~t1d.  

The o r i g i n a l  r a t i n g  procedure rlsc.4 by t h e  i.ht*c-k p i l o t s  requi red  n b inary  
pas s - f a i l  r a t i n g ,  f ive-point  r a t i n g s  of t h e  approaches and l.andings, and over- 
a l l  comments on the  t r a i n e e ' s  performance. A pre l iminary  da t a  a n a l y s i s  was 
conducted a f t e r  94 p i l o t s  had completed the  s tudy.  Examination of t h e i r  
r a t i n g s  and comments a t  t h a t  time revealed rh'it Illany check p i l o t s  had i.i~ttbr- 
pre ted  t h e  pas s - f a i l  r a t i n g  a s  perhaps r e q u i r i n g  a  h ighe r  c r i t e r i o n  f o r  pass- 
i n g  t h e  t r a i n e e  than  would be  expected on a  s tandard  FAA check ridt!. Thcre- 
f o r e ,  t h e  check p i l o t  pass - fa i l  r a t i n g  pr r~cedure  was a l te r t?d  f o r  t h e  remainder 
of t h e  study. P r i o r  t o  a l t e r a t i o n ,  tl~ci r a t i n g  asked only  f o r  a  s t r i c t  pass  o r  
f a i l  w i t h  no cons ide ra t ion  given t o  b o r d e r l i n e  o r  uncrtrtxiin perfornance t h a t  
might have occurred on some segment of t h e  chcck r i d e .  This  c r i t e r i o n  was 
maintained i n  t h e  a l t e r e d  procedure, I J U ~  two a d d i t i o n a l  corit lngent c r i t e r i a  
were added. 7f t h e  check p i l o t  i s sued  r i  " f a i l "  based on t h e  f i r s t  c r i t e r i o n ,  
he was asked t, judge whether t h e  " f a i l "  would s tand  i f ,  a s  i n  a normal check 
r i d e ,  b o r d e r l i n e  o r  unce r t a in  maneuvers cou1.d be  repea ted .  L f t h e  t r a i n e e  
f a i l e d  t h i s  second c r i t e r i o n ,  the  check p i l o t  was askted t o  cuos ider  a th i rd :  
whether t h e  t r a i n e e 1 s  performance could be  considered u n s a t i s f a c t o r y  o r  
dangerous. That p o r t i o n  of t he  s tudy  t h a t  occurred p r i o r  t o  t h e  a l t e r a t i o n  i n  
t h e  chcck p i l o t s f  r a t i n g  procedure w i l l  be r e f e r r e d  t o  as Phase I; t h e  po r t ion  
t h a t  occurred a f t e r  t h e  a l t e r a t i o n  w i l l  be known a s  Phase 11. Check-pilot 
c r i t e r i a  f o r  pas s - f a i l  r a t i n g s  w i l l  b e  d iscussed  'n more d e t a i l  l a t e r  i n  t h e  
r epo r t .  Because of an  increased  demand f o r  B-727 s imula tor  usage at: t he  
Tra in ing  Center ,  Phase I1 was l imi ted  ti) nC-10 t r a n s i t i o r ~  t r a i n i n g .  Approx:- 
mately h a l f  (41 of 87) nf the IJC-10 t r a i n e e s  p a r t i c i p a t e d  in  P h i i ~ e  IL. 



Throughout tlie check f l i g h t  t h e  NASA observer  sat i n  t h e  jrap s e a t  
d i r e c t l y  behind t h e  c a p t a i n ' s  s e a t .  The observer  was one of t vo  r ~ t - i r e d  
I h i t e d  A i r l i n e s  c a p t a i n s  who rrcrred under c o n t r a c t  wi th  Ames tZcacprlh Center.  
Tlir: observer  ' t? respons L b i l i t y  rl,:b ban 1 ea.1 l y  t o  superv ise  d a t e  c o l l e c t i o n .  I n  
a d d i t i o n  ti, eco r ing  h i s  own r;i:+ng sl lects ,  he i n s t a l l e d  and ac tua ted  she auto- 
mat ic  d a t a  record ing  system on rne a i r p l a n e ,  and i ssued  and c o l l e c t e d  t h e  
r a t i n g  s h e e t s  of t h e  check p l l o t s  and t r a i n e e s .  The observer ' s  r a t i n g s  con- 
~ i s t e d  of instrument record ings  and ava lua t ive  judgments made dur ing  t h e  
va r i t r~ i s  maneuvtbrv A two-axis accelerometer  was mounted on t h e  cab in  f l o o r  
over  thy a i r p l a n e ' s  c e n t e r  of g rav i ty .  V e r t i c a l  and l a t e r a l  a c c e l e r a t i o n s  
were recorded on an  3% t ape  r eco rde r  s t a r t i n g  dur ing  t h e  approach a t  an  a l t i -  
tud r  of 200 f t .  Simultaneously, a l t i t u d e  was recorded from the  a i r p l a n e ' s  
r a d i o  a l t i m e t e r .  During Phase 11, s i m l l a r  automatic  recordings were a l s o  
taken i n  tlie !;imulator, 

Following t h e  check r i d e  t h e  t r a i n e e  complettbd a ques t ionna i r e  about h i s  
f l y i n g  h i s t o r y ,  and made r a t i n g s  of bo th  h i s  performance i n  t h e  check r i d e  and 
of how w e l l  he thaught  h i s  t r a i n i n g  prrparect him f o r  t h e  check r i d e .  Copies 
of t h e  t h r e e  r a t i c g  forms - check 2 i l o t ,  NASA observer ,  and t r a i n e e  -- n r e  
presented i n  appendix A; explana t ions  of t h e  sco r ing  procedures a r e  a l s o  
included . 

Af te r  t h e  rlleck r i d e  all of t h e  c:uller,ted data remined in thc c u s t ~ d y  of 
t h e  NASA , . I  i e rvc r  a n t i 1  i t  w a s  mailed t o  Amcs Research Centers where i t  was 
analyzed. Tht? d a t a  packages had no i d e n t i f y i n g  t r a i n e e  names; t r a i n e e s  were 
i d e n t i f i e d  by numbers only.  

The s tudy  was completed f o r  t h e  t r a i n e e  when the  NASA check r i d e  was com- 
p l e t e d  (about 35 min). Addi t iona l  t r a i n i n g  was then  given t o  a l l  t r a i n e e s .  
F i r s t  o f f i c e r s  were then c e r t i f i e d ,  and c a p t a i n s  proceeded t o  t h e  FAA check 
ride . 

Table 1 shows ii;e number of t r a i n e e s  who p a r t i c i p a t e d  i n  t h e  s tudy  by 
a i r c r a f t  t l p u ,  t r a i n i n g  type ,nd posi. t ion he ld .  A s  was t o  be expected, t h e r e  
were c e r t a i n  conringencies  w i t h i n  t h e  scheduling process  t h a t  r e s u l t e d  i n  some 
s tudy  p a r t i c i p a n t s  being dropped. The B-727 scheduling was s a  loaded t h a t  any 
dev ia t ions  from t h e  planned schedule made i t  v i r t u a l l y  impossible t o  r e t a i n  
the a f f e c t e d  t r a i n e e s  i n  the study. For i n s t ance ,  t h e  NASA observer  had t o  be 
a v a i l a b l e  on a new d a t e ,  t h e  approved s imula tor  had t o  be made a v a i l a b l e  f o r  
t h e  landing t r a i n i n g ,  and an i n s t r u c t o r  o t h e r  than  t h e  t r a i n e e ' s  r egu la r  
i n s t r u c t o r  had t o  be a v a i l a b l e  f o r  a new a i r c r a f t  da te .  Of t h e  68 B-727 
t r a i n e e s  who were designated as p a r t i c i p a n t s ,  21 were dropped f o r  reasons 
given i n  t a b l e  2; 47 of t h e  t r a i n e e s  completed t h e  s tudy.  

Of the  21  t r a i n e e s  dropped from the  s tudy  9 requi red  a d d i t i o n a l  s imula tor  
t r a i n i n g .  O f  t h e  n i n e  who requi red  more t r a i n i n g ,  on ly  one was f a i l e d  and t h e  
o t h e r s  were dropped f o r  t h e  schedul ing  reasons shown by t h e  column headings i n  



t a b l e  2. Thorn r equ i r ing  a d d i t i o n a l  t ra ini71g were crbout equa 1 ly d i ~ t t i b u t ~ i i  
between s imula tor  and a i r c r a f t  t r a i n e e s .  

Thc term "fa i led"  he re  r e f e r s  t o  f a i l i ng ;  t h e  nann;rl t - r ; ~ n s i t i o n  ground 
t r a i n i n g ,  and the  t r a i n e e  could n e i t h e r  cont inue nor  be i n  t h e  study. 

S imi la r  information Etir t h e  DC-10 i s  sllown tn  t a b l e  3. Twenty-six of 
113 s e l e c t e e s  were dropped. Again, on ly  one f a i l u r e  occurred. Also, bo th  
t r a i n i n g  groups were represented  i n  t h e  group r e q u i r i n g  e x t r a  simuliitor t bmt*. 

Performance lieasures 

Of prime i n t e r e s t  i n  cons ider ing  t h e  a v e r n l l  re.;ults of tlic s tudy  was ttic 
mcabured and r a t e d  performance of t h e  s imulator- t rained p i l o t s  versus  tllc per- 
formance of the  p i l o t s  t r a i n e d  i n  t h e  a i r c r a f t .  There were f i v e  sets of d a t a  
acquired i n  the  sttldy: NASA-obr;erver o b j e c t i v e  andl r a t i ng - sca l e  d a t a ;  cher k- 
p i l o t  r a t i ng - sca l e  da t a ;  t r a i n e e  r a t i n g s  of t h e  t r a i n i n g ;  data mcasur~id aiittr- 
mat ica l  l y  3.n-f 1 i pht ; and d a t a  rccurdcd dur ing  t h c  t r a i n e e s '  s e s s lons  on t h e  
land ing-mane~wcr-approved s imul i~ t i>r  (DC-10, Phase T I . ) .  The maxlcuvcru f 1owtl irl 
t h e  NASA t e s t  f l i .ght  a r e  given In a p p e n d i , ~  A and t h e  method L I ~  sct)r lng thti 
s tudy  forms of chc observer ,  s n i c t y  p i  l o t  (3 .c.  , check p i l o t ) ,  and t r a i n e e  
art. a l s o  given the re .  The var i i ib lcs  measurcd on the a i r c r a f t  wcrc ver t lc ; r l  
and lat e r a 1  touchdown rrccc 1 e r n t  ion and rndi  ij a1tf . t  ude From :!OO P r  t i  ttlde t t ~  
touchdown. From these  aa tn  t h c  f o l  lowing mtrasurt:s were dt?rl,vtd: 

1. Descent r a t e  

2. Dcsccnt pa th  deviat l ,on 
I 

3. Sink r a t e  at touchdown 

I 4. Ver t i ca l  rrccelercition i ~ t  touchdown 

, 
5. 1,ateral  a c c c l c r a t  ion nt: touchdown 

I 6 .  Standard dev ia t ion  of v e r t i c a l  acccl  taration a t  touchdown p lus  
2.0 s e c  (on runway) 

b 

1 7. Standard dev ia t ion  of  l a t e r a l  a c c e l e r a t i o n  a t  touchdo\m p lus  2.0 stlc 
p (on runway) 

For t h e  observer  d a t a ,  means wcrc cn lcu la ted  f o r  t h e  two t akeo f f s ,  t h r e c  
landings ,  and fou r  approaches. This  res t i l t ed  i n  the  t.i.ghr mean measures slinwn 

t i n  f i g u r e  s e t s  1, 4 ,  and 7. 

Each of t h e  fou r  s a f e t y - p i l o t  r a t i n g s  shown 111 f i g u r e  s e t s  2 ,  5 ,  and 8 
a r c  mean va lues  cnlcu1,atca from t h e  s i x  performance element:; l i s t e d  on hLs 
sco r ing  form i n  appendix A. 



The .:~c~.istirt'd tiiit~i .irra meat1 valrlcw bb;rwed r)n t.lirt>f< l ~ n d f r g ~ ;  they  a r c  shown 
i n  r f g t ~ r e  stbts  3. h ,  ctnd 0 .  

F i ~ u r c  st'ts 1-3 siirrw thta rtAstll ts trlr t he  B-727 afrcr-aft: t n  Phase I ;  
f i p r ~ r r .  sets 4-6 i I r t i  f n r  tlie I)(:-10. ?'11,1~r\ I ;  and f i g u r e  sets 7-9 itre f o r  t h e  
DC-10, Phase I I .  

Where i t  W i \ S  ~l t ~ i : , l b  1 t\  1 (1 do SO t hch :;i*~l i b  on t,lle iihsc i s s a  of each f igurct 
was nrrisnged t t *  l~twta h e t t c ~ r  ptlrf i > r m ; i a t b r ~  t o  t h e  r 2 g l ~ t .  The v e r t l c ~ i l  dot  i4tP;rj'o 

i nd i ca t e  t'llr. number r ~ f  t  ~ a i n e c s  w t ~ r l  t . r \ t t t~iv~d t  hiit s co re  o r  ra t i t lg ,  The group 
Incan v,tlues art. shown by the f i t  lcd t  r inngles .  'Ilhe number cjf t r a i n e e s  is  
shcwti c l t i  each graph. Bccat~sc ot sc)rni1 data 10s:; due t o  i n - f l i g h t  record ing  
eqt~ipment. xn;~l ftlnct ic)ns, tlltb gr,iphs of t,hthse d i i t ;~  show s m i i l  l c r  trairrec? snnpl e 
sizes tSlliin f ~ r  a1 l o tho r s .  Tn riich graph t h e  p i  l o t s  wllo had s imula tor  
Iiix. 1 llig t rn in in j i  a r c  r fiown a t  t  l!cb t,crp, t hc  cii rc.r;ift -trainat1 group at thc  
hot  t on. A1 so shown (1% i r i a  i tld do*:;) a r c  t.hv scuc)rt?a rece  f vcd by those t r a i n e e s  
who wcrcx iitwrntx3 to  havtl not p;isscd tlle t t b s t  r i d e  when t h r  NASA c r i t e r i o n  was 
appl Led by flip check p i  l o t  (sctl tht* fo  1 lowing s e c t  ion ,  PASS-Fni 1 Rat Ings). 

In  r t lvfewir l~ tLlit~stb grnrlri cnl  t-.lsril t s ,  :1 rt\currilil: f ind lng  ;,s tfhiit the' 
mcnxi per formi~n~t l  r o t  inr:s fut* f lie ,ii rcwt't-tr:iitret'I grrbu? trre s l  i g h t l  y h i g l ~ e r  
t1ia11 f o r  tlitb s imt~latrrr-at I.:! irrt~tl g r o u ~ .  (Ctrr  ious ly ,  t h i s  t r end  i.s r e v c r s ~ d  i n  
('cl~lsi '‘tent 1 ' i ! r A t  v-1; i l i , t .  r a t i n g s  i'or t h e  s imuI.;itar-t,riiincd p i l o t s  i n  
I'hast~ I I .  S i c  t i I 8 [ I  - 1 .  Thcrtl is an  cj5vi.ous overlapping of scores  
irr t lrt. twlr grrwlw. Many s i ~ r u ~  1 ator-t  ra ined p i  l o t s  wcrc r a t ed  o r  scored  li tghcr 
t  ha11 cii rtbr ;IS t- tr , i i t l t~tI p i  lot :.;. 'I'litl crliippi,~il: ind icat 1.s t h a t  t h e  two groups 
rirc: not  d i s t i n c t .  Anothttr way US s t a t  i ~ i g  t h i s  I s  that. on t h e  b a s i s  of th~b 
mc:isures used i n  fhc s tudy ,  cx3s 1-ould not. r c l  i a b l x  a s c e r t a i n  whether any ---- 
~ ' - ~ e l l  ' r n  i n ~ + \  had i i i r c r ~ i f  t: t r l -  s i m ~ ~ l u t o r  t r a ~ i l i n g .  In  thti ncxt: sei:t.icm an 
appropriate s t a t  i s t  i c a l  t e s t  of t hi s iis:;t\rt ion is provided. The r c su l  t s  arc. 
t iinr t he  d i  f t'tirc?nces btxtwcthn tlitl t wc) groups a r c  st a t  i*;t i c n l  l y  nonsignif  iciint ; 
t hus ,  f o r  purptrscs c r f  i n t c r p r c t i i t i ~ m ,  t1ic.y must he cc~nsidtlrcd chtrncc c f f t  c t s ,  

( I ,ncidcntnl ly ,  t .1~~) use of tht. t t 8 r m  " s ign i f i can t "  has  t o  do w i t h  t h e  
r c s ~ t l t s  of s t i i t . i s t i ( ~ n l  tests and nothing a t  a l l  t o  do wi th  p r a c t i c a l  import of 
any perf  ormnncc d i f  f  clrcnccs t,llat mny Iiovc. been ide:lt if itld . The au tho r s  con- 
s i d ~ x -  " r t ~ l i n l ~ l e "  and "rc.pt>nt ;lhl t b "  til bc. synonyms. A1 1 t h r e e  r e f e r  on ly  t o  t h e  
I cvtb i 11: ccmf idt~ncrl . t ~ i  t-11 whi t>li pt-ttl>nb i l i s t i c  cx Qnt s arc? Ileld t o  be "non-chance" 
or repc t  i t  ivt?. The c-ri t ial i;i fol* t'tlt' ~?_r;ictic111 - - s ign l  ficanct? of  r c s u l f s  arc. 
(1 i s cc r t l i b l r  only i n  rcnl-wcrrld, ~1per::t ionnl rctlu.brements. ) 

Another t rend shown i n  the  graphs is the  lack of ri c l e a r  and conrsisoent 
d i.st i.nrt ion bctwet:n the  sc*ortXs c,E tilt: "passcs" and "fails." Vcry Err:lut?ntly a 
" f a i l "  has  a h igher  s co re  than many of  t he  "passes ,"  b ~ t h  w i t h i n  ant between 
the two t r a i n i n g  groups. Thc?rcl is  n small tendency f a r  t h c  c i rcLes  t o  c l u s t e r  
t o  tht? l e f t  (tllt? poorer  pcrformanct?) r:nd of tlla graph b u t ,  except: .>r t h e  
check-pilot scor t - s ,  t h i s  is nt>t very d i s t i n c t .  One would expec t ,  of  course,  
more consis tency b t~ twr~cn tht. c-htbc.k.--pi l o t  r a t i n g s  and t h e i r  own pas s - f a i l  
judgment. Even here, howckf~r, st.vt>ri~ 1 who f:li l ed  were r a t ed  h igher  than  sorntl 
who 1x1ssc.d. A s t a t i s t i c i l l  t e s t  of t h e  d i f f c r  .,ict>(i I > ~ J ~ - W ~ ~ C I I  t l l ~    pas st?^" and 



" f a i l s f f  was n o t  deemed v a l i d  due t o  t h r  c ~ t r e m o l y  small sample o f  "fail.;." 
The pas s - f a i l  r c s u 1 . c ~  a r c  d i s c u s s 4  mclrcl ftll l v  below. 

I n  t h e  next  s e c t i o n  R df.srt~.ssion is provided of  lie etat; isti .cal,  procedure. 
employed t o  test t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of t h e  consl ,s tent  bu t  apparent ly  
small, d i f fe rence8  between t h e  two t r a i n i n g  groups d isp layed  I n  the  graphical  
r e s u l t s .  Readers who wish t o  do s o  may s k i p  t*hnt s e c t i o n  and move on t70 t h e  
remainder a£ the. report w i,thont 4; %;.t)ntit-iu i ry .  The f 01 towing sectl on mercll y 
o u t l i n e s  t he  process  of opt imal iv  camn~riiiing the many mt2asurer; f o r  a s i n g l e  
s t a t i s t i c a l  t e s t  of t h e  outcome. The diffcre .nces were found no t  t o  be statit;- 
t i c a l l y  rel j .able .  

A l a r g e  amount of d a t a  wan taker1 dur ing  t h e  rlauvse of' t h e  s tudy.  A t  t h i s  
p o m t  it w i l l  b e  worthwhile t o  provide a r a t i o n a l e  f o r  t h e  method of a n a l y s i s  
s e l e c t e d ,  A l a r g e  f i e l d  stlldy s ~ i c h  a s  t h i s  requi red  d e s c r i p t i v e  s t a t i s t i c a l  
procedures seldom u t i l i z e d  i n  more neae ly  contained l abo ra to ry  s t u d i e s  where 
condi t ions  are t i g h t l y  con t ro l l ed .  I n  t-he latter, u n i v a r i a t e  s t a t i s t i c a l  
techniques a r e  u s u a l l y  employed wherein a s t a t i s t i c a l  test of t h e  r c l i nh i , l . i t y  
of t h e  d i f f e r ence  between meaiic; o r  vari.ances of t h e  measures of a s i n g l e  
c r i t e r i o n  i s  d e s i r e d  and is  sufficient f o r  many purposps. Howcvcr, when mpny 
v a r i a b l e s  have been measured the  procedure of comparji~;, mean s c o r e s ,  between 
t h e  s imula tor  and a i r c r a f t .  group, v a r i a b l e  by v a r i a b l e  i s  i l l - adv i sed  and 
unproductive. There a r e  a t  l e a s t  t h e  fol lowing reasons f o r  r e j e c t i n g  t h a t  
approach ( e i t h e r  m u l t i p l e  t-tests o r  repeated ana lyses  of var iaf ice) .  

1. On t h e  b a s i s  of chance a lone  t h e  expec ta t ion  t h a t  one o r  more d i f f e r -  
ences w i l l  r e s u l t  i n  a spurious s t a t i s t i c a l  s i g n i f i c a n c e  i n c r e a s e s  a s  the  
sample of t e s t s  i nc reases .  

L The s e v e r a l  u n i v a r i n t e  tests w t l l  yiell1 no information about i n t e r -  
c o r r e l a t i o n  of t h e  v a r i a b l e s .  For example, t h c  four  scc\ring c a t e g o r i e s  of: t h e  
s a fe ty -p i lo t  r a t i n g s  a r e  adequately represented  1,v on ly  on(\ nf: thc four ,  .-,- . * 
because of t h e  high c o r r e l a t i o n  among the four .  

3.  The c o l l e c t i o n  of u n i v a r i a t e  t e s t s  provides a fragmented, incohesive 
model u f  t h e  s tudy  outcome. This  c o l l e c t i o n  of micro-outcomes i s  a poor b a s i s  
f o r  f o r e c a s t i n s  f u t u r e  events ,  That i s  because t h e i r  c o n t r i b u t i o n  r e l a t i v e  t o  -"-- - 
each o t h e r  is never discerned.  

Given these  d i f f j c u l t i e s  wi th  a score-by-score s t a t i s t i c a l  a n a l y s i s  i t  
was decided t o  employ m u l t i v a r i a t e  procedures f o r  t h e  eva lua t ion .  Mul t iva r i a t e  
s t a t i s t i c s  provide a method f o r  opti.mally combining t h e  many v a r i a b l e s  i n t o  a 
s i n g l e  l i n e a r  equat ion  r e l a t i n g  t h e  p r e d i c t o r  v a r i a b l e s  ( t h e  19 measures) t o  
an outcone va r i ab l e .  The outcome v a r i a b l e  i s  taken t o  b e  group membership - 
t h e  a i r c r a f t - t r a i n e d  o r  t h e  s imula tor - t ra ined  group. The s p e c i f i c  a n a l y s i s  
s e l e c t e d  from t h e  m u l t i v a r i a t e  fami ly  was d iscr iminant  a n a l y s i s .  The l i n e a r  
equat ion  t h a t  r e s u l t s  provi,des maximal group d i sc r imina t ion  on the  b a s i s  of 
t h e  measured v a r i a b l e s .  

One of t h e  c o n s t r a i n t s  on m u l t i v a r i a t e  techniques is  sample s i z e .  The 
sample s i z e s  i n  t he  prcsevt  s tudy were extremely small r e l a t i v e  t o  t h e  number 



of prctiictcrr vnr  f i11)l ct; . 'I'wt) t llings were done t o  attempt: t c )  i imelioratc t h i s  
* i 

sllort c*i)mf ng : I 
1. 1) isc~r imin;u~t  f'1111c*t ion:: wcrr! Ji~~ta1r)pt.d fo r  each of  the  d a t a  types  

:;vla;lratel y. 

2 .  IT!: ing t ltcl t t~clrui ilut> of p r inc ipa l  rr\mponents a n a l y s i s  t he  number of 
vilr 1 ,\bl tit; i n  a,it:h trf thcl t llretl d i i t i~  t ypcs was rcduccd. 

'l'ho i n~ thod  [ \ f  f i nil ink: pr i nC i pil l  componcnt.~ (PC) i s  p a r t  of tt:e genera l  
mtlt:lirrci of. f a c t o r  ,~n:tly,.;is i n  which dn ta  i \ r ~  rcduccad t o  il sma l l e r  number of: 
undtlrlyi 111: o r  l a t t ~ n :  tlnt i t ic.s cnch of whfcli inc ludes  two o r  more of t h e  o r i g -  
inii 1 vils i i r h l ~ s .  111 prlnr' I l ) i \ l - ~ ~ ~ ~ l p ~ ~ l ~ n t ~  ~111;ilysi.~ l i n c a r  combinations of  t h e  
o r  i gi  11~1 1 diit a a r e  f tu~nll t~ l l l  cll Jis111i1~ nraxtmm v a r  i ancc and each pr lnc  i p n l  
t i s n I ,i 1 w i t  i t :  r i t t s ,  Tllc f i r s t  I'C (PC w i l  1 
.~cr r runt  f o r  iliost of tl~c* vi~riat \cc i n  the. or iginr t l  dakn. The second w i l l  
;iCi7t\tint. for, i i l l )St  o f  thcl rernninint: V ~ I P ~ ~ I I C : ~ ?  and bc uncorrc la ted  wi t11  thct fa '  rst , I 

tht\ t h i r d  accr~rint::; f o r  tllit roma i n  t nl: v,ir ianccl and is  uncorre ln tad  wi th  :'C1 ilnd 1 
I 

I'(:&, , and so f'rrrrh. Tl~c! prlr(*t$:is cunti,nuc~t; u n t i l  t h e r e  are. as many P C ' s  :is 
t l ~ c r u  wesf! orfh:i,tliil varialrle:;. 'l'llc ancllyst l l ~ c n  ust?s only tlloscb f i r s t  N PC's 

1 
whik-h accc\unt, f u r  (1 g t v ~ n  perct?nt,agtt of t he  t o t a l  vari.ance. I n  thtt p resent  
CiI!.ic tllck 1)bt ; t l rv~r 's  c i g l ~ t  mcsa:;url?s wcrc rt.duccd t o  f i ve ,  thtt chcck p i l o t ' s  
i otlr nwnstlri?s wt>rcl rt~dtrccld t.o on&', and tllc measurad aircraft: d t ~ t c ~  m r e  rcduccd 
f t'i11:1 .L;evcm to f ivrl. Vilriil~lct.~ t11-ct)untcd f o r  tn coch of t he t11rr.c s e t s  were 
O.!"., 902, ;lnd OO::,, rc:,lroc-ti.vcly, f o r  thcb B-727 da ta .  For ' % 1)C-10 data  they 
wl\rc3 91"<, 842,  nnd l12,, far  I'llasc I and 012, 9S%, and 91% fo.  ,l:irasc? LT. i 

'l'ht.1 :srnl)rcw t hat, tint tlrt~d t110 t 11rc.c d iscrini t n r ~ n t  ana lyses  wcrc t l ~ c s c  ~r i i l -  
c i 11.11 componc'nt s. For t ~ s : u n ~ l  c , tllcl c't~ol~k-pi l o t  ' s fotrr r a t  lng  scores  wcsch 
11iglitv c.131-rclattld so Clltly ri1dt1ct.d t t r  a i  s i n g l e  PC c)r l i n c a r  comI)inatlon, iis 

2 t j  1 ~ ~ I W S ,  f o r  h j t  11 1 I"iiilii11kT ?,I:roups: 

VC VFR cont rc~ 1 

Vl) a VIJK ~,roctzdurc~s 

It: - Il:R contsof 

The c'heck-11 i l o t '  s riit ings were "p l t~ggt~d  in to"  t h i s  cqtlation and il singlcl 
hcorc f o r  txarh t r,linc~c w ; i ~  l ' i ~ l ~ u l a  ted.  This  single? sco re  entered the discr im- 
i nant  ana lys i s .  I:or thr> t )hscr~-?r  d a t a  f i v e  PC's cn tercd  tlie d i sc r iminan t  
,tn;l l v s f ~ ;  ill:;(), f o r  t hi) nltlii:+ul.-:l dnt : I ,  f i v c  P C ' s  cntcrttd.  

'I'hl. resul t : :  ( ~ 1  1 1 1 ~ '  i l i : : r L r - i n i i r i ; l ~ l t  analystls are shown i n  f i g u r e s  10-12. Tllc 
, '~ ,*t l ia l  tl i : ;c-sii t l i~l, t~~ t t'tllli~t i1)llsi ,lytb 3 v ~ i  13bl~l ;  I ~ O W C V C ~ ,  i n  tllc i n t e r ~ . ? s t  of 



b r e v i t y  t l ~ c y  arc! not  presented here .  Ntme of  t h e  Eunctiuns wa8 able t o  
1 .  , ,crfmlnete wl~t?t h c r  the. t r ~ ~ i n e o s  had had a i r e r a f  t o r  s imula tor  t r a i n i n g .  
'l'ests of tht? :it *l t , ' i s t ica l  s i ~ n i f  l C ~ C C  of t h e i r  "power" stlowed t h a t  they  were 
\inrt?linhlil ris ~ l i s c r i m f t ~ a t o r s .  T1lc.y arc. a l l  nea r  t h e  50% l i n e  drawn a n  t h e  
graph, This  means t h a t  one could do i.i& well f l i p p i n g  a c o i n  a8 by us ing  t h e s e  
p~t-formanco tneasurtls i n  a t tempt ing  t o  dcterminc? whether the t r a i n e e  had had 
i~ i r c r a f  t or sftntll :.it o r  t r a i n i n g ,  

Note ills0 rlmt the va r i ance  i n  t h o  outcome accounted f o r  by t h e  s e v e r a l  
~~r~.~cILctclx variable:; is  so low a s  to  be almost n i l .  Also, t h e  c o r r e l a t ~ o n s  
l~c?Lwtlcw thc  predictor v a r i a b l e s  and t h e  outcomes arc very  small .  

(Eiilny of thta c t~ t~vc .n t ionnl ly  repor ted  d e t a i l s  of t h e  a n a l y s i s  have been 
cbrllit tc\tl. To havr8 Lnclud~ci them would have mads t h i s  r e p o r t  rnuch too l a r g e  and 
i nccrlwttnirlnt t o  rc?ad. Itc~wc?vt?r, much of ctta d e t a i l e d  informulion (e .  8 .  , t h e  
raw s c t m s ,  thct p r  ttlc i po l  component: equrit tons ,  and t h e  d iscr iminant  equat ions)  
w f  11 be rc)tnitlttd i n  t hc~  f i l e s  of tlie p r i n c i p a l  i .nves t iga tors  f o r  a reasonable  
t i  f t i n  They van bc mi~l.le avo i,lnbX e t o  intc>rcstcd inves t iga to r s .  ) 

Pass-Fni 1 Rat 2ngs 

Phclse - ------ T- It1 I'hnso I a totcll of 94 t r a i ~ l c e s  p i ~ r t i c i p n t e d  i n  t he  s tudy.  
'i'.11*1tt :+ shows t h e  nun~bcr and percentage of t ra l i~xees deemed by t h e  check p i l o t s  
t v li,~vc! p:issc*d o r  i'nllc?d f o r  each clqulpment t'y'pi' iiiid each t r a i t l i ng  group, For 
: :tt? B-727 grl)up lhc di.f fc rencc  i n  pass-f n i l  r a t i o s  bctwt\ctt aircraf t - t r a ined  and 
t-;in~ulntcrr-tralnoc1td pi l t l t  s was ttot s t a t i s t  LcaLly s i j in i f  &cant: wlicln evaluated by 
t 11o chi-square st a t  i s t l c .  Fur t he  DC-10 group the  a i r c r a f t - s imu la to r  d i f f e r -  
i1nc1ci i n  patst:-fall rat. i t*r;  wos s t a t i s t f  c a l  l y  s i g n i f i c a n t  at: t he  p < 0.05 lr?vcl,  
~\ lm\wt t,hc sitmc pCrcontnl;vs wtare obta ined  i n  k l ~ e  t,wo cquipmcnt t y p e s  f o r  t h e  
s f n ~ t ~ l ; ~ t o r  t rninpd,  Ilowcvt?r, wl t h  nrr f a i  t u rc s  i n  t h e  DG-10 a i r c r a f t  t r a i n e d  
b:rlr\lp, t.hc? est imated s t r l t i s t i c a l  r t l l i a b l l i t y  wi\s grtaotly enhanced. 

AH s t ; ? ~ c d  i n  thti I ) r r (b~ 'dur~\  s e c t i o n ,  cornm~nts by the  heck p i l o t s  dur ing  
Pl~cisc I lcd t i t  t.he rr~a1i::ation tha t  i t :  had not  bccn ndc.quntcly eomn~unicated 
t h a t  thl~? i n t e n t  of tho  p a s s - f a i l  c r i t e r i o n  should be t r ~ c  same a s  t h a t  used i n  
iI standard FAA ~ 1 1 ~ c k  r i d ~ l .  Same r i tprescntat ivt?  shack-pi lot  conuncnts from 
l'liasc I , which ind. icntc  t h i s  n~isunderstnnd$ng, are, shown bclow f o r  f a i l e d  
tmrcli.t~tvs, ISach comment is from a d i f f e r e n t  check r i d e  and by a d i f f e r e n t  
chuc.k p i l o t .  The t r a i n i n g  group of t h e  t r a i n e e  is ind ica t ed  f o r  each comnlent. 

I would have r t>quircd a d d i t i o n a l  successful landings  which 
I J l d  and the  p i l o t  d id  makc, succes s fu l  landings.  (B-727, 
sjrnu1atr)r-trainer1) 

Pass3ng I n  (311 rt?sprxcts - excet>t roversl~i tg  - used only 
1.3 EI'R an d r y ,  snow-covered runway 10,000-f t length.  Rest 
of f l i g h t  very  good. (R-727, n i r c ra f  t-f ra ined)  

Wt.rulti have t o  repeat: I1.S dtw t o  runway ciligrunent - good 
lnndings. (DC-,10, s in~t l ln tor  trafnt?d) 



The fol luwing commenta accompanying p a s s  r a t i n g s  (again r ep re sen ta t ive )  
suggest a d i f f e r e n t  i n t e r p r e t a t i o n  of t h e  c r i t e r i o n ,  

Fee l lng  f o r  f l a r e  and TID were s a t i s f a c t o r y ,  b u t  a d d i t i o n a l  
landings  a f t e r  t h e  cheek improved t h e  technique ne t i ce -  
ably . . . , (B-727, s imula tor - t ra ined)  

I wu~uld have requested a  r epea t  of t h e  maneuver i n d i c a t i n g  
t h a t  I was not: s a t i s f i e d  w i t h  a i r speed  con t ro l .  (DC-10, 
s imula tor - t r  1 .', ') 

Would havc r3.* .ed f i n a l  landing  f o r  touchdown smooth- 
ness  . . . . (a-727, a i r c r a f t - t r a i n e d )  

The apparent  d i f f e r e n c e  i n  i n t e r p r e t a t i o n  UP t h e  pas s - f a i l  c r j t a r i o n  
aerws check p i l o t s  s eve re ly  l i m i t s  i n t e r p r e t a t i o n  of t he  pas s - f a i l  r a t i o s  fn 
Phase 2 .  

Phase I1- Table. 5 sllows t h e  pas s - f a i l  r e s u l t s  f o r  41 t r a i n e e s  i n  Phnsc IT. -- 
Pass - f a i l  C r i t e r i o n  A i s  t h e  c r i t e r i o n  used i n  I'husc I. C r i t e r i o n  B is  ( i n  
t h e  au thors '  opknion) t h e  more a c c u r a t e l y  defined FAA check-ride c r i t e r i o n  
a l lowing  r e p e a t s  of ques t ionable  maneuvers. A major d i f f e r e n c e  between 
Phase I. and Phase ICT is  t h a t  i n  Phase IT. t h r e e  of t he  a i r c r a f t  t r i t inccs  were 
deemed t o  have f a i l e d  under C r i t e r i o n  A, A1sej the simulator-"-- L& ~ i i i c d  ~ r w p  
had a somewhat lower f a i l u r e  r a t e ,  Consequently, the  pas s - f a i l  d i f f c r e n c c  
between the  s imula tor - t ra ined  and a i r c r n f t - t r a i n e d  was now n o t  s i g n i f i c a n t  f o r  -- 
t h e  DC-10. Hcwever. no te  t h a t  t h e  f a i l u r e  r a t e s  a r e  s t i l l  unusual ly high (17: 
f o r  t h e  o i r c r a f t - t r a i n e d  and 26% f o r  t h e  s imuln tor - t ra ined) ,  sugges t ing  t h a t  
Cr1teri.cn A was st i l l  be ing  i n t e r p r e t e d  a s  i n  Phase I ,  a t  l e a s t  by some check 
p i l o t s .  Check p i l o t  comments i n  Phase I T  d id  n o t  show the  degree of incon- 
~~ is r tancy  seen i n  Phase I ,  poss ib ly  due t o  t hc  a d d i t i o n  of C r i t e r i o n  B. 

Tnble 5 shows t h a t  no t r a i n e e s  i n  e i t h e r  t r a i n i n g  group fni l .cd unc1c.r 
C r i t e r i o n  B. Since n p o s i t i v e  answer f o r  C r i t e r i o n  B precluded cons ide ra t ion  
of the  t h i r d  c r . l t e r ion ,  no t r a i n e e  was evaluated a s  having been u n s a t i s f n c t o r y  
k )  r do~lgerous . 

Considering both phases of t he  s tudy  and t h e  two c r i t e r i a  for  pasa- fa i l  
r a t i n g s  i n  Phase T I ,  t h e  pnss-fail, r e s u l t s  taken a lone  suggest  tho fol lowing,  
The a i r c r a f t - t r a i n e d  p i l o t s  seem t o  have been t r a i n e d  t o  a  h ighe r  l e v e l  of 
p ro f i c i ency  than  t h e  s imulator- t rained p i l o t s ,  based on C r i t e r i o n  A i n  both 
phases. Although t h e  i n t e r p r e t a t i o n  of C r i t e r i o n  A by t h e  check p i l o t s  scems 
t o  have been i n c o n s i s t e n t ,  one should no t  expect  t h a t  t h e r e  was more o r  l e s s  
i ' ,unsistency i n  e i thr t r  t r a i n i n g  group, un le s s  t h e r e  is reason t o  suspec t  b i n s  
f o r  o r  a g a i n s t  t r a i n i n g  i n  e i t h e r  t h e  s imula tor  o r  t h e  a i r c r a f t .  Such pvss ib l c  
h i a s  w i l l  he  d iscussed  i n  t he  next  s ec t ion .  Ilowever, even given ci d i f f e r e n c e  
i n  p ro f i c i ency  between a i r c r a f t - t r a i n e d  and s lmula tor - t ra ined  p i l o t s ,  t h e  
r t  sults under C r i t e r i o n  B (Phase IL) suggest t t lat  t h e  s imuln tor - t rn iuot  wi1r(\  

' I  tined t o  a degree  of prclficiency ncceptahlc! f o r  t h e  p i l ~ l t s '  c c r t i f i c n t i o n  
( f i t .  least: f o r  ?:he nC-lo). 



The imp l i ca t ion  f o r  t o t a l  s imula tor  t r a i n i n g  i s  t h a t  s imula tor - t ra ined  
p i l o t s ,  as w e l l  as a i r c r a f t - t r a i n e d  p i l o t s ,  were ready t o  progress  t o  l i n e  
f a m i l i a r i z a t i o n  under s a f e t y - p i l o t  superv is ion .  The r e s u l t s  cannot be  con- 
s idered  definitive i n  t h l a  r e s p e c t ,  s i n c e  t h e  condi t ions  of FAR-121 Appendix H 
( t o t a l  t r a i n i n g  and checking i n  t h e  s imula tor )  were no t  exerc ised  i n  t h e  
s tudy;  s imula tor - t ra ined  p i l o t s  d id  experience t h e  a i r p l a n e  theck b e f o r e  moving 
t o  t h e  l i n e .  It could b e  t h a t  (under C r i t e r i o n  B) t h e  NASA check r i d e  merely 
confirmed pass ing  of t h e  s imula tor  check and could be  c o n ~ i d e r e d  superf luous.  
O r  i t  might b e  t h a t  some f a m i l i a r i z a t i o n  wi th  t h e  a i r c r a f t  i s  necessary  before  
unsupervised l i n e  assignment. The l i n e  f a m i l i a r i z a t i o n  experience i s  designed 
t o  s a t i s f y  such a  requirement,  and is  r e t a i n e d  under FAR-121 Appendix H .  

Poss ib l e  s tudy  b iases-  I t  should b e  emphasized t h a t  it  was noc poss ib l c ,  
nor perhaps even d e s i r a b l e ,  t o  apply c e r t a i n  experimental  c o n t r o l s  i n  t h i s  
f i e l d  s tudy.  Pe r tu rba t ions  such a s  weather ,  t r a f f i c ,  scheduling,  and econom- 
i c s  f r equen t ly  opera ted  t o  cause  dev ia t ions  from an  i d e a l  s i m i l a r i t y  of events  
f o r  each and every t r a i n e e  who p a r t i c i p a t e d  it1 t h e  s tudy,  Some of t h e  poss ib l e  
sources of breaches i n  t h e  o r i g i n a l  i n t e n t  and ground r u l e s  of t h e  s tudy  w i l l  
now be d iscussed .  It should b e  made c l e a r ,  however, t h a t  t h e  genera l  conduct 
of t h e  s tudy and t h e  de te rmina t ion  of UAL t r a i n i n g  c e n t e r  personnel  t o  accom- 
modate t o  NASA suggested gu ide l ines  f o r  t h e  r educ t ion  of b i a s e s  were extremely 
w e l l  executed. 

1 The s tudy  was designed as "single-blind." What t h i s  meant, i n  t h i s  ca se ,  
I was t h a t  n e i t h e r  the  cfieck p i l o t  nor  the observer  was t o  know whether t h e  
I check r i d e  t r a i n e e  had been t r a i n e d  i n  t h e  s i r ru la tor  o r  t h e  a i r c r a f t .  The I 

I purpose of t h i s  s t r a t e g y  was t o  obv ia t e  prc-judgment a r i s i n g  from a poss ib l e  
1 

,$ pred i spos i t i on  f o r  t h e  check p i l o t  t o  favor  one o r  t h e  o t h e r  type  of t r a i n i n g .  
The ex ten t  t o  which t h i s  was indeed adhered t o  is quest ionable.  There a r c  
many behaviora l  cues revealed by a  t r a i n e e  who e n t e r s  a n  a i r c r a f t  cockpi t  f o r  

t h i s  f i r s t  time a t  t h e  c o n t r o l s ,  both e x p l i c i t  and i m p l i c i t ,  t h a t  s igna l  a 
novice. It i s  reasonable t o  assume t h a t  check p i l o t s  f r equen t ly ,  i f  tlot 
always, knew t o  which group a t r a i n e e  belonged. 

Given t h e  p o s s i b i l i t y  f o r  b i a s  t o  e n t e r ,  i t  seemed appropr i a t e  t o  tabu- 
l a t e  check-pilot responses over  t h e  course  of t h e  s tudy  t o  s e e  i f  such was 
ind ica t ed .  Tables  6 and 7 show t h i s  t abu la t ion .  General ly ,  t h e r e  a r e  too 
many check p i l o t s ,  each having checked too  few t r a i n e e s ,  t o  make any s t a t l s t i -  
c a l  a s se rz ions .  However, f o r  t h e  DC-10, check-pilot CC had a t o t a l  of 
13 t r a i n e e s ,  10 of whom had s imula tor  t r a i n i n g .  Of t h e  10 ,  he  " fa i led"  8 ,  o r  
80% over both  phases.  A l l  t h e  o t h e r  check p i l o t s  over t h e  two phases 
" fa i led"  189: of t h e  s imula tor - t ra ined  p i l o t s .  This  appears  t o  b e  a t rend;  
b u t  it i s  n o t  i d e n t i f i a b l e  a s  (1) a b i a s  a g a i n s t  s imula tor  t r a i n i n g ,  (2) a  
h igher  c r i t e r i o n  of performance exce l lence ,  (3)  t h e  reiaxed context  of "no 
jeopardy ,I1  o r  (4) some o the r  i n f  luenc ing  f a c t o r .  

A f u r t h e r  check was c a r r i e d  out .  S t a r t i n g  w i t h  t h e  twenty-ninth B-727 
t r a i n e e  and t h e  th i r ty- f i r s t :  DC-10 t r a i n e e  i n  Phase I ,  t h e  NASA observer  had 
been requested t o  provide an  independent pass  o r  f a i l  r a t i n g  f o r  each t r a i n e e .  
Table 8 is  a compilat ion of on ly  those  cases  i n  which t h e  check p i l o t  and 
observer  judgments were d i f f e r e n t .  These a r e  the only  ones t h a t  were d i f f t l ren t  



from the  l a s t  21 B-727 and 16 DC-10 test f l i g h t s  of Phase I and from a l l  
41 tt:st f l i g h t s  i n  Phase 11. O f  t h e  e i g h t  disagreements ,  f i v e  involved check- 
p i l o t  CC, Thia i s  not  t o  imply t h a t  t h e  obse rve r ' s  d e t e m i t ~ a t i o n s  were t h e  
correr,t: ones; he may have had an  txnconscious b i a s  toward t h e  s imula tor - t ra ined  
p i l o t s .  The obse rve r ' s  f a i l  r a t e  f o r  t h e  23 sirnulatl\r  t r a i n e e s  i n  Phase IT 
was only  4$, cons iderably  l e s s  than t h e  26% f o r  a l l  [lie check p i l o t s ,  a l though 
mich c l o s e r  t o  t h e  9X f o r  311 check p i l o t s  except  f o r  CC. I n  f a c t ,  i f  C C ' s  
r ; i t ings  a r e  e l imina ted ,  t h e  f a i l u r e  r a t e s  i n  Phasc I1 lire lower f o r  t h e  
s  nula la tor-trained p i l o t s ,  9% ( 2  of  2 1) , than f o r  t h e  a i r c r a f  t - t r a ined  p i l i ~ t r ;  , 
172 (3  of 15). The po in t  i s  not  t o  d i s c r e d i t  t h e  r a t i n g s  of check p i l o t  CC; 
ht? is: an acktlowledged professional a long  wi th  a l l  t h e  r ~ t h e r  check p i l o t s .  The 
po in t  is  t o  i n d i c a t e  how the  r e s u l t s  could b c  inf luenced i f  t h e r e  were a b i a s  
cjn the p a r t  of on ly  - one check pi!ot ,  p i i r t ' i cu la r lv  w l t h  such a smal l  sample. A 
t i~cond po in t  is  t o  suggest  f u r t h e z  cvidt1nce t h a t  a l l  check p i l o t s  do n o t  use  
the  same c r i t e r i o n  f o r  pas s - f a i l  r a t i ~ ~ g s ,  

Y.inally, a tibiquitous y e t  su' t i e  source of b i a s  was i n l ~ e r e n t  i n  t h e  
"IIO-cost" o r  "non-jeopardy" c a s t  of t h e  t e s t  s i t u a t i o r  i t s e l f .  There were no 
wnl-worl(l c:onst,quences a s soc i  ntcd wi th  mis-r l t i n g  t r a i n e e s .  The consequences 
w t A r t l  a mark on a r a t i n g  s c n l c ,  l imi t ed  t:o tllc s tudy ,  and, cxcppt  i n  the memory 
% + f  t h e  check p i l o t ,  madt? i n  complctti anonymity. Tlle c o s t  was f u r t h e r  reduced 
! + y  t h e  t a c t  t h a t  - a11 t r a i n e e s  were provided a i r c r a f t  t r a i n i n g  a f t e r  t h e  NASA 
t t t s t  t ' l i gh t  was completed. It  i s  not  a t  a l l  cle:rr, hawcver, whether t h i s  
r.ontt.xt would have produced more "passes" o r  more " f a i l s .  " 

S~m~rnary- To stunmnrize, i n  tne present  s tudy ,  a s  i n  ally s tudy  l ack ing  
rd g i  cl- 1 abora tory  c o n t r o l s  and r e q u i r i n g  sub j  cr t i v e  judgments of performance, 
tllcsc were s t~v t> ra l  poss ib l e  sources  of b i a s .  Ncvcr the lcss ,  t h e  au tho r s  f e e l  
t h a t  tlitl major conclusions t h a t  a r e  suggested have not  been compromised by 
tlit~xcy)o1:i:sibla sources ,  Again, t h e  conclus ions  suggested by t h e  performance 
n1en:;urt.s , ~ n d  pass-faj  1 rat ings a r e  a s  fol luws . The s imula tor  d i d  t r a i n  adc- 
iluatt'ly f o r  p i l o t  c t ~ r t i f i c s t i o n .  For some t r a i n e e s  i t  may not  h,we t r a i n e d  
quit t! 3s wi?11  a s  t h e  a i r c r a f t .  However, a l though tht.? ~tvcragc? p ro f i c i ency  of 
p i l o t s  t r a ined  i n  t he  a i r c r a f t  may i n i t i a l l y  be h igher  than  t h a t  of p i l o t s  
t r i t i t~ed  i n  t he  s imula tor ,  t h e  over lap  Is st) g r e a t  t h a t  i t  must b e  acknowledged 
t i l l i t  many p iLots  t r a i n e d  i n  tl,e a i r c r a f t  a r e  not  a s  p r o f i c i e n t  a s  many t r a i n e d  
11 t h e  s imula tor .  ICinally t he  p r o b a b i l i t y  of a conlpletely u n s a t i s f a c t o r y  o r  

don~:r..rous l e v e l  of p ro f i c i ency  r e s u l t i n g  from s imula tor  t r a i n i n g  i s ,  based on 
thi:: s tudy,  no h ighe r  than  from a i r c r a f t  t r a i n i n g ;  t h e r e  is no evidence of 
t - i t h e r  i t 1  t h i s  s tudy.  

I t  i s  important t o  remcmbcr t h a t  s i t i ~ u l a t n r s  and a i r c r a f t  do not  t r a i n  
independently of t r a i n e r s  and t r a i n i n g  programs. The t r a i n i n g  program used 
f o r  t o t a l  s imula tor  t r a i n i n g  i n  t h i s  s tudy was sn i n i t i a l  a t tempt;  i t  was no t  
t h e  r e s u l t  of a systemti t ic ,  concentrated e f f o r t  by a t o t a l  t r a i n i n g  department 
t o  produce t h e  b e s t  poss ib l e  t o t a l  s imula tor  t r a i n i n ~  program. S t i l l  t h e  
s imula tor - t ra ined  pi10t.s a s  a group seemcad t o  perform almost as w e l l  a s  t h e  
a i rp lane- t ra ined  group. I t  is probable t h a t  a concentrated e f f o r t  t o  produce 
a t r a i n i n g  program t h a t  i s  t a i l o r e d  t o  t h e  advantages (and shortcomings) of  
t h e  s imula tor  w i l l  r e s u l t  i n  evt,n h igher  prof i i:icnc*y l c v ~ l s ,  F i n a l l y ,  in 
t o t a l  s imula tor  t r a i n i n g  pr,>t:r,i.::.;, a t  Lcast a t  tlic o u t s e t ,  sume s-imulator 



. shortcomings may tend t o  produce s l i g h t l y  lower l e v e l s  of prof ic iency;  a s  a 
r e s u l t ,  s imula tor  and l i n e  f a m i l i a r i z a t i o n  checking may need t o  be i n t e n s i f i e d ,  

Trainee Progress  During the Tes t  F l i g h t  

Two of t h e  NASA obse rve r ' s  r a t i n g s  appeared frequently dur ing  d a t a  analy- 
sis i n  Phase I as important d i sc r imina to r s :  the landing r a t i n g  and t h e  f l a r e  
r a t i n g .  It a l s o  appeared t h a t  t he  f i r s t  landing f o r  a l l  t r a i n e e s  was f r e -  
quent ly  worse than  t h e  next  two. The cplestion t o  bc asked wae whether t h i s  
was less trtte f o r  those  t r a i n e e s  wlio had been t r a i n e d  i n  t h e  a i r c r a f t .  Also 
i t  would be of  i n t e r e s t  t o  know i f  t h e r e  was a s i g n i f i c a n t  improvement i n  t h e  
landing  and f l a r e  r a t i n g s  over t he  t h r e e  landings and i f  t h i ~  d i f f e r e d  f o r  
t h e  two groups. That is ,  was t h e r e  more improvement f o r  t h e  s imula tor - t ra ined  
p i l o t s ?  

Tablc 9 shows the  r e s u l t s  of an a n a l y s i s  of var  ",nee, of t h e  observer '  s 
l anding  r a t i n g  d a t a  comparing equipment types,  tr:iin$ng method, and landing 
number. A s  shown, t h e r e  was a re l iab l t f  d i f f e r e n c e  be~ween  equi.pment types ,  
Rat ings were s l i g h t l y  highc?r f o r  t h e  B-727. Thcre was a l s o  a h igh ly  r e l i a b l e  
d i f f e r e n c e  between the  landings ,  t h e  major d i f  f  c rence  occurr ing  a f t e r  t h e  f i r s t  
one, f o r  both groups. There w a s  a small  d i  f fcrcr lce between t h e  two t r a i n i n g  
8,-oups, bu t  it was not  a r e l i a b l t ?  d t f  ferencc.  The conclusion,  Erom these  
landing  r a t i n g  d a t a ,  is  t h a t  t h e r e  were no rc~1iabl.c d i f f e r e n c e s  between the  
two t r a i n i n g  groups r e l a t e d  t o  whatever p r a c t i c e  was afforded by t h e  t e s t  
f l i g h t  landing r e p e t i t i o n s .  

Tablc? 10 shows the  r e s u l t s  us ing  the  f l n r e  r a t i n g  a s  t h e  c r i t e r i o n  mib?- 

su re .  Agais, t h e r e  is a h igh ly  s i g n i f i c ~ l n t  differcnct?  between landings .)r a1 1 
t r a i n e e s .  There a r e  no r e l i ab l e .  e f f e c t s  due t o  equipment flown o r  t r a i n i n g  
type. The LET i n t e r a c t i o n  term, al though not s t n t i s t i c a l l y  r e l i a b l e ,  is  
i n t e r e s t i n g .  What i t  would i n d i c a t e  i f  i t  were s l i g h t l y  l a r g e r  i s  t he  ten- 
dency t h a t  appears  i n  t h e  t a b l e  of group mean sco res ,  That i s ,  t h e  improve- 
ment i n  f l a r e  r a t i n g  was more pronounced f o r  t h e  H-727 s imula tor  t r a i n e e s  
than  f o r  t h e  DC-10 simtilator t r a i n c e s .  This  may be  a r e f l e c t i o n  of t h e  somc- 
what more d i f f j c u l t  f l a r e  technique i n  t h e  B-727 a i r c r a f t .  A s  w i th  t h e  land- 
i n g  r a t i n g s ,  t h e  f l a r e  r a t i n g s  do no t  r e l i a b l y  d i sc r imina te  between t h e  
t raining-group types.  

Thc r egu la r  and r e l i a b l e  i nc rease  i n  r a t i n g s  shown i n  these  ana lyses  may 
be  due t o  t he  occurrence of f u r t h e r  l ea rn ing  f o r  a l l  t r a i n e e s .  However, i t  
could a l s o  be due t o  a "warm-up" clffect i n  accomplishing t h r e e  landings  i n  
temporal proximity. I f  it i s  t h e  former,  then l ea rn ing  cont inues even a f t e r  
an  a i r c r a f t  t r a i n i n g  se s s ion ;  i f  the  l a t t e r ,  then  perhaps even h igh ly  p ro f i -  
c ieir t  p i l o t s  would show a s i m i l a r  progression.  

Simulator ve r sus  A i r c r a f t  Data 

The s imula tor  and a i r c r a f t  f l a r e  and landing d a t a  a r e  being analyzed 
f u r t h e r  ' i n  n s epa ra t e  e f f o r t .  They cons t i t u t t ?  a unique and va luab le  s e t  of 



da ta  t h a t  provides a side-by-side comparison of s imulator  and a i r c r a f t  perfor- 
mance. It cannot be propei ly  t r e a t e d  i n  t i m e  t o  be included i n  t h i s  repor t .  
However, a gross comparison of the  two sets of da ta  i s  presented i n  f i g u r e  13. 
The time t o  f l a r e  t o  touchdown i s  shown on t h e  absc issa  a s  A t .  Sink r a t e s  a t  
touchdown a r e  on the  o rd ina te  (-6). These are raw data ;  means of th ree  land- 
ings  were not  used, a s  they were i n  previous analyses. For t h e  a i r c r a f t ,  
168 landings a r e  represented,  f o r  the  simulator ,  139. 

Mean values 2or t h e  two va r i ab les  a r e  shown by t h e  hor izon ta l  and v e r t i -  
c a l  l i n e s .  The t h r e e  connected curves irlcficate the  t rend of s i n k  r a t e  wi th  
increas ing time. They connect mean values f o r  1-sec i n t e r v a l s  centered on 
the  ca rd ina l  times. For example, t h e  mean s i n k  r a t e  a t  3.0 s e c  on the  absc i s sa  
i s  based on a l l  s i n k  r a t e s  f a l l i n g  between 2.5 and 3.5 sec ,  and s o  fo r th .  
Curves a r e  shown f o r  the  simulator  da ta  a lone ,  the  a i r c r a f t - d a t a  alone, and 
f o r  t h e  two combined ("both"). A t  t h e  point  A t  = 8 and h = -2.0 f t / s e c  
the re  i s  a square. This i s  the  point  t h a t  represents  t h e  s ink  rbte and f l a r e  
i n t e r v a l  f o r  the  DC-10 autoland system. Data f o r  four landings of the  DC-10 
i n  t h e  autoland mode were made ava i l ab le  t o  t h e  authors throush t h e  courtesy 
of t h e  McDonnell-Douglas A i r c r a f t  Company. The landings were accomplished a t  
S taple ton In te rna t iona l  Airpor t ,  Denver, Colorado. 

The f igure  i n d i c a t e s  a  r a t h e r  good correspondence between t h e  d i s t r ibu-  
t ions  of landings i n  the  simulator  and a i r c r a f t ;  but both have l a r g e  variances,  
The l a rge  spread of scores may have been due t o  the  inexperience of the  
t r a inees  i n  the  "new" a i r c r a f t .  The da ta  might have looked d i f f e r e n t  f o r  
experienced p i l o t s ,  t h a t  is, a lower mean s ink  r a t e  and a much t i g h t e r  group- 
ing  of t h e  da ta  about t h a t  mean. 

It is not intended t h a t  too much be made of the  regular-appearing func- 
t i o n  t h a t  seems t o  emerge when means a r e  p l o t t e d  f o r  each 1-sec i n t e r v a l .  
However, t h e  inc ip ien t  t rends  a r e  i n t e r e s t i n g .  Up t o  t h e  5 th  second, corre-  
spondence i s  pe r fec t ,  From the  5 th  t o  7th second they diverge; from the  7th 
t o  8 t h  they coalverge; from t h e  8 th  second onward the re  i s  a sharp divergence. 
Where most da ta  l i e ,  t h e  agreement between a i r c r a f t  and simulator  i s  good, 
and both curves converge t o  a  point  very c l o s e  t o  t h a t  r e s u l t i n g  from the  
DC-10 au top i lo t  f l a r e  law. This  suggests t h e  poss ib le  use  of t h e  autoland 
p i t ch  program and a l t i t u d e  p r o f i l e  a s  a  t r a i n i n g  model s ince  t i m e  optimizat ion 
(and d i s t ance  down the  runway) f o r  minimum s i n k  r a t e  f o r  p i l o t  performance 
appears t o  occur near  the  autoland coordinates.  Beyond the  apparent optimum 
(8 sec)  t h e r e  is an increas ing p robab i l i ty  of a  high s i n k  r a t e  again f o r  the  
simulator ,  but not the  a i r c r a f t .  Data a r e  too few here  t o  permit conclusions 
t o  be drawn, but the  d i f fe rence  i s  nonetheless provocative. 

Figure 13 a l s o  shows t h a t  s ink  r a t e s  i n  t h e  a i r c r a f t  a r e  smaller  
(1.6 f t / s e c )  than i r r  t he  simulator and t h a t  A t  i s  l a r g e r  (1.1 sec) .  Both of 
these  values were s t a t i s t i c a l l y  s i g n i f i c a n t  (p < 0.0005). However, i t  is  
d i f f i c u l t  t o  imagine any t r a i n i n g  ramif ica t ions  of consequence being in t ro -  
duced by these  very small b ia ses .  The s t a t i s t i c a l  s ign i f i cance  i s  due t o  t h e  
l a r g e  sample s i z e  ava i l ab le ,  tha t  is ,  t h e  l a r g e  number of landings,  I n  f a c t ,  
t he  sample was s u f f i c i e n t l y  l a rge  t h a t  a  d i f f e rence  between A t ' s  of 



0.33 sec and a difference between sink rates of 0.53 ft/sec would have been 
"significant" at p < 0.05. 

Figure 14 indicates that even in a homogeneous group of highly experieriied 
pilots a range of excellence of performance is apparent, Those who had low sinK 
rates in the eimulator tended to have low sink rates in the aircraft, and high 
rates in the simulator went with high rates in the aircraft. (These data 
points are means for three landings for the 18 simulator-trained DC-10 pilots 
in Phase IT for whom aircraft data existed.) This relationship is strong, as 
indicated by the correlation coefficient of 0.70, and, since the results 
could be expected to occur in 99 of 100 similar experiments (p < 0.01), they 
are reli able. 

The equation that describes the functional relationship indicates that in 
predicting aircraft sink-rate performance from simulator data, the score must 
be increased in the ratio of 1.2 to 1,O and a constant bias  intercept) 
added, (Since the sink-rate dimension is negatively valued, -h, the positive 
constant will decrease the magnitude of the predicted value.) Thus, if a 
trainee consistently landed the simulator with a 5.0 ft/sec sink rate it would 
be predicted, using thi~ regression equation, that he would land the aircraft 
at 3.29 ft/sec. The slope of the function is 1.2. If it had been 1.0, then 
prediction from simulator to aircraft would be effected by simply adding on a 
constant (3.2.71 ft/sec), a rule of thumb. 

The utility of this equation lies in its use of training data gathered 
in the simulator, during practice, to predict actual performance in flight. 
Ideally, of course, one could include more predictor variab!.es to include more 
trainee performance attributes in a multiple regression equation, of which the 
above bivariate equation is just a special case, 

The general form of such an equation is, of course: 

Additional predictor variables (x's) would be selectable from instructor 
ratings, simulator measures, and other evaluative instruments currently used 
in the training program. Obviously, the many data types utilized in this 
study are not available in conventional training. Further study is required 
to select those variables (x's) and those weighting factors (a's) that provide 
the most valid prediction of the outcome score indicative of flight ~drfor- 
mance. The model itself would not change; the ingredients would evolve wit:h 
increasing use and validation. The simple relationship illustrated in fig- 
ure 14 indicates the validity of that particular variable. The multiple 
regression model is a powerful conceptual tool for combining several indices 
of performance and would support the instructional process. It does this by 
providing a mathematical analog to the instructor's cognitive process of 
integrating many elements into a unitary judgment. It also supports standard- 
ization through the application of a commonly used and explicit process. 

The interl~retation of outcome scores (y) is dependent on training goal&: 
ttt::l: bc rt: (or scores) which indicate the trainees' readiness to proceed, t . ~  



whatever next  s t e p ,  a s  determined by t r a i n i n g  personnel ,  The conceptloll of' 
c r i t e r i a 1  sco res  i s  i n  t h e  domain of ope ra t iona l  requirements, well beyond 
t h e  scope of t h i s  s tudy i n  p a r t i c u l a r ,  b u t  i t  is  guiding It, mei llodolijgic:;111J. 

Tra inee  Comments on Simulator F i d e l i t y  

One of t h e  more i n t e r e s t i n g  a spec t s  of t h e  r a t i n g  s c a l e  r e s p o ~ ~ h  I S  wil:, tht\ 
spontaneous comments w r i t t e n  i n  by t h e  respondents.  There were mar13 t i  t i ; ~ * ; t *  

provided by t h e  s imula tor  t r a i n e e s .  They considered t h e  s inlulator  t i )  1,t  

ioadequate  irt t h e  fortr c a t e g o r i e s  shown i n  t a b l e  11. Thc numbtr of c, mnlenti; 
(not t r a i n e e s )  i s  shown a g a i n s t  the  four  ca t egor i e s .  In t h e  R-727 progr~lrn 
19 t r a i n e e s  (G%) o f f e r e d  27  comments; f o r  t h e  DC-10, bo th  phases,  20 tr,rJnc*ti 
(41%) provided 32 comments. 

Tra inees  i n  both equipment types had about t h e  same number of commcilts 
about i tems i n  each ca tegory ,  b u t  t h e r e  appeared t o  be, perhaps,  a b.Lt mc*rcl 
d i s s a t i s f a c t i o n  w i t h  t h e  UC-10 s imulator  dynamics. Perusa l  of t h e  o r i g i n a l  
comments r e v e a l s  t h a t  no laudatory  comments were submitted without  q u a l i f i c a -  
t i o n .  The comments a r e  given i n  appendix B. 

Tra inee  R a t i s g  Sca le  Cats 

I n  t h e  pre l iminary  a n a l y s i s  i t  w a s  determined t h a t  t h e  t r a i n e e  r a t i n g  
s c a l e  bore no r e l a t i o n s h i p  t o  outccmes of performance eva lua t ion .  That is ,  
t h e i r  expressed assessment of tho  adequacy of t h e  t r a i n i n g  i n  prepar ing  them 
f o r  t h e  test f l i g h t  - t h e i r  " a t t i t udes"  -was  no t  i n d i c a t i v e  of t h e i r  perEor- 
mance. However, because t h e s e  rcsporlse d a t a  were of i n t e r e s t  i n  tht?mselvcl~; 
they  were analyzed sepa ra t e ly .  Questions of i n t e r e s t  were t h e  following: 

1. Did c a p t a i n s  r a t e  t h e  t r a i n i n g  d i f f e r e n t l y  from f i r s t  o f f i c e r s ?  

2. Did t o t a l  f l y i n g  hours  i n f luence  t h e  r a t i ngs ' ?  

3.  Did t h e  s imula tor - t ra ined  p a r t i c i p a n t s  f e e l  d i f f e r e n t  about t h e  
t r a i n i n g  from those  t r a i n e d  i n  t he  a i r c r a f t ?  

4.  Did DC-10 t r a i n e e s  respond d i f f e r e n t l y  from B-727 t r a i n e e s ?  

S t a t i s t i c a l  a n a l y s i s  showed nega t ive  answers t o  t h e  f i r s t  two ques t ions .  
I n  response t o  ques t ion  ( 3 ) ,  t hose  t r a i n e d  i n  t h e  a i r c r a f t  tended t o  r a t e  t h e  
t r a i n i n g  s l i g h t l y  h lghe r  than  those  t r a i n e d  i n  t h e  s imula tor ,  bu t  on ly  f o r  t h e  
B-727 a i r c r a f t .  The differ:nce d id  no t  reach  s t a t i s t i c a l  s i g n i f i c a n c e  
(0.10 > p > 0.05). 

For t h e  f o u r t h  ques t ion ,  a s i g n i f i c a n t  d i f f e r e n c e  was found (p < 0.05) 
between t h e  B-727 and J)C-10 t r a i n e e s .  The B-727 t r a i n e e s  r a t e d  t h e  t r a i n i n g  
s l i g h t l y  lower than d i d  the  DC-10 t r a i n e e s .  S ince  t h e  s imula tor  and a i r c r a f t  
subgroups were lumped f o r  t h i s  a n a l y s i s ,  a l l  t h e  t r a i n i n g  was be ing  evaluated.  



L 

Care should be taken i n  i n t e r p r e t i n g  these   result^. This  i s  n c l e a r  case 
of t h e  need t o  eva lua t e  the p rac t i ca J  diffc~ret ic t .  t r i  t h e  ut:\eist i c a l l y  s i g n i f  i - 
c a n t  rest . l t .  On a ticale of 1 t o  5 -a wi.tll 1 hest and 5 wnrst  - the IB-727 p i  l o t s  
r a t e d  thtl t r a i n i n g  a t  a mean of 2.27; the DC-10 pT l lo t s  r a t e d  it as 2.09. The  
d i f f e r u n c c  i s  8.10 poin te ,  That is a d f f f e r e n c c  of l c s a  than  4.0"1,i t h e  f u l l  
r i iL i i l g -~ r : r~ l~  range. Thus, a p r a c t i c a l  d i f  f t ~ r e n c c  may not  bc d i scc rn ib l c .  A1 s t ) ,  

t hc  wlw l c *  &:t'dup of  pa r t i c i , pan t s  assessed  t h e  t ra ln lnp;  a s  btbi IIK above trvcrnge 
i n  terms of i t s  ~ o i t l s .  

Simulator 1,anding Tra in ing  

A key clement i n  the  :;tudy wa:a t h e  s imu la to r  landing t r a i n t n g  providf-,l ill 
1Lcu c t f  a i r c r a f t  landinp t r a in ing .  Thc goal was t o  providi~ p r a c t i c e  cbn f lab 

st~mc: kind of mancuvcrs t u  be flown in  thc? NASA t e s t  t t i g h t .  'I"lc s imula tor  
r c r o ~ . d s  provided t o  t hc  N.2SA r e sea rche r s  ( t h e  s imula tor  mcasu. t 3 d a t a )  wcrcb 
r ac~) rded  dur ing  the  second of two s i r r ~ l n t o r  s e s s ions .  Except i o r  p r a c t i c i n g  
i~rcdctcrmined niancuvc?r:i, t he t r a i n i n g  was f r equcn t ly  descr ibed as "ad Lib ," 
t h a t  i s ,  Lacking i n  '1 t i g h t l y  s t ruc tu red  syl1,abus. Table 12 shows the  number 
of landings  of each kind p rac t i ced  by each t r a i n e e .  

Tllcrc is :r s l i g h t  tendency f o r  t h e  I n t e r  t r a i n e e s  t o  be  glven fewer 
landings  thnn t h e i r  prcdecer;sors. Also, t h e  t o t a l  number of landings accom- 
p l i shed  by cach t r a i n e e  v a r i e s  cons idcrably  - from iI low of 3 t o  a h igh  of 16. 
Tt: is  no t  known why t h i s  occurretf , bu t  i t  may have been Zargrrly determined by 
t r a i n e e  r ead ines s  and i n s t ~ u c t o r  judgment. However, why t h e r c  is  a c l u s t e r i n g  
of t .rnlnecs r equ i r ing  fewild t r i a l s  a t  t h e  end i s  not  t hus  explained. 

I n  conducting t r a n s f  txr of t r a i n i n g  s t u d i e s  t h e r c  a r c  gene ra l ly  two t ra in- -  
Jng s t r a t e g i e s .  One i:; t o  t r a i n  t o  a predetermined and measurable c r i t e r i o n  
pcrformnncc. Thc c~thc'r i.s t o  provide n prcdc?tcrmined nurn'oer of t r i a l s  on t h e  
t a s k  t o  each membcr of tlic experimr?ntal grc,tip. Since t h r  s imula tor  t r a i n i n g  
i n  t h i s  s tudy was frecjucntly descr ibed a s  "ad l i b , "  t h i s  presupposes t h e  f i r s t  
paradigm. S.incc tIiu c r i t e r i o n  perform:mce w a s  subject-,tvt?ly determined, t h e  
readiness  1 eve1 of t r a i ~ i e ~ s  may have departed cons iderably  from homogeneity. 
This  c o t l d  have providcd a ~ a ; ~ ~ p L c  no t  f u l l y  r e p r e s e n t a t i v e  of t h e  s imula tor  
c a p a b i l i t y  and, t hus ,  a lent; thnn f a i r  t e s t  of i t s  po tene ia l .  

A f a i r l y  u n i v e r s a l l y  agreed upon observa t ion  on t h e  use  of t r a i n i n g  
equipment is  t h a t  i t s  e t f i c i e n c y  i n  e f f e c t i n g  t r a i n i n g  i s  a s t r o n g  func t ion  fjf  
how i t  i s  used. Facq-0:s such as t h e  t r s i n i n g  s y l l a b u s ,  t r a i n i n g  personnel  
a t t i t u d e s ,  p r e t r a i d n g  and p o s t t r a i n i n g  on t h e  equipment, and t r a i n e e  accep- 
tance  a l l  c o n t r i b u t e  t o  t h e  t r a i n i n g  outcome. Since t h e  landing  t r a i n i n g  
program i n  t h i s  s tudy was p a r t  of t h e  experiment,  i t  was not  expected t o  be a 
f i n i s h e d  product t h a t  would maximize t r a i n i n g  e f f i c i e n c . ~ .  E f f o r t  had been 
expended t o  upgrade t h e  s imu la to r ' s  phys i ca l  f i d e l i t y  t o  t h e  l e v e l  of " landing 
maneuver approved," but  t h i s  was t h e  i n i t i a l  e f f o r t  t o  develop a landing 
t r a i n i n g  program. The. next  s t e p  r e q u i r e s  t h e  concep tua l i za t ion  of a t o t a l  
s imu la to r  t r a i n i n g  context  i n  which t h e  s imula tor  i s  considered as a t r a i n i n g  
t o o l ,  r a t h e r  than  a s  a s u b s t i t u t e  f o r  t h e  a i r c r a f t .  



P r i o r  t o  t h i s  s tudy  some d a t a  had been gathered a t  S tap le ton  I n t e r n a t i o n a l  
ALrport p e r t a i n i n g  t o  l ong i tud ina l  touchdown d i s t a n c e  from threehold  f o r  sev- 
e r a l  a i r  c a r r i e r s  and several.  equipment types.  Of t h e s e ,  59 were B-927's and 
9 were Dc-10's. Comparisons of t h e  mean d i s t ances  f o r  thoee landings and t h e  
means f o r  t h e  p re sen t  s tudy  a r e  provided in table 13. The mean d i s t a n c e  f o r  
t he  B-727 landings i n  t h i s  s tudy is  r e l i a b l y  s h o r t e r  than  f o r  t h e  revenue 
liindings; t h e  DC-10 landings do no t  d i f f e r .  No i n t e r p r e t a t i o n  of t h e s e  out-  
comes is  o f f e red ,  However, t h e  sma l l e r  d i s p e r s i o n  of t h e  d i s t ances  i n  t h e  test 
f l igh t :  s . i t ua t ion  ( t h e  s tandard  d e v i a t i o n s  are smal le r )  perhaps ind ica t ed  a 
g r e a t e r  a t t e n t i o n  t o  aim po in t  p r e c i s i o n  i n  t h e  " in s t ruc t iona l "  contex t .  

The two t ra in ing  groups i n  t h i s  s tudy  were secn t o  be s t a t i s t i c a l l y  i nd i s -  
t i ngu i shab le  on t h e  b a z h  of t he  many performcmzc i n d i c e s  t h a t  were u t i l i z e d ,  
This  may not  bo, a t  a l l  s u r p r i s i n g ,  given t h e  very  h igh  experience lc?vel of t h e  
two groups of t rans i t io r i i t ig  p i l o t s ,  There is probably such a s w i f t  t r a n s f e r  
of prev ious ly  learned s k i l l s  t h a t  any r e a l  d i f f e r e n c e s  have evaporated before  
tiiey can b c  measured, o r  a t  Least be fo re  they  can be measured by t h e  re&- 
niqt1e.r used is tha  study. T'ne quick adap ta t ion  of t h e  t r a i n e e s  over  t h e  t h r e e  
landings ,  sliown i n  the, r e s u l t s .  would seem t o  i n d i c a t e  t h a t  d i t f e r e n c e s  a r c  
t r a n s i e n t .  This i s  a l s o  s u p p l r t r d  by t h e  check-pilot comments t h a t  occasioned 
t h e  s h i f t  t o  the Phase I1 c r i t e r i a  f o r  pass-fail . .  

Even s o ,  tElc s l i g h t  edge held by those  who had received a i r c r a f t  t r a i n i n g  
motivates  one t o  f i n d  ways i n  t h e  s imu la to r  curriculum t o  e l imina te  o r  decrease  
t h a t  smal l  d i f f e r ence .  It seems reasonable  t o  s h i f t  emphasis from t h e  ques- 
t i o n  of whether a i r c r a f t  t r a i n i n g  i s  requi red  t o  t h e  ques t ion  of how t o  maxi- 
mize s imula tor  t r a i n i n g ;  i t  would seem uneconomical t o  use  t h e  a i r c r a f t  i n  a 
sepa ra t e  t r a i n i n g  module j u s t  t o  e r a s e  t h e  smal l  d i f f e r ences  shown i n  t h i s  
study. 

One way t o  i n c r e a s e  the t r a i n i n g  va lue  of t h e  s imula tor  i s  t o  set it i n  
a t r a i n i n g  context  i n  which t h e  curr iculum has been optimized and t r a i n i n g  
personnel  t r a i n e d  s p e c i f i c a l l y  t o  u se  t h e  s imula tor  a s  a  t r a i n i n g  device  
r a t h e r  t han  as a su r roga te  a i r c r a f t .  Another way i s  t o  inc lude  a  p ro f i c i ency  
measurement scheme t h a t  i s  d i agnos t i c ,  p r e d i c t i v e ,  and i s  perceived a s  a  
t r a i n i n g  s t ra tegem r a t h e r  t han  a t r a i n e e  examination. P red ic t ion  i n  t h e  simu- 
l a t o r  of u l t ima te  performance i n  t h e  a i r c r a f t  would now seem t o  be  a  des i r ed  
goal ,  The s imula tor  d a t a  taken i n  t h i s  s tudy  seemed t~ i n d i c a t e  t h e  f e a s i b i l -  
i t y  of t h i s  goal. There is  a r a t h e r  h igh  and narrow range of t a l e n t  i n  t h e s e  
h ighly  experienced p i l o t s ;  b u t ,  even s o ,  t h e  h igh  c o r r e l a t i o n  between s i n k  
r a t e s  i n  t h e  s imula tor  and a i r c r a f t  s igna led  t h a t  t h e  small s k i l l  ( o r  t r a i n i n g  
r ead ines s )  d i f f e r e n c e s  were be ing  sensed.  That simple r e l a t i o n s h i p  can be  
expanded t o  i nc lude  o thc r  measures of performance i n  a  m u l t i p l e  r eg re s s ion  
t q u a t i o n ,  a p r e d i c t i o n  equat ion.  It should be  kept  i n  mind, however, t h a t  
v a l i d a t i o n  of any q u a n t i t a t i v e  model i s  requi red .  One must know t h a t  cn "x" 



l e v e l  of performance i n  t h e  s lmula tsr  w i l l  r e l i a b l y  (within acceptable limfts) 
r e s u l t  i n  "y" l e v e l  of performance I n  the  a i r c r a f t ;  otherwise predic t ion (and 
con t ro l )  does not e x i s t .  Such a p red ic t ive  model w i l l  require  much f u t u r e  
work; however, i f  successful ,  i t  w i l l  be extremely valuable over the  long term. 
Side benef i t s  t o  such an endeavor would be the  o b j e c t i f i c a t i o n  of performance 
and performance c r i t e r i a ;  t h i s  would contr ibute  t o  t h e  standardizat ion of 
performance requirements through t h e  appl ica t ion of an expl ic i t  (versus an 
i m p l i c i t )  assessment process. 

A s  a t t e s t e d  t o  by t h e  comments of many highly sophis t ica ted  t r a inees  i n  
t h i s  study, t h e  problens of s imulator  real ism p e r s i s t :  ' I .  . . can ' t  judge 
s i n k  . . , "; ", . . poor depth perception . . ."; ". . . d t doesn't  Eeel l i k e  
the  a i r c r a f t  . . . ." Why a r  2 sink r a t e s  higher i n  the  simulator? It i,s 
known t h a t  these a r e  recurrent  f indings F.1 simulator research, but i t  is  not 
known why. Zn t h i s  study a s e t  of da ta  was acquired t h a t ,  t o  the  knowledge of 
t h e  authors,  i s  unique, Those a r e  t h e  d a t a  acquired or the  DC-10 simulator 
and on the  IIC-10 a i r c r a f t  using the  same p i l o t s  i n  both s e t t i n g s .  A side-by- 
s i d e  comparison of these performacce ind ices  may provide Ins ight  i n t o  why 
t h e r e  a r e  d i f ferences  bctwcQn t h e  two. Thrcugh t h e  appti.cation of servo- 
t h e o r e t i c a l  models i t  may be possI,hle t o  i d c n t i f y  both system differences ,md 
di f ferences  due t o  human control  tcclmique. 



FTJIGHT-TEST MANEUVERS AN][! RATING FORMS 
b I 

This appendix contains the  NASA t e s t - f l igh t  maneuvers and the  observes, 
safety p i l o t ,  and t r a i nee  r a t i ng  forms. An explancrtion of h ~ w  each of the 
ftcms wari scored prcccdes each page requiring such explanation, The forms a r c  
those .clued i n  Phane ZZ that: were modified from Phase I ,  mcinl,y 'n the  intorest: 
of ease of s ~ o r i n g  and t o  omit some items t ha t  turned out t o  be  of dou1)tFul 
rclcvnnce. The cap i ta l  l e t t e r s  preceding each scor ing explanatbtrn arc those 
tised i n  the main body of: the  t ex t .  

Note that a s i gn i f i c an t  change occurred frr. Phase 1: t o  Phase I1 i n  the 
safety-pilot  r a t i ng  form: i n  Phasu I1 t h ~  pass-fail, item now included mu1,tiplc 
c r i t e r i a .  



EXHIBIT 1 

TEST RUIfi; WNEWEPS AND CONDITIONS 

Sequence Item 
-> 

Details 

1 Taxi 

9 
d Normal takcof f --. 1) After takeoff, if the aircraft is flying 

tn Pueblo, the safety pilot is to assume 
control of the aircraft until the down- 
\rind leg of the first approach. 

2) If the aircraft is at the test airport, 
the pilot trainee remains in control. 

3) Aircraft is to maintain 15' flap config- 
uration for the start of the downwind 
leg of the first approach. 

VFR approach 1) Turn onto final between OM and runway 
(No instrumect guid- at an altitude of 1000" AGL, 

for 'lying) 2) Activate glide slope a=. localizer 
instruments of pilot-not-flying.. 

4 VFR landing 1) Full stop. 

5 Normal takeoff 1) Return aircraft to 0' flap configuration 
for the downwind leg of the next 
approach. 

6 Flight director 1) Turn onto final beyond OM at 1500' AGL. 
engine inoperative 
au~roach (hooded) 2) Fail engine on base leg. 

- . - 
3) Decision height is 100' AGL. 

7 Missed approach 1) Return aircraft to 0' flap configuration 
for downwind leg of next approach. 

8 VFR engine inoperative 1) Turn onto final between OM and runway 
approach (instrument at 1000' AGL. 
guidance available) 

9 Engine inoperative 1) Return aircraft to 15' flap configura- 
landing (T & G )  tion for downwind leg of next approiich. 

10 VFR approach (no 1) Turn onto final between OM and runway 
instrument guidance at 1000' AGL. 
for pilot flying) 

2) Activate instruments of pilot-not-f 1 ying. 

VFR landing 1) Full stop. 



EXHIBIT 2 

TRANS IT I ON 'TRA 1 N I NC 

and 

TOTAT, STMII1,ATOR TRAI N I N 6  

STUDY 

YT,I (;HT NO. -. -----------* 

ATRCRAFT TYPE 
=-___l* YI*- ------ 

IIATA TECHNTC I AN 
A S  s- 1_ - ̂  - -- --_XI_ 



EXHIBIT 3 

OBSERVER RATING 

TAKEOFF 

(A) The NASA Observer checked t h e  app ropr i a t e  l e t t e r  i n  each  of t h e  e i g h t  
boxes on top  of  t h e  page. The t r a i n e e ' s  s co re  f o r  Take-Off performance was 
determined by these  check marks a s  follows: 

Center l ine  Alignment: A sco re  of  1 f o r  Normal o r  a 0 f o r  e i t h e r  Lef t  o r  Right.  

Power Management: A s co re  of 2 f o r  Good, 1 f o r  F a i r ,  o r  0 f o r  Poor. 

Control  Technique: A s c a r e  of 2 f o r  Good, 1 f o r  F a i r ,  o r  0 f a r  Poor. 

Rotat ion A i ~ s p e e d :  A sco re  of 1 f o r  Nortnai, o r  a 0 f o r  e i t h e r  High o r  Low. 

Rotat ion Bate: A score. of 1 f o r  Normel, o r  a 0 f o r  e i t h e r  Fas t  ox Slow. 

Rota t ion  Control  ,Technique: A sco re  of 2 f o r  Good, 1 f o r  F a i r ,  o r  0 f o r  Poor. 

I n i ' i i n l  Climb Airspeed: A sco re  of i f o r  Normal, o r  a 0 f o r  e i t h e r  High or  
Low. 

Heading: A s c o r e  of 1 f o r  Normal, o r  a 0 f o r  e i t h e r  L e f t  o r  Riqht.  

These e i g h t  c a t e g o r i e s  of Take-Off performance cou1.d be scored wi th  a maxi- 
mum of 11 p o i n t s ,  The p o i n t s  acquired by each t r a i n e e  were summed and d iv ided  
by 11, thus  provid ing  a propor t ion  of maxl.mnm p n s s i b l e  poi.nts as a Take-Off 
Score. 

(B) The boxrs numbered one through t e n  were used e s  a r a t i n g  s c a l e  w i t h  which 
t h e  Obnerver could i n d i c a t e  t h i s  overa l l  s u b j c r t i v e  eva lua t ion  of t h e  take-off 
i n  general.  A one was scored as 100% and t e n  w a s  10X. 



POWER CONTROT. 
MANAGEMENT TECHNIQUE 

G fi' P G F P  

AIRSPEED ROTATION CONTROL 
ROTATION TECHNIQUE 

Circ.1tl une nun1bc.r which most n e a r l y  corresp\,nds t o  your 
i m p r ~ s s i u ~ r  of the o v e r d l  excel?rnce of the tokeoff. 1 is 
b e s t  (1007;) cind 10 i s  worst  <iOZ). 



EXHIBIT 4 

OBSERVER RATING 

(C) The r a t i n g  s c a l e  a t  t h e  bottom of t h e  page was used by t h e  Observer a s  an  
o v e r a l l  s u b j e c t i v e  eva lua t ion  of t h e  approach, A one was scored a s  100% and a 
t e n  was scored a s  10%. 

(D) Glide Slope Deviation: The Tra inee ' s  dev ia t ions  about g l i d e  s l o p e  were 
recorded by t h e  Observer a t  6 d i f f e r e n t  p o i n t s  dur ing  the  approach. A t  each 
p o i n t ,  a maximum d e v i a t i o n  of 2 d o t s ,  h igh  o r  low, was poss ib le .  The amount 
and d i r e c t i o n  of d e v i a t i o n  were recorded and an  average dev ia t ion  s c o r e  was 
determined f o r  each approach. 

(E) Airspeed Deviation: The Tra inee ' s  dev ia t ions  about t a r g e t  a i r speed  were 
recorded by t h e  Observer a t  6 d i f f e r e n t  p o i n t s  dur ing  approach. A t  each p o i n t ,  
a maximum dev ia t ion  of 5 kno t s  low t o  10 knots  h igh  was poss ib le .  The amount 
2nd d i r e c t i o n  of d e v i a t i o n  were recorded and a n  average dev ia t ion  s c o r e  w a s  
determined f o r  each approach. 



ALTITUDE LOCALIZER GLIDE SLOPE TARGET AIRSPEED 

Approach Rating Scale 
C i rc le  one number corresponding t o  the  category which bes t  descr ibes  the  

attainment of  t a rge t  values over t h e  whole approach and a t  missed approach 
a l t i t u d e .  

ILS 
FINAL 

VFR 
FINAL 

TAPE 
ON 

1 { always on; on a t  minimums 6-7 f requent ly  o f f ;  on at  minimums 
1 frequent ly  on; on a t  minimums 

8-5 always o f f ;  on a t  minimums 
2-3 always on; of f  a t  minimums 

-5 A 5 10 

r 

OM 

1400 

1100 
(1000) 
(VFR) 

800 
(700) 

500 
(400) 

10 { f requent ly  o f f ;  o f f  a t  minimums 
4-5 f requent ly  on; of f  a t  minimums 10 C always o f f ;  off  a t  minimums 

I 

i 30 

- .  -. -. - - -A - - --- -- ---- 

. . I . .  

. . I . .  

. . I . .  

. . I . .  

. . I . .  

- 

. 
- 
L 

- 

- 

- 

J---I.+__I 
-5 A 5 10 

I---I--_(___I 
-5 A 5 10 

I - _ _ J _ _ I _ _ _ I  
-5 A 5 10 

I - - - I - _ _ J _ _ I  
-5 A 5 10 

)---)---1---1 
-5 A 5 10 



EXHIBIT 5 

OBSERVER RATING 

LANDING 

L a t e r a l  p o s i t i o n  was no t  used. 

(F) The r a t i n g  s c a l e  a t  t h e  bottom of t h e  page was used by t h e  observer  a s  a n  
o v e r a l l  s u b j e c t i v e  eva lua t ion  of t h e  landing. A one was scored as 100% and a 
t e n  was scored a s  10%. 

(G) Longi tudina l  pos i t ion :  The Observer made a mark on t h e  s c a l e  provided t o  
i n d i c a t e  where t h e  a i r c r a f t  touched down. The number of f e e t  from threshold  
t h a t  t h i s  mark representk?d was transcribed a s  down range d i s t ance .  

(H) Flare :  The Observer checked t h e  a d j e c t i v e  which b e s t  descr ibed t h e  
Tra inee ' s  performance of t h i s  maneuver. A score  of one was given f o r  Appro- 
p r i a t e  and a s c o r e  of zero  f o r  e i t h e r  Excessive o r  I n s u f f i c i e n t .  For t h i s  
measure only ,  a sum over t h r e e  landings  was used in s t ead  of a mean. 



LANDING MANEWER 

I Excessive I 
Appropriate  

I n s u f f i c i e n t  

I LATERAL POSITION I LONGITUDINAL POSITION I 

C i r c l e  one number which most n e a r l y  desc r ibes  yol.lr impression of t he  
touchdown event.  

Comment u : 

1 
Very 

Smooth 

2 1 3  
Smooth 

4 1 5  
Firm 

6 1 7  
Hard 

8 1 9  
Very Hard 

10 
Dangerous 



EXHIBIT 6 

OBSERVER RATINGS 

MISSED APPROACH 

The Observer i nd ica t ed  a YES o r  NO answer t o  t h e  f i r s t  t h r e e  ques t ions  on 
t.).lfe page. Each YES answer scored 0.25 p o i n t  and each NO answer scored 0 ,  For 
the l a s t  ques t ion ,  GOOD scored 0.25 po in t  and e i t h e r  FAIR o r  POOR scored a 0. 
Ttlus, t h e  t o t a l  p o s s i b l e  p ~ i n t s  was 1.00 f o r  t h e  fou r  ca t egor i e s .  

ILS ENGINE INOPERATIVE MISSED APPROACH 

ITEM - 
Takeoff t h r u s t  a t  dec i s ion  
he ight .  

F laps  25 command. 

Gear up command a t  p o s i t i v e  
rate of ver t i ca l  spacd. 

Execution of published missed 
approach procedures  a t  Vz 
o r  V z  f 10, 

EVALUATION 

Yes No 

Yes No 

Yes No 

Good F a i r  Poor 



EXHIBIT 7 

SAFETY-PILOT RATINGS 

VFR APPROACH AND LANDING 

( I )  Control Usage: The Safety P i l o t  scored each l i s t e d  aspect  of performance 
using the  five-point r a t i n g  s c a l e  shown. A mean of these  was computed. 

(J) Procedure Knowledge: A s  above. 

IFR APPROACH AND TANDING 

(K) Control Usage: A s  above. 

(1,) Procedure Knowledge: A s  above. 

These four mean scores  were the  input  d a t a  f o r  t h e  s t a t i s t i c a l  analyses.  

The t h i r d  page i s  the  Phase I p a s s / f a i l  r a t i n g  form. The four th  page i s  
t h e  revised form used i n  Phase 11. 



Safety P i l o t  Evaluation Form 

Safety P i l o t  Trainee No. - 
This form i s  t o  be completed by the  sa fe ty  p i l o t  a f t e r  o r  during t h e  p i l o t  

t r a i n e e ' ~  NASA test r ide .  Use the  r a t i n g  lscalea below and place your ntmeri- 
c a l  r a t i n g  i n  the  appropriate column. 

VFR Approach and Landing 

Control 
Usage 

Control 
Usage 

Smooth with no unwanted 
o r  erroneous inputs .  

Smooth wi th  few unwanted 
o r  erroneolis inputs .  

Usually smocth with few 
erroneous inputs.  

IJsually jerky with many 
erroneous inputs ,  

Er ra t i c .  

Rate of Descent 

Centerl ine Orienta t ion 

Airspeed Controi 

F la re  

T ~ u ~ h d ~ m  

Roll-Out 

Procedure 
Knowledge 

Rating Scales 

Procedure 
Knowledge 

1. Excellent A l l  maneuvers i n i t i a t e d  
a t  proper t i m e  o r  s i t u a t i o n ,  

2. Good Most maneuvers i n i t i a t e d  
a t  proper time o r  s i t u a t i o n .  

3.  Fair  Many ctaneuvers i n i t i a t e d  
a t  proper t i m e  o r  s i tua t ion .  

4. Poor Some maneuvers i n i t i a t e d  
a t  proper t i m e  o r  s i tuat i .cn.  

5. Unacceptable Few maneuvers i n i t i a t e d  
a t  proper t i m e  o r  s i t u a t i o n .  



IFR Approach and Landing 

Control, 
Usage 

Glide Slope Tracking 

1,ocal izer  Tracking 

Airspeed Control  

F l a r e  

Touchdown 

Ro 11-Out 

Rat ing Sca les  

Contro 1 
Usage 

Smooth wi th  no unwanted 
o r  erroneous Inputs .  

Smooth wi th  few unwanted 
o r  erroneous inpu t s .  

Usually smooth wi th  few 
erroneous inputs .  

Usual ly j e rky  wi th  many 
erroneous inputs .  

E r r a t i c .  

Procedure 
Knowl.edge 

Procedure 
Knowledge 

1. Exce l len t  A l l  maneuvers i n i t i a t e d  
a t  propcr  time o r  s i t u a t i o n ,  

2. Good Most maneuvers i n i t i a t e d  
a t  proper  t ime o r  s i t u a t i o n .  

3 .  F a i r  

4.  Poor 

Many nloneuvcrs i n i t i a t e d  
a t  proper t i m e  o r  s i t u a t i o n .  

Some maneuvers i n i t i a t e d  
a t  proper  time o r  s i t u a t i o n .  

5. Unacceptable Few maneuvers i n i t i a t e d  
a t  proper  t i m e  o r  s i t t ~ n t i o n .  





lIad you k e n  asked an an FAA standards pLl.ot to  rate t h i s  trainee, would 
you have "Passed" or "YaiLed" hPm/her? Cirrle one. 

TE f a i l e d ,  i n  your opinion, could he/she have passed the F M  chec,k given 
the traditional 1at.itude to  repeat unsatisfactory maneuvers? Circlc onc. 

Yes No 

If no, i,n your opinion, was  his/her performance t~nsatisfactory or danger- 
nus? Circlc one. 

Unsatisfactory Dangerous 

Comments : 



EXHIBIT 8 

TRAINEE RATING SHEETS 

(M) VFR Approach: The Trainee r a t e d  each of t h e  t h r e e  elements based on t h e  
f ive-point  r a t i n g  s c a l e  on t h e  last page. A mean of t h e s e  t h r e e  sco res  was 
computed . 
(N) TFR Approach, Engine Inopera t ive :  A s  above. 

(0) VFRIILS Approach, Engine Inopera t ive :  A s  above. 

(P) Missed Approach: The Trains€! r a t e d  t h e s e  two elements and a mean was 
compu~ed . 
(Q) Landing Maneuver: The Traixicc r a t e d  each of t h e  s i x  elements and a mean 
of t h e s e  s i x  s c o r e s  w a s  computed. 

The remainder of t h e  ques t ions  r e q u i r e  no sco r ing  explanat ion.  



Trainee Poet Test Ride 

Questionnaire 

P i l o t  No. Ai rc ra f t  - - 

I. Regarding your performance on t h e  NASA Teat r i d e ,  use  the at tached r a t i n g  
fieale t o  8how how well the  t r a i n i n g  program prepared you t o  perform tho l i s t e d  
maneuvers, See r a t i n g  s c a l e  at: end of quest ionnaire.  

A. Approach, Visual Reference Only, all engines, 

- 1, Airspeed Control 

--- 2. No Reference La te ra l  Tracking 

3. No Reference Ver t i ca l  Tracking 

Comments : 

B. Appro ch, Instrument Reference, Engine Inoperat ive.  

-- 1. Airspeed Control 

2. 1,OC 'Tracking 

3. G l i d e  Slope Tracking 

Comments : 

C. Approach, Visual Reference, lnstrumrnt Guidance Available, Engine 
Inoperat ive.  

-- 1. Ai.rspeed Control 

- 2,  LOC Tracking 

3. Glide Slope Tracking 

Comments : 



D. Miased Approach 

- 1. Decision Height Performance 

2. Airspeed Control  dur ing  climb out  

Comments : 

E. Landing Maneuver 

-- 1, F l a r e  Performance 

2. Decrnb Performance 

3. Touchdown Performance 

( a )  L a t e r a l  p o s i t i o n  a t  T.D. 

- (b) Longit t~dinal .  p o s i t i o n  a m .  D. 

- ( c )  Sink r a t e  a t  T.D. 

Comments : 



11, Using the same r a t i n g  s c a l e ,  how would you rate your performance on 
each of  t h e  thrce landings? 

Comments : 

1,anding 1 .-- 

Landing 2 

111. I n  general ,  how do you E t ? t l l  t h e  test s i t u a t i o n  a f fec ted  your f l y i n g  
performance? Chcck one, 

-- A. The test r i d e  s i t u a t i o n  made m e  somewhat anxious, which hindered 
my a b i l i t y  t o  perform. 

B. The t e s t  r i d e  s i tu .a t ion  challenged m e  so t h a t  I performed t o  t h e  
bes t  of my a b i l i t y .  

C. My emotional r eac t ion  t o  the  t e s t  r i d e  s i t u a t i o n  was minimal. 
My test r i d e  performance is  t y p i c a l  of my f l y i n g  a b i l i t y .  

D. Other. Please explain. 



I 
I 

I V .  How many f l i g h t  hours ,  approximately, do you have as a  p i l o t ?  
I 

V. Have you ever flown t h e  Tes t  Ride A i r c r a f t  be fo re  a s  a p i l o t  (i .e.,  cap- 
t a i n  o r  f i r s t  o f f i c e r ) ?  

A, I f  "yes ," when was your most r ecen t  experience? 

B.  Also, i f  "yes," how many f l i g h t  hours  a s  a  p i l o t  d i d  you accumulate 
on t h a t  a i r c r a f t ?  

V I .  What equipment type  were you f l y i n g  i n  your most r ecen t  s e t  of l i n t ?  
opera t ions?  

V I I .  On t h a t  a i r c r a f t ,  what p o s i t i o n  d id  you hold ,  cap ta in  o r  f i r s t  o f f i c e r ?  

V I I I .  During t h i s  t r a i n i n g  program, what t ype  of landing maneuver t r a i n i n g  
s imula tor  o r  a i r c r a f t ,  d id  you rece ive?  



Rating Sca le  

1. The t r a i n i n g  program prepared m e  t o  perform t h e  maneuver w i t h  no e r r o r s  
o r  n:isjudgments. 

2. The t r a i n i n g  program prepared m e  t o  perform t h e  maneuver w i th  ve ry  few 
e r r o r s  o r  misjudgments. 

3.  The t r a i n i n g  program prepared m e  t o  perform t h e  maneuver w i t h  few e r r o r s  
o r  misjudgments. 

4.  The t r a i n i n g  program prepared me t o  perform t h e  maneuver w i th  some e r r o r s  
o r  misjudgmentu. 

5. The t r a i n i n g  program prepared m t  t o  perform t h e  maneuver wi th  many e r r o r s  
o r  misjudgments . 



APPENDIX B 

SIMU1,ATOR TRAINING: TRAINEE COMMENTS 

This appendix presents, verbatim, the comments made by 17 B-727 and 19 
DC-10 trainees concerning their  simulator training. The comments are grouped 
by a ircraf t  type and study phase. Multiple comments by a trainee are l i s t e d  
together. Trainee numbers are not included i n  order t o  preserve anonymity. 



B-727: PHASE I 

The touchdown i t s e l f  cannot be  simulated, 

The simulator provides no f e e l  f o r  s ink  rate, hence no help f o r  t h i s  ' 

phase of landing. 

T h e  f a i l u r e  t o  f l a r e  properly on t h e  f i r s t  landing resu l t ed  i n  a f i rm 
touchdown. This i s  a phase of landing which cannot be simulated. 

The simulator  does not  allow f o r  wind changes along t h e  descent path. 
I n  o the r  words, i t  i s  more mechanical i n  t h e  simulator. 

I f e e l  t h a t  what I got out  of t h e  simulator  f o r  landing maneuvers could 
have been given i n  1.5 hours. 

Found var iab le  wind i n  t h e  a i rp lane  but  not t h e  s i m . ,  t h a t  i s ,  head and 
t a i l  wind on same approach. 

Bet ter  v i s u a l  reference i n  airplane.  

Touchdown performance: Need p r a c t i c e  i n  A/C. 

A l l  s i m .  periods were done a t  higher simulated gross weights and my power 
ae t t ings  on A/C were s l i g h t l y  high f o r  low gross which caused minor problems 
i n  g e t t i n g  slowed. 

Flare  t o  T.D. i n  s i m  was t o t a l l y  u n r e a l i s t i c  compared t o  A/C. 

I s t i l l  wasn't su re  of A/C tendencies i n  l a s t  few f e e t  and nose lowering 
r a t e .  

On a l l  f l i g h t  maneuvers the  e f f e c t  of t a i l  sk id  extended on a i r c r a f t  
performance was not duplicated on simulator. 

Ground e f f e c t  i n  the  simulator i s  s i g n i f i c a n t l y  g rea te r  than i n  A/C. 

Performance improved as I developed a f e e l  f o r  ground e f f e c t  . . . Differ-  
ence i n  runway width between width of runways s imula to r /a i rc ra f t  made i t  
s l i g h t l y  d i f f i c u l t  t o  judge t h e  v i s u a l  glide-slope angle ( v e r t i c a l  s l o t ) .  



Landing l i g h t s  used i n  t h e  v i s u a l  s imula tor  had a s p e c i f i c  e r t t o ~ f  p o i n t  which 
a f f e c t e d  v i s u a l  percept;ion du r ing  t h e  f l a r e  po r t ion  of t h e  landing  maneuver, 
The s imula tor  t r a i n i n g  appeared more e f f e c t i v e  wi th  t h e  landing  l i g h t s  o f f  
(only t h r e e  o r  four  landings  were made i n  t h e  s imula tor  w i th  t h e  landing l i g h t s  
o f f )  , 

I was never  s u r e  of r e l a t i o n s h i p  of s imula tor  t o  A/C T.D. performance. 

A s i d e  p r e s e n t a t i o n  i n  t h e  v i s u a l  simuiacor might he lp  du r ing  t r a i n i n g .  

The s imula tor  has  no resemblance t o  t h e  a i r c r a f t .  Simulator very  Little 
o r  no f l a r e  i s  requi red  t o  keep from balooning. A/C very  d i f f e r e n t .  

No X-wind i n  A/C b u t  s imula tor  seemed u n r e a l i s t i c .  

Once aga in ,  a s  above, simul.ator tells noth ing  as t o  touchdown performance. 
Very u n r e a l i s t i c  and wor th less  f o r  t r a i n i n g  V/V A/C. 

Long. Pos. a t  T.D. Simulator a l i t t l e  u n r e a l i s t i c .  

Simulator gives a ve ry  f a l s e  sense  of smooth landing r e g a r d l e s s  of f l a r e .  
No l ea rn ing  i s  evolved a s  f a r  a s  s i n k  r a t e  from s imula tor  a t  T.D. 

F i r s t  landing t r i e d  t o  land l i k e  s imula tor  w i th  l i t t l e  f l a r e .  Hard 
land.ing r e s u l t e d .  

( P i l o t  response t o  a l l  c a t e g o r i e s  on t h e  t r a i n e e  ques t ionna i r e  regard ing  
how w e l l  t h e  t r a i n i n g  prepared him f o r  t h e  NASA t e s t  r i d e  was: "No help" 
(10 t imes) . )  

Most d i f f i c u l t  t o  determtne he ight  above runway i n  s imula tor  - no problem 
i n  A/C , howev T. 

While I t h i n k  t h e  s imula tor  is an e x c e l l e n t  t r a i n i n g  device ,  I a l s o  th ink  
i t  w a s  experience t h a t  made the  success  o r  f a i l u r e  of t h e  test r i d e ;  and i t  
w i l l  be  experience i n  t h e  A/C t h a t  improves t h e  a i r c r a f t  handl ing performance 
( s p e c i f i c a l l y  landings) .  I c a n ' t  he lp  but  wonder what t h e s e  test r i d e s  would 
have shown i f  w e  had used i n i t i a l  t r a i n i n g  F/O's i n s t ead  of t r a n s i t i o n .  



P r o f i l e  in s imula tor  seemed s t e e p e r  than  A/C, I fe l t  L was too  h igh  on 
s t ~ e r a l ,  occas ions  a s  compared t o  a c t u a l  p r o f i l e  i n  A/C. 

I feel t h e  t r a i n i n g  was adequate. I jwt need more time I n  A/C, 

* * * 
Simulator  touchdown lacks  accuracy i n  r e f l e c t i n g  what would be a very  

f i rm landing i n  the  A/C - hard t o  make a poor landing  i n  t l ic s i , m ~ ~ l a t o r ,  

Correc t ions  t o  cen te r l i n t ?  are more d i f f i c u l t  i n  s imula tor .  

Simulator  provides only  very  vague c lues  t o  s i n k  i n  l a a t  SO feet. 

Simulator  does not  proper ly  t r a i n  f o r  t h e  rudder fo rces  requi red  t o  keep 
n l r c r n f t  t r a c k i n g  on two-engine m i s s .  

* * * 
Excel ien t  t r a i n i n g  t o  gc t  t h e  proper p r o f i l e  f o r  VFR f L>lng. 

Ucst t r a i n i n g  it; i n  tlie a i r p l a n e  t o  ge t  t h e  proper f e e l .  I 
J. f i n d  i t  most d i f f i c u l t  t o  determine what p a r t  of my performance i s  

based on previous experience dnd which p a r t  on t : ~ e  t r a i n i n g  received.  

It appeared t h a t  the p i t c h  i n  t h e  a i r c r a f t  was l i g h t e r  by f a r  dur ing  t h e  
I lare t hnn t h e  s imula tor .  

Air-plane e a s i e r  t o  f l y  w i t h  engine ou t  t han  simtllator.  

Simulator  very good but  a i r c r a f t  some d i f f e r e n t  i n  p i t ch .  

Simulator he ight  a t  T.D. good b u t  some d i f f e r e n t .  

* * * 
SINK RATE AT T.D. : I:air/hard t o  judge h c i g h t  i n  s imulator .  

* * * 



Real world much l a r g e r  and a i r p l a n e  appears  much h igher  from ground, 

Airplane touches down much harder  than s i n .  

T,ights i n  s i m .  do not make runway appear as b r i g h t  as i n  r e a l  world. 

Firm tsuctidown compared t o  tliosc made i n  s i m .  

The s imula tor  is  good bu t  c a n ' t  completely match a c t u a l .  You use  v i s u a l  
cues s t r i c t l y  f o r  t h e  f i r s t  few landings,  The s imula tor  i s  p r e t t y  good i n  
providing these .  

I n s t r u c t o r  s t r e s s e d  looking a t  end of runway dur ing  f l a r e  - impossible  t o  
do i n  s imula tor  ( focus a t  end of runway - only  about 3,000 E t  a v a i l a b l e  011 

v i s u a l  system). 

The v i s u a l  i n  t h e  s imula tor  doesn ' t  have anywhere near  enough l i g h t s  
( t h a t  i s ,  ground l i g h t s ) .  

I t h i n k  t h e  s imula tor  b r ings  one t o  on course  bo th  v e r t i c a l Z y  and hor i -  
z o n t a l l y  quicker  and e a s i e r  than t h e  a i rp l ane .  

Depth p e r c e p t i o r ~  was somewhat d i f f e r e n t  from s imula tor .  

I could have made smoother touchdowns had I been more f z m i l i a r  w i t h  
r o t a t i o n  rate versus  s i n k  speed of a i r c r a f t .  

I t ' s  d i f f i c u l t  t o  judge he ight  i n  A/C because t r a i n e r  l a c k s  i n  p re sen t ing  
cockpit  he ight  above ground. 

F i r s t  landing was made i n  r e f e rence  t o  S / O  c a l l s ,  j u s t  as i n  s imu la to r ,  
probably mechanical i n  some r e spec t s .  Af t e r  f i r s t  l anding  a b e t t e r  understand- 
i n g  of t h e  r a t e  of  f l a r e  needed was noted. 

Light  A/C 295 - 275,000 l b  ve r sus  315,000 i n  t r a i n i n g  -made f o r  more 
r ap id  r e a c t i o n  r eq f~ i r emen t s  i n  a i r c r a f t .  



Train ing  d i d  not  g ive  r e n l , i s t i c  a h p l a n e  f e e l  through f l a r e  and T.D. 

* * *  
Present  landing s imula tor  s y l l a b u s  is wor th less  i n  my opinion. I be l leve  

t h a t  my performance would have been n s  good a f t e r  t h e  normal t r a n s i t i o n  simu- 
! 
I 

I n t o r .  The concept of landlng t r a i n i n g  i n  s i m  may be  f e a s i b l e  bu t  no t  wit11 
p re sen t  c u r r i c u l m .  

I n  summary, t h e  landing performance t r a i n i n g  (s imcla tor )  appears  t o  h w e  
merit. It smootlles out t h e  expected p r o f i l e s .  My own impression is t h a t  t h i s  
progrim is e x c e l l e n t ,  provided i t  i s  in t eg ra t ed  w i t h  some f l y i n g  t r a i n i n g .  - 

nc-lo: PWE 11 

I n t e r i o r  of a i r c r a f t  seemed d i i f e r t m t  from s imul ;~ to r  i n  regard t o  a i r speed  
bleea-off w i th  t h r o t t l e  pos i t i on .  A/C roun.1 ou t  r equ i r e s  g r e a t e r  p i t c h  change 
and c o n t r o l  b a s i c  p re s su re  than  s imula tor .  

I don ' t  feel .  t h e  s i m  t r a i n i n g  i s  very  e f f e c t u a l  i n  l a t e r a l  t r a c k i n g  duc 
t o  l imi t ed  p e r i p h e r a l  v i s i o n  i n  s imula tor .  

Teach a " h a l l  park" N1 power s e t t i n g  of f i n a l  approach conf igura t ion .  
W i l l  savc many per iods  of cons tan t  searching  s o  more t r a i n i n g  can be spent  on 
o t h e r  Important t h ings .  

Simulator does not g ive  t h e  f e e l i n g  of mass - I tended t o  overa l~oot  
t u r n s  on v i s u a l  approach. 

Simulator d i d n ' t  p repare  m e  f o r  t he  i n i t i a l  50 f t  above touchdown c a l l -  
I cou ldn ' t  b e l i e v e  I was only  50 f t  - t he  f l a r e  check a t  30 f t  was mechanical 
as i t  was i n  t h e  s imula tor .  

Never saw a decrab performance. 

From 30 f t  down I f e l t  l i k e  a s p e c t a t o r  b u t  seemed t o  improve wi th  k t e r  
landings.  



Slmu lator Just ain' t the Barne, 

1Jse of flight guidance covers a lot of sins. 

The training was excellent from highly qualified personnel. May Z sug- 
gest tbrst the first three simulator rides be done mainly on autopilot and/or 
CWS so that you learn the flight guidance system first - I felt these periods 
were well spent in learning the simulator which slowed down, by a magnum 
amount, my absorption of the FGS. 

Gentlemen: I am morally opposed to the idea of training on the 1,ine. If 
we take the historic positd,on that passengers are entitled to a qualified crew 
for each trip - it is inconsistent to place a captain you say is unqualified 
(since he is being "shotgunned") and adding further "insult" by his never 
having seen the airplane he is about to fly. 



TABLE 1 .- TRAINING GROUP COX'OSZ'FTON 

-- 
Phase 1 



TABLE 2.- TALLY OF B-727 TRAIXEES DROPPED A?TD TRAINEE$ REQLTRING iU)DITT,OKfi  TRAINING 

Missed assignment 
could not  make up 

(sim ldgs j 

1 Sirn 
0 A/C 

Trainees d r ~ p p e d  

Exceeded 3-dzv l i m i t  I 
between s i m  and A/C / Simulator 

(or LMA sim) 1 unavai lab  l e  

0 Sirn 
1 A/C 

5 Sirn 
3 A/C ! 

E 
1 

i 3 
Ccmpleted sirn S '.SA 1 

? Failed tng  e a r l y  and observer 
1 refused co s t a y  unavailable 

I 
- - 

L Sim I 3 Sim 
3 AJr - 3 A/C I 1 

U'ABLE 3.-  TALLY OF DC-10 TMXEES DROPPED A\3l TRAINEES REQE1-ZPJG ADDITIOXAL TRAINING 
FOK PIME I PHASE 11 

i 

I : 
Trainees dropped i 

Exceeded 3-day l i m i t  
s t r i k e  

between s i m  an '  A/C 
1 

I Trainees requir ing additionn:- t r a i n i n g  I 

1 6 Sim 4 Sim 
4 A/C / i 5 A/C 

Same i n s t r u c t o r  not  
ava i l ab le  f o r  both 
lndg t r a i n  s i m  sess 1 

1 
NASA 

Scheduling 1 observer 
e r r o r  1 unavailable 

I I 

3 Sim t 

1 A/C 

1 <3 Extra s i m  periods 

5 Sim 
7 A/C 

2 Sim t 
1 A/C I 

Completed 

3 Sim 
6 A / C  I 

-- 

>3 Extra sim periods I Dropped 

1 Sim 
2 A/C 

3 Sim 
3 B/C 



T m L E  4 .- PHASE I STUDY 
RESULTS BY AIRCRAFT TYPE 

Note: The aircraft-trained 
groups served as contra1 
groups. 

TABIAE 5.- PIIASE 1.1 STUDY RESULTS 

DC-10 

No. % 

18 69 
8 31 

20 100 
0 0 

- 

SL,,, Pass 
Fail 

A/C Pass 
Fail 

Sim Pass 
E'ai l, 

A/C Pass 

B-727 

No, X 

19 68 
9 32 

18 90 
2 10 



TABLE 6. - B-727 PASS- 
PAIT, RATINGS BY CHECK 
PILOT: PHASE I 



TABLE 8.- ALL CASES IN WHICH THE OBSERVER AND 
CHECK PILOT GAVE DIFFERENT PASS-FAIL RATINGS 
OVER 78 TRAINEES 

I Phase I I 

Type of training check 

I Phase IT I 

observer 



TABTaE 9 . -  ANATJYSIS OF VARIANCE OF TANDING RATINGS 
FOR ALT, TRAINEES 



TABLE 10.- ANALYSIS OF VARIANCE OF FLARE RATINGS 
FOR ALL TRAINEES 

-7---7 

Landing 1. 
Landing 2 
Landing 3 

P 

N,S. 

N.S. 
N.S. 

<0.001 
N.S. 
N.S. 
N.S. 

Means, % r a t i n g  

B-72 7 DC-10 

F 

0.063 

2,974 
.872 

17.473 
.401 

1 ,676 
2.216 

Ove.ral1 
mean Sim tr. 

46 
7 8 
89 - 
7 1 

Source 

Equipment 
B-727 
DC- 10 

Tra in ing  
ET 
Error  
Landings 
LE 
LT 
Let  
Er ror  

A/C tr 

80 
8 0 
95 - 
8 5 

d f  

1 

1 
1 

131 
2 
2 
2 
2 

262 

Sum of squares  

0 ,015 

,726 
,213  

31.971 
4.441 

,102 
,426 
,563 

33.295 

Mean square  

0.015 

,726 
,213 
.244 

2.22U 
.051 
.213 
,282 
,127 



TABLE 11.- ARBITRARY CATEGORIZATION OF 
TRAINEE SPONTANEOUS COMMENTS ON STMULATOR 
INADEQUACIES 

Dynamics 
Mass 
Response 
Feel 
Gross weight 

Category 

P 

Environmental 
Wind 
Turbulence 
Ground effect 
Random natural phenomena 

Number of coments 

B-727 DC-10 - 

General 
Sim inadequate 
Sim easier to fly 
A/C easier to fly 
Sim syllabus inadequate 
Sirn session too long 
Philosophical reservations 

Flare 
Height estimation 
Depth estimation 
Sink sate 

12  12 

i 
Visual geometry I 



TABLE 13.- COMPARISON OF LONGITUDINAL TOUCHDOWN DISTANCE 
OF RLVENUE FLIGHTS AND NASA TEST FLIGHTS 

Revenue T e s t  f l i g h t  D i f f e r e n c e  p 

B-72 7 

N 5 9 4 2 
Mean 1721.66 1316.38 405.28 <O.  005 
S tandard  d e v i a t i o n  470.00 238.90 

nc-lo 
----- 

N 9 84 
Mean 1611.11 1767.48 156.37 N.S. 
S tandard  d e v i a t i o n  561.68 447.68 - 

6 0 



TAKEOFF SCORE 

- TAKEOFF RATING 

n 1 (b, I I I i I 6 I 
z n I 

A#. 90 A 100 

Figure 1.- Fnase I observer sco res  f o r  B-727 t r a i n e e s .  



APPROACH RATING 

GLIDE SLOPE DEVIATION (DOTS) 

Figure 1.- Continued. 



AIRSPEED DEVlATlON (mph) 

P: LANDING RATING 
E? N - 2 8  
Q 10 

Figure  1.- Continued. 



DOWNRANGE DISTANCE 
(ft FROM THRESHOLD, NEAREST 25) 

15[ N z 2 8  
2 10 

FLARE RATING 

N = 28 

i f E 
.- 

& 
.- - 

P - - - ----- 

r . ,. I (I,) 
Figure 1 . - Conc I udcd . 
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IFR CONTROL 

cc IFR PROCEDURES e l 5 r  r,=,, * 10 i d  

Figure 2.- Concluded. 



APPROACH DESCENT RATE 
E (ftlmin, TO NEAREST 25) 

; : [ ~ = 1 8  

GLIDE SLOPE DEVIATION (a, ft) 5 + 16 [ N = 1 8  
a 10 

Figure 3.- Phase I aircraft-measured data for B-727 trainees. 
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LATERAL ACCELERATION 
ot AT TOUCHDOWN (g) 

l 5  N-18  < 1 0 .  

- STANDARD DEVIA'TION OF VERTICAL 
W 

' ' 1  N = 1 8  
ACCELERATION, T.D. t 2.0 sec (g) 

a 10 



STANDARD DEVIATION OF LATERAL 
ACCELERATION, T.D. + 2.0 sec (g) 

Figure 3 . -  Concluded. 



TAKEOFF SCORE 

A 

F i g u r e  4.- Phase I o b s e r v e r  s c o r e s  f o r  DC-10 t r a i n e e s .  
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DOWNRANGE DISTANCE 
Ift FROM THRESHOLD; TO NEAREST 50) 

FLARE RATING 

Figure  4.- Concluded. 
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IFR CONTROL 

K IFR PROCEDURES 
O l5 N=2J 

l o ;  



oe. APPROACH DESCENT RATE (ftfmin) 

oe GLIDE SLOPE DEVIATION (a, ft) 

15[  N = 1 3  
a 10 

Figure 6.- Phase I aircraft-measured data for DC-10 trainees. 



8 16 
SINK RATE AT TOUCHDOWN (ft/tso) 

1 0 1  N~~~ 
-I 

I .  I . ,  51_-L---_ 0 .  

. I .r $ O C__Z_t-- - --- - - - --=- ----- - 

VERTICAL ACCELERATION AT 
15 TOUCHDOWN (g) 

6 !!I 
6 . .  

Z O  
' 0  . . .  .. 

iij 
------- - ----- - - ---- 

Figure 6 . -  Continued. 



LATERAL ACCELERATION AT 
er TOUCHDOWN (g) 

15 

STANDARD DEVIATION OF VERTICAL 
3 15 ACCELERATION T.D. + 2.0 sec (g) 

2 lol N = 1 3  

Figure 6.- Continued. 



4'TANDARD DEVIATION OF LATERAL 
ACCELERATION T.D. + 2.0 sec (g) 



- TAKEOFF SCORE 

tc TAKEOFF RATING 
I 5 l ~ = n  a 10 

Figure 7.- Phase 11 observer scores  f o r  DC-10 t r a i n e e s .  



APPROACH RATING 

CC GLIDE SLOPE DEVIATION (DOTS) 

I 5 [ - N = 2 3  
10 t- 

Figure 7.- Continued. 



M AIRSPEED DEVIATION (mph) 

LT LANDING RATING 

Figure 7.- Continued. 
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F i g u r e  7.- Concluded. 
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F i g u r e  10.- p t ~ c ~ ~ ~ ~  R-727 t r a i n e e s  c o r r e c t l y  c l a s s i f i e d  as having had n i r c r i i f t  
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Figure 14.- Relationship between touchdown sink rates  i n  the simulator and 
a i r c ra f t  . 
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