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ABSTRACT

Military selection tests leave room for improvement when predicting work-relevant outcomes. We tested whether measures of

attention control, working memory capacity, and fluid intelligence improved the prediction of training success above and
beyond composite scores used by the U.S. Military. For student air traffic controllers, commonality analyses revealed that
attention control explained 9.1% (R =.30) of the unique variance in academic performance, whereas the Armed Forces
Qualification Test explained 5.2% (r =.23) of the unique variance. For student naval aviators, incremental validity estimates
were small and nonsignificant. For student naval flight officers, commonality analyses revealed that attention control measures

explained 11.8% (R = .34) of the unique variance in aviation preflight indoctrination training performance and 4.3% (R = .21) of

the unique variance in flight performance. Although these point estimates are based on relatively small samples, they provide

preliminary evidence that attention control measures might improve training outcome classification accuracy in real-world

samples of military personnel.

1 | Introduction

When performing any cognitive task, one must contend with
distractions, interference, impulses, and mind wandering.
Attention control is what allows us to focus on goal-relevant
information while ignoring or suppressing these distracting
thoughts and events. Because distractions and interference are
ubiquitous in everyday life, individual differences in the ability
to control attention have far reaching consequences for real-
world cognitive performance (Dempster 1991; Engle 2002, 2018;
Mashburn, Burgoyne, and Engle 2023).

Individual differences in attention control explain considerable
variance in academic achievement (Ahmed et al. 2019;

© 2024 John Wiley & Sons Ltd.

Blankenship et al. 2019; McVay and Kane 2012), job perform-
ance (Nelson 2003; Guo et al. 2020; Bosco, Allen, and
Singh 2015), emotion regulation (Engen and Anderson 2018;
Garrison and Schmeichel 2020; Moran 2016), rationality
(Burgoyne, Mashburn, and Engle 2021), sensory discrimination
ability (Tsukahara et al. 2020), and complex problem solving
(Dempster 1991; Draheim et al. 2021; Martin, Mashburn, and
Engle 2020; Salthouse, Atkinson, and Berish 2003). For reviews
of the expansive role of attention control in complex behavior,
see Mashburn, Burgoyne, and Engle (2023) and Draheim et al.
(2022). Based on these results, it has been argued that attention
control is a domain-general cognitive ability that plays a role in
most controlled mental operations, particularly under condi-
tions in which interference leads to the retrieval of response
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Summary

« We tested whether measures of attention control
improve the prediction of Navrfy training performance.

For student air traffic controllers, commonality analyses
revealed that attention control explained 9.1% of the
unique variance in academic performance, compared to
5.2% by the Armed Forces Qualification Test.

For student naval flight officers, commonality analyses
revealed that attention control explained 11.8% of the
unique variance in aviation preflight indoctrination
training performance and 4.3% of the unique variance in
flight performance.

tendencies that conflict with current task goals (Burgoyne and
Engle 2020; Engle 2002; Engle 2018). The view that attention
control is central to complex cognition can be traced back to
Titchener (1908), who stated that “the doctrine of attention is
the nerve of the whole psychological system” (p. 173).

Extending this argument, Burgoyne et al. (2022) recently tested
whether attention control explains the positive manifold—the
positive correlations observed among broad cognitive abilities.
The data set included measures of attention control, working
memory capacity, fluid intelligence, and sensory discrimination
ability (see Tsukahara et al. 2020). Using a two-step modeling
approach, Burgoyne et al. (2022) found that attention control
had the highest loading on the g-factor, the latent variable
which provides a statistical explanation for the positive mani-
fold. Next, the researchers specified attention control as a pre-
dictor of the other cognitive ability factors, and tested whether
the correlations among their residuals were reduced to a
meaningful degree. Although attention control did not fully
eliminate the residual correlations, it did reduce them consid-
erably. Burgoyne et al. (2022) interpreted this as evidence that
attention control is a common element that contributes to
individual differences in a variety of complex cognitive func-
tions. That is, attention control can be seen as a bottleneck that
constrains performance across cognitive domains; if one gen-
erally struggles to control their attention, performance on spe-
cific tests of reasoning, memory, perceptual speed, and so on
will be negatively affected as a result.

The purpose of this paper is to investigate whether measures of
attention control predict individual differences in training per-
formance in the U.S. military. Presumably, “zoning out” or not
paying attention will have negative consequences for knowl-
edge and skill acquisition (Unsworth et al. 2012). Indeed, in a
sample of Air Force trainees, Woltz (1988) found that individual
differences in attention control predicted declarative rule
acquisition and proceduralization in a complex task meant to
simulate work performed at a control panel.

Attention control also plays a role in academic achievement.
For example, Unsworth et al. (2012) found that individual dif-
ferences in attention control predicted everyday attentional
failures such as mind wandering during class, which in turn
predicted performance on the SAT. McVay and Kane (2012)
found that the ability to control attention was significantly

correlated with the number of task-unrelated thoughts students
experienced while reading, and furthermore, predicted passage
comprehension.

Attention control also plays a role in motor skill acquisition. As
a case in point, Burgoyne, Harris and Hambrick (2019) chal-
lenged novice pianists to learn a new piece of music given
12 min of practice. They found that participants with greater
working memory capacity (i.e., a proxy measure for attention
control; see Engle et al. 1999; Conway et al. 2002) performed
significantly better in the skill acquisition task than individuals
with lower working memory scores. Attention control con-
tributes substantially to individual differences in working
memory performance, and largely explains its predictive valid-
ity and relation to other cognitive constructs, such as fluid
intelligence (Engle et al. 1999; Conway et al. 2002; Draheim
et al. 2021). Thus, attention control appears to be important for
both academic skill acquisition and procedural skill acquisition,
both of which might be important to military training programs.

Our argument is that cognitive science and psychometrics can
and should be used to guide applied psychology. Cognitive
science can identify theoretical constructs that are important for
particular jobs and isolate the key elements or cognitive pro-
cesses captured by tests that are responsible for their relation-
ship to job performance. Psychometrics can be used to improve
reliability and subsequent validity. Recent developments in
cognitive psychology (e.g., solutions to the “reliability paradox”;
Hedge, Powell, and Sumner 2018, p. 1166) have yet to be
adopted in the applied sector, delaying progress. Unfortunately,
this observation is not new; 30 years ago, Landy, Shankster and
Kohler (1994) stated: “It is with some embarrassment, then, that
we must recognize that little progress is apparent in the con-
ception and understanding of cognitive abilities by I/O psy-
chologists after more than 100 years of mental testing” (pp.
267-268). Although progress has been made since then,
strengthening the link between cognitive psychology and
industrial/organizational (I/O) psychology will accelerate dis-
coveries and foster cross-pollination with practical utility.

1.1 | Applications to Military Personnel Selection

The U.S. military has invested millions of dollars and decades of
research developing assessments to select and classify person-
nel. Perhaps the most well-known of these assessments is the
Armed Services Vocational Aptitude Battery (ASVAB), a series
of cognitive ability tests administered to more than one million
people each year, including every enlisted applicant (ASVAB
Enlistment Testing Program 2020a). The ASVAB and the
Armed Forces Qualification Test (AFQT), which comprises the
math and verbal subtests, are critical to the military's goal of
selecting, developing, and retaining the right people for the job
(Dempsey 2015).

Scores on military selection tests predict training success, but
they leave room for improvement. For example, a meta-analysis
of data from Valentine (1977) indicated that the AFQT corre-
lated r = .34 (R* = 12%) with final school grades in a sample of
43,985 Air Force trainees (Welsh, Kucinkas, and Curran 1990).
In an even larger sample of 2,476,608, Wegner and Ree (1986)

2 of 22

International Journal of Selection and Assessment, 2025

85U8017 SUOWILIOD 8AIIeID) 3|cedldde ays Aq peuenob are ssoiie YO 8sn JO Sa|nJ oy Aiq18UIIUO AB|IA UO (SUORIPUOD-pUe-SLLBI/ALICO" A3 1M AR 1o [UO//SANY) SUORIPUOD Pue SWs | 8u 88S *[G202/20/20] Uo AReiqiTauliuo 8|1 ‘AiseAlun ees UebiyolN Aq 0TSZT esI/TTTT 0T/I0p/wo0 A8 1M AReuq 1 jpuluo//sdny wouy pepeojumod ‘T ‘SZ0Z ‘685289 T



found a meta-analytic average correlation of r = .42 (R* = 18%)
between AFQT scores and final class grades.

The results are similar when considering the relationship
between AFQT scores and military job performance. For ex-
ample, using archival data from the Joint-Service Job Per-
formance Measurement/Enlistment Standards (JPM) Project
(N =10,088), Hambrick, Burgoyne and Oswald (2024) found
that the meta-analytic average correlation between AFQT
scores and hands-on job performance test scores was r = 0.24, or
r=0.39 after correcting for range restriction and criterion
unreliability. For context, the measure of hands-on job per-
formance was “based on the percentage of MOS-specific task
steps that the soldier was observed to perform successfully (for
further information on the HOPT measures, see Wigdor and
Green 1991; Wise 1994)” (Hambrick, Burgoyne, and
Oswald 2024, p. 440). Time in service predicted job performance
to a comparable degree (meta-analytic r = 0.25, or r = 0.27 after
correcting for criterion unreliability). Multiple regression
analyses revealed that, on average, AFQT scores and time in
service explained less than one-fifth of the variance in hands-on
job performance test scores, and their interaction was
negligible.

Although no selection test can reasonably be expected to ex-
plain all the variance in work-relevant performance, even small
improvements in predictive validity can have large conse-
quences for trainee retention and organizational effectiveness
(Held, Carretta, and Rumsey 2014; Schmidt, Dunn, and
Hunter 1995).

A second issue when considering the merits of a selection test is
its potential for negative societal consequences, such as adverse
impact. Adverse impact refers to the disproportionate selection
or promotion of one protected class of individuals over another
(Zedeck 2011). As the mean difference between groups' scores
on a selection test increases, so does the likelihood of adverse
impact. In the United States, adverse impact is a legal issue. If a
selection test has adverse impact, the hiring organization must
demonstrate that the test is valid, relevant to the job, and that
alternatives have been explored (Uniform Guidelines On Em-
ployee Selection Procedures 1978). That said, the U.S. military is
given some leeway when it comes to adverse impact; they are
not technically bound by the same rules as other organizations
in the United States (Kamarck 2019; Westergard 2019).

Nevertheless, the ASVAB results in adverse impact. Specifically,
the qualification rate for Black applicants is less than 80% of the
qualification rate for White applicants because of group differ-
ences in test performance (ASVAB Enlistment Testing Program
2020b; Wise et al. 1992). Once applicants have the minimum
score to qualify for the Navy, they then qualify for different
ratings (i.e., jobs) within the Navy based on composite scores
from the ASVAB. We have access to ASVAB scores for all Navy
enlisted personnel (over 329,000) who took the test from 2014 to
2022. These data are for those currently in the Navy—not all
applicants. The air traffic control rating is of particular interest
since it is one of the populations that participated in the present
study. An analysis of all enlisted personnel from every rating
has 31% of females qualifying for the air traffic control rating
whereas 52% of men did. The percentage of African American

sailors who qualify for the air traffic control rating is 25%
compared to 58% of white applicants.

1.2 | The ASVAB and Crystallized Intelligence

Efforts to improve the ASVAB and AFQT have identified one
issue that appears relevant to both improving predictive validity
and reducing adverse impact. Current selection tests are heavily
weighted towards crystallized intelligence (i.e., acquired knowl-
edge). Roberts et al. (2000) conducted a factor analysis on the
ASVAB and other cognitive ability tests and found that the
ASVAB disproportionately emphasized acculturated learning.
Tests of acquired knowledge are sensitive to differential access
to quality education or specialized knowledge, socioeconomic
factors, and interests (Bosco, Allen, and Singh 2015; Held,
Carretta, and Rumsey 2014; Outtz and Newman 2011). Perhaps
as a result of systemic inequalities in the United States, crys-
tallized intelligence tests have larger group differences in per-
formance than tests of other cognitive abilities. For instance,
Outtz and Newman (2011) found that the subtests of the AS-
VAB with the largest differences between groups were those
that measured verbal abilities and academic/technical knowl-
edge (e.g., general science, auto and shop information). In a
review, Hough, Oswald and Ployhart (2001) reported that tests
of crystallized intelligence, and in particular, tests of science
achievement and quantitative ability, had the largest differences
between majority/minority ethnic groups. The evidence sug-
gests that emphasizing acquired knowledge has exacerbated
group differences in selection test performance and subsequent
placement and promotion.

Nevertheless, knowledge is relevant to many occupations. We
are not suggesting that crystallized intelligence tests be aban-
doned by the military, as they likely capture job-relevant
knowledge in place before training begins. That said, other
cognitive abilities may be increasingly important to military
training success and job performance and may also generate
smaller group differences. For example, many military occu-
pations now require learning sophisticated and novel material,
complex problem solving, and logical thinking (Held, Carretta,
and Rumsey 2014). Beyond measuring what candidates already
know, organizations should consider measuring their ability to
learn, figure things out, or attend to task-relevant information
while filtering out distractions and interference.

1.3 | Augmenting the ASVAB

The past few decades have seen a surge of interest in aug-
menting military selection tests with non-crystallized measures,
such as tests of spatial abilities, problem solving, working
memory, and attention control. For example, Held, Carretta and
Rumsey (2014) tested whether two ASVAB subtests, “Assem-
bling Objects” and “Coding Speed,” added incremental validity
to the prediction of Navy sailors’ final school grades. Held,
Carretta and Rumsey (2014) found that Coding Speed and As-
sembling Objects each accounted for a validity increment of
around r=0.02 compared to the current ASVAB composite
scores with the highest validity for each occupation. To examine
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the practical effect of these seemingly small improvements, they
conducted a hypothetical cost-benefit analysis for air traffic
controllers in training. They found that by increasing predictive
validity by just r = 0.02, 15 fewer of every 1000 sailors would fail
training. At a cost of $100,000 per enlistee, the Navy would save
$1.5 million on air traffic controllers alone. Furthermore, the
Coding Speed and Assembling Objects subtests yielded smaller
group differences than the technical knowledge subtests cur-
rently included in the ASVAB.

As a precursor to the present study, we investigated whether tests
of attention control and fluid intelligence improved the predic-
tion of multitasking performance above and beyond the ASVAB
(Martin, Mashburn, and Engle 2020). We used a multitasking
paradigm as a proxy for real-world work because many military
occupations require performing multiple tasks simultaneously
(or concurrently) (Burgoyne, Mashburn, and Engle 2021). In a
sample of 171 young adult civilians recruited from Georgia Tech
and the surrounding Atlanta community, we found that the
ASVAB accounted for 77% of the variance in multitasking per-
formance on its own. Note that in these analyses, there was no
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correction performed for range restriction on the ASVAB or the
other ability measures—the sample consisted of civilians, not
personnel who had been selected based on their test perform-
ance. Next, we estimated relationships between the ASVAB,
attention control, and fluid intelligence at the latent level. There
was considerable overlap; ASVAB performance was highly cor-
related with fluid intelligence (r = 0.88) and attention control (rs
ranged from 0.60 to 0.71). Nevertheless, structural equation
modeling revealed that attention control and fluid intelligence
largely explained the ASVAB's predictive validity (Figure 1).
Specifically, in the full model, attention control and fluid intel-
ligence significantly predicted multitasking (8s = 0.45 and 0.47),
but the ASVAB did not (8 =0.16, ns).

2 | Method

There are critical gaps in the literature that we attempted to
address in the present study. For instance, only a handful of
incremental validity studies have considered multiple cognitive
ability constructs simultaneously to examine their relative

N\ P Foster Multitask
.62
69" Synthetic Work

Multitasking
Ability

45

53]
53

Control Tower (P)

Control Tower (D)

47

FIGURE 1 | Structural equation model with ASVAB scores, fluid intelligence, and attention control specified as correlated predictors of mul-
titasking ability. Adapted from Martin, Mashburn, and Engle (2020). Note: Factor loadings for the ASVAB indicators are presented to the left side for

visual clarity.
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contributions, or their shared and unique contributions, to
work-relevant performance. To what extent do fluid intelli-
gence, working memory capacity, and attention control capture
unique variance in work-relevant outcomes above and beyond
one another and current selection tests? From a theoretical
standpoint, this work can identify the cognitive constructs that
account for the relationship between ability tests and outcome
measures. From a practical perspective, it can shed light on
which constructs (or tests) ought to be prioritized given limited
testing time to maximize predictive validity.

Additionally, there is a pressing need to improve personnel
selection for some of the Navy Enlisted Classifications (i.e.,
occupations). Specifically, the training success rate for air traffic
controllers is surprisingly low; from 2014 to 2022, of the 3447 air
traffic control students, only 41% passed without having an
academic setback. Because air traffic control, piloting, and the
work of naval flight officers requires attending to multiple
streams of information concurrently, we reasoned that tests of
attention control might improve the prediction of training suc-
cess. Furthermore, given the relationship between attention
control and learning rates for knowledge and skills, we predicted
that attention control would explain variance in academic com-
ponents of training (e.g., performance in the classroom) and
procedural components of training (e.g., flying a plane).

To address these issues, we report the results of an ongoing col-
laboration between the Attention & Working Memory Lab at
Georgia Tech, the Naval Research Lab, and the Naval Aerospace
Medical Institute. We were interested in two questions: (1)
whether tests of attention control (or tests of fluid intelligence and
working memory capacity) enhance the prediction of military-
relevant training performance above and beyond current selection
tests; and (2) whether these predictors capture unique or shared
variance in outcome measures. To this end, we administered a
series of cognitive ability tests to Sailors and Marines in training.
As they made their way through training, we obtained measures of
training success. For the air traffic controllers, we collected data on
academic setbacks and attrition, and for the student naval aviators
and student naval flight officers, we collected data on their per-
formance in the preliminary aviation preflight indoctrination
(API) academic program and subsequent primary flight training
and academic training performance. We also obtained their official
scores on selection tests, including the ASVAB for enlisted per-
sonnel and composite scores based on subtests of the Aviation
Selection Test Battery (ASTB) which are used to make selection
decisions for aviators in training, such as the Academic Qualifi-
cations Rating (AQR), Pilot Flight Aptitude Rating (PFAR), and
Flight Officer Flight Aptitude Rating (FOFAR). We used hierar-
chical regression analyses to estimate the incremental validity of
the cognitive ability measures and commonality analyses to
identify the unique and shared proportion of variance explained by
each predictor (for more detail on commonality analyses, see
Nimon 2010; Nimon and Oswald 2013).

2.1 | Participants
Our sample consisted of 490 U.S. Navy Sailors and Marines who

had been selected for training at the Naval Aerospace Medical
Institute (NAMI) in Pensacola, Florida for occupations in

aviation and air traffic control. All participants provided in-
formed consent.

2.2 | Sample Size Justification and Power
Analysis

Our initial goal for data collection was to recruit as many
trainees as we could from the Naval Aerospace Medical Insti-
tute. However, the COVID-19 pandemic created a major chal-
lenge and forced us to stop data collection in 2020 in the interest
of public safety. The sample included in the present manuscript
represents all participants who completed the study before the
pandemic. Our effective sample consists of 119 air traffic con-
trollers in training, 293 student naval aviators, and 78 student
naval flight officers.

We performed a series of power analyses for the three samples in
the present study using G*Power (Faul et al. 2009). Hambrick,
Burgoyne, and Oswald (2024) report a meta-analytic average cor-
relation of r = 0.24 between observed AFQT scores and hands-on
job performance test scores based on data from the Joint-Service
Job Performance Measurement/Enlistment Standards (JPM)
Project. We use r=0.24 as our first benchmark and report our
power to detect correlations of this magnitude given the size of our
three samples. For the 119 air traffic controllers in training, we
have 75% power (two-tailed, alpha = 0.05); for the 293 student
naval aviators, we have 99% power; for the 78 student naval flight
officers, we have 57% power to detect a correlation of r = 0.24.

Using G*Power, we also tested our power to detect incremental
validity in hierarchical regression models with specifications
that matched the analyses reported later in the present manu-
script (e.g., military selection measures entered in the first step;
attention control measures entered in the second step). We used
a baseline R? of 5.76% in the first step of these models based on
the correlation between AFQT and job performance (r=.24)
reported by Hambrick et al. (2011). For the 119 air traffic
controllers in training, we have 23% power to detect an incre-
mental validity of 2%, 55% power to detect an incremental
validity of 5%, and 89% power to detect an incremental validity
of 10%. For the 293 student naval aviators, we have 54% power
to detect an incremental validity of 2%, 94% power to detect an
incremental validity of 5%, and 99% power to detect an incre-
mental validity of 10%. For the 78 student naval flight officers,
we have 16% power to detect an incremental validity of 2%, 37%
power to detect an incremental validity of 5%, and 70% power to
detect an incremental validity of 10%.

2.3 | Procedure

After obtaining informed consent, participants completed
computerized tests of cognitive ability in groups over the course
of a single session. They were told that the tests they were
completing were being considered as “special tests” to improve
the prediction of performance among trainees, and therefore
that it was important that they tried their best. The tasks were
administered in a fixed order within each sample to avoid
participant X order interactions (e.g., Hambrick et al. 2023).
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2.4 | Demographics

Participants completed a demographic questionnaire which
included items on age, gender, race/ethnicity, educational
attainment, vision, handedness, and videogame experience.

2.5 | Attention Control

The attention control measures used in the present study
required subjects to maintain focus on task-relevant informa-
tion while ignoring or suppressing the influence of distractions
and interference. For example, in the antisaccade task
(Hallett 1978; Hutchison 2007), subjects must inhibit the pre-
potent response of looking towards a flickering asterisk, and
instead look in the opposite direction to detect a briefly pre-
sented letter. In the selective visual arrays task (Luck and
Vogel 1997; Martin et al. 2021; Shipstead et al. 2014), subjects
are shown a memory array and told to selectively attend to and
remember a subset of items (e.g., remember the blue items)
while ignoring the remaining items (e.g., ignore the red items).
In the sustained attention to cue task (SACT, Draheim
et al. 2021; Burgoyne et al. 2023; Draheim, Tshukara, and
Engle 2023; Tsukahara and Engle 2023), subjects must remain
focused on a cued spatial location on the computer screen for a
variable wait period (2-12s) to detect a briefly presented letter.
These attention control measures have been tested extensively
for individual differences research (see Burgoyne et al. 2023;
Draheim et al. 2021; 2023; Kane et al. 2001; Martin et al. 2021;
Redick, Heitz, and Engle 2007; Tsukahara and Engle 2023;
Unsworth, Schrock, and Engle 2004; for details on their psy-
chometric properties and evidence for their construct validity).

Antisaccade (Hallett 1978; Hutchison 2007). Participants
identified a “Q” or “O” that appeared briefly on the opposite
side of the screen as a distractor stimulus. After a central fixa-
tion cross appeared for 1000 ms or 2000 ms, an asterisk (*)
flashed at an approximate 12.3° visual angle to the left or right
of the central fixation for 100 ms. Afterward, the letter “Q” or
“O” was presented on the opposite side at an approximate 12.3°
visual angle from the central fixation for 100 ms, immediately
followed by a visual mask (##). Participants indicated whether
the letter was a “Q” or an “O”. They completed 24 practice trials
during which letter duration was set to 750 ms, followed by 72
test trials. The measure of performance was the proportion
correct (i.e., minimum = 0%, maximum = 100%) and the task
took approximately 12 min to administer.

Selective Visual Arrays (Luck and Vogel 1997, Martin
et al. 2021; Shipstead et al. 2014). After a central fixation of
1000 ms, a cue word (“RED” or “BLUE”) appeared instructing
the participant to attend to either red or blue rectangles. Next, a
target array of red and blue rectangles of different orientations
(horizontal, left diagonal, right diagonal, and vertical) was pre-
sented for 250 ms, followed by a blank screen for 900 ms. Next, a
probe array with only the cued-color rectangles was presented,
with one rectangle highlighted by a white dot. The orientation of
the highlighted rectangle was either the same as it was in the
target array, or different, with equal likelihood. The participant
indicated with the keyboard whether the orientation of the
highlighted rectangle had changed or stayed the same. The target

array contained either 5 or 7 rectangles per color (10 and 14
total). There were 40 trials per array set size. The measure was a
capacity score (k), calculated using the single-probe correction
(Cowan et al. 2005): set size * (hit rate + correction rejection
rate — 1). The measure was the mean k estimate for the two set
sizes (i.e., minimum = 0, maximum = 6) and the task took
approximately 15 min to administer.

Sustained Attention to Cue (SACT; adapted from Draheim
et al. 2021; Burgoyne et al. 2023; Draheim, Tshukara, and
Engle 2023; Tsukahara and Engle 2023). Participants needed to
sustain their attention on a visual circle cue presented at ran-
dom locations on the screen and ultimately identify a target
letter presented briefly at the center of the cue. Each trial
started with a central black fixation. On half of the trials, the
fixation was presented for 2s and for the other half the fixation
was presented for 3s. After the fixation, following a 300 ms
tone, a large white circle cue was presented in a randomly
determined location on either the left or right side of the screen.
To orient the participant to the circle cue, the large circle began
to immediately shrink in size until it reached a fixed size. Once
the cue reached the fixed size, after a variable wait time (equally
distributed among 2, 4, 8, and 12 s), a white distracting asterisk
appeared at the center of the screen. The asterisk blinked on
and off in 100 ms intervals for a total duration of 300 ms (on for
100 ms, off for 100 ms, on for 100 ms). Then, a 3 X3 array of
letters was displayed at the center of the cue. The letters in the
array consisted of B, D, P, and R. The central letter was the
target letter and was presented in a dark gray font. The non-
target letters were presented in black font with each letter oc-
curring twice in the array and the target letter occurring three
times. After 125 ms the central letter was masked with a # for
1,000 ms. Only the central target letter was masked. After the
mask, the response options were displayed in boxes horizontally
across the upper half of the screen. The participant used the
mouse to select whether the target was a B, D, P, or R. Feedback
was given during the practice trials but not the experimental
trials. Sixty-four trials were administered. Accuracy rate was the
dependent variable (i.e., minimum = 0%, maximum = 100%)
and the task took approximately 15 min to administer.

2.6 | Fluid Intelligence

Raven's Advanced Progressive Matrices (Raven and
Court 1998). Participants were presented with 3 X 3 arrays of geo-
metric patterns. Each array contained a missing item, and partici-
pants were to select the pattern that best completed the array.
Participants were given 10 min to complete the 18 odd-numbered
items from Raven's Advanced Progressive Matrices. The measure
was the number correct (i.e., minimum = 0, maximum = 18).

2.7 | Working Memory Capacity

Mental Counters (adapted from Alderton, Wolfe, and
Larson 1997). This test challenged participants to keep track of
three different values as they changed. Participants were presented
with three lines in the center of the screen. On each trial, each line
would begin with a value of five. Boxes would appear one at a time
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above or below the lines for 500 to 830 ms and then disappear, and
the participant's task was to add “1” to that line's value if a box
appeared above the line and subtract “1* from that line's value if a
box appeared below the line. After a series of boxes, the participant
was asked to report the value for each of the three lines. There
were five trials at set size five (e.g., five boxes appeared during the
trial), 14 trials at set size six, and 13 trials at set size seven, for a
total of 32 trials. The measure of performance was the partial
score, reflecting the number of counter values reported in the
correct serial position. In other words, if a participant correctly
reported two of the three counter values on a given trial, they
would receive two points for that trial, out of a maximum of three
points (i.e., minimum = 0, maximum = 96). The task took
approximately 15 min to administer.

Advanced Rotation Span (Kane et al. 2004). Participants re-
membered a series of directional arrows (8 directions) of vary-
ing size (small or large) in alternation with a mental rotation
task in which they had to mentally rotate and decide if a letter
was mirror reversed or not. Set sizes ranged from 2 to 7 memory
items and each set occurred 2 times. We used the partial score
as the measure of performance, which awards points for how-
ever many memory items were recalled in the correct serial
position (i.e., minimum = 0, maximum = 54). In other words,
participants could earn partial credit on a trial if they recalled
some of the items in the correct order. The task took approxi-
mately 15 min to administer.

2.8 | Military Selection Test Composite Scores
2.81 | Armed Forced Qualification Test (AFQT)

All enlisted military personnel (i.e., excluding military officers)
completed the Armed Services Vocational Aptitude Battery
(ASVAB) as part of the standard military enlistment process.
Armed Forced Qualification Test (AFQT) composite scores
were computed based on a linear average of the Mathematics
Knowledge, Arithmetic Reasoning, Paragraph Comprehension,
and Word Knowledge subtests.

2.8.2 | Aviation Selection Test Battery (ASTB)

All military officers (i.e., excluding enlisted personnel) participating
in this study completed the Aviation Selection Test Battery (ASTB)
as part of the selection process to be considered for pilot and flight
officer (i.e., navigator) training programs. The ASTB comprises six
subtests (i.e., Math Skills Test, Reading Comprehension Test,
Mechanical Comprehension Test, Aviation and Nautical Informa-
tion Test, Naval Aviation Trait Facet Inventory, and the Perform-
ance Based Measures Battery) (Navy Medicine n.d.).

2.8.3 | Academic Qualifications Rating Score (AQR
Score)

All individuals who took the ASTB received an Academic
Qualifications Rating (AQR) composite score, which is designed
to predict academic performance during the following phases of

flight school: Aviation Preflight Indoctrination (API) and Pri-
mary ground/academic school. This composite score was ex-
tracted based on performance on the ASTB subtests using the
current (proprietary) weighting scheme used by the U.S. Navy.
We used the stanine score as the measure of performance.

2.8.4 | Pilot Flight Aptitude Rating Score (PFAR Score)

All individuals who took the ASTB received a Pilot Flight
Aptitude Rating (PFAR) composite score, which is designed to
predict flight performance during the Primary phase of flight
school for student naval aviators. A composite score was ex-
tracted based on performance on the ASTB subtests using the
current (proprietary) weighting scheme used by the U.S. Navy.
We used the stanine score as the measure of performance.

2.8.5 | Flight Officer Aptitude Rating Score (FOFAR
Score)

All individuals who took the ASTB received a Flight Officer
Aptitude Rating (FOFAR) composite score, which is designed to
predict flight performance during the Primary phase of flight
school for student naval flight officers. A composite score was
extracted based on performance on the ASTB subtests using the
current (proprietary) weighting scheme used by the U.S. Navy.
We used the stanine score as the measure of performance.

Applicants for the Navy and Coast Guard pilot positions must
achieve an AQR of four or higher and a PFAR of five or higher
to meet minimum qualifications. Individuals applying to the
Marine Corps pilot positions must achieve an AQR of five or
higher and PFAR of six or higher to be selected. Applicants for
the Navy and Coast Guard flight officer positions must achieve
an AQR of four or higher and a FOFAR of five or higher to meet
minimum qualifications. Individuals applying to the Marine
Corps naval flight officer positions must achieve an AQR of five
or higher and FOFAR of six or higher to be selected.

2.9 | Criterion Measures
2.9.1 | Number of Academic Setbacks

For the air traffic controllers in training, we counted the
number of academic setbacks each student encountered. For
context, the training program consists of multiple units of
content, with some units subdivided into smaller courses lasting
around 1 week. Students are tested regularly, and if they do not
meet the academic criterion to move on, they are setback and
must repeat that course or unit. The training typically takes
around 14 weeks without any setbacks; academic setbacks are
costly and to be avoided if possible.

2.9.2 | Academic Attrition

For the air traffic controllers in training, we collected data on
whether they graduated the course or failed to graduate due to
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poor academic performance. For context, if an air traffic con-
troller in training cannot meet the academic standard required
by the training program (i.e., graduating with fewer than four
academic setbacks), they are dropped from the program. This
measure is a binary variable reflecting whether or not the
trainee failed due to academic challenges.

2.9.3 | First Pass Pipeline Success

The measure “First Pass Pipeline Success” is a binary variable
reflecting whether or not the air traffic controller in training
was able to complete the training program without any aca-
demic setbacks. This is the Navy's primary dependent variable
when evaluating which subtests should be used for each rating
(i.e., job).

2.9.4 | Aviation Preflight Indoctrination Navy Standard
Score (API NSS)

For student naval aviators and student naval flight officers, the
Aviation Preflight Indoctrination Navy Standard Score (API
NSS) represents a normalized summary of performance during
the Aviation Preflight Indoctrination phase of flight school,
which takes around 6 weeks to complete. During this phase,
student naval aviators were introduced to flight basics within a
classroom setting. Upon successful completion of this phase,
student naval aviators and student naval flight officers transi-
tioned to the primary phase of flight school, described next.

210 | Primary Academic Navy Standard Score
(Primary Academic NSS)

For the student naval aviators and student naval flight officers,
Primary Academic NSS represents a normalized summary of all
classroom grades during the Primary phase of flight school.
Primary flight training consists of learning the basics of aviation

in the T-6 platform. The academic portions of training cover
topics such as information on flight rules and regulations, flight
navigation, aircraft systems knowledge, and flight operations
and planning. The student naval aviators and student naval
flight officers train separately, and their training has different
objectives. The student naval flight officers get more training on
navigation (i.e., we can think of them as “navigators”), while
the student naval aviators have more emphasis on airmanship
and flight maneuvering (i.e., we can think of them as “pilots”).

2.10.1 | Primary Flight Navy Standard Score (Primary
Flight NSS)

For the student naval aviators and student naval flight officers,
Primary Flight NSS represents a normalized summary of all
flight grades during the Primary phase of flight school. For the
student naval aviators who will be responsible for flying the
aircraft, they receive substantial training in the T-6B Texan II
(see Figure 2) including multiple solo flights. For the student
naval flight officers their primary training is done with the older
T-6A Texan and is meant to familiarize them with the aircraft.
The student naval flight officers’ primary program includes
some training flying the aircraft. However, this training is much
less involved than the student naval aviators' training since the
student naval flight officers will not be responsible for flying the
aircraft once in the fleet. During this phase, student naval
aviators were assessed on their performance flying a T-6B Texan
IT as well as in flight simulators.

2.11 | Transparency and Openness

We report all data exclusions below. This study's design and its
analysis were not pre-registered. Data for this study are kept
and protected by the U.S. Navy (specifically, the Naval Aero-
space Medical Institute and the Naval Research Laboratory) and
can only be shared if the requester can demonstrate to all rel-
evant parties that required data security protocols will be

FIGURE 2 | T-6B Texan II Turboprop Trainer. U.S. Navy photo by Lt. Michelle Tucker; copyright: public domain.
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adhered to. Analyses were conducted using IBM SPSS Statistics
(IBM Corp 2021) primarily using the graphic-user-interface,
however, the analysis code for the commonality analyses has
been posted to the Open Science Framework (https://osf.io/
a9842/7view_only=4bfb41c3c1db469480ba087e504c3dda).

2.12 | Data Preparation

We removed trainees’ scores on a cognitive task if they showed
severely poor performance indicating they did not understand
the instructions or were not performing the task as intended.
Specifically, we computed chance-level performance on each
task; scores that were at or below chance-level performance were
identified as problematic data points and set to missing. This
procedure was applied to the three attention control tests (i.e.,
antisaccade, selective visual arrays, and the sustained attention to
cue task; SACT). For the advanced rotation span task, prob-
lematic data points were defined by chance-level performance or
worse on the processing subtask. We did not remove datapoints
representing sub-chance performance on Raven's matrices or
mental counters, as scores of zero are possible even if subjects
understand the instructions. We then performed a two-pass
outlier exclusion procedure on all tasks. We removed data points
that were more than 3.5 standard deviations worse than the
training-program sample mean two times, recomputing the
sample mean and standard deviation each time.

2.13 | Restriction of Range

It is important to note that because our analyses of concurrent
validity are estimated using incumbent samples, they are likely
affected by restriction of range (Carretta and Ree 2022; Sackett
and Yang 2000; Sackett et al. 2022; Schmidt, Hunter, and
Urry 1976). Sailors were selected for these training programs
based on a combination of scores, including AFQT scores to
enlist in the military, multiple composites of ASVAB subtests
(for the air traffic controllers in training), and for the aviators,
Academic Qualification Rating performance, Pilot Flight Apti-
tude Rating Scores (for the student naval aviators), and Flight
Officer Aptitude Rating Scores (for the student naval flight
officers). Because sailors were selected directly based on selec-
tion test performance, the validities for these measures are
likely attenuated due to direct range restriction (Carretta and
Ree 2022). Additionally, the remaining measures are subject to
indirect range restriction, to the extent that they are correlated
with the selection test scores, which also attenuates validity
estimates—although to a lesser degree than is the case for direct
range restriction (Sackett et al. 2022). In other words, the
observed validities we report are likely differentially affected
due to direct range restriction on the selection measures and
indirect range restriction on the other measures. We note that
this puts the military selection tests at a disadvantage with
respect to criterion-related validity when compared to the ex-
perimental cognitive ability measures, because of the differen-
tial effects of direct versus indirect range restriction.

Unfortunately, there were several challenges that prevented us
from fully correcting for restriction of range in the present study

because they would require us to make inferences and as-
sumptions that go well beyond our data. Most importantly, we
were unable to obtain data on unrestricted applicant samples,
and therefore, we could not perform the multivariate correction
for direct and indirect range restriction because it requires the
unrestricted variances and covariances of the selection mea-
sures (Carretta and Ree 2022).

For the air traffic controllers in training, we were able to correct
correlations for direct range restriction on AFQT scores and
indirect range restriction on the other cognitive ability mea-
sures. We based our corrections on the unrestricted standard
deviation of AFQT scores from the National Longitudinal Study
of Youth 1997 data set (AFQT SD =29.17; Bureau of Labor
Statistics, U.S. Department of Labor 2019). We corrected for
direct range restriction using formula #3 from Brown, Oswald,
and Converse (2017) and corrected for indirect range restriction
using formula #4; both formulas equivalent to those provided
by Thorndike (1949). In the Results section, we perform a
regression analyses predicting academic setbacks using both the
observed and the corrected correlation matrices. We used the R
function “ImCor” from the “psych” package (William Revelle
2024) to conduct regression analyses on the corrected correla-
tion matrix. We did not perform logistic regression analyses
on the corrected correlation matrix (i.e., predicting first pass
pipeline success or academic attrition) because we were
unaware of an established procedure for doing so.

For the student naval aviators and naval flight officers,
selection consists of a multiple-hurdle design for which we
were unable to obtain the requisite data to perform statistical
corrections. Rather than potentially overcorrect the validity
estimates in the presence of uncertainty, we elected to report
the observed concurrent validity estimates in the incumbent
samples while noting that these are likely underestimates of
the validities that would be observed in unrestricted sam-
ples. Our decision is supported by Sackett et al. (2022), who
state: “We reiterate our principle of conservative estimation:
if one is not confident in the basis for a range restriction
correction, it is better to forego a correction than to use a
value that results in an overestimate. We suggest presenting
the value obtained without the correction, and noting that as
some degree of restriction is likely, the presented value is a
conservative estimate” (pp. 60-61).

3 | Results

We present the results organized by occupational training
group, beginning with the air traffic controllers, followed by the
student naval aviators, and concluding with the student naval
flight officers.

3.1 | Air Traffic Controllers

Demographic information for the 119 air traffic controllers in
training is presented in Table 1. As shown in Table 2, the first
pass pipeline success rate was fairly low (34%); a majority of
trainees had one or more academic setbacks. Indeed, the
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average number of setbacks was 1.04 (SD = 1.03). The academic
attrition rate was substantial, with 24.6% of trainees failing out
of the air traffic control training program due to insufficient
academic performance.

TABLE 1 | Demographic information for air traffic controllers in
training.
Demographic Statistic
Age (years) Mean: 21.21
SD: 3.88
Range: 18-38
N=92
At least some college? Yes: 43%
No: 57%
N=9%4
Race/ethnicity White: 58%

Black or African
American: 25%
Asian: 3%
American Indian: 3%
Hawaiian: 1%
Hispanic: 24%
N=118

Note: Race/ethnicity values do not add to 100% because categories are not mutually
exclusive. No gender information was reported for this portion of the sample.

Correlations between air traffic controller training performance,
AFQT scores, and the cognitive ability measures are presented
in Table 3. The attention control test selective visual arrays was
a significant predictor of all air traffic controller training out-
comes, demonstrating correlations that were moderate in
magnitude in a down-selected sample of trainees. In terms of
each criterion measure, first pass pipeline success correlated
significantly with AFQT scores (r=0.26, 95% CI [0.08, 0.42],
p=0.005), selective visual arrays (r=0.32 [0.09, 0.52],
p =0.008), and mental counters (r = 0.23 [0.04, 0.41], p = 0.021).
Number of academic setbacks correlated significantly with
AFQT scores (r=—0.26 [—0.42, —0.08], p = 0.006) and selective
visual arrays (r=-—0.30 [—0.50, —0.06], p =0.016). Academic
attrition was significantly correlated with AFQT scores
(r=-0.22 [-0.39, —0.04], p = 0.018) and selective visual arrays
(r=—0.40 [—0.58, —0.17], p = 0.001).

Regarding the experimental predictor measures, the three
tests of attention control (i.e., antisaccade, SACT, and
selective visual arrays) correlated significantly with each
other (rs ranged from 0.29 to 0.46) and with mental counters
(rs ranged from 0.28 to 0.52). Although observed correla-
tions between the AFQT and the experimental predictor
measures were positive (rs ranged from 0.12 to 0.24),
they were not statistically significant (all ps > 0.06), perhaps
due to the smaller sample sizes for these correlations
(median n = 68).

TABLE 2 | Descriptive statistics for air traffic controllers in training.

Measure N M or % SD Skew Kurtosis Reliability
First pass pipeline success 119 36.1% — 0.59 -1.69 —
Academic setbacks 118 1.04 1.03 0.81 —0.06 —
Academic attrition 118 24.4% — 1.20 —0.58 —
AFQT Score 116 72.90 11.60 —0.13 —0.09 —
Antisaccade 68 80.7% 11.4% —0.55 —0.75 0.84%
SACT 71 86.1% 9.2% —0.41 —0.83 0.87%
Selective visual arrays 66 2.14 1.11 0.30 —0.31 0.83°
Mental counters 98 74.78 12.64 —0.62 —0.08 0.89%

Note: First pass pipeline success and academic attrition are binary variables; we report the percentage of the sample who achieved first pass success or dropped out.

“Cronbach's alpha.
Split-half reliability with Spearman-Brown correction.

TABLE 3 | Correlations for air traffic controllers in training.

Measure 1. 2. 3. 4. 5. 6. 7. 8.

1. First pass pipeline success — —0.83 —0.56 0.56 0.33 0.24 0.49 0.39
2. Academic setbacks -0.77 — 0.59 —0.56 —0.18 —0.20 —-0.47 —-0.33
3. Academic attrition -0.43 0.47 — -0.49 —0.36 —0.20 —0.53 —-0.28
4. AFQT score 0.26 -0.26 —0.22 — 0.40 0.29 0.53 0.44
5. Antisaccade 0.18 0.01 —0.23 0.17 — 0.36 0.55 0.43
6. SACT 0.12 —0.08 —0.09 0.12 0.29 — 0.48 0.35
7. Selective visual arrays 0.32 —0.30 —0.40 0.24 0.46 0.41 — 0.61
8. Mental counters 0.23 —0.16 —0.12 0.19 0.33 0.28 0.52 —

Note: The lower triangle represents observed correlations; the upper triangle represents correlations corrected for restriction of range (i.e., direct on AFQT, incidental on the other
measures). Boldface, statistically significant at p < 0.05. Statistical significance of corrected correlations was determined via corrected 95% CIs. Pairwise N ranges from 60 to 118.
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After correcting the correlations for direct range restriction on
AFQT scores and indirect range restriction on the other mea-
sures, correlations with AFQT scores increased substantially,
whereas correlations with the other experimental predictors
increased to a lesser degree. The general trends were similar to
those characterizing the observed correlation matrix. For
instance, AFQT scores correlated r.=0.56, r,=—0.56, and
r.= —0.49 with the three criterion measures, whereas selective
visual arrays correlated r. = 0.49, r, = —0.47, and r. = —0.53 with
those criterion measures. Following the range restriction cor-
rection, many of the experimental measures became significant
predictors of first pass pipeline success, academic setbacks, and
academic attrition (see the upper triangle of the correlation
matrix in Table 3).

We conducted a series of regression analyses predicting air
traffic controller training performance. For each criterion
measure, we examined (1) how much variance the attention
control measures accounted for; (2) how much variance the
AFQT accounted for; and (3) whether the attention control
measures improved the prediction of training performance
above and beyond the AFQT, using hierarchical regression
analyses with AFQT entered in Step 1 and the attention control
measures entered in Step 2. We also conducted commonality
analyses to estimate the amount of unique and shared variance
accounted for by the attention control measures and AFQT.

Results for the prediction of academic setbacks are presented in
Table 4. Unfortunately, due to low statistical power, the overall

model for the attention control measures was not statistically
significant (F(3, 54) =2.10, p=.11, R =0.323, R*=10.4%), nor
was the hierarchical regression model with AFQT entered in
Step 1 and the attention control measures entered in Step 2 (F
(4, 51) =2.36, p =0.065; AR =0.106, AR? =17.3%, Ap = .24).

Next, we conducted a regression analysis predicting academic
setbacks based on the corrected correlation matrix. As shown in
Table 5, the model with just the attention control measures
significantly predicted academic setbacks (R = 0.43, R?=0.23,
model p =0.002); selective visual arrays was a significant pre-
dictor (8= —0.54, p<.001). For comparison, the model with
just AFQT scores also significantly predicted academic setbacks
(R=0.56, R =0.31, model p <0.001). Finally, we conducted a
hierarchical regression analysis based on the corrected corre-
lation matrix with AFQT scores entered in Step 1 and the
attention control measures entered in Step 2. Although the
inclusion of the attention control measures increased the model
R by 0.08 and R? by 0.07, this change was not statistically sig-
nificant (Ap =0.143). Nevertheless, in the full model, both
AFQT scores (8=—0.46, p<.001) and selective visual arrays
(B=-0.35, p=0.027) were significant predictors.

Results for the prediction of academic attrition are presented in
Table 6. Academic attrition is a binary variable, so we used
logistic regression and report classification accuracy and Na-
gelkerke's R*. On their own, the attention control measures led to
a classification accuracy of 81.0% (Nagelkerke R = 26.9%), and
selective visual arrays was a significant predictor (B=—1.30,

TABLE 4 | Regression analyses predicting academic setbacks for air traffic controllers in training.

Model Step Model df F Model p R R? AR AR? Ap Measure B p
1 1 3,54 2.10 0.111 0.323  0.104 — — — Antisaccade 0.07 0.66
SACT 0.14 0.33
Visual Arrays —0.37  0.018
2 1 1, 113 7.88 0.006 0.255  0.065 — — — AFQT Scores —0.26  0.006
3 1 1, 54 4.94 0.031 0.289  0.084 — — — AFQT Scores  —0.25 0.071
2 4, 51 2.36 0.065 0.395 0.156 0.106 0.073 0.236 Antisaccade 0.09 0.54
SACT 0.16 0.26
Visual Arrays —0.29  0.056

Note: Parameter estimates (8 and p) for the measures in Model 3 are reported for the full model, with all variables included in the regression equation.

TABLE 5 | Regression analyses predicting academic setbacks for air traffic controllers in training based on corrected correlation matrix.
Model Step Modeldf F Modelp R R® AR AR* Ap Measure B P
1 1 3, 54 5.52 0.002 048 0.23 — — — Antisaccade 0.12 0.43
SACT 0.01 0.92
Visual Arrays —0.54 < 0.001
2 1 1,113 51.86 <0.001 0.56  0.31 — — — AFQT Scores —-0.56 <0.001
3 1 1, 54 24.78 <0.001 0.56 031 — — — AFQT Scores -0.46 <0.001
2 4,51 7.92 <0.001 0.62 038 008 0.07 0.143 Antisaccade 0.18 0.18
SACT 0.03 0.82
Visual Arrays —0.35 0.027
Note: Parameter estimates (8 and p) for the measures in Model 3 are reported for the full model, with all variables included in the regression equation.
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SE

Measure

Ap

Class. Acc. AClass. Acc.

Model n Nagel. R*

Model p

X

df

Logistic regression analyses predicting academic attrition for air traffic controllers in training.

Step

Model

TABLE 6

0.69
0.32
0.006
0.021

3.51
4.43
0.47
0.02
0.04
3.59
5.07
0.60

1.39
4.42
-1.30
—0.05
—0.08

2.

Antisaccade

81.0%

58 0.269

0.011

11.24

3

SACT

Visual Arrays
AFQT Scores

74.8%
76.8%
82.1%

0.017 115 0.072

5.71
6.

0.037

AFQT Scores

0.169
0.403

56

56

0.010

62

0.51
0.38
0.008

36

0.013 Antisaccade

5.30%

17.38 0.002

4

4.49
~1.58

SACT
Visual Arrays

Note: Parameter estimates for the measures in Model 3 are reported for the full model, with all variables included in the regression equation.

Abbreviations: Class. Acc. = classification accuracy, Nagel. = Nagelkerke R”.

SE =0.47, p=0.006). For comparison, on its own, the AFQT led
to a classification accuracy of 74.8% (Nagelkerke R> = 7.2%).

Next, we tested whether the attention control measures pre-
dicted academic attrition above and beyond AFQT scores. In
Step 1, AFQT scores led to a classification accuracy of 76.8%
(Nagelkerke R*=16.9%). In Step 2, including the attention
control measures led to a classification accuracy of 82.1%
(Nagelkerke R*>=40.3%). The improvement in prediction—an
increase of 5.3% in classification accuracy and 23.4% in terms of
Nagelkerke's R>—was statistically significant (¢* (3)=10.75,
p=0.013).

Results for the logistic regression analyses predicting first-pass
pipeline success are presented in Table 7. The model with just
the attention control measures was not statistically significant
(p =0.122). By contrast, on its own, the AFQT led to a classi-
fication accuracy of 70.7% (Nagelkerke R*=9.3%) and the
model was statistically significant (p = 0.004).

We tested whether the attention control measures predicted
first pass pipeline success above and beyond AFQT scores. In
Step 1, AFQT scores led to a classification accuracy of 69.6%
(Nagelkerke R*=17.6%). In Step 2, including the attention
control measures increased the classification accuracy to 71.4%
(Nagelkerke R?=26.2%), however, the improvement in pre-
diction was not statistically significant (p = 0.232).

Finally, we performed a commonality analysis, which builds on
the principles of linear regression and allowed us to estimate
the proportion of variance in academic setbacks that was
uniquely accounted for by AFQT scores and attention control,
as well as the common variance that was accounted for by both
AFQT scores and attention control. We did not perform com-
monality analysis on the dichotomous criterion measures
because this technique is based on linear regression, not logistic
regression. We used the SPSS syntax provided by Nimon (2010).
As depicted in Figure 3, the commonality analysis revealed that
when predicting academic setbacks, AFQT scores accounted for
5.19% of the unique variance, attention control accounted for
9.10% of the unique variance, and AFQT and attention control
shared 1.33% of the variance that they accounted for.

3.2 | Student Naval Aviators

Demographic information for the 293 student naval aviators is
presented in Table 8; descriptive statistics are presented in
Table 9.

Correlations between student naval aviators' training perform-
ance, the composite scores AQR (i.e., Academic Qualifications
Rating) and PFAR (i.e., Pilot Flight Aptitude Rating), and the
cognitive ability measures are presented in Table 10. To reit-
erate, there are three criterion measures of pilots' training
performance considered here: API NSS represents performance
in the aviation preflight indoctrination portion of training,
Primary Flight NSS represents performance in the flight portion
of primary training, and Primary Academic NSS represents
performance in the academic portion of primary training. AQR
stanine was a significant predictor of all three -criterion
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Logistic regression analyses predicting first pass pipeline success for air traffic controllers in training.

TABLE 7

SE

Measure

Ap

Class. Acc. AClass. Acc.

Model n Nagel. R*

Model p

af ¥

Step

Model

0.70
0.40
0.045

2.97
3.71
0.31
0.02
0.03
3.22
3.97
0.35

1.16
-3.11

Antisaccade

58 0.128 63.8%

0.122

5.80

SACT

0.62
0.

Visual Arrays
AFQT Scores

0.007
0.023

05
07
86

70.7%
69.6%
71.4%

0.093

116
56
56

0.004
0.005

8.18
7.87
12.15

0.

AFQT Scores

0.176
0.262

0.79
0.32
0.075

0.
—-3.99

232 Antisaccade

1.80%

0.016

4

SACT
Visual Arrays

0.62

Note: Parameter estimates for the measures in Model 3 are reported for the full model, with all variables included in the regression equation.

Abbreviations: Class. Acc. = classification accuracy; Nagel. = Nagelkerke R

18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

Variance Accounted For

DV: Academic Setbacks

FIGURE 3 | Results of the commonality analysis predicting aca-
demic setbacks for air traffic controllers in training. Note that these
results are based on observed correlations, not correlations corrected for
restriction of range.

TABLE 8 | Demographic information for student naval aviators in
training.
Demographic Statistic
Age (years) Mean: 23.92
SD: 1.96
Range: 21-31
N =246
Sex Male: 89.1%
Female: 10.9%
N=293

White: 91.8%

Black or African American: 3.8%
Asian: 5.8%
American Indian: 1.4%
Hawaiian: 1.0%
Hispanic: 0.7%

N=293

Race/ethnicity

Note: Race/ethnicity values do not add to 100% because categories are not mutually
exclusive. No education information was reported for this portion of the sample.

measures, API NSS (r=0.36, 95% CI [0.25, 0.46], p <0.001),
Primary Flight NSS (r=0.16 [0.04, 0.27], p=0.012), and Pri-
mary Academic NSS (r=0.20 [0.08, 0.31], p=.001). For com-
parison, PFAR stanine was a significant predictor of Primary
Flight NSS (r=0.17 [0.05, 0.29], p = 0.006).

Unfortunately, none of the experimental predictor measures
were significantly correlated with Student Naval Aviator train-
ing performance; the strongest relation was between the
attention control test antisaccade and Primary Flight NSS
(r=0.13 [0.00,0.26], p =0.050). Incremental validity analyses
were nonsignificant for this sample and are reported in the
Supplemental Materials.

3.3 | Student Naval Flight Officers

Demographic information for the 78 student naval flight officers
is presented in Table 11; descriptive statistics are presented in
Table 12.
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TABLE 9 | Descriptive statistics for student naval aviators in training.
Measure N M SD Skew Kurtosis Reliability
API NSS 267 49.42 6.28 0.01 —0.56 —
Primary flight NSS 262 49.44 9.73 0.03 0.12 —
Primary academic NSS 264 47.06 10.07 —0.28 —0.44 —
AQR stanine 289 6.58 1.13 0.00 —0.39 —
PFAR stanine 289 6.91 0.88 —0.39 —0.40 —
Antisaccade 252 83.5% 9.6% —-1.11 0.87 0.80%
SACT 245 92.6% 6.1% —1.43 243 0.64%
Selective visual arrays 228 2.32 1.04 0.09 -0.59 0.74°
Mental counters 154 79.16 10.01 —0.65 0.16 0.80%
Advanced rotation span 100 24.95 7.93 —0.38 0.03 0.73%
Raven's matrices 102 11.34 2.57 —0.45 0.19 0.54°
“Cronbach's alpha.
*Split-half reliability with Spearman-Brown correction.
TABLE 10 | Correlations for student naval aviators in training.
Measure 1. 2. 3. 4 5 6 7 8. 9 10
1. API NSS —
2. Primary fight NSS 0.36 —
3. Primary academic NSS 0.53 0.38 —
4. AQR stanine 0.36 0.16 0.20 —
5. PFAR stanine 0.02 0.17 0.00 0.39 —
6. Antisaccade —0.03 0.13 0.03 0.05 0.10 —
7. SACT 0.05 0.06 0.01 0.07 0.03 0.25 —
8. S. Visual arrays 0.05 —0.01 —0.08 0.22 0.01 0.29 0.16 —
9. Mental counters 0.03 0.04 —-0.09 0.12 0.05 0.14 0.13 0.39 —
10. Rotation span 0.07 0.05 -0.14 —0.05 0.00 0.24 0.21 0.24 N/A —
11. Raven's matrices 0.12 —0.01 0.01 0.34 0.06 0.00 0.01 0.31 N/A 0.31

Note: Boldface, statistically significant at p < 0.05. N/A = no correlation to report; student naval aviators who completed mental counters did not complete rotation span or

Raven's matrices. Pairwise N ranges from 88 to 289.

Correlations between student naval flight officer training per-
formance, AQR (i.e., academic qualifications rating) and FO-
FAR (i.e., flight officer flight aptitude rating), and the cognitive
ability measures are presented in Table 13. API NSS correlated
significantly with AQR stanine (r=0.30, 95% CI [0.08, 0.49],
p =0.009), FOFAR stanine (r = 0.27 [0.05, 0.47], p = 0.018), and
the attention control tests SACT (r=0.34 [.10, 0.55], p = 0.007)
and selective visual arrays (r=0.26 [0.01, 0.49], p=0.045).
Primary Flight NSS and Primary Academic NSS did not corre-
late significantly with any of the other measures, although we
note that sample sizes were small (pairwise ns ranged from 4 to
74, average n = 32).

We conducted regression analyses predicting API NSS
(Table 14) and Primary Flight NSS (Table 15). We did not run
analyses predicting Primary Academic NSS as there was an
insufficient sample size (N < 14).

The model with just the attention control measures predicting
API NSS was not statistically significant (F(3, 49)=2.69,

p=0.057; R* =14.1%, R = 0.376). For comparison, AQR stanine
accounted for 8.9% of the variance in API NSS on its own
(R=0.298) and the model was significant (F(1, 74)=7.22,
p =0.009).

We tested whether the attention control measures predicted
API NSS above and beyond AQR stanine. In Step 1, AQR sta-
nine accounted for 13.0% of the variance (R = 0.360). In Step 2,
the inclusion of the attention control measures increased the
total variance explained to 20.7% (R = 0.455)—the change in R
and R? although large, was not statistically significant
(AR=0.095, AR*=7.7%, p=0.22), likely due to the small
sample size.

Results for the prediction of Primary Flight NSS are presented
in Table 15. For context, during this phase of training, student
naval flight officers are trained on situational awareness, visual
scanning, and procedural recall and execution. When predicting
Primary Flight NSS, the model with just the attention control
measures was not statistically significant (F(3, 48)=0.74,
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p=.53; R?>=4.4%, R =0.210). For comparison, the model with
just FOFAR stanine was also not statistically significant (F(1,
72) =0.70, p = 0.41; R =1.0%, R = 0.098).

We tested whether the attention control measures predicted
Primary Flight NSS above and beyond FOFAR stanine. In Step
1, FOFAR stanine accounted for 1.1% of the variance
(R=0.106). In Step 2, the inclusion of the attention control
measures increased the total variance accounted for to 5.2%
(R =0.229)—the change in R and R* was not statistically sig-
nificant (AR = 0.123, AR> =4.1%, p=0.59), nor was the overall
model (p =0.64).

As depicted in Figure 4, the commonality analysis of API NSS
(i.e., Aviation Preflight Indoctrination Navy Standard Score)
revealed that AQR stanine (i.e., Academic Qualifications Rating
Stanine) accounted for 6.58% of the unique variance, attention
control accounted for 11.80% of the unique variance, and AQR

TABLE 11 | Demographic information for student naval flight

officers.
Demographic Statistic
Age (years) Mean: 23.16
SD: 1.73
Range: 21-31
N=62
Sex Male: 74.4%
Female: 25.6%
N=78

White: 83.3%

Black or African American: 6.4%
Asian: 14.1%
American Indian: 2.6%
Hawaiian: 6.4%
Hispanic: 2.6%

N=178

Race/ethnicity

Note: Race/ethnicity values do not add to 100% because categories are not
mutually exclusive.

TABLE 12 | Descriptive statistics for student naval flight officers.

and attention control shared 2.32% of the variance that they
accounted for. When predicting Primary Flight NSS, FOFAR
stanine (i.e., Flight Officer Aptitude Rating Stanine) accounted
for 0.82% of the unique variance, attention control accounted
for 4.27% of the unique variance, and FOFAR and attention
control shared 0.14% of the variance that they accounted for.

3.4 | Subgroup Differences

In our final set of analyses, we examined subgroup differences
in performance on the measures administered to the air traffic
controllers, student naval aviators, and student naval flight
officers. We grouped samples together to maximize statistical
power, and then examined relative differences in performance
on training metrics, composite scores including the AFQT,
AQR, PFAR, FOFAR, and cognitive ability measures as a
function of age, sex, and race and ethnicity. The purpose of
these analyses was to investigate whether tests of more fluid
cognitive abilities, and in particular, tests of attention control,
demonstrate smaller subgroup differences than tests of more
crystallized cognitive abilities, such as the AFQT. Predictors
that minimize group differences can help reduce adverse
impact.

First, we examined whether there were differences in per-
formance as a function of age. As shown in Table 16, age was
significantly negatively correlated with Primary Flight NSS for
student naval aviators and student naval flight officers
(r=-0.13, p=0.026), suggesting that younger trainees tended
to perform slightly better. Age was positively correlated with
AFQT (r=0.33, p=.002) and performance on the sustained
attention to cue task (i.e., SACT, r =0.28, p < 0.001), indicating
a slight advantage for somewhat older trainees.

We also examined performance differences between men and
women (Table 17). We take caution in interpreting these
results, as the sample of women was small (average n = 40).
Four measures showed significant sex differences, favoring
males: Primary Flight NSS (d =0.41, p=0.009), AQR stanine

Measure N M SD Skew Kurtosis Reliability
API NSS 77 47.44 6.74 0.23 —0.69 —
Primary flight NSS 75 52.68 8.70 —0.57 0.96 —
Primary academic NSS 15 44.85 10.81 -1.03 1.08 —
AQR stanine 77 6.49 1.06 0.46 —0.37 —
FOFAR stanine 77 6.70 1.05 —-0.34 —-0.50 —
Antisaccade 63 79.4% 12.1% —0.67 —0.60 0.86%
SACT 61 91.7% 8.1% —1.49 1.61 0.81%
Selective visual arrays 59 2.15 1.08 —0.10 —0.76 0.77°
Mental counters 16 81.06 9.14 -1.71 4.61 0.82%
Advanced rotation span 48 24.31 7.14 0.03 —0.79 0.61%
Raven's matrices 46 10.98 2.57 —-0.23 —0.16 0.78°

*Cronbach's alpha.

5Split-half reliability with Spearman-Brown correction.
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TABLE 13 | Correlations for student naval flight officers.
Measure 1. 2. 3. 4. 5. 6. 7 8. 9. 10.
1. API NSS —
2. Primary flight NSS 0.49 —
3. Primary academic NSS 0.37 0.35 —
4. AQR stanine 0.30 0.13 —0.15 —
5. FOFAR stanine 0.27 0.10 —0.31 0.79 —
6. Antisaccade 0.09 0.06 —-0.07 —0.01 0.07 —
7. SACT 0.34 0.16 0.33 0.18 0.18 0.20 —
8. S. Visual arrays 0.26 0.05 0.34 0.22 0.16 0.33 0.28 —
9. Mental counters -0.17 0.14 —0.44 0.04 0.40 0.20 —-0.20 0.02 —
10. Rotation span 0.14 0.10 —0.04 0.36 0.24 -0.13 0.13 r0.41 N/A —
11. Raven's matrices 0.00 0.21 0.14 0.19 0.09 —0.06 0.14 0.21 N/A 0.25

Note: Boldface, statistically significant at p < 0.05. N/A = no correlation to report; naval flight officers in training who completed mental counters did not complete rotation
span or Raven's matrices. Pairwise N ranges from 42 to 76 for all measures except primary academic NSS and mental counters. For Primary Academic NSS, pairwise N

ranges from 4 to 15; for mental counters, pairwise N ranges from 4 to 16.

TABLE 14 | Regression analyses predicting API NSS for student naval flight officers.
Model Step df F Model p R R? AR AR? Ap Measure B p
1 1 3,49  2.69 0.057 0.376  0.141 — — — Antisaccade —0.01 0.97
SACT 0.24 0.088
Visual Arrays 0.23 0.11
2 1 1,74 722 0.009 0.298  0.089 — — — AQR Stanine 0.30 0.009
3 1 1,50 7.46 0.009 0.360  0.130 — — — AQR Stanine 0.27 0.055
2 4,47  3.07 0.025 0455 0.207 0.095 0.077  0.220 Antisaccade —0.01 0.95
SACT 0.21 0.13
Visual arrays 0.15 0.28
Note: Parameter estimates for the measures in Model 3 are reported for the full model, with all variables included in the regression equation.
TABLE 15 | Regression analyses predicting primary fight NSS for student naval flight officers.
Model Step df F Model p R R? AR AR? Ap Measure B p
1 1 3,48 0.74 0.53 0.210  0.044 — — — Antisaccade 0.11 0.46
SACT 0.17 0.25
Visual Arrays —0.06 0.71
2 1 1,72 0.70 0.41 0.098  0.010 — — — FOFAR Stanine 0.10 0.41
3 1 1,49 0.55 0.46 0.106  0.011 — — — FOFAR Stanine 0.08 0.60
2 4,46  0.64 0.64 0.229 0.052 0123 0.041 0.58 Antisaccade 0.06 0.71
SACT 0.20 0.21
Visual Arrays —0.10 0.54

Note: Parameter estimates for the measures in Model 3 are reported for the full model, with all variables included in the regression equation.

(d=0.51, p<0.001), PFAR stanine (d =0.67, p <0.001), and
antisaccade (d = 0.42, p = 0.010).

Finally, we investigated performance differences across racial
and ethnic subgroups (Table 18). We initially conducted
analyses on ethnicity to compare Hispanic and Non-Hispanic
participants, but the Hispanic sample sizes were as low asn =1
for three measures (Academic NSS, rotation span, Raven's

matrices) and the average sample size was n = 14 (the median
was n=13). Due to these small samples, we elected not to
perform comparisons across these groups, however, the raw
values are included in the Supplemental Materials to facilitate
future meta-analytic work.

For the analyses of racial subgroups, we compared in-
dividuals who indicated they were White or some
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FIGURE 4 | Results of the commonality analysis predicting API
NSS and Primary Flight NSS for naval flight officers. Note that for the
dependent variable (DV) Primary Flight NSS, the blue-shaded region
represents variance uniquely accounted for by FOFAR scores.

TABLE 16 | Correlations between age and performance and ability

measures.
Measure r with age p n
ATC first pass pipeline r=-0.05 p=0.64 92

Success

ATC setbacks r=—0.02 p=0.84 91
ATC attrition r=20.06 p=0.58 91
Aviation preflight r=-0.04 p=0.51 285
indoctrination NSS

Primary flight NSS r=-0.13 p=0.026 278
Primary academic NSS r=0.02 p=0.80 230
AFQT score r=20.33 p=0.002 90
AQR stanine r=-0.09 p=0.13 303
PFAR stanine r=20.09 p=0.11 303
FOFAR stanine r=0.02 p=0.75 303
Antisaccade r=0.08 p=0.12 354
Sustained attention to r=0.28 p <0.001 363
cue task (SACT)

Visual arrays r=0.00 p=0.99 335
Mental counters r=0.01 p=0.93 253
Rotation span r=-0.01 p=0.90 140
Raven's matrices r=-0.13 p=0.12 142

Note: Bold, p <0.05.

combination of White and other racial identities to in-
dividuals who indicated they were not White (specifically,
those who selected Black, Hawaiian, and/or American
Indian). This grouping served to maximize statistical power.
We found significant differences between the two groups on
AFQT scores (d=0.48, p=0.014), AQR Stanine (d =0.59,
p=0.009), SACT (d =0.75, p<0.001), and mental counters
(d=0.67, p<0.001). For the other two attention control
measures, antisaccade and selective visual arrays, differ-
ences were close to zero and not statistically significant
(d=0.19 and d =0.15, ps> 0.31). This indicates that some
attention control measures may be better suited for reducing
adverse impact than others.

4 | Discussion

Improving the prediction of occupational performance and
training success is a critical goal for the U.S. military. Air traffic
control and aviation are challenging occupational pursuits
because they require the ability to maintain focus amidst dis-
tractions and interference. Furthermore, they entail a great deal
of cognitive and motor skill learning (e.g., operating control
panels, flying planes, communicating mission-critical informa-
tion in a fast-paced environment). All these requirements point
to an important role of attention control, but except for some
subtests in the Aviation Selection Test Battery (ASTB), current
selection tests such as the Armed Forces Qualification Test
(AFQT) primarily measure acquired knowledge. Because crys-
tallized knowledge tests may yield large group differences and
leave room for improvement in the prediction of performance,
we investigated whether tests of attention control could add
incremental validity.

Commonality analyses revealed that attention control more
than doubled the prediction of training performance (i.e., aca-
demic setbacks) for air traffic controllers in training. Specifi-
cally, attention control measures accounted for 9.1% of the
unique variance in academic setbacks, whereas the AFQT ac-
counted for 5.2% of the unique variance. There was little overlap
in the variance that attention control and AFQT scores ac-
counted for (1.3%). As a point of comparison, recall that Held,
Carretta, and Rumsey (2014) estimated that an incremental
validity of just r = 0.02 would lead to 15 fewer of every 1000 air
traffic controller trainees failing, saving the Navy $1.5 million
per 1000 trainees. It follows that there may be considerable
savings associated with augmenting current military selection
tests with tests of attention control.

For the prediction of air traffic control academic attrition, attention
control measures significantly increased classification accuracy
above and beyond the AFQT, from 76.8% (R’Nagelkerke = 16.9%) to
82.1% (ARZI\mgelkerke =40.3%). This suggests that attention control
measures capture something important to air traffic control train-
ing success that the AFQT does not. From a theoretical standpoint,
attention control reflects the ability to maintain focus on task-
relevant information and resist distraction (Burgoyne and
Engle 2020)—these skills would appear important for air traffic
controllers both in the classroom and behind the control panel, as
they are challenged to acquire new skills during training and
consistently execute them while on the job.

For the student naval flight officers, hierarchical regression
analyses revealed that attention control accounted for 10.4% of
the incremental variance in API NSS (i.e., aviation preflight
indoctrination training performance) above and beyond the
military composite AQR (i.e., academic qualifications rating),
and 2.1% of the incremental variance in flight performance
above and beyond the military composite FOFAR score,
although these increments fell shy of statistical significance due
to low statistical power (i.e., small samples). Commonality
analyses revealed that attention control accounted for 11.80% of
the unique variance in API performance and 4.27% of the var-
iance in flight performance, whereas the military composites
accounted for 6.58% and 0.82% of the unique variance,
respectively.
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TABLE 17 | Standardized mean differences between men and women.
Male Female
Measure M SD n M SD n Cohen's d p value
Aviation preflight indoctrination NSS 49.18 6.37 295 47.71 6.69 49 0.23 0.14
Primary flight NSS 50.72 9.70 288 46.87 8.24 49 0.41 0.009
Primary academic NSS 46.92 10.30 244 47.04 8.74 35 —0.01 0.95
AQR stanine 6.64 1.12 315 6.08 1.02 51 0.51 <0.001
PFAR stanine 6.95 0.89 315 6.35 0.96 51 0.67 <0.001
FOFAR stanine 6.79 0.96 315 6.63 0.92 51 0.17 0.25
Antisaccade 0.83 0.10 271 0.79 0.11 44 0.42 0.010
Sustained attention to cue task 0.92 0.06 266 0.92 0.08 40 0.08 0.62
Selective visual arrays 2.30 1.07 248 2.17 0.88 39 0.12 0.48
Mental counters 79.60 9.85 151 77.26 10.50 19 0.24 0.33
Rotation span 24.98 7.90 125 2343 6.21 23 0.20 0.37
Raven's matrices 11.28 2.63 125 10.96 2.20 23 0.13 0.58

Note: Sex differences were not computed for air traffic controller in training first pass pipeline success, academics setbacks, academic attrition, or AFQT scores because sex
data were not available for these variables. Positive Cohen's d values indicate that the mean was greater for men than for women.

TABLE 18 | Standardized mean differences across race.
White Nonwhite
Measure M (%) SD n M (%) SD n  Cohen's d/% difference p value
ATC first pass pipeline success 38% — 69 34% — 47 4% 0.69
ATC setbacks 1.01 1.03 68 1.09 1.06 47 -0.07 0.72
ATC attrition 26% — 68 21% — 47 5% 0.53
Aviation preflight Indoctrination NSS ~ 49.17 6.40 309 46.84 592 19 0.37 0.12
Primary flight NSS 50.45 9.33 304 47.82 10.86 18 0.28 0.25
Primary academic NSS 46.97 10.29 255  44.64 618 13 0.23 0.22
AFQT score 74.87 11.06 69 69.43 11.81 44 0.48 0.015
AQR stanine 6.60 1.10 330 5.95 112 21 0.59 0.009
PFAR stanine 6.89 0.90 330 6.71 1.10 21 0.19 0.40
FOFAR stanine 6.78 095 330 6.48 1.03 21 0.32 0.16
Antisaccade 0.83 0.10 325 0.81 0.12 44 0.19 0.31
Sustained attention to cue task 0.92 0.07 315 0.86 0.10 48 0.75 <0.001
Selective visual arrays 2.27 1.03 297 2.11 113 43 0.15 0.36
Mental counters 78.95 10.38 214 71.67 12.92 46 0.67 <0.001
Rotation span 24.75 7.97 131 25.10 4.98 10 —0.05 0.89
Raven's matrices 11.35 2.56 131 10.50 2.42 10 0.33 0.31

Note: Cohen's d and associated p values are based on comparisons to the White subsample. Positive Cohen's d values indicate that the mean was greater for the White

subsample than for the non-White subsample.

We considered two other cognitive ability constructs in our
analyses: fluid intelligence and working memory capacity. We
found that measures of working memory capacity (i.e., mental
counters and rotation span) and fluid intelligence (i.e., Raven's
matrices) did not account for statistically significant variance in
training outcomes above and beyond current selection tests and
attention control, although in some cases incremental validities
were promising and would be of practical significance if repli-
cated in larger samples (see the Supplemental Materials). At the

bivariate level, mental counters correlated significantly with air
traffic controllers' first pass pipeline success (r = 0.23); all other
correlations were not significant.

Our analyses of subgroup differences revealed several interest-
ing patterns. First, age was negatively correlated with aviators’
flight performance and positively associated with performance
on the AFQT and the Sustained Attention to Cue Task (SACT),
despite the fact that the age range was relatively narrow across
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samples (i.e., 18-38). Second, males performed significantly
better than females on two military tests (AQR and PFAR),
flight performance, and the antisaccade test of attention control.
Finally, four measures produced significant differences across
White versus nonwhite racial groups: AFQT scores (d = 0.48,
p=0.014), AQR Stanine (d =0.59, p =0.009), SACT (d =0.75,
p <0.001), and mental counters (d =0.67, p <0.001). By com-
parison, the other two attention control measures (i.e., anti-
saccade and selective visual arrays) showed group differences
that were close to zero and nonsignificant (ds <0.19). As we
noted, evidence suggests that tests of accultured knowledge
tend to lead to larger group differences than tests of more fluid
abilities. Tests of attention control are relatively culture-free and
do not contain much material taught in schools, unlike the
AFQT, which taps math and verbal abilities. Thus, evidence
suggests that tests of attention control (except for the SACT)
could be a viable pathway towards reducing adverse impact in
personnel selection (for additional examples, see Burgoyne,
Mashburn, and Engle 2021 and Bosco, Allen, and Singh 2015).
It is an open question for future research what explains the
large difference in performance across groups on the SACT.

4.1 | Limitations

We note three limitations of the present work. First, our samples
were small, which increased the uncertainty associated with our
point estimates and reduced our power to detect significant ef-
fects. As even slight improvements in predictive validity can
confer significant advantages to organizations (Held, Carretta,
and Rumsey 2014), having a much larger sample to detect
smaller effects would benefit future research. Because our sample
included real-world student naval aviators, air traffic controllers,
and student naval flight officers in training, acquiring a larger
sample is not a trivial undertaking. Above and beyond the
challenges of obtaining data on real-world sailors, there are also
temporal challenges: Sailors were recruited to complete these
cognitive ability tests towards the beginning of their training. As
a result, it typically has taken more than 1 year to obtain data on
their performance over the course of the training program. That
said, we see this work as a step in the right direction, and hope
that it will lead to data collection involving larger samples in the
future. Additionally, we have sought to provide enough infor-
mation about our results so that meta-analysts can include our
studies as additional relevant data becomes available.

The second limitation is that we had limited testing time to
administer our task battery to the student air traffic controllers,
student naval aviators, and student naval flight officers. As a
result, we prioritized the measurement of attention control.
With more testing time, we could have included more measures
of fluid intelligence and working memory capacity, added more
trials to the tasks, and allowed more testing time for Raven's
Matrices. Adding more trials, testing time, or longer wait
intervals to the SACT would also be worthwhile, as the student
naval aviators and naval flight officers were approaching
ceiling-level performance on this task, which could have
resulted in range compression and validity attenuation.

The third limitation is that we used an incumbent sample of
trainees which was affected by direct range restriction on

the selection measures and indirect range restriction on the
other cognitive ability measures. Restriction of range leads
to the attenuation of validity estimates (Carretta and
Ree 2022; Sackett and Yang 2000; Sackett et al. 2022;
Schmidt, Hunter, and Urry 1976). Importantly, direct range
restriction has a greater impact than indirect range restric-
tion (Sackett et al. 2022), and so it is likely that the observed
validity estimates presented here are underestimates rela-
tive to what might be observed in an unrestricted applicant
sample, particularly for the selection measures. Although
we were able to correct correlations for the sample of air
traffic controllers for direct and indirect range restriction,
we did not have the requisite data to perform such correc-
tions on the other samples.

5 | Conclusion

We investigated whether attention control tests could improve
the prediction of training performance above and beyond cur-
rent military selection tests in a sample of 490 air traffic con-
trollers, student naval aviators, and student naval flight officers
in training. Our results provide preliminary evidence for the
validity of attention control measures for occupational training
success.
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General Audience Summary

Individual differences in the ability to control attention are corre-
lated with a wide range of important outcomes, from cognitive task
performance and academic achievement to health behaviors and
emotion regulation. Nevertheless, current selection tests and com-
posite scores used by the U.S. Navy to identify personnel for high-
skill jobs primarily reflect individual differences in acquired
knowledge, leaving room for improvement with respect to predictive
validity and subgroup differences. In a sample of 490 U.S. Navy
trainees, we found preliminary evidence that measures of attention
control improve the prediction of training performance above and
beyond current selection test scores.
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