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Exploring Neurocognitive Performance Differences in 
Military Aviation Personnel
ashley Maltez-laurienti; adam Minniear; Rich Moore; tanya McGovern; Paul Newman; timothy Brearly

 INTRODUCTION: Military aeromedical evaluations are common, but specialized neuropsychological norms for aviation personnel are 
sparse, resulting in a need to rely on norms from the general population. little has been published regarding aviation 
subpopulations and how their neuropsychological profiles may differ from general population normative data. this 
study investigated neuropsychological test results of aeromedical service members to evaluate consistency with general 
population norms, and to delineate differences between aviation subpopulations.

 METHODS: analyses were conducted on demographic variables and test scores of military aviators (N = 26) and nonaviator 
crewmembers (N = 36) referred for evaluation due to a clinical problem requiring a waiver for flight status. Performance 
differences between subsamples were investigated with general linear modeling. Base rates for low scores were 
described.

 RESULTS: Mean test scores in both subsamples were 0 to 1 standard deviation (sD) above the general population’s means, with 
the largest discrepancies being found on measures of visuospatial ability (crewmembers) and verbal learning (aviators). 
Modeling revealed a significant difference between aviators and crewmembers on trail Making test Part B, after 
accounting for education. aviators produced fewer low scores than crewmembers, even when using education adjusted 
normative data.

 DISCUSSION: Results suggest the cognitive profile of aviators is uniquely strong in specific domains, with fewer low scores. the 
development of aviator-specific norms may enhance sensitivity to cognitive decrements in this population. Future 
studies might separately assess crewmember roles to further assess cognitive performance standards across specialties.
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The medical status of military aviators and crewmembers 
is routinely assessed to ensure their medical fitness is 
maintained. Certain medical or neurobehavioral condi-

tions have the potential to adversely affect cognitive function-
ing and so disqualify aviation personnel from full flight status. 
This necessitates an aeromedical evaluation if the service mem-
ber wishes to obtain a waiver to pursue or regain flight status. In 
such cases, flight surgeons often refer the service member for a 
neuropsychological evaluation to help discern the appropriate-
ness of a waiver. Mild traumatic brain injury (mTBI), psychiat-
ric conditions, symptoms of attention-deficit hyperactivity 
disorder (ADHD), or treatment with psychiatric medications 
are examples of disqualifying clinical problems. Neuropsychol-
ogists must make recommendations in accordance with exist-
ing aeromedical policies that differ by branch of service and by 

specific job duties.15 However, the aeromedical policies do not 
stipulate the cognitive profile characteristics that deem some-
one fit or unfit for a waiver. Psychiatric and neurological condi-
tions that typically lead to a determination of unsuitability have 
been previously characterized,18 but there has been little inves-
tigation into the neurocognitive characteristics of military  
aviation personnel. Aeromedically trained neuropsychologists 
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must interpret their examination results with an understanding 
of what makes aviation personnel neurocognitively unique 
before recommending for or against a waiver.

To assume that aviation personnel’s neurocognitive charac-
teristics are similar to the general population is to disregard 
both physiological and neuropsychological evidence to the 
contrary. Researchers have discovered specific neurophysiolog-
ical processes associated with aviation tasks and have described 
patterns of cortical processing specific to career aviators.1,15,29 
Chen at al.8 used fMRI to show aviators had greater functional 
connectivity within the default mode network (DMN) when 
compared to nonaviators, including greater functional integra-
tion of the middle occipital gyrus when the DMN is active, 
implicating a specific enhancement in not only arousal and 
attention but also spatial processing. This unique neurophysio-
logical characteristic is congruent with prior neurocognitive 
research showing stronger spatial judgment and mental rota-
tion abilities in aviators compared to nonaviators.12 Interestingly, 
one study found that gender differences typically seen in the 
general population on mental rotation tasks were not present in 
an aviator population.30 Given the evidence that aviators’ brains 
are unique in how they are functionally specialized, it stands to 
reason that their cognitive abilities should be measured against 
a different standard than the general population.

The value of specific neuropsychological norms in select 
populations is established (e.g., evaluation of physicians),9 but 
specialized norms for aviation personnel are sparse. The devel-
opment and publication of the Cogscreen Aeromedical Edition 
(CogScreen-AE) was a major step forward in aviation neuro-
psychology, as it provided a collection of brief cognitive tests 
with aviator-specific normative data.20 The ability to compare 
cognitive test scores to normal healthy aviators makes the 
CogScreen-AE a very useful instrument to include in aero-
medical neuropsychological exams, but not all aeromedically 
trained neuropsychologists have made the financial invest-
ment in this test, and the neuropsychologist who uses the 
CogScreen-AE may need to administer additional tests depend-
ing on the clinical problem under investigation. Unfortunately, 
very little has been published about how healthy career aviators 
perform on other cognitive tests. Kay21 presented normative 
data for commercial airline pilots using the Wechsler Adult 
Intelligence Scale-Revised (WAIS-R), the Expanded Halstead-
Reitan Battery (EHRB), the Rey Complex Figure Test, the 
California Verbal Learning Test (CVLT; first edition), the Paced 
Auditory Serial Addition Test, and the Wisconsin Card Sorting 
Test. Not only did this provide a selection of aviator-specific 
norms, Kay’s analysis of the data supported that aviators’ cogni-
tive profiles are different from the general population; he 
demonstrated that no more than 5% of the pilots obtained a 
WAIS-R IQ score at or below 100, which is the average score in 
the general population. However, the drawback of this set of 
aviator norms is that the WAIS-R and the CVLT are outdated, 
and many tests that make up the EHRB have dropped out of 
common use as the flexible battery approach gained popularity 
among practicing neuropsychologists. Our literature review 
found no other sets of normative data based on career aviators’ 

performances on traditional neuropsychological tests. Without 
aviator-specific normative data, it can be difficult for an exam-
iner to determine whether an aviator’s mild cognitive decline 
constitutes an unacceptable risk to safely performing aviation 
duties. While the safety risk may be obvious for an aviator 
whose sustained attention scores (for example) are impaired 
relative to the general population, it cannot be assumed that any 
scores falling within the general population’s normal range 
would necessarily predict adequate performance in the cockpit, 
where the demand for vigilance and attentional resources is 
especially high. In other words, what is considered normal cog-
nitive performance for the general population might not be 
normal for aviators. Knowing that an aviator’s scores fall either 
within or below what is considered normal for healthy aviators 
would give the examiner more confidence when recommend-
ing for or against a waiver.

Compared to civilian aviators, even less is known about the 
neurocognitive characteristics of military aviators. Kay20 found 
that aviators flying for large commercial carriers, who were 
more likely to have prior military aviation experience, had 
stronger cognitive performances than did aviators flying for 
smaller carriers. Another study found that a small sample of 15 
U.S. Army aviators demonstrated relative strengths in semantic 
knowledge, mental math, fine-motor speed, and concentration, 
although their performances were not substantially different 
from those of education-matched nonaviators.16 A literature 
review by the authors found no other studies describing normal 
cognitive performances in military career aviators, but there 
were a limited number of studies describing results of intelli-
gence testing in military aviators-in-training. A study using 
Armed Services Vocational Aptitude Battery (ASVAB) scores 
to predict the intelligence (IQ) scores of U.S. Army aviators 
reported higher mean estimated IQ scores relative to the gen-
eral population.24 Published normative data for U.S. Air Force 
(USAF) cadets and officers selected for aviator training found 
IQ scores of 1.33 to 1.5 standard deviations above the mean for 
adults in the general population.7,23,27 A similar study con-
ducted with USAF aviators-in-training yielded similar IQ esti-
mates, and also found a variety of bidirectional performance 
differences between USAF aviator candidates and commercial 
aviators on neurocognitive tasks considered important to avia-
tion duties.6 Yet another study found similar IQ estimates in 
USAF cadets using the Multidimensional Aptitude Battery.22 
Other studies have found that military aviators-in-training per-
form better than nonaviators on visuospatial tasks.14 The data 
on aviators-in-training support the idea that there are unique 
cognitive aptitudes in the military aviator population. However, 
the focus on cadets in many of these studies narrows the scope 
to include only younger samples, some of whom may not have 
completed training to become aviators. Additionally, generaliz-
ing findings from aviators-in-training to career aviators may 
impose some erroneous assumptions.

Beyond the different cognitive standards that exist between 
aviators and the general population, there is also a need to 
explore whether differences in baseline cognitive functioning 
exist between subpopulations in the aviation community. 
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Limiting subjects largely to USAF service members risks over-
looking possible cognitive differences among aviation person-
nel in different service branches (Army, USAF, Navy, USMC, 
Coast Guard), similar to differences noted between commercial 
and military aviators.6 The differences in training between ser-
vice branches may strengthen different aspects of cognitive 
skills. Further, one service branch’s selection criteria may differ-
entially select for aviators with specific baseline cognitive char-
acteristics. Beyond possible aviator differences between service 
branches, are there important differences between aviators who 
fly different aircraft? Perhaps there are differences in cognitive 
strengths between rotary and fixed-wing aviators rather than 
variations that are service branch-specific. If there are differ-
ences between various military service aviation communities, is 
this difference meaningful in the context of an aeromedical 
evaluation? For example, if a USAF aviator with a history of 
mild TBI performs below normal limits for aviators in her ser-
vice branch on a test of divided attention but within normal 
limits relative to aviators grouped across all service branches, 
should she be denied a waiver to return to full flight status? The 
exclusion of nonaviator crewmembers from aviation neuropsy-
chology research leaves a particularly limited understanding of 
expected performance among this subpopulation that com-
prises a substantial portion of aeromedical waiver referrals in 
the military. There is a need to further examine the neuropsy-
chological profiles of military aviation personnel and to ulti-
mately develop a robust set of norms for neuropsychological 
tests commonly used when assessing members of this unique 
population.

The current study sought to examine the cognitive perfor-
mances of military aviation personnel referred for aeromedical 
neuropsychological evaluation in order to examine consistency 
with general population normative data and to delineate per-
formance differences between subpopulations of aviation per-
sonnel. It was hypothesized that military aviators would 
perform above standard normative expectations on a range of 
cognitive functions including measures of simple and complex 
attention, processing speed, and visuospatial processing. It was 
also hypothesized that aviation personnel would yield a lower 
frequency of low scores compared to previously published base 
rates of low scores in the general population. Additionally, the 
current study sought to explore differences between aviator and 
crewmember cognitive performances as, to our knowledge, this 
has not been done before.

METHODS

Subjects
The Institutional Review Board at Walter Reed National Mili-
tary Medical Center (WRNMMC) determined this study to be 
exempt research. This study used archival data from a conve-
nience sample of military aviation personnel (N = 114) com-
prised of aviators and nonaviator crewmembers referred to the 
WRNMMC Neuropsychology Assessment Service for aero-
medical evaluation from 1/1/2012 through 1/18/2019. Subjects 

were all pursuing a waiver due to a disqualifying clinical prob-
lem, which included a current or past disqualifying diagnosis 
(e.g., psychiatric, medical, mTBI, ADHD) and/or use of a dis-
qualifying medication (e.g., an SSRI). Subjects known to have 
abnormal neuroimaging findings (N = 2), those who did not 
undergo a comprehensive neuropsychological test battery (N = 
1), those whose specific job was not recorded in clinic archives 
(N = 39), and cadets not yet serving in an aviation capacity  
(N = 10) were excluded from the study. No subjects were 
excluded on the basis of waiver outcome; this information was 
not available for all subjects. All subjects performed within 
acceptable limits on performance validity tests. The final sam-
ple used for analysis was divided into two subsamples: aviators 
(N = 26) and crewmembers (N = 36). The aviator subsample 
included any aircraft or unmanned aerial vehicle pilots, and 
the crewmember subsample included any flight status person-
nel other than pilots (e.g., crew chief, gunner, flight surgeon, 
air traffic controller, loadmaster). Chi-squared and indepen-
dent-sample t-test analyses revealed that the groups did not 
differ significantly in terms of age, gender, or race/ethnicity. 
Aviators had significantly higher education attainment than 
crewmembers. The majority of both groups sought waivers 
due to a psychiatric diagnosis or use of a disqualifying psycho-
tropic medication. Demographic characteristics are reported 
in Table I.

Measures
The use of a retrospective convenience sample resulted in some 
differences in which neuropsychological tests were adminis-
tered to each subject, but those selected for analyses have well- 
established psychometric properties and adequately cover the 
range of cognitive domains. They included five Wechsler Adult 
Intelligence Scale-IV (WAIS-IV) subtests (Coding, Digit Span, 
Arithmetic, Block Design, and Visual Puzzles), Logical Mem-
ory I&II from the Wechsler Memory Scale-IV (WMS-IV), 

Table I. Demographic Characteristics of Aviators (N = 28) and Crewmembers 
(N = 36).

CHARACTERISTIC

AVIATORS 
(N = 26) M 
(SD) OR N

CREWMEMBERS 
(N = 36) M (SD) 

OR N t/X2 P
Age 39.15 (7.24) 32.31 (8.98) 0.507 0.479
Education (years) 16.46 (1.84) 14.47 (2.57) 6.701 0.012
Race/Ethnicity 5.112 0.164
 Black 1 6
 Asian 0 2
 Hispanic 1 3
 White 24 25
Gender 0.699 0.404
 Male 23 29
 Female 3 7
Condition 9.353 0.053
 Psychiatric 16 20
 Medical 5 1
 ADHD 1 7
 mTBI 2 7
 Subjective complaints 1 1
 In-flight mishap 1 0
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three tests from the Expanded Halstead-Reitan Battery (EHRB; 
Trail Making Test Part B, Category Fluency-Animals, and Let-
ter Fluency-FAS), and the California Verbal Learning Test-II 
(CVLT-II). Many subjects also completed Trail Making Test 
Part A, but it was not included in this study because it did not 
meet the homogeneity of slopes assumption for ANCOVA. A 
description of the psychometric properties and the general 
population normative data can be found in the respective test 
manuals. Test score data used in this study included raw scores 
as well as standardized scores. According to the general popula-
tion norms published in their respective test manuals, the 
WAIS-IV,31 WMS-IV,32 and EHRB17 standardized scores were 
adjusted for age, education, gender, and race. CVLT-II10 stan-
dardized scores were adjusted for age and gender.

Analyses
All statistical analyses were run using IBM SPSS Statistics, ver-
sion 24.19 Selected measures met assumptions for Analysis of 
Covariance (ANCOVA). Descriptive statistics within each sub-
sample were obtained for raw scores and standardized scores. 
One-way ANCOVA analyses were used to examine perfor-
mance raw score differences (means and SDs) between the avi-
ators and crewmembers on each test, allowing for the control of 
differences in educational attainment between the two groups. 
Raw scores were selected for this purpose to help eliminate the 
influence of education level and age on the scores. Alpha levels 
of ≤ 0.05 were used to define statistical significance. Effect sizes 
of group differences were measured using partial eta squared.

The base rates of low scores across the 12 scores used in the 
above ANCOVA analysis were calculated under two score 
transformation conditions, but first subjects were excluded 
from the calculation if their data included fewer than 10 of the 
12 scores. The first condition used the test publishers’ demo-
graphically adjusted norms to transform subject’s raw scores. 
For the WAIS-IV and WMS-IV subtests and the EHRB tests, 
transformations included adjustments for age, education, gen-
der, and race.26,17 CVLT-II score transformations included 

adjustments for age and gender only.10 In the secosnd condi-
tion, aviators’ raw scores were transformed to t-scores using the 
aviator subsample means and standard deviations, and crew-
members’ raw scores were transformed using the crewmember 
subsample means and standard deviations obtained in this 
study. No demographic adjustments were applied in the second 
condition. Base rate calculations for each condition were car-
ried out 3 times according to 3 different ways of defining a low 
score – first defined as ≥ 1 SD below the mean, then ≥ 1.5 SD 
below the mean, and then ≥ 2 SD below the mean.

RESULTS

Table II summarizes the cognitive test score means and SDs for 
aviators and crewmembers and ANCOVA results. In both sub-
samples, all mean test scores fell within approximately 0 to 1 SDs 
above the general population means. The greatest discrepancies 
from the normative mean were on tests of verbal learning (avia-
tors) and visuospatial processing (crewmembers). In examining 
the raw score differences between aviators and crewmembers, 
ANCOVA results showed that aviators performed significantly 
better than crewmembers after controlling for education attain-
ment on Trail Making Test Part B, F(1,47) = 4.74, P ≤ 0.04, with 
a medium effect size (η2 = 0.09).11 There were no other signifi-
cant test score differences between aviators and crewmembers.

Table III presents the base rates of low scores. Only the 12 
scores used in the above ANCOVA analysis were considered for 
base rate calculations. Subjects with fewer than 10 of these scores 
were excluded for the calculations. For the aviator subsample, 11 
(47.8%) had all 12 scores, 6 (26.1%) had 11, and 6 (26.1%) had 
10. For the crewmember subsample, 16 (55.2%) had all 12 scores, 
6 (20.7%) had 11, and 7 (24.1%) had 10. The following findings 
are for the condition using the test publishers’ demographically 
adjusted normative data to transform subjects’ scores: when 
defining a low score as ≥ 1 SD below the mean, 39.1% of aviators 
had 1 or more low score, and 13.0% had 2 or more, while 51.7% 

Table II. Test Performance: Means for Aviators and Crewmembers, Standard Deviations, and Analysis of Covariance Results for Cognitive Tests.

TEST

AVIATORS CREWMEMBERS

F df P ηp
2RAW M (SD) STANDARD M (SD) RAW M (SD) STANDARD M (SD)

Animal Naming 26.96 (4.85) 56.56 (9.27) 25.40 (5.55) 54.57 (11.31) 1.57 1,57 0.215 0.027
COWA (FAS) 52.04 (10.97) 55.12 (8.93) 45.34 (12.13) 50.43 (10.21) 1.86 1,57 0.178 0.032
CVLT-II LDFR 13.17 (2.13) - 12.65 (2.81) - 0.62 1,46 0.617 0.013
CVLT-II Total Learning 56.91 (8.89) 58.83 (9.71) 54.65 (9.89) 54.35 (10.07) 0.31 1,46 0.583 0.007
Trail Making Test B 44.95 (8.64) 56.63 (8.08) 53.65 (17.66) 53.35 (9.33) 4.74 1,47 0.035 0.092
WAIS-IV Arithmetic 16.42 (2.55) 48.62 (9.06) 15.56 (3.32) 51.14 (11.22) 1.26 1,57 0.267 0.022
WAIS-IV Block Design 53.92 (6.76) 54.76 (6.48) 54.68 (7.56) 57.25 (9.25) 0.10 1,53 0.920 0.000
WAIS-IV Coding 81.62 (6.45) 56.00 (6.18) 78.86 (13.73) 55.69 (8.64) 0.01 1,58 0.905 0.000
WAIS-IV Digit Span 33.31 (4.27) 54.50 (9.44) 30.14 (4.35) 51.22 (8.09) 3.85 1,58 0.055 0.062
WAIS-IV Visual Puzzles 19.43 (3.37) 56.71 (6.84) 17.61 (4.61) 54.67 (11.19) 1.89 1,34 0.178 0.053
WMS-IV Logical 30.28 (6.07) 53.92 (8.86)
Memory I 27.70 (6.06) 52.68 (9.18) 1.59 1,55 0.213 0.028
WMS-IV Logical 

Memory II
26.84 (7.12) 54.44 (9.45) 24.39 (6.80) 52.50 (9.03) 0.87 1,55 0.36 0.015

NOTE:  COWA = Controlled Oral Word Association Test; CVLT-II = California Verbal Learning Test, Second Edition; LDFR = Long Delay Free Recall; WAIS-IV = Wechsler Adult Intelligence 
Scale-IV; WMS-IV = Wechsler Memory Scale-IV. Statistical tests performed using raw scores; standard scores (t-scores) are provided for reference only. LDFR standard scores not 
included as continuous data is not reported by CVLT-II scoring software.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



NEUROCOGNITION IN AVIATION—Maltez-Laurienti et al. 

706  AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 92, No. 9 September 2021

of crewmembers had 1 or more low score, and 34.5% had 2 or 
more. When defining a low score as ≥ 1.5 SD below the mean, 
17.4% of aviators had 1 or more, and 4.3% had 2 or more, while 
31.0% of crewmembers had 1 or more, and 10.3% had 2 or more. 
When defining a low score as ≥ 2 SD below the mean, none of 
the aviators had any low scores, while 17.2% of crewmembers 
had 1 or more, and 3.4% had 2 or more. On average, 5.2%, 2.0%, 
and 0.0% of an aviator’s scores were low when using the ≥ 1 SD, 
≥ 1.5 SD, and ≥ 2 SD criteria, respectively, and the corresponding 
figures for an average crewmember were 9.2%, 3.8%, and 2.0%.

The following findings are for the condition using the  
sub-samples’ respective means and standard deviations to trans-
form subjects’ scores: when defining a low score as ≥ 1 SD below 
the mean, 87.0% of aviators had 1 or more low score, and 47.8% 
had 2 or more, while 69.0% of crewmembers had 1 or more low 
score, and 51.7% had 2 or more. When defining a low score as ≥ 
1.5 SD below the mean, 52.2% of aviators had 1 or more, and 
17.4% had 2 or more, while 37.9% of crewmembers had 1 or 
more, and 10.3% had 2 or more. When defining a low score as ≥ 
2 SD below the mean, 26.1% of aviators had 1 or more, and 8.7% 
had 2 or more, while 17.2% of crewmembers had 1 or more, and 
6.9% had 2 or more. On average, 15.1%, 7.3%, and 3.3% of the 
aviators’ scores were low when using the ≥ 1 SD, ≥ 1.5 SD, and 
≥ 2 SD criteria, respectively, and the corresponding figures for 
crewmembers were 16.5%, 5.1%, and 2.3%.

DISCUSSION

While some authors have argued against the need for avia-
tor-specific norms on the basis that education-based norms 

sufficiently account for performance differences between avia-
tors and non-aviators,16 the current study supports the need for 
such norms and is the first to argue for a separate set of norms 
specifically for crewmembers. Crewmembers, to our knowl-
edge, have not been included in previous studies despite com-
prising a significant number of aeromedical evaluation referrals.

Despite the fact that subjects in our study were all drawn 
from a clinical convenience sample, we found that these avia-
tion personnel outperformed the general population on multi-
ple cognitive measures, and aviators in particular yielded 
proportionally fewer low scores. On average, military aviators’ 
performances on a measure of verbal learning curve approached 
1 SD above age-and-gender-adjusted general population means. 
They also scored over 0.5 SD above full demographically 
adjusted means on tests of verbal fluency, complex speeded 
attention, processing speed, and mental rotation/visuospatial 
reasoning. While we expected relatively stronger performances 
among military aviators in many of these cognitive domains, 
the magnitudes of the differences were not as large as might be 
expected given previous findings of IQ scores approaching 1.33 
SD above general population means among USAF aviation 
cadets and trainees.6,7,27 One possible reason for this discrep-
ancy is the fact that our sample was selected from a clinical pop-
ulation, which may have diluted the mean scores. Still, this 
highlights the point that measures of IQ alone are insufficient in 
aeromedical evaluations where examinees are expected to have 
strengths in specific cognitive domains.

Crewmember mean performance was comparable to the 
general population on most cognitive tasks, with performance 
on a processing speed and a visuospatial reasoning task falling 
over 0.5 SD above the general population mean. While their 

Table III. Low Score Base Rates: Prevalence of Aviators and Crewmembers with Abnormal Scores on Aeromedical Evaluation, and Percent Low Scores Per 
Case.

NUMBER OF LOW SCORES

SUBSAMPLE
SCORE TRANSFORMATION 

SOURCE
LOW SCORE 
DEFINITION 1 OR MORE 2 OR MORE

PERCENT LOW 
SCORES

Aviators Test publishers’ demographically 
adjusted norms

≥ 1.0 SD Below Mean 39.1% 13.0% Mean = 5.24
(N = 23; Mean total scores 

= 11.2;  
range = 10-12)

SD = 7.84
≥ 1.5 SD Below Mean 17.4% 4.3% Mean = 2.02

SD = 4.96
≥ 2.0 SD Below Mean 0.0% 0.0% -

Aviator subsample Means and SD ≥ 1.0 SD Below Mean 87.0% 47.8% Mean = 15.14
SD = 10.59

≥ 1.5 SD Below Mean 52.2% 17.4% Mean = 7.26
SD = 9.06

≥ 2.0 SD Below Mean 26.1% 8.7% Mean = 3.25
SD = 6.13

Crewmembers Test publishers’ demographically 
adjusted norms

≥ 1.0 SD Below Mean 51.7% 34.5% Mean = 9.15
(N = 29; Mean total scores 

= 11.3;  
range = 10-12)

SD = 13.96
≥ 1.5 SD Below Mean 31.0% 10.3% Mean = 3.84

SD = 7.77
≥ 2.0 SD Below Mean 17.2% 3.4% Mean = 2.04

SD = 5.33
Crewmember subsample Means  

and SD
≥ 1.0 SD Below Mean 69.0% 51.7% Mean = 16.47

SD = 16.76
≥ 1.5 SD Below Mean 37.9% 10.3% Mean = 5.05

SD = 8.85
≥ 2.0 SD Below Mean 17.2% 6.9% Mean = 2.30

SD = 5.85
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performances were more consistent with the general popula-
tion than were the aviators’, this provides some initial evidence 
that crewmembers may also have specific cognitive strengths as 
a group, which warrants further study. Moreover, in examining 
the significant differences between aviators and crewmembers, 
aviators performed significantly better only on a task of com-
plex speeded attention, although they also tended to produce 
fewer low scores than the crewmembers, which again high-
lights the need for aviator and crewmember normative data and 
interpretation guidelines. Further, these data suggest that in an 
aeromedical context, it may be prudent to give more weight to 
subtle weaknesses in test scores (e.g., a score that is in the low 
end of the normal range in an otherwise solidly normal or bet-
ter cognitive profile) by administering additional tests within 
the same domain to confirm the repeatability and magnitude of 
the potential deficit.

While a test’s population-specific normative data can help a 
clinician determine whether individual test scores are so low as 
to raise suspicion of a clinical problem, it is common for neuro-
cognitively healthy individuals to have one or more low scores. 
Therefore, considering the number of low scores someone has 
relative to his specific population is relevant to clinical decision 
making and should be considered in the aeromedical context. 
The base rates of low scores among neurocognitively healthy 
people in the general population have been reviewed3,4,28 and 
Kay20 addressed the need for such analyses in the aviation com-
munity. In this study, we used test publishers’ demographically 
adjusted norms to show that base rates for low scores in our 
aviator sample were lower than in the general population. 
When defining low as ≥ 1 SD below the mean, 39% of aviators 
undergoing aeromedical evaluation had 1 or more low scores 
on a battery yielding 10 to 12 scores, and 13% had 2 or more. 
Compare this to findings within the general population show-
ing 36% had 2 or more scores ≥ 1 SD below the mean on a com-
prehensive battery of 10 tests.28 For crewmembers, the base 
rates of low scores looked comparable to the general popula-
tion. Again using ≥ 1 SD below the mean to define a low score, 
52% of crewmembers had 1 or more low score on a battery 
yielding 10 to 12 scores, and 35% had 2 or more.

According to the review by Binder et al.2 of several base rate 
studies, the expected number of low scores (when defined as 
greater than one SD below the mean) can be roughly estimated 
at 10–15% of the scores in a test battery. This basically holds 
true for crewmembers in our aeromedical sample, where on 
average 9% of an individual’s scores were low. For aviators, how-
ever, only 5% of an individual’s scores were low on average. 
When using the test publishers’ demographically adjusted nor-
mative data, our preliminary findings suggest the clinician 
should expect fewer low scores for aviators than the general 
population, but crewmember base rates are roughly commen-
surate with the general population. However, since the base rate 
figures presented here were derived from a clinical convenience 
sample and likely overestimate the rates of low scores in healthy 
aviators and crewmembers, they should not be relied upon for 
clinical decision-making. Future studies are needed to establish 
reliable base rates for healthy aviation personnel.

Ideally, clinicians who examine aviation personnel should 
use population-specific norms, and over time it is hoped that 
such normative data will be collected and made available for a 
wide range of common neuropsychological tests. Should this be 
the case one day, it would be helpful to examine the base rates of 
low scores when using aviator-specific norms. While this study’s 
aeromedical data set should not be considered normative data, 
we used the raw score means and standard deviations to trans-
form subjects’ raw scores into t-scores in order to describe the 
base rates of low scores when measuring aviator and crewmem-
ber cognitive test performances against their respective peers. 
When defining low as ≥ 1 SD below the mean, 87% of aviators 
undergoing aeromedical evaluation had 1 or more low score on 
a battery yielding 10 to 12 scores, and 48% had 2 or more; 69% 
of crewmembers had 1 or more low score, and 52% had 2 or 
more. Looking at Table III, it is clearly common for the majority 
(87%) of aviators undergoing aeromedical evaluation to have 1 
or more scores ≥ 1 SD below the population-specific mean, and 
about half (52%) had 1 or more score ≥ 1.5 SD below the mean. 
However, it is much less common for aviators to have 2 or more 
low scores, especially when using ≥ 1.5 SD below the mean to 
define low. Our preliminary findings suggest that a cut-off of 2 
low scores may be useful for discriminating between normal 
and abnormal profiles when using aviator-specific norms, as a 
cut-off of 1 low score may increase the likelihood of a false-pos-
itive error. Additional studies, ideally incorporating testing 
normed in aviators (e.g., CogScreen-AE), are needed to estab-
lish whether this cut-off is useful for clinical decision-making.

Our study has a few notable limitations that must be taken 
into consideration when interpreting the findings. First, our 
small sample size raises the possibility that the moderate effect 
sizes of between-group differences in speeded complex atten-
tion may be over-estimated. Secondly, because our sample con-
sisted of aviation personnel undergoing aeromedical evaluation 
it is reasonable to assume that some subjects’ clinical problems 
(e.g., mTBI, ADHD, sleep apnea) impacted their test scores and 
potentially confounded our data. However, the group differ-
ences in condition were not significant, and attempts were 
made to minimize the overall effect of clinical problems on the 
cognitive test scores by excluding subjects with known brain 
lesions (e.g., subarachnoid hemorrhage and ischemia). A 
related limitation is that some of our subjects demonstrated 
cognitive weaknesses that were judged by the examining clini-
cal neuropsychologists to be severe enough to recommend 
against returning to full flight status. Given these limitations, 
our results should be interpreted with caution.

Unfortunately, not all aeromedical cases in the data archive 
documented the clinician’s recommendation, but based on the 
subjects whose recommendations were documented the major-
ity of our subjects had been judged cognitively fit for full flight 
status. Additionally, we examined a limited number of tests due 
to subjects receiving differing test batteries in our clinic. Thus, 
there may exist differences between groups on other cognitive 
measures that were not examined. Another limitation of this 
exploratory study is that our crewmember sample included a 
mix of every occupation requiring flight status other than 
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aviators, as the sample was not large enough to further delineate 
occupational subtypes such as aircraft maintainers, ground 
support personnel, and medical support personnel. There is a 
possibility that members of specific occupations have specific 
cognitive skills that would be better delineated if subgroups 
were examined independently. Pertinent to a concern that was 
previously mentioned, this study includes predominantly U.S. 
Army personnel, and is not representative of the aviation com-
munity across all services.

Future normative studies should strive to include a large sam-
pling of healthy aviation personnel with a representative sample 
from each service branch and major job duty (e.g., mechanic, 
loadmaster, crew chief, etc.) as well as different types of aviators 
(e.g., rotary versus fixed-wing). In addition to publishing raw 
score means and standard deviations, we recommend that nor-
mative studies also present data on the frequencies of low scores.

Because there tend to be variations in what the different ser-
vice branches consider appropriate for a given assessment, the 
community of aeromedical neuropsychologists should strive to 
develop a robust set of norms for all of the most widely used 
cognitive tests (e.g., continuous performance tests, WAIS-IV, 
WMS-IV, CVLT-II, Trail Making Test, verbal fluency tests, etc.) 
to ensure aeromedical neuropsychologists have a variety of tests 
at their disposal to assess a range of possible conditions along 
with the ability to detect subtle decrements in cognitive function 
that may adversely impact flight performance. Our findings lend 
some support to the recommended core aeromedical battery 
proposed by Graver et al.15 in that the Trail Making Test Part B 
subtest showed significant differences between our two groups 
with at least a medium effect size. Thus, this measure should be 
included in batteries used in future studies. Also, while our bat-
tery included many of the tests used as part of the Federal 
Aviation Administration’s core battery,13 future studies should 
strive to include all of these to help determine if there may be 
utility in using a similar core battery within the military services.

Future research should further clarify cognitive abilities and 
differences between various occupations within the crewmem-
ber population. Of particular interest would be examination of 
differences between crewmember occupations such as crew 
chiefs, door gunners, aircraft maintainers, ground support per-
sonnel, loadmasters, flight medics, flight physicians, navigators, 
etc. These jobs all require flight status (with some variation 
between branches of service) and each serve very different roles 
within the aviation environment which may require different 
sets of cognitive skills.15 Our preliminary findings suggest there 
may be specific cognitive strengths in this group overall, yet 
some subgroups (e.g., flight physicians and navigators) may 
have more advanced education and correspondingly higher 
neuropsychological test performances than other subgroups 
(e.g., enlisted crew chiefs, aircraft maintainers, etc.).
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