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PSYCHOPHYSIOLOGICAL AND OTHER FACTORS AFFECTING 

HUMAN PERFORMANCE IN ACCIDENT PREVENTION AND INVESTIGATION 

Dr. Lawrence R. K l  i n e s t i  ver- 

S c i e n t i s t  

System Sa fe t y  D i v i s i o n  

EG&G Idaho, I n c .  

Idaho F a l l s ,  Idaho 

ABSTRACT. Psychophys io log ica l  f a c t o r s  are no t  uncommon terms i n  t h e  a v i a t i o n  

i n c i  dent /acc i  dent i n v e s t i g a t i o n  sequence where human e r r o r  i s  invo lved .  I t  i s  

h i g h l y  suspect t h a t  t he  same psychophys io log ica l  f a c t o r s  may a l s o  e x i s t  i n  t he  

i n d u s t r i  a1 2 r e n a  where ope ra to r  personnel  f unc t i on ;  but ,  t h e r e  i s  1  i t t l e  

evidence i n  l i t e r a t u r e  i n d i c a t i n g  how management and subord inates cope w i t h  

these  f ac to r s  t o  p reven t  o r  reduce acc idents .  I t  i s  apparent t h a t  "human 

fac to r s "  psychophys io log ica l  t r a i n i n g  i s  q u i t e  ev iden t  i n  t he  a v i a t i o n  

i ndus t r y .  However, w h i l e  t h e  i n d u s t r i  a1 arena appears t o  analyze 

psychophys io log ica l  f a c t o r s  i n  .accident i n v e s t i g a t i o n s ,  t h e r e  i s  l i t t l e  

evidence t h a t  es tab l i shed  t r a i n i n g  programs e x i s t  f o r  supe rv i so rs  and ope ra to r  

personnel.  

INTRODUCTION. Human phys i  01 og i  c a l  p r o b l  ems were encountered i n  t he  1 a s t  

cen tu ry  du r i ng  h i  gh-a1 t i t u d e  b a l l  oon ascents. These p h y s i o l o g i c a l  

d is tu rbances  were documented as causal  f a c t o r s  i n  ba l loo r l  acc idents ' ' ) .  As 

a i r c r a f t  became more soph i s t i ca ted ,  enab l ing  them t o  venture i n t o  h o s t i l e  

environments, i t  became obvious t h a t  p h y s i o l o g i c a l  and psycho log i ca l  f ac to r s  
( 2 )  were t he  cause o f  many acc iden ts  . 

"Human Fac to rs "  entered t h e  scene d u r i n g  World War I 1  which i m p l i e d  n o t  o n l y  

human engineer ing, bu t  a1 so p h y s i o l o g i c a l  and psycho log ica l  aspects as 
( 2 )  w e l l  . 
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I n , t h e  e a r l y  f i f t i e s ,  t h e  USAF became concerned about " p i l o t - e r r o r "  problems 

and, as .a r e s u l t ,  numerous s tud ies  were conducted t o  de f ine  these problems. 

The American I n s t i t u t e  f o r  Research conducted an ex tens i ve  s tudy  f o r  t h e  USAF 

School o f  Av i  a t i o n  Medicine, Randolph AFB, Texas, r ega rd ing  human f a c t o r s .  

Th is  s tudy  n o t  o n l y  i n v o l v e d  a i r c r a f t  acc idents ,  b u t  i nc l uded  v a r i ~ u s  

i n d u s t r i  a1 and highway acc iden ts  ( 3 ) .  Areas o f  i n t e r e s t  were f a t i g i e ,  

ano.xi a, mood, personal  s t r e s s  and emoti onal  upset, genera l  s t a t e  o f  hea l th ,  

n u t r i t i o n a l  s t a tus ,  morale, drugs, and a t t i t u d e  toward s a f e t y  and s a f e t y  

p r a c t i c e s .  

A  l i s t  o f  "Psychophys~ io l~og ica l "  and "Environmental  Fac to r s "  were developed 

severa l  years ago by t h e  J o i n t  Serv ices  Committee, and was des ignated t h e  

7 1 1 g ~ ( 4 )  (F i gu re  1 ) .  Acc ident  i n v e s t i g a t o r s  and f 1 i g h t  surgeons have become 

very  f a m i l i a r  w i t h  t h i s  human f a c t o r s  c h e c k l i s t .  The 711gA has p rov ided  

acc iden t  i n v e s t i g a t o r s  a  s tandard ized  method and broader v i s i b i l i t y  i n  o rder  

t o  p reven t  ove rs i gh t s  and omissions d u r i n g  t h e  acc iden t  i n v e s t i g a t ' i o n  process. 

Purpose and Ob jec t i ves .  Al though psychophys io log ica l  and env i ronmenta l  

f a c t o r s  are well-known terms throughout  t h e  a v i a t i o n  i ndus t r y ,  t hey  can be 

i nvo l ved  i n  many o the r  d - i s c i p l i n e s  d u r i n g  an acc iden t / i nc i den t  sequence where 

human e r r o r  becomes ev iden t .  These f a c t o r s  may su r f ace  i n  such areas as 
nuc lear  power p l an t s ,  c o a l - f i r e d  power p l a n t s ,  t h e  t r a n s p o r t a t i o n  i ndus t r y ,  

and many o the r  d i s c i p l i n e s  where human opera to rs  are invo lved .  

I The purpose, then, i s  t o  r a i s e  ques t ions  as t o  how management, superv iso rs ,  

and opera to rs  understand, t r a i n ,  and c o n t r o l  these psychophys io log ica l  f a c t o r s  

t h a t  e x i s t  i n  t h e i r  d a i l y  o p e r a t i o n a l  environment. The answers . to  these  

ques t ions  becane our o b j e c t i v e .  

Approach. F i r s t ,  a  l i t e r a t u r e  search and rev iew was conducted i n  known areas 

o f  e x p e r t i s e  i n  acc iden t  i n v e s t i g a t i o n  t o  see what common psychophys io log i  c a l  

f a c t o r s  appear f r om the  i n d u s t r i  a1 acc iden t  i n v e s t i g a t i o n s  t h a t  a re  comparable 



t o  the  a v i a t i o n  te rmino logy .  Second, d u r i n g  t h i s  review, s p e c i a l  

cons ide ra t i ons  were d i r e c t e d  t o  see how much emphasis was p laced  on human 

f a c t o r s  t r a i n i n g '  i n  psychophysiology w i t h  regards  t o  i n d u s t r i a l  opera t ions .  

Resu l t s  of Stud ies Conducted i n  t h e  Av i  a t i o n  Environment 

1. A - t o t a l  of 18 j e t - f i g h t e r  a i r c r a f t  mishaps were i n v e s t i g a t e d  o r  

reviewed u t i l i z i n g  AF Form 711gA dnd a  USAFSAM/HF (Tables 1 
and 2).  A  human f a c t o r s  e v a l u a t i o n  sumnary i n d i c a t e s  t h a t  superv is ion ,  

expe r i ence / t r a i n i ng ,  r a d i o  communications, env i ronmenta l ,  and psycho log i ca l  

f a c t o r s  were no t  prominent  i n  these  mishaps (Tab le  3) .  However, t h e  711gA 

ca tegory  "Other Factors" ,  spec i f  i c a l  l y  t he  expanded USAFSAM f a c t o r s ,  were 

dec ided ly  predominant i n  these  mishaps. A  no tab le  obse rva t i on  i n  t h e  72-hour 

p r o f i l e ,  no rma l l y  prepared by t h e  f l i g h t  surgeon, was t h a t  i t  became a  j o i n t  

e f f o r t  w i t h  t h e  human f a c t o r s  adv isor .  A l though t h e  72-hour p r o f i l e  does n o t  

appear t o  be a  s i g n i f i c a n t  f a c t o r  i n  these acc idents ,  t h e  importance o f  

o b t a i n i n g  v i t a l  i n f o r m a t i o n  rega rd ing  f a t i g u e ,  n u t r i t i o n , .  1  i'fe s t y l e  changes, 

and s t r e s s  ( p h y s i c a l  and menta l )  sometimes determined t he  acc iden t  board 's  

approach t o  t he  pro'blem. 

2. A  second s tudy  was conducted a t  t he  A i r  Force I n s p e c t i o n  and Sa fe t y  

Center (AFISC) Nor ton AFB, C a l i f o r n i a ,  s imultaneous t o  t h e  p r i o r  f i e l d  

s tudy(6) .  Th is  s tudy was based on t he  premise t h a t  b o t h  humans and t he  

environment i nhe ren t l y .  con ta in  t h e  p o t e n t i  a1 f o r  an acc ident .  By i s 0 1  a t i n g  

t h e  opera to r  and env i ronmenta l  va r i ab les ,  which h i s t o r i c a l l y  have been 

co-occur r ing  a t  t h e  t ime  o f  a  mishap, f u t u r e  e f f o r t s  of an i n v e s t i g a t i n g  team 

w i l l  be a ided i n  de te rmin ing  why t h e  acc iden t  occurred. Th i s  s tudy was 

accomplished by a  r e t r o s p e c t i v e  ana l ys i s  o f  76 opera to r - induced  mishaps over  

an 18-month per iod .  Through a process o f  i d e n t i f y i n g  and d e f i n i n g  110 

var iab les ,  f o u r  major  env i ronmenta l  and f o u r  major  opera to r  v a r i a b l e s  were 

i s o l a t e d  (Tab le  4) .  The env i ronmenta l  v a r i a b i e s  were weather, t r a i n i n g  

d e f i c i e n c i e s ,  spec ia l  miss ions,  and supe rv i s i on  ( p r i m a r i l y  command and 

c o n t r o l ) .  The opera to r  e r r o r s  were s i t u a t i o n  o r i e n t a t i o n ,  t ask  p r o f i c i e n c y ,  
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judgment e r r o r ,  and concen t ra t i on  de f i c i enc ies .  These conc lus ions  c l o s e l y  

p a r a l l e l  those  which were de r i ved  f r om on-scene p a r t i c i p a t i o n  i n  t h e  

i n v e s t i g a t i o n  o f  t he  18 mishaps mentioned i n  Study 1 above, d e s p i t e  t h e  f a c t  

t h a t  these  s tud ies  were conducted independant o f  each other .  

3. The BDM s tudy  con ta ined  a  sys temat ic '  i n v e s t i g a t i o n  o f  p i l o t  f a c t o r s  

i n v o l v e d  i n  a i r c r a f t  mishaps, f o c u s i n g  on A i r  Force f i g h t e r  and a t t ack  

a i r c r a f t ( 7 ) .  These mishap i  occur 'when t h e  p i  1  o t  i s  unable t o  respond w i t h  

t h e  p roper  f l i g h t - c o n t r o l  mechanisms t o  avo id  an acc ident ,  o r  more 

s p e c i f i c a l l y ,  t o  avo id  t he  s i t u a t i o n  a l t o g e t h e r .  There a re  o the r  ins tances  

where mishaps w i l l  occur, no t  because o f  a  p i l o t  m is take  o r  omission, b u t  

because t he  s i t u a t i o n a l  demands o f  t he  f l i g h t  exceed t h e  p i l o t ' s  

capabi 1  i ti es. Major  p i 1  o t  f a c t o r s  based on a i r c r a f t  acc i  dent 1  i t e r a t u r e  

rev iew are s i m i l a r  t o  t he  f i n d i n g s  i n  t he  f i r s t  two s tud ies  ( 5 y 6 . )  (Tables 5, 

6, and 7) .  

4. The T r i - S e r v i  ce s a f e t y  cen te rs  have p rov ided  s im i  1 ar psycho- 

p h y s i o l o g i c a l  f a c t o r s  as i n d i c a t e d  i n  e a r l i e r  The common 

th read  appears t h a t  i n  o rder  t o  min imize human e r r o r ,  t h e  amount o f  

superv is ion ,  t r a i n i n g ,  exper ience, a t t i t u d e ,  and understanding o f  the  

ope ra to r ' s  psychophys io log i  c a l  1  i m i  t a t i o n s  must be determined. 

Psychophysi o l o g i c a l  s t r e s s  and emot ional  d is tu rbance  appear t o  be a  dominant 

causal  f a c t o r  i n  human e r r o r  acc iden ts  and i n c i d e n t s  (Tables 8, 9, 10, and 11).  

Resu l t s  o f  Stud ies Conducted i n  t h e  C i v i l i a n  Environment . 

1. ' ~ u c l e % r  I ndus t r y .  Human f a c t o r s ,  e s p e c i a l l y  opera to r  e r r o r s  i n  

nuc lear  power p l an t s ,  have become an i n c r e a s i n g l y  common source o f  expressed 

concern among l e g i s l a t o r s ,  r e g u l a t o r s ,  t h e  nuc lear  i n d u s t r y ,  and t h e  genera l  

pub1 i c ( l l ) .  I n t e r e s t  i n  human fac to r s  eng ineer ing  has increased 

s i g n i f i c a n t l y  s ince  t h e  Three M i l e  I s l a n d  (TMI )  i n c i d e n t  and has i n f l u e n c e d  

t he  des ign o f  equipment, systems, f a c i l i t i e s ,  and ope ra t i ona l  environments t o  



promote safe, e f f . i c ien t ,  and r e 1  i abl  e  opera to r  performance(12). Th i s  a1 so 

i n v o l v e s  more e f f i c i e n t  procedures, b e t t e r  ope ra to r  s e l e c t i o n  and t r a i n i n g ,  

and cont ro l - room manning. The p o t e n t i a l  o f  "human e r r o r "  i s  o f in ipresent  and 
I 

can r e s u l t  from a  m u l t i t u d e  o f  causes; however, no t  a l l  causes imp l y  a  

de f i c i ency  on t he  p a r t  o f  the  ope ra to r (13 ) .  A v a r i e t y  o f  psycho- i 
p h y s i o l o g i c a l  f a c t o r s  may have been i n v o l v e d  i n  t h e  TMI i n c i d e n t  caus ing 

"human e r r o r "  and p o s s i b l e  performance d e f i c i e n c y  (Tab1 e  12) .  

2. ~ r a n s ~ o r t a t i o n  I ndus t r y .  A r ecen t  s t r ess /a l coho l  and motor -acc iden t  

s tudy  conducted a t  USC revea led  a  s u r p r i s i n g  s t a t i s t i c  on au tops ies  re l eased  

f r om t h e  Los Angeles County coroner ' s  o f f i c e .  S ix ty-one percen t  o f  d r i v e r  

f a t a l i t i e s  show evidence o f  va r i ous  s t r e s s  d iseases,and o f t e n  i n  advanced 

f orms (I4) .  There a re  many c o n t r i b u t i n g  causes t o  every  v e h i c l e  acc iden t  and 

many are vague. These vague, unde r l y i ng  causes do no t  u s u a l l y  su r f ace  i n  

v e h i c l e  acc iden t  i n v e s t i g a t i o n ;  however, t h e y  a re  more impor tan t  t o  acc iden t  

prevent i 'on t han  those which are apparent f r o m  .a mechanical  and ope ra t i ona l  

s tandpo in t .  

The v e h i c l e  acc ident  r a t e  f o r  EG&G Idaho, Inc., i s  r e l a t i v e l y  low d e s p i t e  t h e  

enormous amoidnt o f  m i l es .  t r a v e l e d  each year,  coupled w i t h  env i ronmenta l  ' 

problems d u r i n g  t he  w i n t e r  months. A rev iew has revea led  t h r e e  impor tan t  

i n c i d e n t s  where d r i v e r s  f e l l  as leep on t h e  journey  home from EG&G s i t e s .  

I n c i d e n t  r e p o r t s  have i n d i c a t e d  severe f a t i g u e  problems. EG&G Idaho, Inc., 

now has i n d i v i d u a l  work gui d e l i  nes which cover h i  gh- and 1  ow-sensi t i v i t y  

a c t i v i t i e s ,  t h a t  i nc l udes  emotional  o r  o the r  psycho log i ca l  and p h y s i o l o g i c a l  

s t resses (Table 13) .  

A l l  t h r e e  v e h i c l e  acc iden t  i n v e s t i g a t i o n s  were performed us ing  a  we l l -ba lanced  

c h e c k l i s t  t o  determine t h e  "why" o f  opera to r  e r r o r  i f  env i ronmenta l  o r  

mechanical problems were n o t  a  cause (Tab le  14) .  

3. Coal -F i red Power P lan t .  Coa l - f  i r e d  power p l a n t  o p e r a t i o n  i n t e r v i e w s  

, w i t h  u t i l i t y  r ep resen ta t i ves  c l e a r l y  i n d i c a t e  t h a t  t h e r e  i s  concern over 
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personnel  r e 1  i a b i l  i t y  i n  f o s s i l  - f u e l  power pl ants (15) .  Operators f e e l  t h a t  

some personnel e r r o r s  are random and i n e v i t a b l e ;  however, t h e y  suggested t h a t  

improvements cou ld  be made. The ou t s tand ing  r e s u l t s  f r om t h i s  s tudy  a re  t h e  

development of i n -  house programs t o  improve s u p e r v i s o r ' s  understanding o f  

personnel r e 1  i a b i l  i ty. T r a i n i n g  and r e d u c t i o n  i n  t u rnove r  were the:- most 

f r equen t  responses t o  reduce personnel e r r o r s .  However, u t  i 1 i t y  management 

personnel i n d i c a t e d  t h e r e  was a  1  ack o f  q u a n t i t a t i v e  evidence t h a t  a d d i t i o n a l  

t r a i n i n g  would reduce opera to r  e r r o r .  Psychophys io log ica l  f a c t o r s  were no t  

s t r o n g l y  i n  evidence here; however, superv is ion ,  human f a c t o r s ,  and d i s c i p l i n e  

are ques t ionab le  causes concern ing personnel e r r o r  (Tab le  15).  

CONCLUSIONS. It i s  apparent f rom the  1  i t e r a t u r e  rev iew t h a t  psycho- 

p h y s i o l o g i c a l  problems and o the r  f a c t o r s  e x i s t  no t  o n l y  i n  t h e  a v i a t i o n  

i ndus t r y ,  b u t  i n  o t h e r  i n d u s t r i a l  complexes where human opera to rs  a re  

invo lved .  There i s  ve ry  l i t t l e  evidence t h a t  i n d u s t r i a l  programs c o n t a i n  any 

t ype  o f  human f a c t o r s  psychophys io log ica l  t r a i n i n g .  However, t h e  J o i n t  

Se rv i  ces Sa fe t y  Counci l  recommended t h e  need f o r  g r e a t e r  awareness t r a i n i n g  i n 

human f a c t o r s  and suggested t h a t  each s e r v i c e  p rov ide  a  c u r r i c u l u m  

out! l ine/lesson p l a n  f o r  t h i s  t r a i n i n g .  S e l e c t i o n  o f  personnel,  t r a i n i n g  o f  

personnel,  arid u t i l j z i n g  proper  procedures, appears t o  be l e s s  than adequate 

i n  hav ing d i r e c t  e f fec t  on human performance. The rev iew  a l s o  suggests t h a t  

d e f i c i e n c i e s  i n  eng ineer ing '  des ign may reduce human performance, caus ing o r  

i ncreas ing human e r ro r s .  Some researchers s t a t e  t h a t  n e i t h e r  des ign 

improvement, t r a i n i n g ,  mo t i va t i on ,  procedures, r e s t ,  nor  s i m u l a t i o n  can reduce 

a1 1 r e s i d u a l  e r ro r s .  

There i s  evidence t h a t  some companies u t i l i z e  a  t ype  o f  an employee ass is tance  

program t o  h e l p  employees who have psychophys io log i  c a l  and emot ional  

problems. These programs are  u s u a l l y  conducted on an i n d i v i d u a l  bas i s  between 

employee and counsel or, unless o therw ise  requested by s p e c i f i c  groups. 



RECOMMENDATIONS. To reduce the  human e r r o r  p o t e n t i a l  and min im ize  t h i s  e r r o r  

t o  p reven t  acc i  dents, t h e  f o l l  owing recommendations are g iven:  

o  T ra in i ng .  E s t a b l i s h  a  psychophys io log ica l  and o the r  f a c t o r s  awareness 

t r a i n i n g  program t h a t  i s  compat ib le  w i t h  t h e  f a c i l i t i e s  i n v o l t e d  i n  o rde r  

f o r  operators  t o  g a i n  i n s i g h t  i n t o  t h e i r  l i f e  s t y l e .   noth he; words, 

i n d i v i d u a l s  should know and understand t h e i r  psychophys io log ica l  

1  i m i t a t i o n s  i n  regards t o  a p p l i c a t i o n s  t o  s t r e s s  and performance w i t h i n  

t h e  environment and t h e  requi rements o f  t h e i r  job.  Once a  l e v e l  o f  

understanding i s  achieved, c o n t i n u a l  re in fo rcement  should be ma in ta ined  

as an on-going process. 

o  Opera t iona l  Aids. Management must assure t h a t  personnel occupying 

ope ra to r  p o s i t i o n s  on complex consoles are a b l e  t o  per fo rm tasks  r e q u i r e d  

under normal and s t r e s s f u l  cond i t i ons .  For  example, can opera to rs  

respond t o  complex d i s p l a y s  under s t r e s s  i f  t hey  are no t  psycho- . 

p h y s i o l o g i c a l l y  a l e r t  a t  t h a t  p a r t i c u l a r  t ime?  ( i .e . ,  f a t i g u e ,  

hypogl ycemi a, etc.  ) . 

o  Correct Performance Our i  ng Operat i onal  A c t i v i t i e s ,  Develop opera t  i on 

s imu la to r s  t o  de tec t  f l aws  i n  human performance t h a t  shou ld  be 
i nco rpo ra ted  i n t o  t r a i n i n g  programs. 

o  Feedback of I n fo rma t i  on. S t r u c t u r e  s a f e t y  programs t o  i n c l u d e  

s t r e s s - r e l a t e d  problems on lessons learned  f r om p r i o r  acc iden t s / i nc i den t s  

r ega rd ing  human performance . 

o Human R e l i a b i l i t y  and Assurance. Ensure t h a t  screening of personnel  f o r  

h i ' gh - r i sk  assignments i s  g i ven  t op  p r i o r i t y .  These programs may no t  

appear t o  be economica l l y  f e a s i b l e ;  however, when faced w i t h  a  d i s a s t e r  

i n  a  h i g h l y  s e n s i t i v e  i ndus t r y ,  t h i s  program becomes v i t a l .  

o  A / I  Medical  I n v e s t i g a t o r s .  - Prov ide  a l l  medica l  i n v e s t i g a t o r s  i n v o l v e d  i n  

t h e  i n d u s t r i a l  arena w i t h  fo rma l  acc i  d e n t / i n v e s t i g a t i o n  t r a i n i n g  i n  o rder  

t o  o b t a i n  a  s tandard ized  psychophysi o l o g i c a l  p r o f i l e  where human e r r 0  , i s  

app l i cab le .  
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TABLE 1 

Habit interference ... used wrong control 

Confusion of controls. . . .other 

Misread inst~ument (s) 

Misinterpreted instrument reading 

Misled by faul ty instrument 

Visual res t r ic t ions  .... by equipment, structures 

Task oversaturation 

Inadequate coordination or  timing 

Misjudged speed or  d i s  tcmce 

Selected wrong course of action 

Delay i n  taking necessary action 

Violation of f l i g h t  discipl ine 

Navigational error 

Inadvertent operation .... self-induced 

Inadvertent operation .... mechanically induced 

Other (Specj-fy) 



USRT:SAb4 : OTI-ER FACTORS 

Aircrew discipl ine 

Violation of directives 

Command and control 

Q Judgment 

Crew coordination 

Flight coordination 

Task evaluation 

o Cockpit design 

o Pi lo t  d is t rac t ion  

Situational awa.reness 

Pilot-  induced er ror  

Motivation 

Peer pressure 

0 Supervisor pressure 

W i l l  t o  succeed 



INCIDENCE OF VART.ABLI-',S IN CLASS A MISWS 

Variable 

1. Weather 

a.  C1imati.c Conditions 

b. Time o:F Day 

(1) Daylight 

(2) Darkness 

(3) 'Transit ion 

2 .  Equipment Failure 

a.  Aircraf t  

b. Support 

3. Equipment Design - 

a.  Ai rc ra f t  

b. Support 

4 .  Equipment Shortages 

a.  Ai rc ra f t  

, b. Support 

5. Training 

a.  .Event Proficiency 

b . Procedure/Teclmique 
Inadequacy 

6. Special Mission 

a .  Actual 

b. Perceived 

7. Supervision 

a.  Command Control 

t b. Supervisory Pressure 

c .  Double Standard 

d. Briefings 

% Total % Collision % Control Loss 

' 34 35 32 



TABLE 4 (cont Id) 

Variable % Total 

8; System Overcommitment 2 1  

a.  Task Demands , 1 7  

b. Multiple Tasks 7 

9. Phase of Flight ., 
a. Takeoff 0 

b. Clinlbout 5 

c. Enroute 1 2  

; d. Range 62 

e. Descent 8 

f .  Landing 13 

10. Mission Element 

a.  SAM Break - 
b. L/L Nav 

c . L/L ' Maneuver 

d. Air-to-Grnd Ord 

e.  Air-to-Alr Eng 

' (1) DACT 

(2) SACT 

f .  Acrobatics 

(1) Confidence 

(12) Demonstrat-ion 

g. Formation 

(1) Rejoin 

(2) ManeuverGig ' 

h. Search and Rescue 

i. Basic Acft Maneuvers 26 

11 ,, Deployed 2 4 

12 .  Preexistirig Illness/Uefect . 14 

% Collision % Control Loss 

13. Nutritional State  4 



TABLE 4 (contld) 

Variable % Total % Collision :% 'Control 'Loss 

14. Drugs 3 5 

15. Fatigue 2 2 28 

16. G.A.S. 28 28 

17. Situation Disorientation 4 7 6 4 

18. Circadian Rhythm 

19. Age (Average) 

20. Task Proficiency 

a. Total Time (Avg) 

b. UE Time (Avg) 

c. No Prior 

d.' No Recent Prior 

e. Recent but First 

21. Confidence 

a. Self 

(1) Over 

(2) Under 

b. Equipment 

(1) Over 

(2) Under 0 0 

22. Sclf -Overcunu~~itment 36 44 

a. Task Demands 4 2 41 

b. Multiple Tasks , 

2s. Habit Substj,tl.lt.ion 

24. Decision Delay 

25. Concentration 

a. Channelized Attn 

- b. Distraction 

(:I) Fhys ical 

(2) Mental 

c. Inattention 

d. Habituation 



Variable 

26. Judgment Error 

27.  Discipline Breakdown 

28. Weak Pi lo t  

29. Co-pilot Syndrome 

30. Violation of Regs 

TABLE 4 (contld) 

% Total %Collision % Control Loss 
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TABLE 5 
! 

MAJOR PILOT FACTORS BASED ON AIRCRAFT M I S W  LITERA?'URE REVIEW 

' FACTORS 

CIiRNNELIZED ATTENTION 

DISCIPLINE 

DISORI ENTATI ON/VERT I GO 

DISTRACT I ON 

EXPERIENCE 

FAT1,GUE 

PANIC 

PERSONI\LITY Q WACTERISTICS 

PILOT AGE 

PILOT'S PHYSICAL CONDIT1,ON 



TABLE 6 

MAJOR PILOT FACTORS ASSOCIATED WITH AIRCRAFT M I S W S  

Factor 

CHANNELIZED ATTENTION 

DISTRACTION 

DISORIENTATION/VERTIGO 

EXCESSIVE MOTIVATION TO SUCCEED 

OVER- C O W  I DUKE 

STRESS 

. APPREHENSION 

VISUAL ILLUSION 

BDM 
. Coding 

. . 
Air Force 

' ' 'Coding 

'~id not evaluate this factor 



TABLE 7 

 IAN FACTORS INVESTIMTED BY CXWIAN FORCES 

PHYSIOLOGICAL STRESS 

HYPOXIA 

DISORIENTATION 

HEAT STRESS 

COLD INJURY 1 

INTOXICATION BY CO/OTHERS 

DECOMPRESSION SICKNESS 

AIR SICKNESS 

ACCELERATION 

BAKOTITIS MEDIA 

UPSET OF CIRCADIAN RI-lYTI-IM 

* INCAPACITATION 

HYPOGLYCJ34IA 

HYPERVENTILATION 

CObBINED STRESSES : ALCOI4OL 
FATIrn 
NUTRITION 
SELF-MEDICATION 

PVfCHOSOC 1AL FAC'T'ORS 

PRETI'OUS 30 DAYS DUTY/OFF DUTY HISTORY 
PREVIOUS 3 MONTHS HISTORY INCLUDING : LIFE CHANGE 
(FAMILY , PERSOW, F INANCIAL , O A T  IONAL) 

IAI 1% STYLE (BIOGlWilY , AC'I"IVITIES/I-IRBITS, DRIVING) 
ATTI.TUDE AND MOTIVATION 
GENERAL INTELLIGENCE, EMOTIONAL STABILITY 

I'ERSONALITY CkWC'TER'ISTICS AND BEHAVIOR 



TABLE S 

ITEMS TO BE ANALYZED 
FOR DEVELOPMENT OF A PRELIMINARY HAZARD LIST 

REQUIRES ' NOT 
HAZARDIMISHAP CAUSE EVALUATION APPLICABLE 

Superv iso ry  Factors-  

Acceptance o f  R e s p o n s i b i l i t y  

Qua1 i f  i c a t i  o n s / I n t e l  1 igence/Exper ience 

T r a i n i n g  ( I n c l  ud ing  Emergencies) 

Team Coord inat ion/Crew D i s c i p l i n e  

Mora le  

I l l n e s s / P h y s i c a l  D i s a b i l i t i e s  

A1 e r t n e s s  

V e r t i g o / D i s o r i e n t a t i o n / V i s u a l  I l l u s i o n s  

Responsiveness 

Perceptions/Human Fac to rs  

React ions 

S igh t /Co l  o r  B l  indness 

Hear ing  

S t reng th IFa t i gue  

S t ress  (Phys i ca l ,  Psycho log ica l  ,Phys io l og i ca l  ) 

Buddy Sys tern Re1 i ance 

Emotional  S t a b i l  i t y  

Comrnunication/Language D i f f i c u l t y  

C l o t h i n g / P r o t e c t i v e  Wear 

Boredoni/Complacency/Fixation/Hypnosis 

E f f i c i e n c y  

Capabi 1  i t y  (Task Loading ) 

Overconf idence 



TABLE 

ITEMS TO BE ANALYZED FOR DEVELOPMENT 

OF A 
PRELIMINARY HAZARD LIST 

ELEMENT: AEROSPACE VEHICLEISUBSYSTEM 

HAZARDIMISHAP CAUSE 

F i r e l c o r k e r  P o t e n t i a l  

Explosion/Implosion/Overpressure 

E l  e c t r o c u t i o n / E l e c t ~ i  c a l  Burns 

E l e c t r i c a l  Fa i lureIBackup Power 

I n a d v e r t e n t  E l e c t r i c a l  A c t i v a t i o n  

Rad ia t i on  ( , Ion iz ing /Non ion iz ing)  

S t r u c t u r a l  Fa i  1 u re  

Engine Fai lure/Emergency Power 

Mechanical /Hydraul  i c Fa i  1 u r e  

Humid i t y  "p 

Leakage 

1,mpact 

Corros ion/Tox i  c i  ty  

Acce le ra t i on  

A i r / F l u i d  Contaminat ion 

Excessive No i se /V ib ra t i on  

Extreme ColdIHeat 

F lood~ng /Loss  o f  Buoyancy 

~ n s t r u m e n t  R e a d a b i l i t y l C o n t r o l  
A c c e s s i b i l i t y  

AEROSPACE VEHICLEISUBSYSTEM 

REQU'IRES 
EVALUATION 

. . . .  
. . . . . . . . . . . . . . . . . .  

. . . . . .  
. . . . . . . . . . . . . . . .  

- 

. 

r 

NOT 
APPLICABLE 

- . 

- 



Life Event 

Death of Spouse 

Divorce 

Marital separation 

J a i l  Term 

Death of close family member 

Personal injury or  i l lness  

Marriage 

Fired a t  work 

Marital reconciliati.on 

Ret irelnent 

Chmges i n  fanii:Ly ~neniber ' s health 

Pregnancy 

Sex d i f f i cu l t i e s  , 
Gain of new family member 

Business readjustment 

Change i n  financial  s t a t e  

Death of close friend 

Change t o  d i f fe rent  l i ne  of work 

Change i n  no. arguments with spouse 

FF1ortgage over $10,000 

Foreclosure of mortgage or  loan 

Change i n  work responsibi l i t ies  

Son or  daughter leaving home 

'L'rouble with in-laws 

Outstanding personal. achievement 

Wife begins or  stops work 

Begin or  end school . 

Change in living condi tiorls 

llevision of personal habits 

Trouble with boss 

' Me&i 'Value 



TABLE 10 (cont Id) 
. ~ 

Rank 

Change in work hours, conditions 

Change in residence 

Change in schools 

Change in recreation 

Change in church activities 

Change in social activities . 

Mortgage or loan under $10,000 

Change in sleeping habits 

Change in no. family get-togethers 

Change in eating habits 

Vacatlon 

Chris laas 

Minor violations of the law 

Marital' separation 

Change in responsibil.i.ty at work 

Change in living condi.tions 

Revision of personal habits 

Change in working hours or conditions 

Change in residence 

Change in recreation 

Change in social act ivit'ies 

Change in sleeping habits 

Change 'i? eating habits 

Meziri 'Value 



.TABLE 11 

ACCIDENT OF AVIATION SYSTEM INADEQUACIES IN RANK ORDER 

Inadequate psychophysiological state: overconfidence in others 

Inadequate psychophysiological state: judgment 

Inadequate psychophysio1ogical state: motivation or mood: command pressure, 
excessive self-motiv3tion, get-hom-itis, peer. pressure 

Inadequate unit trainiig 

Inadequate school training 

Inadequate psychophysiological state: inadequate written procedures for 
operation in normal man-machine-environmental conditions 

Inadequate psychophysiological state: maintenance not performed or 
performed inadequately: inspection, installation, troubleshooting 

Inadequate psychophysiological state: attention 

Inadequate psychophysiological state: composure 

Inadequate supervisionjcoordination: unit commander 

Inadequate psychophysiological state: overconfidence 

Inadequate psychophysiol ogical state: habit inte~ference 

Inadequate written. procedures for operation in abnormal!emergency 
, man-machine-envi ronmen tal conditions ' 

Inadequate psychophysiological state: fatigue, i 1 1  ness, or effect of 
alcohol/drugs 

No. 

8 

16 

17 

$ Cost $ 

* 
1 6 a  7" * Cost = No. of inadequacies ; aircraft damage + property damage injury/fatal.ity cost 



e OPERATOR FACTORS IN I3JhW ERROR INCIDENCES 

- fatigue 
disorientation 
distraction 
motivation 
forgetting 
confusion 
expectancy or set 
psychological stress 
inadequate reasoning/problem solving c-apability 
inadequate skill levels 
inadequate knowledge 

0 OPERATIONAL FACTORS IN HUMAN ERROR INCIDENCE 

- the constraints 
- interfering activities 
- poor communications 
- excessive workloads 
- environmental stress (noise levels, lighting, levels, 

temperature, etc. ) 

s DESIGN FACTORS IN HUMAN ERROR INCIDENCE 

- control/display location 
- control/display arrangement 
- control/display identification or coding 
- control/display operation or response 
- information availability 
- information readability 
- availability of feedback information 

o PROCEDURAL FACTORS IN HUMAN ERROR INCIDENCE 

- erroneous instructions or di.rect:i.ves 
- incomplete or inconsistent instructions 

, - confusing directives 

@ TRAINING FACTORS IN I-KJbIAN ERROR INCIDENCE 

- inadequate knowledge training 
- inadequate skill training 



EGGG INDIVIDUAL WORK DURATION GUIDES 

I-Iigh-sensitivity Act iv i t i es :  Act iv i t i es  where personnel a r e  working under extreme 

~~sycho log ica l  a.nd physiological s t r e s s .  

Low-sensitivity Act iv i t i es :  ~ i ~ h t  e~notional o r  other psychological s t resses .  

Supervisors Branch 
Managers 

18 hrs .  cont. 

24 hrs/40-hr 
period High 

Sensi t iv i ty  -, - 
16 hrs .  coht 

24 hrs/48-hr 
period 

Directors o r  
Division Managers 

20 hrs.  cont. 

Over 24 hrs/40-hr 
period 

Low 
Sens i t iv i t9  . ' 

, . 

General Manager 
o r  SD Director 

- 
over 20 hrs .  cont 

y 

64 hrs/wk 

Over 20 hrs .  cont. 

Over 64 hrs/wk 

- 

Over 64 hrs/wk 

4 

I 
48 hrs/wk 

18 h r s .  cont 

56 hrs/r\rk 

56 hrs/wk 

20 hrs .  cont. 

64 hrs/wk 



TABLE 1 4  

FACTORS CONSIDERED 

Job Assignment 

Responsibilities 

Project pressure 

~ e l i a b i l i t y  of the employee 

Health 

Toxic exposures, historical: 

Radiation exposure 

Driving experience 

Driving record 

Normal modes of transportation 

Fatigue, inmediate, ancl chronic 

Food 

Location of incidents 

Toxic exposures, i n  the vehicle - vehicle condition 

E r  iving boredom 

Worries, on the job 

tlome l i f e ,  

Recreation 

Habits, personal 

Vehicle control 

Group exposure- (highway miles) 

Hours of work control - contention 

Availabili ty of food 

Availability of beds 



MOST IMPOIXTANT 

Equipment 3 
Desim3 

Pc:'onnel 3 
Selection 

Root Cause 2 
Analysis 

TABLE 15 

RECOhlMENDATIONS TO REDUCE PERSONhrEL ERROR, 

THE NUMBER OF UTILITIES SUGGESTING I?' 

SECOND 
MOST IMPORTANT 

THIRD 
MOST IblPORTRNT 

Training 13  

Turnover 5 

Human 3 
Factors 

Discipline 2 

1 
Increased t raining 

2 
Reduced tupover  , . 

Equipment 6 
Design 

Turnover 5 

Supervision 3 

Training 3 2 

Equipment 
Design 

I h m a n  3 
Factors 

Supervision 4 

Personnel 3 
Selection 

Root Cause 3 
Analysis 

Employee 3 
Attitudes ' 

Scheduling . 2 

Vendor 2 
Instructions 

3 
Improved equipment design t o  reduce error  




