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SUMMARY 

Pilot-error accidents have dominated accident statistics consis- 
tently from the 1940s to the present. Sanders and Hofmann (1975) found 
that three factors from Cattell's Sixteen Personality Factor Question- 
naire (16 PF) showed significant diEferences (p< .05) between pilot-error 
accident groups and were used to correctly classify 86% of the aviators 
tested as to their previous pilot -error ackident involvement, Sixty- 
six aviators were given the 16 PF in the present study in an attempt 
to cross-validate the findings reported in the original study. The 
results indicate that the personality factors did not significantly 
discriminate between the pilot-error accident groups. 
personality differences between the present sample and the original 
sample were due to variations in the pilot-error accident free groups. 
The findings indicate that individual differences in personality 
characteristics of the aviators prevent consistent identification of 
traits associated with pilot -error groups. 

The primary 
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INTRODUCTION 

m e  problem of 'lpilot-crror" or "human-error'' ;ICC idcr1t.c. in 
aviation, by its magnitude, has Porccd a great dc>al  or intercst in and 
a variety of studies toward thc examination of tllc I1un;ln clcmcnt in 
the aviation man-machine system. 
over other cause factors has been consistently Pound in both military 
and civilian flight programs. Several investigations have reported 
results that illustrate the magnitude of pilot-error problems in 
aviation. Thorndike reported that 62.4% of Air Force accidents occurring 
in 1949 were listed as having the pilot as the major cause factor.17 
The National Transportation Safety Board (1973) found that pilot-error 
was a factor in 58% of the fatal civilian air carrier accidents occurring 
between 1964-1969.8 
80-85% of the accidents occurring in general aviation in 1972 were due 
to "human factors."4 The U. S. Army Agency for Aviation Safety (USAAAVS) 
found pilot-error was a factor in 80% of Army aviation accidents occurring 
between 1958 and 1972.12 

Dominance of pilot-crror accidents 

Federal Aviation Agency statistics indicate that 

Webb (1956) reviewed a number of pilot-error accident studies and 

This percentage of l'accidents result from conditions 
concluded that a percentage of the pilot-error accidents would remain 
unpredictable . I8 
imposed on the individual and to which he could not respond adequately." 
An additional portion of the pilot-error accidents were due to "inadequate 
responses related to the individual pilot's 'state of readiness' to 
respond."l8 
turn out to be primary determinants of accidents, the problcm of prediction 
and selection on the basis of this prediction is awesome."18 The transient 
states causation orientation "forces one to search €or many different psy- 
chological factors and their significance in given environmental circum- 
stances. ff6 

Webb also noted, "if these transitory or changeable states 

Recent investigations have explored the USC oC a psychological 
autopsy or psychosocial reconstruction invcnto 
manner in relationship to driver fatalities,14?5 suicides14 and 
fatal aircraft accidents .I9 A similar area addressed recently concerns 
life changes as related to aircraft accidents.l 
some promise for identifying the psychological factors involved in 
accidents. 
fashion, of transient states or even more permanent traits is a most 
difficult task. 

i n  a postdictive 

These approaches hold 

However, it seems that objective assessment, in a post hoc 

Impact studies provided another approach to t h e  human-error problem 
in aircraft accidents. 
frequency of occurrence of various types of error3916 while others a l so  
utilized multivariate statistical analysis techniques to provide meaning- 
ful error groups to aid interpretation of accident causcs and facilitate 

Some of these studies primarily described the 
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remedial actions.7,8,9,12 
accident behavior (involvemcnt) has not been corrcl atcd with subs;cqucnt 
accident involvemcnt .I8 

It is of interest to notc that previous 

Fitzpatrick (1953) examined f l  ight aptitudc tcst scows and 
biographical data from classification batteries i n  an attcmpt to 
predict the number and kind of accidents an Air 1:orce pilot might 
experience.5 He found that it was not theoretically possiblc, from 
knowledge of test scores utilized, to consistently predict the 
number of accidents a pilot may incur. 
"that generalization of any positive results was not justiricd 
within the sample analyzed and that therefore gcneralizatiori to other 
groups is not warrantcd in light of these results alonc." 

In light of inconsistencies in thc studics invcstigating pc~rsonal 
factors as related to accidents, the purpose oi the prcscnt rcport was 
to present results of a cross-valfcJation of thc findings of the Sanders 
and Hofmann (1975) investigation. In that study, thrce of the primary 
factors in Cattell's Sixteen Personality Factor Qucstionnaire (16 PF) 
significantly discriminated between Army aviators who had been listed as 
a definite or suspected cause factor in at least onc pilot-crror accident 
and those who were pilot-error frce. 
also were used to classify the two groups of aviators as to their previous 
accident involvement with a "hit rate" of 86%. 
study examined the consistency of the variables Cound to be predictive of 
pilot-error involvement in the original study. 

Furthermore, Fitzpatrick rioted 
. 

'These three personality variables 

'Iherefore tlic present 

METHOD 

Participating personnel for this study werc 66 voluntccr Anny 
aviators (Warrant and Commissioned Officers) attcnding career tra iniiig 
courses at Fort Rucker, Alabama. 
lmowledge as to their previous accident involvcmcnt. klc:m age' 01- thc 
participants was 30.1, ages varying from 24 to 5 ( i .  
participants ranged from Chief Warrant Officer 2 to Licwtcntuit Co1ont.l. 

The subjects wcm tested withotit pr ior  

IZank o r  the 

Scores were obtained on each aviator Cor thc sixtccn primary :ind 
four secondary personality factors from Cattell's 16 PI:, l b m i  A. u 
16 PF scores were corrected fo r  age and normcd with tlic mrilcb,  agc 30, 
general population group. 
by each participant. 

Determination of prior pilot-error accident involvcmcnt was made 
through examination of USAAAVS accident rccords. Each aviator listed 
as a definite or suspected cause factor in at lcast onc aviation accident 
(either major, minor, or incident) was classified, for analysis purposes, 
as pilot-error accident involved. 

Tlic 

A brief biographical I'omi was also completed 
, 
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RESULTS AND DISCUSSION 

Personality variable. scores were used as predictors in stepwise 
discriminant analyses for two groups. 
accident involved (PEAI) and pilot -error accident free (PW) . 

The two groups were pilot-error 

Results of the primary stepwise discriminate analysis indicated 
that none of the personality factors discriminated between the two 
groups at a probability level of .05 or less. 
resultant classification of aviators by personality scores into their 
respective groups. 
was .23 and .77 for the PEAF group. 

Table 1 shows the 

Prior probability of membership for the PEA1 group 

Table I 
Number of Cases Classified (N = 66) into 
Accident Groups Using the 16 PF Scores 

croup Involved Free 

Tnvolved 0 IS 
Free 0 51 

Descriptive data of 16 PF Scores is Shawn in Table 11. (page 4) 

A second stepwise discriminate analysis was performed using age, 
total military flight hours and years on flight status. These variables 
did not discriminate between the two groups. Descriptive data for these 
variables, some of which relate to accident exposure, is presented in 
Table 111. 

Table I11 
Means and Standard Deviations for the PEAI and PEAF Groups 

PEAI PEAF 
Variable Mean Mean S.D. Mean S.D. Group Mean 

Combined 

Age 29.7 4.6 30.2 5.3 30.1 

Total Flight 
Hours 2580.3 756.5 2165.9 1048.8 2260 

Years on Flight 
status 6.26 2.39 6.45 5.22 6.41 
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Table I1 

Means and St<mdird Deviations r n r  the 
PUI and PEAF Groups on the 16 PF Vxiables 

- - 

PEA1 "W C a h i n e d  
Personality Variable Name :dlean S.D. Yle-m S.D. G r o q  

T lean 

Reserved vs . Outgoing (A) a y b  4.06 1.53 4.35 1 .76  4 . 2 8  

Less vs. More Intelligent (B) 7.06  1.35 6 . 5 4  1.71 6 .66  

Affected by Feelings vs. Stable (C) 6.00 1.77 6 .33  2 . 0 1  6 . 2 5  

Mrmble vs. Assertive (E) 6.50 2 .14  6 . 7 4  1 . 6 2  6 . 7 5  

Sober vs. Happy-Go-Lucky (F) 6 . 0 0  2.03 6 .03  1 . 9 s  6 - 0 3  

Fkpedient vs. Conscientious (G) 6.13  1.95 6 . 6 4  1 . 9 1  6 . 4 3  

Shy vs. Venturesame (€1) 5 . 2 0  2 .24  6 . 1 1  2.11 5.90 

Tough vs . Tender-Minded (I) 

Trusting vs. Suspicious (L) 

Practical vs. Imaginative (!l) 

Forthright vs. shrewd (N) 

4.73 2 . 2 1  4.33 1.57 4 .42  

4.73 1.53 5.47 2 .45  5.30 

6 .13  1.50 5.74 1.76 5.G3 

5.46 1.40 5 .13  2.16 5 . 2 1  

Self -Assured vs . Apprehensive (0) 4.93  1.S6 4.52 1.87 4 . 6 2  

Conservative vs. Experimental (0 6.60  2 .02  5.70 1.97 5.90 

Group Dependent vs. Self-Sufficient (Q2) 6.50 1 .65  5.76 2.19 6 . 0 0  

Undisciplined vs . Controlled (Q3) b.06 2.03  6.56 1 . 7 3  6 . 4 5  

Relaxed vs. Tense (44) 5.26 1.86 5 . 1 3  2 .22  5.16 

Introversion vs. Extroversion (QI) 5.63 2.02 6 . 3 3  1 .S7  6.17 

Adjustment vs. Anxiety (QII) 5.11  1.70 4 . 9 1  1.77 4 . 9 6  

Sensi t ivi ty  vs. Tough Poise (%II) 7.30  1 . 7 3  7 . 0 5  1 . 5 3  7 . 1 1  

Dependence vs. Independence (%) 6.65  1 .79  6 .49  1.43 6 . 5 3  

?he le t ter  designation of each personality factor fo l l am the descriptive variable narne. 
b b e r  scores are associated w i t h  the l e f t  side of the continuui and vice-versa; average 
range includes sten scores five-six on the 16 PF factors. 
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The accident frequency distribution was also examined in relation 
to the Poisson distribution which is often utilized to determine if 
variables other than chance contribute to the actual frequency of 
accidents found in a given sample. 
relationship between the actual and theoretical distributions (based 
on a mean of 0.26). 

Table I V  illuqtratcs the close 

Table I V  

to the Poisson distribution 
Comparison of the actual frequency distribution of accidents 

Accident 
Frequency 

0 
1 
2 
3 

Actual Number 
of Cases 

51 
13 

2 
0 

Theoretical Number 
of Cases 

50.9 
13.1 
1.8 
0.16 

As indicated above, the cross-validation data did not exhibit the 
differences between groups found in the original study. Personality 
scores from the two studies were examined statistically with a stepwise 
discriminant analysis program; the two groups, P I S  and PEAI, were 
compared individually across the samples. Those variables, from the 
analyses, with F values of 2.0 or greater are prcsented in Table V. 
It can be seen that the second sample scores on 1:actors M and Q2 (two 
of the three originally discriminating factors) rcversecl the direction 
of differences between pilot-error groups. 

Four of the factors listed in Table V concc’rn variations in 

The grcatcr PEN: variation 
scores between the PEAF groups, while only one factor exhibited 
differences between the PEA1 groups. 
suggests that perhaps these groups contained sonic’ individual 5 whosc 
profiles were similar t o  the PEA1 groups. 
be hypothesized, might have a high probability of bcing involved i n  a 
pilot-error accident, with an actual accident not yet rcalizcd at the 
time of testing because of limited flight exposure. 
be hypothesized that the high time aviator5 without a pilot-error accidcnt 
should exhibit personality characteristics more reflective of riviatorl; 
with a low probability of having a pilot-error accident. 1’0 test this 
hypothesis a comparison was made between all PMl aviators (.TO) 1u1d 
forty-eight PEAF aviators with over 1800 flight hours (Piean - L T S . ? . ~ ) .  
The stepwise discriminate analysis perfomcd indicarccl 110 s i p  ificsrlt 

Thew individuals, it could 

Converwly, it could 



differences (p>.OS) between the two groups tested. 
exposure or flight hours, in this particular comparison, was not a 
discriminating factor. 

Comparison of Cross-validation Data with Data from ttic Original Study 

Therefore, accident 

' I ' d )  lc v 

Cross - 
Ori Tina1 Data validation - llata -ft S.D. X S.D. r: I' 

Groups Personality 
Differing Var iab 1 e 

PEAF (Factor U) 7.5  1 . 5  0 . 5 1.7 6 .9  .05 

PEAF (Factor M) 6 . 3  1 . 4  5 . 7  1.8 3.1 .10 

P W  (Factor Q z )  6.9 1.5 5.8 2.2 3.3 .10 

PEAF (Factor Q3) 5.7 1.6 0 .6 1.8 5.9 .05 

PEA1 (Factor Qz) 5 .1 '  1 .1  6.8 1 . 7  10.4 .01 

Aircraft type, mission, mission environment, total military flight 
hours as well as other variables contribute to a pilot's risk or accident 
exposure. 
data involved the UH-1 helicopter. This high frequency is expected because 
the UH-1 helicopter is utilized for a variety of missions and is the most 
frequently flown of any of the Amy rotary wing aircraft. 
trends were observed when mission and mission environment was examined. 

Nine of the seventeen accidents included in the cross-validation 

No consistent 

An explanation for the lack of consistency between the two 
studies could be that the pilot-error label simply contains too wid 
a variety of errors or combination of errors. For example, USAAAVS 
has established a nine factor scheme which provides a more detailed 
classification of aviators according to specific errors committed. 
this scheme PEAIs in the original study contained more accidents on the 
USAAAVS' disorientation, procedural decision, overconfidence and crew 
coordination factors than those in the cross-validation study. While 
aviators in the cross-validation study contained more accidents loading 
on the USAAAVS' limited experience, task over-saturation and precise 
multiple control factors. However, the differences in distributions 

f2 

Within 
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across the nine factors arc of limited valuc stati.stically bc\~.;ius;c~ or  thc 
small number of cases involvcd. 

In the final analysis, thcsc data indicate that individu:il difl'cr- 
ences in personality charactcrist ics oC aviators prcvcnt idcrit i Pication of 
personality traits associatcd with PEA1 and PEAT: groups. 
was not the case in the first effort these measurcs, as Fitzpatrick found, 
could not be generalized to a second sample of aviators. 
could not expect to account for a l l  pilot-error involvement with person- 
ality variables because of the obvious importance of environmcntal, 
equipment design, training and situational factors. 
ultimate responsibility for safe flight resides with the pilot, one 
cannot underestimate the influence of personal characteristics upon 
flight performance nor completely abandon the goal of developing measures 
of them which can be related t o  performance. 
productive areas of research concerning the pilot-error problem might 
be (1) examination of individual diZferences in perception of hazard, and 
(2) a detailed investigation of errors frequently occurring in clusters. 

Though this 

O f  course one 

However, since the 

Toward this end, potentially 

7 



Refercnces 

1. Alkov, R. A. 1974. Lilt changcxs and p i lo t - e r ro r  accidents.  
Paper presentcd a t  thc 1:ourth Symposium on I)sychology i n  
the A i r  Force, USAI; Acadcmy, Colorado. 

2 .  Cattell. R. 13., t l .  W .  Ebcr, and M .  M. ‘I’atsuoka. 1970. 
Handbook f o r  the Sixteen Personality Factor Questionnaire (16 1’1:). 
Champaign, 11: I n s t i t u t e  for I’crsonality and Abili ty Testing. 

3. Falckenberg, B. 1973. P i lo t  factor  i n  a i r c r a f t  accidents of the 
G e m  Federal Armed Forces. 
Aerospace Medical Panel Meeting AGARD/NATO, Soesterberg, 
Netherlands. 

Paper presented a t  the  30th 

4.  Federal Aviation Agency S t a t i s t i c s ,  1972.  Cited i n  (10).  

5 .  Fitzpatrick,  R . ,  J .  N. Vasilas, and R .  0. Peterson. 1953. 
Personnel and training factors  in  Eighter a i r c r a f t  accidents. 
Report No. 37, Human Factors Operations Rcsearch Laboratories, 
Bolling A i r  Force Base, Washington, D.C. 

6 .  Haddon, W . ,  E.  Suchman, and D. Klein. 1964. Accident Research. 
New York: Harper and Row. 

7 .  Kowalsky, N .  B . ,  R .  L. Masters, K .  B. Stonc, G .  L. Babcock, and 
E. W .  Rypka. 
accidents. 
under contract  No. NAS4-1931, NASA Flight Research Center. 

1973. An analysis of p i lo t - e r ro r  re la ted a i r c r a f t  
Lovelace Foundation, Albuquerque, N.F.I. Prepared 

8.  National Transportation Safety .Board. 1972. A study of U. S.  a i r  
carrier accidents, Washington. Report Number Nl’SR-AAS-72-5. 
Cited i n  (7 ) .  

9. Nelson, W. H . ,  and W .  B. Webb. 1956. Factors involved in Carl-icr 
t ra ining accidents i n  the nava1,air  basic t ra ining command. 
Special Report No. 56-8, Pensacola, F L . :  U.S. Naval School of 
Aviation Medicine. 

8 



10. Novello, J. It . ,  and Z. I .  You..;scl‘. 1974. 1)sycho-social studies 
in general aviation: 
Aerospace Medicine. 45: 185-188. 

I .  l’crsonality profile of male pilots. 

11. Novello, J. R: ,  and Z. 1 .  Youssef. 1974. Psycho-social studics in 
general aviation: 
Aerospace Medicine. 45(6) : b30-633. 

accidents. 
of Research, Development and Acquisition Confcrcncc on Aircrew 
Performance in A m y  Aviation, Fort Rucker, Alabama. 

IT. Personality profile o€ iemale pilots. 

12. Ricketson, D. S. 1975. Pilot crror as a cause of Army hclicoptcr 
Paper presented at the U.S. Army Orficc of the Chiel‘ 

13. Sanders, M. G., M. A. Hofmann. 1975. Pcrsonnlity aspects o r  
involvement in pilot-error accidents. 
mental Eledicine. 46(2) : 186-190. 

Aviation Space Environ- 

14. Shaffer, J.  W.! W. Towns, C .  W. Schmidt J r . ,  M .  Ilimcl€ar.b. 
Assessment in absentia : 
autopsy. John Hopkins Medical Journal. 130: 308-316. 

15. Shaffer, J. W., W. Towns, C. W. Schmidt ,Jr., R. S. F i s h e r ,  
H. I. Zlotowitz. 1974. Social adjustmdnt profiles of f a t a l ly  
injured drivers, Arch. Gen. Psychiatry, 30: 508-511. 

16. Shannon, R. H., and W. L. Waag. 1973. Human factors approach t o  
aircraft accident analysis. 
Medical Panel Meeting AGARD/NATO, Soesterberg, Netherlands. 

1972. 
New directions in thc psycho log ica 1 

Paper presented at the 30th Aerospace 

17. Thorndike, R. L. 1951. The human factors in accidents with special 
reference to aircraft accidents. 
U.S. Air Force School of Aviation Medicine, Randolph I:ield, ‘Texas. 

Project 21-30-001, Report 1, 

18. Webb, W. B. 1956. The prediction of aircraPt ~iccidciits t-rom pilot 
centered mcasures. Research Yrojcct No. MI 001 -106- 100, licport 
No. 1, Pensacola, Fl.: U.S. Naval School of Aviation Medicine. 

19. Yanowitch, R. E. ,  S. R. Mohlcr, and E.  A. Nichols. 1 9 7 2 .  l’s;~-Iio- 
social reconstruction invcntory : A postdictal instrimicnt iri 
aircraft accident investigation. Acrospacc !ilctlicinc~, 43 (5) : 
551-554. 

9 




