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SUMMARY PAGE

THE PROBLEM ,’

Drop on Request, 2r voluntary withdrawal, is a continuing major sourca of ‘
attrition in the Navy aviation training program.{ A major reason for student vol- !
untary withdrawal is expressed as his anxiety in the naval aviation training |
environment. Numerous research efforts have been conducted to analyze the
relationship of anxiety to attrition. Generally, these efforts have been unsuc-
cessful, or partially successful at best, as an objective and reliable measure of
anxiety has been unavailable for use in research evaluaticns. )

FINDINGS
<" A review of research literature suggests that:

“a. High levels of anxiety may be causally related to performance decre-
ment and subsequent attrition.

' b. Anxiety is a behavior expression or symptom of poor or inefficient
student performance in the Navy aviation training program.

Both hypotheses appear to warrant further research and evaluation. 0N

RECOMMENDATIONS .

It is recommended that new research efforts be developed and funded that
deal with anxiety as a causative factor, resulting in poor human performance in
the aviator training environment. Previous research indicates that certain
anxiety producing environments occurring as an integral part of the present
naval aviation training program may be utilized to identify anxiety oriented indi-
viduals of which substar.si~l portions later attrite. It is appropriate to evaluate
this behavior utilizing new experimental concepts and new measurement tech-
nology (voice analysis) , to objectively measure anxiety in a nonintrusive man-
ner and determine its relation to attrition.

b It is recommended that additional research and evaluation efforts be con-
ducted to determine the relationship of symptomatic anxiety to attrition. The
high rates of voluntary and flight failure attrition in conjunction with the stu-
dents' first introduction to training aircraft (T-34B), and his transition to higher
performance training aircraft (T-2, T-28) suggest that perceptual psycho-
motor, selective, and divided-attention criteria will be useful in the identification
of individuals defici3nt in multilimb coordination and those unable to efficiently
synthesize multiple cognitive and sensory stimuli.

This recommended research emphasizes the evaluation of performance
measures (rather than pencil-and-paper measures) which promise to be useful
in the selection of future aviation training populations.
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} The conduct of research to identify individuals who exhibit high levels of
stress or anxiety in early training situations has potential in the development of

selection techniques to enhance the prediction of attrition prior to or very early

: in training. Such techniyues have the potential to result in a considerable reduc-

tion in-the number of individuals who fail to complete training, resulting in a

‘ considerable cost savings iu Navy aviation training.
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INTRODUCTION

Since the 1940s, pencil-and-paper synthetic selection teets have been used
to predict aviator success and proficiency. Tests which are consistently related
to aviator success are those of 1) general intelligence or ability (usually of a
verbal and numerical nature), 2) perceptual-spatial, and 3) mechanical compre-
hension. Personality and motivational factors are known to relate to aviator suc-
cess; however, attempts {0 predict aviator success using standard projective,
personality, and interest tests have met with limited success. Still, most aviator
selection tests contain a biographical inventury composite based on interests and
background factors known to relate to success in flying training. For the most
part, Navy pencil-and-paper test instruments utilized to predict pilot success
and performance have changed littls since the end of World War II. These test
instruments generally account for approximately 40 percent of the variance asso-
ciated with success in aviator training (22). The fact that a large proportion of
the variance associated with aviator success is not predicted by the test instru-
ments used in primary selection is evident by the rate of attrition in aviator
training programs. Consistently, the rate of attrition fluctuates between 25 and
35 percent in Navy aviation training. Recent attrition rates for student naval
aviators and naval flight officers are presented in Figure 1 (6, 62, 63, 129).

Historically, the greatest amount of aviator attrition comes from personnel
recruited directly from the civilian sector (4, 6, 11, 14, 29, 32, 38, 129, 130).
The fact that Naval Academy and ROTC graduates consistently have a lower attri-
tion rate (6, 11, 129, 130) attests to the ability of previous military experience
to act as an efficient intermediats scresning device.

Typically, 30 in 100 students fail to complete training in the naval aviation
training program. Four categories constitute more than 80 percent of the total
attrition. These categories of attrition are: DOR or voluntary withdrawal, flight
failure, nnt officer material, and the not physically qualified (NPQ) listed ia
order of attrition importance. "Academic" attrition accounts for a relatively
small proportion of the total and generally occurs very early in training. (It is
the academic category of attrition in which the present pencil-and-paper selection
tests contribute substantially to a reduction in attrition.) It is generally con-
ceded that the NPQ problem is outside the reaim of psychology, although a small
proportion of these attrite for basically psychological rather than physical rea-~
sons (128). The flight failure attrite obviously fails to perform sufficiently well
in the aircraft to warrant his continuation in training. Presently used Navy
pencil-and-paper selection tests (esperially the Spatial Apperception Test and
Mechanical Comprehension Test) are useful in predicting this category of attri-
tion. This review, however, will provide the rationale for the utilization of
some new and old testing techniques to better predict flight failure attrition.

The not officer material category of attrition {(NOM) is a statistic more

related to the time during which attrition cccurs rather than a specific type of
attrition. Typically, personnel who withdraw voluntarily during preliminary
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training - prior to receiving a commission - are designated as NOM. Function-
ally, these individuale may not be greatly different from DORs.

The DOR or voluntery withdrawal group of attrites hus received a great
amount of research and study. However, little or no success has resulted in
attempts to develop pretraining predictors of DOR attrition. Figures 2 and 3
depict recent Naval Aerospace Medical Research Laboratory (NAMRL) student
naval aviation attrition (Jan 1973-June 13975) statistics as a percentage of total
attrition (Figure 2) and as a percentage of the total student naval aviator train-
ing input population (Figure 3).

The following review of the NAMRL research literature deals primarily
with naval research efforts to describe, categorize, and predict DOR attrition
in naval aviation training.

OVERVIEW OF AVIATOR ATTRITION
VOLUNTARY WITHDRAWAL (DOR) ATTRITION

Research findings of expressed arxietly, tension, or fear associated with
flying as reasons for veluntary withdrawal (DOR) from naval aviation training
extend from the war ycars (WW-II) to the present day. Over fifty research
reports have been prepared at NAMRL in Pensacola, Florida, dealing directly
with the relationship of anxiety, fear, tension, and stress to attrition and human
performance in the naval aviator training program between 1950 and 1976.

Anxiety, as discussed in this review, is a convenient label for
emotional states or behaviors that are sufficient in magnitude to
impair performance and/or motivate individuals to voluntarily with-
draw (DOR) from the naval aviation training program. Anxiety as
used in this context, then, is quite different from the relatively
mild and low level emotional states that have been shown to actually
improve performance (188). The term "Stress" could have been
used in place of anxiety. However, the use of the term "anxiety"
throughout the NAMRL research literature mandates its use in this
research review.

Specific reasons for voluntary withdrawal from the aviator training pro-
gram are expressed as anxiety or tension with ragard to flying, fear of flying, or
lack of confidence in handling the aircraft. Other expressed reasons for volun-
tary withdrawsl, i.e., dislike or distaste of flying, and a shift of career interest
to civilian life or surface Navy, while valid reasons in their own right, are his- 4
torically associated with fear and anxiety in the attrition research literature i
(5, 9, 12, 15, 17, 26, 28, 29, 31, 33-36, 41, 45, 89-92, 134, 143, 144, 161, 176, ; 4
185), and in research which factorially relates expressed reasons for voluntary ' g
withdrawal (175). It is appropriate to note that some research indicates that fear ;
of failure in training may be a more potent reason for the expression of anxiety ' i
than fear of aircraft accidents or crashing (134). 9
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Table I provents & tabulution of exproused roesonu for voluntary atiritlon,
The 1668 findings are reprensentativo of those found throughout the researoh
lterature published in the 50s und 60s. The 1873 data Yepxesent moroe revent
findings which suggost a raduction in the proportion of studeits indivating foar,
tension, and anxiety as remsons for withdruwing from fiight training (179),
Still, oven more recent roseurch in which aviation tralness ranked in oeday of
importance various reasons for attrition (in 1376) renftivme the buportanue of
arxioty and/or apprehension as rousons for DON atirition (09),

Ambler concludod thut the first four attxition gategories in '1'abla 1 (1900
data) were dirvotly linked with anxiety (5), Recent faotor analytlo rasenroh
(175) suggosts that the fifth cutsgory--"shift in gureer intorast”: o I8 also
closely reluted to fewr of flying, Togother, these reasons support tha hypo-
thesis that u sixeable propoxtion of voluntexy withdrawal atleition {8 anxiety
related. While the firet five ressons for voluntaxy withdrawal i 'labla I
acoount for a sizeuble proportion of the total attrition, 1t i porsible that the yelac
tionghip betwoen anxioty and attrition {w oven groater due to the tendenoy of
some Navy aviution students to indigute more soclally naoaptable yaanons for
voluntury withdrawal than thowe of unxiety, tension, or fear, ‘U'his posnihility
is supported by u close xerdew of the verbatlm rensons for volmitary withdvawal
contained in the xesouroh lternture, faotor analytiv reneaxvh praviously men-
tioned (175), und studies by Gregolre (B8) and Yowwrolll (144) whioh indlouts
that successful avintors_atteibute moxe fonr and anuxiaty yoasond for voluntary
withdrawnl than do attciting indlvlduulu w!m volumurlly wmnhuw feom unval
uviation training. The studiow of Vomarolld wnd Oregoive yagutved MOOUHNEY
pilots and DORy (144) and suocessful studonts and DOIs (00) to yank in ovder
of importance a sexies of moxe than thirty difforent reasons historvically aaso
clated witk voluntary withdrawal or DOR, Nowults of thasa stadien ave pra-
sonted in Tables XX and XX, In Table 1T, vuozowsful aviators indioatad thaete haliet
that DOR was o product of exoossive nervousnoss, tonsion, fenr, noaldants,
excaeusivo pressuro, ond alrsioknoss (itanks 1-8) . Unsuoooauful aviktors proo
vidod moro socially nccoptable reasons for DOR, auoh anp ahift in unyear Inter
ests, or loss of interest {n flying. Novont work by Grogoive (Vable NI) ind):
oates a relatively high degroe of agraemont hatwaoon DO and non-NON wviator
studencs with respoot to the ronsona prompting voluntary withdeawal,  Noth
DOR and suvcoseful students rankod axtrome approhonsion, and HAYVOIALORK/
anxiety as primoxry roasons foy volunturg w__lt_hdrnwm. Tha soooaetul wtadant
group ranked these reasons 1 und 2, while DORy rankod them 2 and 4, juat
behind "loes of intorest in flying" and "shift in earoor intorest,"”

Other rescarch suggosts that a signifioant portion (npproximutely 80 poy-
cent) of not acronautically adapted (NAA) attritions are anxioty veluted (7)., Aw
has been pointed out by do Rivera (73), "A porron with high anxioty may see
the flight surgeon when he has ¢ symptom which he knowas might roault in his
being dropped from the program; whoroas, o nonanxious, highly motivatwt per
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Table |

Exprased Rassons for Voluntary Withdrawal

o
=

Resson Student Naval Avistor Naval Flight Officer

19664 1973 1966 % 1973%
(Percent)

Disatding tnsion, sxiaty or foar sssaciated with flying. 34.9 133 69 6.2 ;

Poor performance in training, or lack of confidence in aircraft. 20.3 120 139 N3 '

Dislike or toss of tntarast in Tlylng. 7.8 14.3 69 36.1

Alrsickness, 1.1 16 -- 3.1

Bhift i carser Intarast (Return o civillsa life, surface Navy, reduce

srvie: tine, oto,), 5.5 12.0 139 6.2

Not motivated to continue, 14.€ .- 27.6

All othur rensons; wite, giel frlend, dislike military, pressure,

tnaviing t0 g4t marvied, disiike treatment cacaived in program,

revrulte: mitlewding, not physioslly gualified, oto.) 15.7 46.9 308 374

W From refarencs {8),
¥ From reference (176),
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Table N

REASONS FOR LEAVING FLIGHT PROGRAM (STUDENT NAVAL AVIATORS) *
RANK OF COR FACTORS ®

DOR STUDENT GROUP SUCCESSFUL AVIATUR GROUP

1. Pursue Civilian Career 1. Erxeassivfar nervousnass/tension
2. Lostinterest in flying 2. ear of flyin
3. Shiftin career intsrests 3. An acolBT;nt
4. Many doubts about choice 4. Too much pressure
5. A lack of incentives 5. Airsickness
6. No real satisfaction in flying 6. light Instructor a screamer
7. Flying isn't what | thought it was 7. Flying isn’t what | thought it would be
8. Excessive nervousness/tension 8. Shift in career interests
9. Avijators tour too fong 9. Academic difficuities
10. Don’t like military 10. Too much harrassment

* From a total of 64 reasons associated with voluntary withdrawal,
% From reference (144},

Table NI

RANK ORDER OF REASONS FOR LEAVING FLIGHT PROGRAM »
STUDENT NAVAL AVIATORS »

DOR ATTRITE NON-ATTRITE
SUCCESSFUL STUDENTS
1. Lostinterest in flight 1. Extreme apprehension
2, Extreme apprehension 2. Too much nerviousness/anxiety
3. §hiftin career interest - civilian 3. Dislike obedience, qiscipline instilled by fear
4. ‘Too much nervoushess/anxiety orientation
5. Miiltry Tife not for me 4. Unable to perform well - fiyin
6. Prefer freedom of civilian life 5. Shiftin career interest - civilian
7. Shift in career interest - Surface Navy 6. Unable to function well under pressure
8. Dislike cbedience, discipline instilled by fear 7. Dissatisfied with plpeline assignment
orientation 8. Length of flight training
8. Unable to perform well - flyin 9. Lostinterest in flying
10.  Unable to function well uﬁﬁer pressure 10, Separation from family

% From a total of 33 reasons associated with voluntary withdrawal.

% From reference (89).
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son might never go to the flight surgeon in the first place for fear of being
dropped." Additional evidence supports the hypothesis that some not physically
qualified (N’Q) (128) atitritions are actually voluntary withdrawals. A 1872
NAMRL memorandum makes the point clearly, ". . . after arriving at Pensacola
and being introduced to his new den mother in the form of a Marine DI he (stu-
dent) suddenly acquires the medical history of an 80-year-old man . . ."

Additional research indicates that successful aviators are described as
skillful in flying and emotionally stable while unsuccessful aviators are described
as emotionally unstable and unskillful in flying (24, 50). Further, "liking fly-
ing" has been found to be one of the most significant attitude differences between
successful and unsuccessful aviators (30, 41).

It is relatively common in the research literature to find the suggestion
that some portion of DOR attrites are similar to flight failures since many DORs
express definite problems in handling the aircraft. This suggests in turn that
expressed anxiety associated with the DOR phenomenon is a result of poor human
performance in the aircraft (34). Other research concluded that anxiety result-
ing from poor performance in the aircraft is reinforced and increased by
instructor comment and disapproval (43). Additional work indicates that anxious
voluntary withdrawals tend to have lower flight grades and MCT scores than
voluntary withdrawals who express nonanxiety reasons for leaving the training
program (8).

NAMRL attrition statistics compiled on student naval aviators entering
training between January 1973 and through the first six months of 1975 are simi-
lar to earlier published results (12) and provide dramatic evidence of the rela-
tionship of voluntary withdrawal to the students' introduction to flying in primary
training and in his transition to higher performance aircraft in basic training.
(See Figure 4.) Note the especially high rates of both DOR and flight failure dur-
ing presolo in primary (in the T-34B) and transition to the T~-28 or T-2 in basic
training*. The large proportion of both DOR and FF attrition in conjunction
with the students' introduction to the aircraft supports the hypothesis that both
types of attrition are uniquely related to human performance in flying the air-
craft (34). Additionally, the large incidence of NPQ attritions occurring in pri-
mary and early basic stages of training support an earlier hypothesis by Bair

—me e am e Mt G s = - — — em G .

*This has import to future Navy aviation training. In the future training
program the new training aircraft--T-34C--described as relatively easy to fly by
training instructors (in comparison with the T-28 or T-2 utilized in Basic) may
result in less DOR and FF initially. However, when students transition to jet
or advanced-prop aircraft in the advanced portion of the future training pro-
gram, the data of Figure 4 suggest that an increase in FF and DOR can be
expected at transition. This may in fact increase the cost of attrition since the
longer students remain in the training program prior to attrition the greater the
cost per attrition.
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In summary, these data indicate a relationship betwesn anxiety and attri-
tion and further suggest that a substantial proportion of voluntary attrition is
associated with human performance in aircraft flight upon the student's introduc-
tion to the training flight vehicle, and transition to higher performance aircraft.
What is uncertain and a subject for discussion is whether anxiety is a symptom
or a causative factor associated with attrition. To be more specific, the question
posed is whether anxiety is a behavioral expression resulting from poor perfor-
mance (a symptom) in the aviator training environment, or whether an anxiety

response pattern of behavior is a cause of poor performance in the work environ-
ment.

There is agreement that high levels of stress inhibit performance. This
has been the general finding of stress research conducted in the civilian
resesrch community and in stress studies at NAMRL (21, 64, 66, 71, 188) ., Impor-
tantly, small amounts of stress have been shown to actually increase perfor-
mance (188). Interestingly, there is evidence that stress may act to lower moti-
vation to perform on a performance task rather thai actually impairing cognitive
or motor skills (64).

Naval aviation research tends to disregard the causative-symptomatic
anxiety distinction in favor of the pragmatic hypothesis that anxiety as a
behavior pattern can be measured and related to attrition in the naval aviation
training program. For example, aviation students expressing anxiety in a
pressure chamber environment in preflight had a significantly higher attrition
rate (50%) in later flight training (169). A related study indicated that student
peer ratings of anxiety in preflight were predictive of subsequent physiological
measures of anxiety (eyeblink) obtained in a stressful situation (119). One
clinically oriented study of attrition supports the hypothesis that anxiety is a
causative factor related to subsequent poor human flight performance (73) .

Fligl: instructor observations, that highly anxious students in initial
straight ar level training flights are more likely to attrite, provide support for
the causative hypothesis assoclated with anxiety and later poor performance
(18, 160, 162, 174) . Personality test results have occasionally indicated a
relationship (though these have been transitory) between anxiety as measured
in preflight and later attrition in flying portions of training (73, 81, 88, 181),

Finally, studies of student susceptibility to airsickness in & rotating chair
environment suggest a relationship between observed measures of anxiety
(pallor, sweating, etc.) in preflight and later attrition (18-21, 93). These
results suggest that some individuals are more prone to anxiety than others . . .
suggesting, perhaps, an individual anxiety threshold level.

On the other hand, there are many studies which tend to support the hypo-
thesis that anxiety is a symptom rather than a cause of poor or inferior human
performance in the aviator training environment. The research literature sug-
gests that a sizeable proportion of DOR attritions are similar to flight failure
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attrites, since many DORs have low flight grades and express definite problems
in handling the aircraft. This is often expressed as poor performance (8, 17,

34, 37, 43, 73, 89, 115, 134, 161, 1768). One study concluded that the DOR
group with low flight grades, the total flight failure group, and the anxiety medi-
cal attrition group are sufficiently similar in flight aptitude, academic grades,
and anxiety level to be treated as one group (37). More recent research sup-
ports this view (115). Of course, the flight instructor himself can be a source

of anxiety through his comments and criticism of student performance in flying
the aircraft (43, 44, 73, 134), and anxiety may be promoted by observing anxiety
expressions of others (172) . Finally, there are studies involving personality
tasts in which the investigator (s) conclude that anxiety, as measured by the
particular personality tests being evaluated, is a result of training perfor-

mance (a symptcm) gather than a cause of performance in training (170, 171).

Generally, the research literature supports the view that anxiety is both a
cause and a symptom of inadequate or inferior performance in training and sub-

sequent attrition, suggesting that there may be two major DOR attrition sub-
categoriesg.

1. A student group prone to anxiety or with an anxiety predisposition.

2. A student group going through a transient anxiety producing situa-
tion,

A third category, representing a combination of the two specified DOR sub-
categories, is, of course, an additional possibility.

ATTRITION PREDICTION RESEARCH

Though many studies in the research literature dealing with anxiety and
its relationship to voluntary attrition simply report and categorize expressed '
reasons for withdrawing from training, or provide a rationale for the withdraw-
ing student's actions, a number of research efforts have been concerned with the

prediction of individual anxiety and voluntary withdrawal attrition as indicated
below.

STANDARD SELECTION VARIABLES

Pencil-and-paper selection test variables indicate a varying but slight
relationship to voluntary withdrawal. The relationships in Table IV are typical
of those found in the research literature in restricted population samples (81,
189) . These relationships may be appreciably higher in unrestricted popula-
tions, and when unreliability in the criterion (pass/fail} can be taken into
account (78). The selection variable which tends to have a continual substantial
relationship to DOR or voluntary withdrawal is the Biographical Inventory.
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Table IV |
Relationship Between Selection, Training Performance Variables and i
Attrition
Point-Biserial Correlations between Predictor Variables and Three Dichotomous Critaria
e

Predictor Variables (Flight Failure) (DOR) Pass/Attrite
1 2 3 1 2 3 1 2 3

Selection Variables

1. BI 097 056  .081 JA30 118 168 | 148 123 .14
2. AQV 066 .083 146 | 0N 019 068 | 029 088 .136
3. MCT 004 070 917 014 123 N4 | 012 167 147
4. SAT A0 099 105 | 023 .031 083 | 074 ANt 416

Pre-Flight Variables

5. Principles of Flight .180 100 072 065 163 156
6. Navigation 269 195 047 064 179 239
7. Engines 226 101 041 108 156 213
8. Physical Training 128 .083 068 042 120 RER
9, Peer Rating 232 .160 0556 0356 A72 .130

1Erom reference (81) 4 ;
2Erom reference (189)

3Represents racent NAMRL validation data - 1973 Student Naval Aviator Input (over 1600 subjects), K
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There are indications that DORs who express anxiety in flight training
as a reason for voluntary withdrawal have lower Mechanical Comprehension Test
scores (35, 185). Generally, the AQT has demonstrated less of a relationship to
voluntary withdrawal attrition than the MCT (2, 3, 35, 121, 141, 185). In some
cases, pencil-and-paper selection test variables can predict both the flight
failure (FF) and the DOR but cannot distinguish between the two groups, perhaps
as a result of the similarity of performance by both the DOR and FF groups on the
MCT (115, 185). This is yet another finding that supports the hypothesis that
certain anxious DORs and FFs are closely related and that anxiety is a symptom of
inferior human performance in the aircraft.

Recent NAMRL selaction research suggests that certain spatial and hidden
figure tests may be suitable nondupiicative predictors of success or failure in
aviation training (80, 111, 187). Other ongoing research is evaluating the
response latency of subjects on personality and pencil-and-paper "spatial" tests
with the goal of determining the relationship of response latency to aviator per-
formance and attrition (80) . Research is continuing in these areas.

PERSONALITY INVENTORIES

Numerous personelity tests and inventories have been evaluated in an
attempt to identify students voluntarily withdrawing from naval aviation training.
Many of these test instruments have also been applied to aviator population
samples with the intent to identify the fearful or anxious individual (73, 81, 88,
106, 107, 170, 171, 181). Others are concerned only with the ultimate prediction
of voluntary withdrawal for any reason (7, 27, 39, 42, 47, 59, 61, 94, 104, 108,
111, 126, 138, 150, 156, 177) . Generally, these attempts to identify voluntary
withdrawals have failed. Those few studies which indicate initial relationships
with anxiety or voluntary withdrawal rarely survive cross-validation (47, 104,
17, 181), or indicate so little additional predictive power that their use is con-
sidered impractical (171). Others require additional study, or have not been
cross-validated (61, 73, 81, 88, 181).

The inability of personality tests to predict work success in the civilian
and military environment is common despite the high face validity of many of the
personality test instruments, The common problem associated with these tests
is that their validity or usefulness depends to a great extent on the honesty of
the test taker. On those occasions when the tests are administered under a no-
threat-no-consequence condition (i.e., "Your performance on these tests will
in no way affect your continuation in tlying training") or after attrition has
occurred, small relationships with the anxiety or voluntary withdrawal criter-
ion occasionally occur. However, when the tests are applied "for real," the
relationship almost always disappears, or becomes so small and variable that its
usefulness is severely limited. This occurs as a direct result of test subjects’
ability to select the test-item response which is more socially acceptable or
more congruent with success in aviation training. This phenomenon is com-
monly known as faking the test, or test response bias. Numerous research eval-
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uations conducted at NAMRL have noted the susceptibility of personality inven-
tories to faking and response bias (59, 60, 109, 165, 166, 168, 178-180) . When
one considers the quality of the aviator trainee population--practically all have
college degraees, are above average in intelligence, and have taken literally
hundreds of tests during their academic careers--it is not surprising that highly
motivated potential aviators can readily determine appropriate and inappropriate
responses for selection to aviator training. A list of personality inventories
utilized in conjunction with naval aviation research is in Table V.

OTHER PREDICTION STUDIES OF ANXIETY AND DOR ATTRITION

Numerous noncognitive or nonpersonality measures have been employed
in an attempt to predict anxiety and voluntary withdrawal. Many of these efforts
are relatively novel, yet most developed as a result of previous findings
reported in the literature. For example, the Kuder Preference Record, an
interest inventory, provides evidence that successful cadets, and flight instruc-
tors are more interested in mechanical and scientific activities than are volun-
tary withdrawals who indicate more interest in literary, musical, and persua-
sive activities (58, 151). Although the Kuder demonstrated small but signifi-
cant validity for »1l types of attrition, the factor it best measures--mechanical
interest--is already being adequately assessed by the MCT Pnrtion of the Flight
Aptitude Battery. Thus the Kuder appears to be a redundant, less objective
measure of mechanical ability or interest than the MCT (167). Other studies
follow:

Job sample or training tasks (Link trainer, (68); aircraft trimming,
(105); ianding device performance, (142)) have been investigated as potential
selection variables in an attempt to predict success, failure, and voluntiry
withdrawal in training. Generally, these efforts have been unsuccessful. How-
ever, these devices, when properly developed for objective assessment of per-
formance, have the potential to serve as valuable intermediate and final perfor-
mance criteria.

In the studies examining noncognitive, nonpersonality predictors of
the various success and failure categories (1, 4, 10, 11, 13, 14, 25, 51, 65,
100, 110, 116, 117, 122, 130, 13€, 167, 193), successful and significant predic-
tors are age, pretraining solo time, procurement area, origin of commission,
procurement source, rank, and college major.

Analysis of aptitude and subsequent achievement in educational set-
tings seemed extremely promieing as a predictor of voluntary withdrawal (77,
120), and survived cross-validation. However, it did not significantly add to the

predictive power of current selection variables.

Research studies have indicated that voluntary withdrawals are more
apt to view instructors as threat objects, and have less interpersonal relation-
ships with instructors (97, 98). Related research indicates that beginning
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Table V

Personality Test Inventories Utilized in Navy Research 1950-1976
{as reported in research studies and reports)

———— o

Ak AT RN
kAR LAV 23 HORZ A TN

Year Personality Inventory
1850 Purdue Biographical inventory, Bernreuters Personality Inventory.
i 1953 Authoritarian Attitude Scale, Inventory of Social Attitudes
: ! Guilford Martin Personality Inventory, Bernreuter Personality Inventory, Multipie Choice Sentence
; Completion Test.
;;‘ ' The MMPI-Taylor Manifest Anxiety Scale Adaptation, California F. Scale,
1954 California F Scale, Necker Cube {2) * Guilford-Zimmerman Temperament Survey (2} * Authoritarian
i ‘ Attitude F Scale, Guilford-Martin Personality Test, MMPI.
: 1955 MMPIL, Taylor Manifest Anxiety Scale, Pensacola Z Scale, Thurstone Temperament Schedule.
1956 Rosenzweig Picture Frustration Test (3)*, Aviation School Sentence Completion Test, Pensacola 2
Scale {2)*, Taylor Manifest Anxiety Scale, Heineman Anxiety Scale.
1957 Guilford-Zimmerman Temperament Survey(1)*, Pensacola Z Scale, Pensacola TR Nervous Scale, Mand-
5 ler-Sarason Inventory, MMPI, Saslow Screening Test, Heineman Anxiety Scale Taylor Manifest Anxiety
Scale.
‘ 1958 Aviation School Sentence Completion Test, MMPI, Guilford-Zimmerman Temperament Survey,
\ 1960 Gordon Personality Invenitory.
) 1961 Gordon Personality Inventory.
1962 Gordon Personality Inventory.
1963 Bass SIT Inventory, Ego Strength Inventory, Revised Form of the Stotsky-Weinberg Sentance Com-
pletion Test, Maudsley Personality Inventory, Attitude Toward Quitting Scale (ATQ).
’n 1964 Edwards Personal Preference Schedule, Gordon Survey of Interpersonal Values,
‘ 1965 Edwards Personal Preferance Schedule, Preference Indest, Gordon Survey of Interpersonal Values,
1966 Cattell's 16 Personality Factor Questionnaire
a Taylor Manifest Anxiety Scale
’ Pensacola Z Scale, Adjective Check List
1967 Gordon Survey of Interparsonal Values, Edwards Personal Prefarence Schedule.
1969 Objectively Scoreable Apperception Test,
( 1970 Eysenck Parsonality Invantory, Maudsley Personality inventory, Stait Trait Anxiaty Inventory (STAI).
1971 California Psychological Inventory (CP1)
i Stait Trait Anxiety Inventory (STAl)
1975 Zuckerman Dimensions of Sensation Seeking
‘ 1876 Omnibus Personality inventory.
}'.“i_‘ Eysenck Personality Inventory
* Associated number indicates that the inventory was featured in that many research reports that year,
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anxious flight students view the instructor as a source of punishment and are
more critical of instructors (44).

There is evidence that successful students and voluntary withdrawals
may differ in religious attitudes (27, 121). However, these findings failed to
survive cross-validation (121).

Physical fitness grades have been evaluated to determine their relation-
ship to attrition categories. Although two studies indicate that physical fitness
grades are not useful in predicting attrition criteria (67, 154), other evaluations
indicate a significant relationship (73, 192). Further, abiiity to swim appears to
be related to training success and flight failure (102) . From a logical point of
view it would appear likely that coordination factors, if adequately measured,
would be predictive of success in flying portions of training. The fact that ability
to swim and gymnastic ratings have correlated with success in training seems to
support this view (102, 192).

. Frequent sick calls have been shown to be relatad to flight failure and
DOR (195).

Physiological measures have been evaluated to determine their relation-
ship with anxiety und subsequent attrition in a variety of research studies. A
test of postural sway did not identify anxious individuals (76), nor did pulse
measures (73, 119, 164) or muscle tension (73) in threatening situations. How-
ever, earblock and eyeblink measures and other visually measured aspects of
behavior, sweating, pallor, facial expression, etc., have been used successfully
to identify anxious individuals (18, 19, 93, 119, 169).

Recent acoustic research has demonstrated a relationship between
stress or anxiety and brief vocal recordings of personnel in stressful situations.
Acoustical analysis of recorded voice samples of individuals speaking in stress-
ful situations reveal measurable acoustical differences when compared to voice
samples of the same speakers speaking under nonstressful conditions (190, 191).
The vocal attribute most often analyzed to detect such changes has been the
fundamental frequency of the speaker's voice. There has been an increasing
research interest in the possible application of voice analysis techniques as a
potential nonintrusive methodology for monitoring the emotional and/or the phy-
siological status of aircrew personnel. Williams and Stevens (190, 191) analyzed
excerpts of tape-recorded conversations between pilots and control tower opera-
tors transmitted during known emotionally stressful situations. Quantitative and
qualitative analyses of narrow band spectrograms of selected utterances indi-
cated that measurements of fundamental frequency and range of fundamental ire-
quency, together with observation of the fundamental frequency contour, may
serve to signify when a pilot is undergoing emotional stress. Russian (152, 157)
and Japanese (114, 131, 132) scientists also have devised measurement schemes
based on the fundamental voice frequency to monitor both the emotional and
attention state of pilots. Recently, Kuroda and others (114) presented cal-
culations of what they term "Vibration Space Shift Rate (VSSR)" which is derived
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from measurements of the fundamental vocal frequency. Application of the VSSR
to 14 aircraft accidents (8 fatal) indicated the appearance of three distinct emo-
tional phases, normal, urgent, and emergency, suggesting the use of VSSR-type
measures as a method to determine the relationship of stress as a contributing
factor in aircraft accidents.

Apparently, spectral analyses of voice commuriications uttered in emo-
tion-producing situations is a potentially valuaktie tool for monitoring pilot emo-
ticnal status. It is possible that spectral analyses may be useful in the objective
measurement of stress or anxiety in pilot training and in determining the relation-
ship of stress, as exhibited in initial training situations, to future aviation train-
ing performance.

PEER RATINGS, FLIGHT INSTRUCTOR RATINGS

Of all the measures studied in attempts to predict categories of attrition,
peer ratings and instructor ratings have been shown to he consistently powerful
predictors of success and failure. The literature abounds with studies which
indicate that peer ratings are useful in predicting ultimate success and failure
categories (49, 55, 79, 118, 135, 194), and that they can Le used to identify
anxiety oriented (73, 119) and psychosomatic individuals (103). Peer ratings
apparently can predict intelligence (182), success as an officer (163), and are
related to certain persconality inventory scales (180, 197), course grades, and
selection variables (138), These relationships suggest that one's peers, as a
group, can efficiently predict individual performance on a task or skill that they
have had the opportunity to observe. This finding is consistent with research
conducted by the civilian community and other military research.

Flight instructor ratings provided on a confidential basis have been shownr
to be good predictors of success, failure, flight failure, and voluntary with-
drawal from primary and basic flight training. To a large extent, flight instruc-
tor's decisions for success or failure appear to be based on the student's expres-
sion of observable anxiety in flying the aircraft (16, 23, 123, 173, 174). Con-
sidering the fact that a series of studies has indicated that flight instructors can
successfully predict attrition based on the observation of students in initial air-
craft flights, it may seem surprising that the naval aviation training program has
not taken advantage of the ability of flight instructors to predict attrition very
early in training. One of the disadvantages of using subjective instructor rat-
ings, however, is that the ratings may be difficult to support and defend. This
would be especially true in the case of false positives--those individuals identi~
fied as potential failures who in fact have the capability of being successful in
training. Additionally, it is not known whether flight instructor ratings would
continue to be predictive if instructors were aware that their early evaluations
had the potential to eliminate a student from flight training. Finally, it has been
suggested that anxiety oriented personnel presently attrite sufficiently early in
the present training program (in "Schools Cemmand" or pre-solo) and that the
12 weeksof training in Schools Command is the least costly of all training.
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A number of research evaluations have been concerned with the relation-
ship of the flight instructor to the voluntary withdrawal process. It has been
generally assumed that the anxious student who is unlucky enough to obtain a
"screamer" or an impatient instructor in flight training is unfortunate indeed.
There is evidence to support this hypothesis (73), and studies do iadicate that
the instructor does affect a student's performance and flight grades (173, 187).
However, the available research indicates that "patience" and other character-
istics of instructors are not significantly related to voluntary withdrawal. Sur-
prisingly, impatient or screamer instructors have no more DORs or flight
failures than do those instructors rated as calm and patient (145, 173).

AVIATION TRAINING COURSE GRADES AND THE PENSACOLA STUDENT PREDIC-
TION SYSTEM

Nothing predicts success like success, or the best predictor of future
performance is past performance. This is certainly true of naval aviation train-
ing. Performance in preflight and primary academic courses has been shown
time and time again to predict subsequent flying performance in training (48, 74,
85, 95, 96, 118, 137, 147, 146, 183, 184, 196). Course grades and flight grades
in Primary and Basic cai be useful in the prediction of advanced training perfor-
mance or performance in the Fleet (49, 52-56, 69, 147, 148, 155, 186); and, as
one might expect, students requiring extra instruction in preflight and primary
portions of training have a higher probability of failure than those who do not
(75, 83, 84, 127, 149),

While not much success has been forthcoming in the development of useful
selection prediction variables prior to training, great progress has been made
in predicting a student's potential for success or failure in futura training based
on student achievement in early portions of the aviator training program.

Nineteen-hundred sixty-two marked the initial development of the Pensa-
cola Student Prediction System (PSPS) utilizad to predict the ultimate success of
trainees in naval aviation, based on their performance up to a given point of
time in training (50). it is in this system that both test and nontest predictors
of aitrition play a major role. Especially important to this system are peer and
instructor ratings, and course grades. The development and application of this
system has been a major accomplishment of the Naval Aerospace Medical Research
Laboratory. Estimated cost savings of the PSPS indicate that a great amount of
instructor/student time, and monetary resources have been saved. The system
functions to aid management decisicns concerning students having problems in
training. In one instance, and perhaps for the first time in history, the Pensacola
Student Prediction System was used to select personnel out of training during a
requirement for a personnel reduction (46). It requires a major effort to service
and maintain these prediction systems. As time passes, it must be determined
that previous predictors maintain their predictive power. Additionally, as new
work environments and work tasks arise (new aircraft, differing NFO tasks, for
example) new experimental efforts must be carried out to determine appropriate
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predictors and their weights (57, 137) in the student prodiction system. ‘Tha
same is true of substantial course modifications. Yor exaniple, the present pre
diction system requiros rovalidution on student training perforinance i the newly
reorganized Naval Integratod Flight Training System (NIFT'8), The maln-
tenance of these automatio, somputor~basod pradiotion systema s a ontinnal
offort concerning the Resoarch Laboratory,

RELATIONSHIF OF AIRSICKNESS TO ANXILTY AND VOLUNTARY ATTRIVION

No discussion of anxioty und voluntury withdxawal wouald b gomplets
without a discussion of the relationship of alvelokness or moton wiokness 10 ativi:
tion in aviator tralning, Alrsioknoss and unxlety are undoubtedly velated, anu
airsicknoss is 4 common symptom ussoviated with anxiety (100, 103), BOtill, alv-
slokness is 4 physiologioul phonomenon involving the stimulation of the vestl«
bular sensory systom, Studies of subjoots with defaative vastibulay sansoy
systems demonstratod that theso {ndividuale do not oxhibit navssa vuder the
most severe motion environmoents (112), The rolationship Hatwasn tie lualdanoa
of eirsioknoss and anxiety is n muddled one. Nessaroh studlas ndioats that (he
groat majority of airsickness in the training program ovours during the fHvet
three introductory flights {n prosolo in steaight and lovel (ght when vastibulay
system simulation {s minimal (160) . Although 10 percent of atudenis axprans
somo form of nausou ox alrsickness in training, only 1 peroent of the avialop
trainoe population, on the avorago, attritos frv thin reason (0, 160), s theve u
relationship botween airsioknoess in fiight nna subgequent ativition by yereon of
airsickness? Apparontly, no significunt rolationship axisis {n the Hteratuve (o
support this lew, although somo lovols of signiflounce approngh the novmully
acceptable standaxrd (1.0., 0§ chances in 100) (102). 'I'here ave wludiaw, how
ever, which indicate that motion sfoknoss, ne measured hy a qaestionpaive ani

rotating environments, is significantly rolatod to subsoguent aivelokness attvition
(101, 119),

BRIEF VESTIBULAR DISORIENTATION TESY

A groat deal of regearch has boen undertuken to determine the velationship
of motion sicknoss und anxioty to tho obsarvable physiologloal renatione of sab

Jeots in a rotating chair onvironmont -- the Brief Vontibulax Dikorientation 'fowt
(BVDT),

It is unclear whethor the BVDT tachniquo moasuron nusaaptbility to motion
sickness as a funotion of vestibular sayatom simulation or whather it {dontifios the
more anxious or anxiety prono avintion student. ‘I'he faot that corvelations
betwean the BVDT techniquo and attrition by minana of motlon atoknoss appronch
.4 and the correlations with anxiety roanons for attrition ave in tha .2 runga aup-
ports the former hypotheses (18-21, 08). Howovor, it {g roasonable to nusume
that the technique may be an offoctive moeasuro of both typos of attritlon, It
would be interesting to further evaluate this potontial noloation tcmhnlqun with n
more objective measure of anxiety.
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CONCLUSIONS AND RECOMMENDATIONS

FUTUREK AREAS OF ATTRITION RESEARCH

This reviow of the lterature was developed primarily as a base for the
jdontifioation of portinent areas of future research in the prediction of increased
probabilities for student completion and failure in the naval aviation training pro-~

gram, In this regurd, the following topics seem worthy of future research and j
avaluation, ’

A Anxioty as u Cuusative Faotor of Infericxr Porformance and Attrition

The rosearch literature suggests that anxiety is a cause of poor or
inforior porformance resulting in voluntary withdrawal and some flight failure
attrition. Provious offorts to measure and predict anxiety of student naval avia-
tors and naval flight officors have mot with limited success because an objective
moasuxe of anxioty hue not boen availuble, Since the time that "anxiety" was
undor intonsoe rosourch sorutiny in the 19608, end early 60s, new technology has
booomo availuble, fully within the prosent state-of~the-art, which can be used
to more objootivoly and roliobly measure stressful behavior in anxiety producing
situntions, A uniquo featurc of this new technology (voice analysis) is that it
oun bo & nonintrusive measuremont means, That is, ity collection and measure-
mont will not {intorfore with prosent or future aviator training. It is suggested
thut physiologionl und psychologiocal soiontists combine thelr talents to measure

onxioty vbjoeotivoly and to detormine its relationship to aviator performance and
attrition, !

1, It is suggostod that sevoral stross or anxiety produecing situations
ouourring as an intogral part of training be evaluated, utilizing volce analysis
toohniquos to dotormine the rolationship of anxiety, as measured in nonthreat
und throat situations, to subsoquent performance. Suggested threat situations
! uro: (a) officy ontry before the drill instructor on the sixth or seventh day of

training, () hypoxiu ovcurring in the pressure chamber run, (c) Dilbert

Dunker training, and (d) tho first three to four introductory flights in presolo

tlight training. Briof voice recordings developed under stressful training con-

dition situations should be compared with a nonstress vocal recording col~
lootad early in training., Such a nonthreat base~line vocal recording should be
made ut the NAMRL test faoility during the first waek of normal psychological
tosting. 'T'he baso-line recording would be compared with recordings collected

| undor stress or anxiety in the development of an individual anxiety ratio for
subsequont corrointion with training porformance varisbles and attrition cate-
gorios,

2, Itis suggostod that an additional effort investigate the utilization of
poereonality tost instruments in a verbal format, using voice analysis technology .
In this offort, a comparison would be required between responses in & pencil-

21

S e et s, RS HVART VTN WO




and-paper normal format and verbal responses. An evaluation of the relation-
ship to subsequent performance and attrition in aviator training would estzblish
the feasibility and suitability of this approach.

3. It is further suggested that the BVDT rotating chair selection tech-
nique be evaluated, utilizing voice analysis techniques for comparison with pre-
sent measurement procedures to evaluate the relationship of airsickness to
anxiety, and to determine the capability of this threat environment to elicit
anxiety to be measured through voice analysis techniques and related to perfor-
mance and atirition categories in aviation training.

B. Anxiety as a Symptom of Inferior Performance

The research literature also supports the view that anxiety is a symptom
of poor or inferior performance and that many voluntary withdrawals and flight
failures are similar in that they exhibit or demonstrate poor human performance
in the aircraft. If voluntary attrition resulting from anxiety caused in turi by
poor human performance in the aircraft is an important factor in attrition, then
the addition of psychomotor, selective, and divided attention selection criteria
may result in the reduction of a portion of both flight failures and DORs.

1. Psychomotor performance testing has been knwon to be related to
aviator performance for a great number of years, and was used by the Army Air
Corps as a screening device during the war years and into the early 50s. One
such test, called Complex Coordination {Stick and Rudder), was the highest pre-
dictor of pilot success during World War I (70) (r = .40). Why, then, are psy-
chomotor tests no longer used? Factor analysis of the complex coordination test
indicated the major reason for its predictive goodness. It measured an appro-
priate amount of cognitive, spatial, and mechanical comprehension abilities in
addition to the unique contribution of a psychomotor or multilimb coordination
factor which no pencil-and-paper tests have yet measured (70, 82). Psycholo-
gists realized that paper-and-pencil tests available to measure nonpsychomotor
skills were much more economical and easy to administer than the hardware-
oriented psychomotor tests. Additionally, there was the great problem of unrelia-
bility with the psychomotor tests. In fact, the unreliability of these devices
became such a problem that the Air Force gave up the use of its psychomotor
selection tests in the early 50s. The rationale was that the extra amount of pre-
dictive variance accounted for by the psychomotor tests was not worth the exten-
sive device upkeep (maintenance and calibration) effort (70, 124).

The Navy has never utilized psychomotor tests in the selection of avia-
tors, even though early research studies indicated their predictive utility (159).
It has been the policy of the Navy not to use test devices that cannot be admini-
stered easily or inexpensively at decentralized testing stations.

Studies conducted during the war years by Melton (125) suggest that
approximately 7 to 8 percent of additional variance could be accounted for by the
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psychomotor factor "multi-limb coordination." With advancing technology, it may
be posgsible to duplicate present psychomotor tests in a more reliable format, or
develop entirely new psychomotor tests which will add much needed validity to
the Navy aviator selection system in the ability area of "multi-limb coordination."
A recent USAF contractual effort resulted in the development of two solid-state
perceptual psychomotor tests based in part on the old two-hand coordination and
complex coordinaticn (stick and rudder test) of World War I fame. Both tests
were transfigured into solid-state independent testing apparatus of high relia-
bility (153). Subsequent validation of the test devices indicated that the complex
coordination test was a reliable and valid predictor of success versus failure
(graduation) and flight training deficiency (simiiar to the Navy term f light
failure}. Additionally, analysis of the validation test results indicated that the
perceptual psychomotor complex coordination test made a unique contribution to
the prediction of graduation from Air Force Undergraduate Pilot Training above
and bevond that provided by the Air Force paper-and-pencil test selection instru-
ment, the AFOQT (123). The Air Force is now completing a relatively large-
scale validation effort of the AFOQT, GAT-1, and the perceptual psychomotor
tests. In a discussion with an Air Force Laboratory representative it was learned
that the perceptual psychomotor test (complex coordination) continues to provide
additional and unique variance. Alternately, the complex coordination test is
highly related to the GAT-1 performance. Since the perceptual psychotor test

is easier and less costly to administer, it is probable that the perceptual psycho-
motor performance measure will be used in place of the GAT-1 as a predictor var-
iable in USAF Pilot selection (158).

2. In addition to perceptual psychomotor abilities, experts have agreed
that abilities to manage information from several sources simultaneously; adapt
quickly to changing situations; integrate, store, combine, and compare dat: input
in the course of performing several tasks concurrently are all attributes conducive
to aviator success. Results of previous investigations of divided and selective
attention measures for predicting success in flight training have been sufficiently
successful to warrant the large scale application and assessment of several pos-
sible formats for measuring divided and selective attention capabilities. A dual-
task performance situation indicated predictive validities for success of students
in a private pilot course (72, 87). The test requried the operator to perform a
continuous manual control task (compensatory tracking) concurrently with a dis-
crete, information processing task (cancelling visually presented digits by a key~-
board response) . Additional research found that the dual-task performances on
the digit-processing task were reliable and valid predictors of performance of
students in flight training and discriminated between experienced pilots and
flight-naive subjects (133). A selective attention dichotic listening test (86),
requiring subjects to monitor a message in one ear while ignoring messages pre-
sented in the other ear, had promising validity for predicting different levels of
proficiency in high-performance jet aircraft training in the Israeli Air Force.
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It is highly possible that the proposed non-paper-and-pencil performance
approach to aviator selection may be useful in the identification and prediction of
both flight failure and DOR attrition in Navy aviator training.

RECOMMENDED RESEARCH: ITS POTENTIAL CONTRIBUTION

How good is the present naval aviator selection system, and how good
might it be? Over the years, pencil-and-paper tests used to select pilots have
correlated approximately .60 with pilot failure/success in unrestricted samples.
Relationships of this size account for approximately 40 percent of the variance or
explain approximately 40 per.ent of the factors associated with pilot success.
Ongoing pencil-and-paper NAMRL selection research efforts (evaluation of hid-
aen figures tests and latency measures, and the BVDT testing technique),
together with the performance-based research proposed here, may have a posi-
tive impact on the prediction of aviator success in training. The diagram in
Figure 5 is an optimistic but reasonable portrayal of the results of ongoing and
proposed research to more effectively predict success and failure and other
attrition categoriss in naval aviation training.
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