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The 1974 and 1975 aircraft accident experiences of civilian pilots with eight select-
ed static physical defects have been examined and reported previously . Three cate-
gories——blindness or absence of either eye , deficient color vision with a waiver , and
deficient distant vision——had significantly more accidents than were expected on the
basis of observed—to—expected ratios. However, pilots with these conditions reported
considerably higher median 6—month flight times than did an active airman population
sample and accident airmen without selected pathology . In 1975 the reported recent
and total flying times for all airmen with these defects were determined and accident
rates were calculated . The rates for airmen with blindness or absence of an eye were
still found to be significantly higher. The contact lens group was also selected to
receive special attention in a study of the 1976 accident data because marginal sig-
nificance was found on analysis of the 1975 data and , after 1976, this group will not
carry a pathology code or require a waiver and thus will be difficult to study .

Observed—to—expected ratios for 1976 are 1.91 for deficient color vision with a
waiver, 1.28 for contact lens users, 1.37 for blindness or absence of either eye, and
1.62 for deficient distant vision. The accident rates per 100,000 hours of cumulative
and last 6 months’ flying experience were significantly greater for contact lens users
and monocular pilots than for the active airman population.,.The other groups had no
consistently significant differences. Each accident was reviewed to determine time of
day, phase of flight, weather conditions, and recen t f l ight experience in an attempt
to determine bases for the findings. None was found.
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THE 1916 ACC IDENT EXPERIENCE OF CIViLIAN PILOTS
WITH STATIC PHYSICAL DEFECTS

1 . I ut rt due t ion .

The 1974 and 1975 aIrcraft accident experiences of civilian pilots with
ei ght selec t ed stati c physical defects have been examined and reported pre—
V l o u s l v  (1 , 2 ) .  These condition s were blindness or absence of either eye , use
01 c o n tac t  lenses , d e f i c i e n t  color vision with a statement of demonstrated
abilit y (w a i v er )  and no ope ra t iona l l i m i t a t i o n s, d e f i c i e n t  color v i s i o n  w i t h
a r e s t r i c t  t on “not v a l i d  fo r  night flight or color signal control ,” deficient
d i st a n t  v is ion , p a r a p l e g i a , deafness , and a m p u t a t i o n s .  For each ca tegory  we
determined t he’ number in the active airman population , the  rate per 1,000
airmen , the e xpected number of accident airmen on a ratio basis to total air-
men and tota l ace ident  s , the  observed a c c i d e n t  airmen , the observed—to—
expec ted ac c i den t  a i rman rat io , and the statistical si gnificanc e by the chi—
squar e  t e s t .  Three gr oup s — — b l in dn e s s  or absence ot e i t h e r  eye , d e f i c i e n t
c ol o r  v i s i o n  w i t h  a wa ive r , and defi cient distant vision——had si gnifican t ly
more acc iden t s  t han were  expected on the  ba si .s of oh se ’rv ed— to— exp e ’ct ed ra t  in s.
in 1974, pilots w i t h  these t h ree  c o n d i t i o n s  re ’p~~r~ ed cons ide r ab ly  hi gher
( 4 -  to 8—fold) median 6—month fli ght t imes in the 6 months preceding their
most recent  physical examinations before their accidents - t han d id an active
a i r man  p o p u l a t i o n  sam p le , but the study was not desi gned to &etermine  th e
role ’ ot exposure  by c a l c u l a ti o n  ot a cc i den t  r a te s .

in 1975 t h e  same th ree  ca tegor ies  p l u s  the  con tac t  lens group  had mpre
.aee id en t s  t h an  were ’ expected as dem o n s t r a t e d  by the  obse rved—to— expec ted
r a t i o .  T h i s  year the self—reported 6—month and t o t a l  f l y i n g  times b r  all
a i r m en  and . i l l  a i r m e n  w i t h  t h e  th ree ’ d e f e c t s  si g n i f i c a n t  in 1974 were d e t er —
mined  and ace [dent r a t e s  we’re c a l c u l a t e d . The’ r a t e s  f o r  . i i  rmen w i t h  h i  m d —
ness or absence o I an eve wer e ’ found to  be s i g n  i t  ( c an t  iv  hi gher than t h e
t o t a l  ac t  i v & a t  rman popu tat ion . The r a te s  f o r  a Ir m e n  w i t h  dcl Ic  lent distant
V I s  ton and def Ic lent color v i s i o n  and a w a i v e r  were not s igni I lean t  when t h e
b—month  f l y i n g  t imes were used ; the  r a t e  fo r  the co lo r  v i s i o n  group u s i n g
t o t a l  t ime was s i g n i f i c a n t ly  h ighe r  hut  was f e l t  to he ol marg ina l importance
c on s i d e r i n g  the’ 6—month  r a t e .

m d  iv [dua l ace [dent records  we’re r ev iewed to  dt~t crm t iie aiiv poss ib le
re’ t a t  lonsh i p between v i su a l de t cc s vi t he’ pilot and ace I dent  cause ’ , phase ot
f l i g h t , type of flying , time ’ of day, and weather but no unusual associations
we’r e’ dete rmined .

The cont at t lens group was selected to receive s p e c i a l  at ion in a
stud y of the  1976 da ta  because ’ a m a r g i n a l s i g n i b  icance was found in the  ana l-
ysis of t he  1975 a c c i den t s and , o t t e r  1976 , t h i s  group w i l l  not car ry  a
pa tho logy  code’ or requi re  a waiver and thus  w i l l  be very  d i f f i c u l t  to s t u d y .
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II. Method.

For the 1976 active airman population of 780,408, the numbers were deter-
mined who had blindness or absence of either eye (includes uncorrectable dis-
tant visual acuity of 20/200 or worse in one eye); contact lenses; deficient
color vision but who had taken and passed a signal light gun test and had no
operational limitation ; and deficient distant vision (uncorrected distant
vision poorer than 20/100 for f irst and second class, or does not correc t to
standards for any class). The deficient distant vision category ordinarily
includes many who also have absence of an eye and some who wear contact lenses,
but these were subtracted for this study .

For each of these four categories, their representation per 1,000 active
airmen , expected frequencies I or 4,355 total accidents, actual accident expe-
rience, ratio of observed to expected accidents , and significance by the chi—
square test were calculated .

Total and last-6—months civilian flight hours, reported at the time of
the most recent physical examinations, were obtained for all active airmen ,
those with blindness or absence of either eye, those with deficient distant
vision, those with deficient color vision, and those who wear contact lenses.
From these flight time data , accident rates per 100,000 hours of flying
experience, both total and in the last 6 months, were calculated and
statistically compared .

Finally , the records for all accidents involving pilots in one of these ¶
four defect categories were reviewed by the authors to determine if medical 4
conditions had been considered by the accident investigators or if time of
day , phase of f l ight, nature of the accident , or other findings offered any *
plausible explanation for the accident experience of these groups.

III. Results.

The numbers of active airmen in each of the four categories and their
accident experience in 1976 are shown in Table 1. The 1974 and 1975 data are

‘ included for comparison. Again , the same four categories had more than their
è~~ected numbers of accidents—-deficient color vision with no restriction ,def ie~ent distant vision, blindness or absence of either eye, and contact )

lens use.

When the •ccident experiences of airmen with each of the four static
defects of major concern were compared with the total active airman popula-
tion accident experience per unit of total (cumulative) and recent (6 months)
exposure (Table 2), both rates for airmen with blindness or absence of an
eye were again found to be significantly higher as were those for the contact
lens group, the rates for those with deficient color vision were again sig-
nificant when total experience was used but not significant when calculated
for recent exposure. Similar findings to those for color vision were observed
for the deficient distant vision category.
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Review of each of the accidents and extraction of factors of interest
and concern did not reveal any unusual associations of these accidents with
weather , time o f day , mid—air  collisions, or agricultural flying . Physical
findings had not been ascribed causal roles. Landing accidents, which
usually account for about 40 percent of the total , were listed in our pre-
liminary tabulation as the phase for 89 percent of the monocular pilot acci-
dents. However , after review of the reports for the correct phase and
adjustment for emergency landings reportedly caused by mechanical problems ,
the final figure was 41 percent (15 of 37). Of these, two struck objects
(power line , trees) on approach , one misjudged snow depth , two landed left or
right of the runway , four ran off the end of the runway (one on a downwind
landing) , two lost directional control, and one accident was blamed on a
downdraft .  Most of the 15 were pilot factor accidents but not definitely
associated with their visual problems . Binocular pilots have similar acci—
dents. Some of the accidents with “loss of power ” and other cited mechanical
problems could also have been due to human factors; mechanical problems can
be caused by human errors and loss of power is an easy excuse for landing
short.

When the medical records of 36 “monocular ” pilots with the 37 accidents
were reviewed , we were surprised to learn that 3 had been miscoded and 5 who
were originally correctly coded were subsequently reported as having better
than 20/ 200 corrected visual acuity in their “bad” eye.

No corrections to the tables and calculations have been made as a result
of this finding. We assume that the errors and variations apply equally to -

the 37 accident airmen and to the 4,855 total “monocular” airmen groups. The
ratios and rates which we have calculated here are, by definition, estimates
and we feel that they are still best estimates. We do not have sufficient
resources or priority to review all 4,855 medical records at this time.

Of the 36 monocular airmen who had accidents, 18 had no useful vision
in one eye, 9 had best corrected vision of 20/200 or worse in one eye, 5 had
previou ’ visual recordings which caused correct assignment of a monocular
code but do not presently meet the criteria, the record cannot be located for
one , and 3 never should have been coded as monocular . One of the non—monocular
pilots had two accidents in 1976.

Six of the 37 accidents were fatal; 2 of these 6 pilots did not meet
the monocular criteria at the time of their accidents.

No unusual associations were found with phase of flight , accident cause,
weather , time of day, or recency of experience for the contact lens, deficient
distant vision, or deficient color vision groups, either.

IV. Conclusions.

Despite the recent discovery of errors and variations in the assignment
of the code for monocularity , the increased accident ratios and rates for
monocular pilots, which have been observed for 3 consecutive years, are felt
to be real. However , there is no clear indication at this point of the exact
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nature  ot t he’ probl em or how to  avoid  f t  . No changes In med ica l  stand.irds ot
pol Ic tes are proposed at t h Is t ime’ . S tud  it ’s hav e shown norma l p er t  ormanci ’
by b inocular p i l o ts  sudden ly  rendered monocular  ( t ,.~ , so no t u r t  her i

is recon~ ended , eith er , for now .

We Jo suggest g r e at e r  Oval ene’ss ci t he’s..’ find ings and out concern , In-
creased knowledge ’ about  d e p t h  pete ..‘p t ton , and ret’e~~I~ it ion ol he’ .11 ~.ad v.i i t t  ages
of m o n ocu l ar i t v  by t light instructors , pitvs Ic tans • at  t c~~Lt ’d at  rmt n , and
accident inve’sttgators .

At a recent s t a t  I seminar , l’ visual cues t o t  d ep t h  p er cep t  ton  we~re~
Ident  ii ted . Only two (stereops Is and conver ge nc e’) are  h inoe ’t i l  or • t h e ’ ot h er
13 are monocular  inc ludin g  ret (n o t  s I :e , wit (cli is bet t t’t t han s i ’t . ’o~’s I s , and
tno t ton ~~ r a 1 lax , w h i c h  is OlS t ’ \ ‘erv c i t  .‘c t I v . ’ . U owcv.’, , wit it luoIte ’c u l  a t  it~
there is I)  no ~pa El.’ , .~

) poss lb it’ inc  a poe i t  a ion by a t ci c i gn body , I )  a
reduced field ci vision , 4’~ an uneompensat  ed hi m d  spot , ‘~ ) I n c  i eased :,w~ I e—
ness cit I l o at er s ,  and , perhaps most im p or t an t , t~) t r equent  ~le ’uI ~~l liv the’
individual.

The var t a b  I..’ c l a s s  i t  t e a t  ton ci marty p i lot  s as monoe’u t a t  • wit  i ~ it ita s c,s~-
p 1 icated t ht’ analysts he’rein , can  pr o hat i  I v  he at  ci (hut ccl t o  t h. I r equent
imprecise measurement o I acu It Ics ot ~0/ 100 or W OI se. A c OSe wi t i~’ h v .ir  ted
f rom 20/400 to  .~0/ 1 1 u n c or r e c t ed  pr~~hah lv  tnve Ived unctet ~~~ t e d  ~‘0nt  a ct  t ense s .
Improved accu racy  w i l l  ht’ St rcssed I or Ày i .i t  ion Mcdi  c’a I I’.XOnI (ne t . t h e  t . i s
some regret that  a dmtn i  St rat iv . ’ m o n o c u l ar  ( L v  is  comb ini ’eI w ith .ic t na I
monocular it  v in our do to has e’ ~ nd I lr .t t re I tact lye  ~‘r r e t  j U t  o tmat  ton  i s not
obtained .
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