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Abstract

The military relies on operators to efficiently identify threats to mission success and safety.
Sonar operators search for threats, including hostile submarines, for extended periods,
introducing the potential for a vigilance decrement, i.e., a decrease in performance over time.
The U.S. Navy could benefit from a means to identify early which sonar operator candidates
would be most likely to sustain high vigilance performance for prolonged periods. Currently, the
Armed Services Vocational Aptitude Battery (ASVAB), a test similar to a standardized
intelligence exam, is used to guide military Service Members’ career tracks and specialties.
However, the ASVAB may not adequately assess the vigilance or visual search abilities
necessary for sonar or similar tasks, and a complementary assessment may improve upon the
ASVAB?’s predictive validity for said tasks. This exploratory study investigated a 30-minute, 10-
task cognitive test battery’s ability to predict performance in a long duration, complex task, the
Multi-Attribute Task Battery (MATB-I1). The MATB-II demands sustained attention and
simulates many of the demands of a submarine watch-station. MATB-I1I performance declined
over time, confirming subjects’ vigilance decrement. A regression using performance on the
cognitive battery found that such performance accounted for 51% of the variance in overall
MATB-I11 performance and 31% of the variance in sustained attention. This work suggests a 30-
minute cognitive test battery may assist in identifying operators well-suited to performing
comparable complex and attention-demanding vigilance tasks.

Keywords: individual differences, cognitive test battery, vigilance, sustained attention,
multitasking
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Introduction

Several military tasks require operators’ sustained attention over long periods of time to
identify and prevent threats to service members, mission success, or equipment. These tasks
include: sonar operation (which involves identifying adversaries prior to own ship detection),
security screening (which involves identifying threats before they enter a protected area), or
satellite image scanning (which involves identifying threats in static geographic images). The
duration of an operator’s shift in any of these critical tasks can be several hours. The ability to
detect threats can decline in as few as 30 minutes,? however, raising concerns about the
sustainment of performance and attention. Given the importance of quickly and accurately
detecting targets or threats, developing methods to reduce operator failure is critical.

High aptitude in sustained attention and decision-making is a requirement for
successfully performing tasks such as sonar monitoring; therefore, a screening method that
assesses such cognitive abilities may help augment the current selection processes for these types
of roles. The Armed Services VVocational Aptitude Battery (ASVAB), for example, is an
assessment currently used by the U.S. military in determining suitability for occupation
specialties. The ASVAB is similar to a standardized intelligence test, measuring mathematical
and verbal academic achievement. In addition, the ASVAB measures technical knowledge
content not found in standardized intelligence tests (i.e., electronics, mechanical, and auto/shop).
Measures of these cognitive abilities show low or nonsignificant correlations with sustained
attention performance.® Furthermore, the ASVAB score accounts for 16% of variance in overall
military job performance* and 4% of variance in target detection performance in a visual search
task.® Strengthening the relationship between Service Member occupation selection and
possession of the cognitive abilities required to perform each occupation may improve the career
success of Service Members and military readiness.

Identifying an ideal operator through an individual differences approach could be a more
effective method of screening. This approach works by assessing observers on several traits
predicted to be important for performing an unrelated task, then measuring how much variance
in performance those traits account for in said unrelated task. This takes advantage of individual
variation in cognitive traits by determining which traits are predictive of high task performance
and who has high levels of those traits so that individuals’ abilities are best utilized in the
appropriate job (i.e., the duties in which they will be most likely to succeed). As the sustainment
of performance is critical in many operational tasks, it is also crucial to assess how cognitive
abilities, resulting performance, and attention are maintained or degrade over time. The vigilance
decrement, a widely observed phenomenon defined by a decrease in target detection accuracy
and/or an increase in reaction time as time-on-task increases, shows individual variations. Some
people experience a performance decrement in as little as ten minutes, whereas others are able to
resist declines in performance beyond 30 minutes.® While we know that vigilance performance
varies widely among individuals, finding short-duration assessments to predict vigilance has
been challenging. While some work has shown that cognitive flexibility (as assessed by the
Wisconsin Card Sorting Task)’ can predict vigilance, and it has been proposed that measures of
working memory should predict vigilance, cognitive predictors of vigilance have been either
sparsely investigated or sparsely reported.® Therefore, we are taking an exploratory approach to
identifying individual differences in cognitive abilities that predict sustained attention by
including measures that have been previously used successfully (Wisconsin Card Sort, working
memory) alongside several other demanding tasks that may be related to sustained and/or overall



performance. Using this exploratory individual differences approach to examine the potential
links among several cognitive abilities and vigilance may ultimately enable recruiters and
instructors to select the people who already show aptitude in those cognitive domains, as well as
inform targeted training to strengthen performance in those areas.

The individual differences approach has been executed in the past by administering a
series of “predictor” tasks to participants, who also complete an “outcome” task.3%® The
predictor tasks are often cognitive ability assessments, such as measures of working memory,
sustained attention, visual search, or pattern matching. They may also include noncognitive
characteristics, including personality. The “outcome task,” or the task of interest, is often one in
which collecting data from the task is expensive. This can be because of the time-consuming
nature of the task. A sustained attention task, by definition, takes a long time to complete. The
same is true for tasks that involve low prevalence targets, where it takes time to present enough
critical trials. Data collection can also be expensive because the equipment necessary to
administer the real task is costly, such as a sonar monitoring or flight control. Predictor tasks are
often fast, cheap, and easy to administer. A set of predictor tasks that account for a significant
proportion of the outcome task’s variance in performance can be identified in one sample of
operators. Time and money can then be saved by administering only that set of predictor tasks to
a new group of operators. Their outcome task performance can then be predicted using the values
derived from the initial sample of operators. However, a predictive and generalizable model must
first be established.

For example, to identify operators who excel at a baggage screening task, an ideal
“outcome task™ that simulates real-world baggage screening would involve characteristics such
as: lengthy duration, rare targets (i.e., weapons), distractors, and time pressure (i.e., limited time
to perform the task). Potential suitable predictor tasks would include a visual search task for a
hard-to-find target. This type of predictor task can be quickly administered using a psychomotor
vigilance task to measure sustained attention, a cognitive ability test, and a personality test. This
set of predictors would be entered into a predictive model with performance in the outcome task
as the criterion variable, which would allow researchers to identify which tasks are significantly
predictive, and at what strength, of the outcome task. If strong predictors are identified, then the
model encompassing this restrictive set of predictor tasks can be applied to a new sample of
operators who only need to complete those predictor tasks, saving time and money by
eliminating the need to measure performance on the actual outcome task (i.e., job performance
criterion).

The current study applied the individual differences approach to investigate the use of a
cognitive test battery in predicting performance of an operationally-relevant outcome task,
towards enhancing the effectiveness of duty screening and assignment methods. Specifically, this
study sought to identify those individuals who are able to sustain visual and auditory attention,
task switch, and react quickly and accurately. The outcome task of interest used to measure these
abilities is the Multi-Attribute Task Battery Il (MATB-11),** a computer-based task where
participants must simultaneously perform four different sub-tasks: system monitoring, resource
management, tracking, and communications. It can be prolonged to tap into one’s ability to
sustain attention,'® and it requires participants to quickly switch between performing different
sub-tasks—an important ability in real-world duties. The MATB-II also has a wide variance in
performance between participants.®

The set of predictor tasks was based on the cognitive test battery Cognition, a battery that
covers a range of functions.!’” The tasks included in the battery assessed sensorimotor speed



(Motor Praxis Task [MPT]),* memory for complex figures (Visual Object Learning Test
[VOLT]),* working memory capacity (Fractal 2-Back task [F2B]),?° executive functioning
(Wisconsin Card Sorting task [WCS]),?* spatial orientation (Line Orientation Test [LOT]),?>%3
the ability to recognize emotions conveyed through facial expressions (Emotion Recognition
Task [ERT]),?#?° abstract reasoning and pattern recognition (Matrix Reasoning Test [MRT]),8
complex screening and tracking (Digit-Symbol Substitution Task [DSST]),2® risk taking behavior
(Balloon Analog Risk Test [BART]),?” and vigilance (Psychomotor Vigilance Task [PVT]).%
The selection of these tasks provided abbreviated measures of well-established tests, allowing for
a fast (read: inexpensive) measurement of several cognitive abilities. This battery was chosen
because it includes measures of several cognitive abilities that have demonstrated success in
predicting performance in unrelated outcome tasks. For example, working memory has been
shown to predict visual search performance,®*° vigilance,? and reduced mind wandering while
on task;*° fluid intelligence has been shown to predict visual search performance;'*?° the WCS
has been shown to predict vigilance;” and vigilance itself has predicted visual search
performance. 3%

This battery can also be conveniently administered on a tablet, with a short training
period on how to perform each task, which permits the use of the cognitive test battery in real
world settings. Finally, performance on this battery has been shown to predict performance in
spaceflight tasks, with a real-world application requiring complex decision-making and fast
reaction times.>®

Participants completed the cognitive test battery followed by the MATB-I11 task. From the
resulting performance data, two predictive models were developed: one for overall performance
(representative of performance of all sub-tasks in the outcome task) and one for sustained
performance (measured by the change in performance over time). This two-model approach may
allow us to differentiate between predictors of performance and predictors of resistance to
cognitive fatigue. Strengthening the relationship between Service Member occupation selection
and correlation with the cognitive abilities required to perform particular military jobs might
improve the career success of Service Members and military readiness.

Methods

Participants. Twenty-seven participants gave written informed consent to participate in this
study and received monetary compensation after each session. The study was approved by the
Naval Submarine Medical Research Laboratory (NSMRL) Institutional Review Board (IRB).
Criteria for participation required normal or corrected-to-normal hearing and vision, including
color vision. Recruitment was open and opportunistic and did not target any specific navy
command or population. Three participants were excluded from analysis for having an
incomplete session. The final sample included in the data analysis consisted of 24 participants;
12 were female (50%) and 12 were male (50%), and the group was between 19 and 64 years-old,
with a mean age of 31.04 years (SD = 10.82).

Cognitive Predictor Tasks. The cognitive test battery (see Figure 1) consisted of ten tasks.!” The
10 tasks were performed in the order listed below.3



Motor Praxis Task (MPT): This task involved clicking on randomly located squares that
progressively decreased in size (an average of 4% on each trial). The task was comprised of 20
trials. Performance was measured by reaction time. MPT measured sensory motor speed.

Visual Object Learning Test (VOLT): In this task, participants memorized a set of 10 oddly
shaped geometric figures (each presented for 5 seconds), before then being presented with 20
figures or trials. Participants had to determine which were new and which were old. Performance
was measured by accuracy and reaction time. The task measured visual learning and spatial
working memory.

Fractal 2-Back (F2B): Participants were presented with fractals in a sequence (1000 ms and an
inter-stimulus interval of 1000 ms), and responded when the current stimulus matched the n-2
stimulus (stimulus presented two fractals ago). Participants viewed 60 images over two
successive blocks. Performance was measured by accuracy (hits, misses) and reaction time. The
task measured working memory capacity.

Wisconsin Card Sorting task (WCS): This task was to categorize cards on the basis of one of
three dimensions: color, shape, or number of items on the card. The matching rule changed after
a fixed number of trials, and trials timed out after 5 seconds. Participants completed 30 trials.
Performance was measured by accuracy, number of perseveration trials (repeating the previously
correct rule after the rule changed), and reaction time. The WCS task measured mental flexibility
and abstraction.

Line Orientation Test (LOT): Participants were presented with two lines, one of which they
rotated (via mouse clicks) to be parallel to the other. Difficulty was manipulated by varying the
length of the two lines (shorter lines were 37% shorter in length) and how much the manipulated
line rotated with each of the participant’s manipulations (2° or 6°). There were 12 trials in the
task. Accuracy was measured by the degrees between the target line’s orientation and the
manipulated line’s orientation. Number of clicks was also reported. The LOT measured visual
spatial processing and orientation.

Emotion Recognition Task (ERT): In this task, participants labeled a series of faces expressing
different emotions, and classified each as happy, sad, angry, fearful, or no emotion.* The task
involved 40 trials. Performance was measured with accuracy and reaction time. The ERT
measured emotion recognition.

Matrix Reasoning Test (MRT): In 12 trials, participants picked a shape that completed a complex
pattern. Performance was measured by accuracy and reaction time. The MRT measured complex
reasoning.

Digit-Symbol Substitution Task (DSST): The participants were presented with pairs of numbers
(1 to 9) and symbols, and then as quickly as possible had to pick the correct number that
corresponded to the symbol presented elsewhere on the screen. Performance was measured by
reaction time and the number of correct responses in 90 seconds. The DSST measured complex
scanning and visual tracking, as well as cognitive functioning.



Balloon Analog Risk Test (BART): Participants pumped/inflated a balloon until they either
collected a reward or the balloon popped. The reward amount ($) increased with each pump, as
did the chance that the balloon popped. If the balloon popped, the participant would lose the
reward. Thirty balloons were presented. Performance was measured by the average number of
pumps the participant made. The BART measured risk taking.

Psychomotor Vigilance Test (PVT): Participants responded by pressing a button on a response
box as quickly as possible during a 3-minute period when a stimulus was presented on screen.
Performance was measured by reaction time and number of lapse trials. The PVT measured
vigilant attention.

Outcome task: MATB-II. The MATB-I1I display presented two tasks on the top half of the screen
and two tasks on the bottom half of the screen. In order from left to right and top to bottom, the
tasks were: system monitoring (SYSMON), tracking (TRACK), communications (COMMS),
and resource management (RESMAN) (see Figure 1). The scheduling panel (SCHED) allowed
participants to “look ahead” eight minutes into the future at events that were to occur during the
COMMS and TRACK tasks. The participants used a mouse and a joystick to make responses. In
the SYSMON task, participants monitored two lights (buttons: one green, one red) and four
scales consisting of moving bars, and had to respond whenever one of the lights changed color or
when a moving bar went beyond a specific distance threshold. The frequency at which the two
lights required a response and the deviations of the moving bars within the scales changed at an
average rate of 6.5 seconds. The TRACK task required participants to use a joystick to keep a
reticle centered within a small central target box. The reticle would often drift randomly away
from the box when not manned by the operator in “Manual” mode. The frequency that the task
was in “Manual” mode was, on average, every 35 seconds. The force that the reticle deviated
was set to medium, as was the joystick sensitivity. The COMMS task required participants to
listen for a specific call sign and respond to it by entering the correct frequency into one of four
radios. Commands were announced approximately every 17 seconds, and on average, the
participant needed to respond to a target command for every four distractors. The RESMAN task
required participants to manipulate eight pumps to ensure that the fuel levels of two primary
tanks (tanks A and B) remained within £500 of 2,500 units of fuel. The pumps transferred fuel
from different reserve tanks, and would often temporarily break. The pumps failed every 6.5
seconds on average, and pump pairs 2 and 5 as well as 4 and 6 never broke simultaneously
(shown in Figure 1).

Participants also completed the tasks UNRAVEL®® and Letter Wheel*® (see Figure 1) during the
session that occurred on Day 1. The results from these tasks were not of interest in the current
study.

Procedure. Participation took place across two separate days. On Day 1, participants were
briefed and trained on the predictor and outcome tasks. The tasks were administered using a
Lenovo ThinkPad Laptop (15.5 in monitor). For the cognitive test battery, participants
completed an abbreviated version of seven of the ten tasks in the fixed order listed earlier. The
software, E-prime (Psychology Software Tools Inc., Pittsburgh, PA, USA), controlled stimulus
presentation. The VOLT, MRT, and BART did not have practice sessions and were not
administered during Day 1 because of limits on the number of available images (however all



three tasks incorporated practice trials during their Day 2 administration). Practice sessions were
intentionally limited. As the intended use-case for this cognitive assessment battery is to
supplement screening a large number of military recruits, where the speed and expense of the
SCreening is a priority, we wanted to measure the battery’s effectiveness under conditions that
more closely resembled real-world use, rather than bringing all subjects to their performance
asymptote through time consuming practice sessions. After the cognitive test battery, participants
completed the Letter Wheel and UNRAVEL tasks. For MATB-I1, participants received written
and verbal instructions from the researchers, then performed the sub-tasks for 5 minutes each
(fixed order: SYSMON, TRACK, COMMS, RESMAN), followed by 30 minutes of performing
all the tasks simultaneously.

On Day 2, participants completed the test session of the cognitive test battery followed by
60 minutes of the simultaneous MATB-II task. The average interval between Day 1 training and
Day 2 testing was 10.38 + 6.36 days. Depending on the task, responses were recorded via a
Serial Response Box (Psychology Software Tools Inc., Pittsburg, PA, USA), the ThinkPad
keyboard, a Dell wired optical mouse, or a Logitech joystick. At the end of both days,

MATB Cognitive Test Battery

MPT
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Figure 1. Experimental paradigms

MATB-II display (Top Left); example displays of the place-keeping tasks, Letter Wheel and
UNRAVEL (Bottom Left); example displays and task schematic of each task in the Cognitive
Test Battery (Right).



participants completed the National Aeronautics and Space Administration Task Load Index®’
(NASA-TLX) to estimate the workload required to perform the MATB-II.

Analysis

Correlations between the cognitive test battery scores during Day 1 (practice) and Day 2
(test) were conducted to examine the test-retest reliability of the test battery. Also, intraclass
correlation coefficients (ICC) were obtained to assess the reliability of responses between the
two sessions.

MATB-II results were analyzed in several ways. First, performance in each sub-task was
calculated. For the SYSMON task, two dependent measures were calculated: the correct
detection of the lights and scales (Hits/(Hits + Misses)) and reaction time. For the TRACK
task, the average deviation of the reticle from the target box (calculated as root mean square error
[RMSE]) was computed at 20 Hz every 15 seconds. For the COMMS task, both correct
responses and reaction time were computed. The average deviations of the fuel tanks from the
desired fuel level (difference score) were computed for the RESMAN task and summed across
the two tanks.

An overall MATB-11 composite performance score was then computed by applying the
following method:®% first, an average group score for each of the individual sub-tasks from Day
1 was calculated. Next, the group scores from the individual sub-tasks were used to normalize
each participant’s Day 2 sub-task scores, resulting in a z-score for each sub-task. These z-scores
were then summed, and each task was given equal weight (i.e., one unit). Contributions from the
reaction time and accuracy scores were adjusted by a factor of 0.5 for the SYSMON and
COMMS to account for the two measures generated from these sub-tasks. The additive inverse
of the reaction time (SYSMON and COMMS) and RMSE (TRACK sub-task) z-score measures
were used to yield an opposite sign that was consistent with the accuracy measures. Higher
scores were associated with higher accuracy. Likewise, the difference score measures from the
RESMAN sub-task were computed as the inverse absolute value of the difference scores, in
which higher scores were associated with better sub-task performance.

To investigate the change in outcome task performance as a function of time, in which a
decrease in performance is interpreted as a time-on-task decrement, composite performance z-
scores of each Day 2 (test session) sub-task were calculated for each 10-minute time interval
across the entire MATB-11 duration, amounting to six separate intervals or Blocks.

A linear mixed model was applied to model the association between time and MATB-1I
performance, with the participant as a covariance parameter. This analysis determined whether
MATB-I11 performance changed over time. To obtain the change in performance for each
individual, the MATB-II composite data were fitted to a linear function for each participant. The
slope representing the magnitude of performance change was derived from the linear fit and was
used as the response variable in a linear regression model.

A best-subset regression was used to identify the strongest predictors,®® which included
between 2 (high parsimonious model) and 10 (low parsimonious model) outcome measures from
the cognitive test battery in predicting: (1) overall performance on the MATB-II task and (2)
sustained performance throughout the MATB-II task (the magnitude of the performance change,
i.e., the slope). A jack-knife leave-one-out cross-validation procedure evaluated the performance
of the nine models containing the 2-10 predictors. In the leave-one-out cross-validation, one
sample is left out as the test set (singleton) and the remaining samples form the training set used
to predict the response value of the singleton, resulting in the mean square error calculation. This
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process was repeated such that each sample is used once as a test set (n = 24), generating an
average mean square error (MSE). The optimal model was determined as the model that: (1) had
the highest proportion of significant predictors relative to the total predictors in the model and
(2) minimized the prediction error (MSE). Correlations between the 20 cognitive test battery
outcomes and both the composite and slope were also calculated.

The significance level was p < .05 and were not corrected for multiple comparisons;
therefore, the results from this study should be considered exploratory.

Results

Cognitive Test Battery Test-Retest Reliability

Table 1 shows the correlations between the scores of the cognitive test battery on Day 1
(practice) and Day 2 (test). The mean correlation across measures was 0.13 (SD=0.29). The F2B
accuracy and ERT reaction metrics showed the strongest correlation across sessions. Similarly,
the ICC results aligned with the correlation analysis such that the ERT reaction time measure
showed a moderate relatability between practice and test followed by the DSST and F2B
measures.

Table 1. Test-Retest Correlations and ICC between Day 1 and Day 2 Cognitive Test Battery

Correlation ICC
95%
Cognitive Task value, p-value ICC Confidence F-value, p-value
Interval
MPT: reaction time (ms) r=0.24,p=.26 0.15 [-0.27 0.51] 134,p=.24
F2B: accuracy (proportion hits) r=0.41, p=.04* 0.31 [-0.10 0.63] 1.89,p=.07
F2B: reaction time (ms) r=-0.34,p=.10 -0.002  [-0.40 0.40] 1.00, p = .50
WCS: accuracy (proportion correct) r=-0.28,p=.19 -0.22 [-0.57 0.20] 0.64,p=.85
WCS: reaction time (ms) r=0.34,p=.10 0.29 [-0.12 0.61] 1.81,p=.08
WCS: # perseverative error trials r=0.21,p=.32 0.19 [-0.22 0.55] 1.47,p=.18
ERT: accuracy (proportion correct) r=021,p=.34 0.16 [-0.25 0.52] 137,p=.23
ERT: reaction time (ms) r=0.57, p=.004* 0.56 [0.22 0.79] 3.59, p =.002*
DSST: number of correct trials r=0.12,p=.59 0.006 [-0.39 0.40] 1.01,p=.49
DSST: reaction time (ms) r=0.38,p=.07 0.32  [-0.08 0.64] 1.95, p = .06
PVT: number of lapses r=0.22p=.31 -0.06 [-0.45 0.34] 0.88,p = .62
PVT: reaction time (ms) r=-0.16, p=.45 0.21 [-0.20 0.56] 1.53,p=.16

Significant correlations (p<.05) are indicated in bold with an asterisk (*)

Changes in MATB-II Performance across Time

The mean measure of performance for each MATB-II sub-task and overall score are
provided in supplemental Table 1. The linear mixed model analysis revealed that MATB-II
composite performance z-scores were significantly associated with elapsed time (overall model:
F(5,23) = 3.72, p =.013). The individual effects of Blocks I1-VI were all significantly lower than
the initial Block | (Block II: t(23) = -2.37, p = .026; Block I1I: t(23) = -3.14, p = .005; Block IV:
t(23) = -2.80, p = .019; Block V: t(23) = -3.80, p = .001; Block VI: t(23) = -4.03, p = .001). The
estimate of the effects suggests an overall decline in performance from Block | to Block VI
(relative mean changes from Block I: Block I1: -1.82; Block I11: -2.46; Block IV: -2.36; Block V:
-3.05; Block VI: -3.38). Cognitive task mean performance is reported in supplemental Table 2.
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Best Sub-Set Regression Model: MATB-11 Overall Performance

The best fit model that minimized the MSE and significantly predicted MATB-I1I overall
performance contained eight (MSE = 48.78; F(8,15) = 3.97, p = .010) predictors and accounted
for 51% of the variance in MATB-II performance. The eight predictors were: BART mean
number of pumps (B =-0.08, p =.15), ERT accuracy (B =-23.89, p =.075), F2B hits (B = -
33.12, p =.038), F2B misses (B = -45.83, p = .014), F2B reaction time (B = -0.02, p =.006),
LOT average error (B = 3.05, p =.03), MRT accuracy (B = -59.59, p = .007), and PVT reaction
time (B = -0.04, p = .014). Results from cross-validation found a predicted R? = 0.01 and a ratio
of the adjusted R? to R? of 0.74. The results of the best subset models that contained 2 through 10
cognitive task battery predictor variables are provided in supplemental Table 3.

Best Sub-Set Regression Model: MATB-I11 Sustained Performance

The best fit model that minimized the MSE and significantly predicted MATB-II
sustained performance contained three predictors (MSE: 1.25; F(3,20)=4.44, p = 0.015) and
accounted for 31% of the variance of the MATB-I1 slope. The three predictors were: WCS mean
RT (B =-0.002, p =.016), BART mean number of pumps (B = 0.06, p =.002), and DSST
number of correct trials (B = -0.05, p = .047). Results from cross-validation found a predicted R?
=0.10 and a ratio of the adjusted R? to R? of 0.76. The results of the best subset models that
contained 2 through 10 cognitive task battery predictor variables are provided in supplemental
Table 4.

Cognitive Battery and MATB-II Correlations

There were significant correlations between MATB-II overall score with the cognitive
test battery performance measures, adjusting for age and sex (Table 2). There are reports on
age'® and sex difference in cognitive abilities.*! Specifically, males often outperform females
on visual-spatial tasks,*? and females generally perform better on social tasks, such as emotion
recognition.*® Overall, faster response speeds on the DSST and MRT were associated with
higher MATB-II performance. Furthermore, higher accuracy on the WCS task was related to
changes in performance with time on task. The MATB-II overall and sustained performance
scores were not correlated (r(24) = -0.086, p = .69). There were no significant differences
between sexes among the two response variables (MATB-I11 Overall: t(22) = 0.-0.21, p = .84,
males = -3.41 + 3.98, females = -3.12 + 2.65; MATB-II slope: t(22) =-0.11, p = .91, males = -
0.60 +0.62, females = -0.57 = 0.95; mean £ SD). Age was not correlated with either the MATB-
I1 Overall score (r(24) = -0.013, p = .95) or MATB-II slope (r(24) =-0.19, p = .38). Correlations
between cognitive outcomes are shown in Table 3.

Table 2. Correlations between Cognitive Test Battery Outcomes and MATB-II performance

Bivariate Partial adjusted for Age and Sex
Task MATB-II Overall MATB-II Sustained MATB-II Overall MATB-II Sustained
BART avg. # of pumps r=0.11, p=.61 r=0.052, p=.811 r=0.047, p=.836 r=0.008, p=.97
DSST # of correct trials r=-0.057, p=.79 r=0.217, p=.308 r=-0.115, p=.612 r=0.19, p=.398
DSST reaction time r=-0.566, p=.004* r=-0.049, p=.82 r=-0.524, p=.012* r=0.02, p=.929
ERT accuracy r=-0.187, p=.382 r=0.305, p=.147 r=-0.235, p=.293 r=0.318, p=.149
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ERT reaction time
F2B miss

F2B hits

F2B reaction time
LOT # of clicks
LOT avg. errors
MPT reaction time
MRT reaction time
MRT accuracy
PVT # of lapses
PVT reaction time
VOLT accuracy
VOLT reaction time
WCS accuracy

WCS perseverate error

WCS reaction time

r=-0.384, p=.064
r=0.185, p=.387
r=0.188, p=.378
r=-0.175, p=.412
r=-0.158, p=.462
r=-0.36, p=.084
r=-0.061, p=.776
r=-0.516, p=.01*
r=-0.196, p=.359
r=-0.244, p=.25
r=0.014, p=.948
r=-0.212, p=.32
r=-0.013, p=.95
r=0.054, p=.802
r=0.33, p=.116
r=0.148, p=.489

r=0.056, p=.796
r=-0.118, p=.582
r=0.202, p=.343
r=-0.077, p=.72
r=0.058, p=.786
r=-0.052, p=.81
r=0.27, p=.201
r=-0.068, p=.753
r=-0.142, p=.507
r=0.01, p=.964
r=0.092, p=.67
r=0.018, p=.932
r=0.231, p=.277
r=0.436, p=.033*
r=0.031, p=.886
r=0.109, p=.612

r=-0.493, p=.02*
r=0.113, p=.616
r=0.147, p=.514
r=-0.059, p=.795
r=-0.048, p=.833
r=-0.266, p=.232
r=-0.25, p=.261
r=-0.56, p=.007*
r=-0.109, p=.628
r=-0.286, p=.197
r=0.003, p=.991
r=-0.367, p=.093
r=0.032, p=.888
r=0.027, p=.905
r=0.241, p=.279
r=0.012, p=.959

r=0.027, p=.906
r=-0.183, p=.414
r=0.178, p=.428
r=0.007, p=.976
r=0.155, p=.49
r=0.059, p=.793
r=0.204, p=.363
r=-0.062, p=.784
r=-0.086, p=.705
r=0.012, p=.957
r=0.088, p=.698
r=-0.05, p=.826
r=0.27, p=.224
r=0.427, p=.047*
r=-0.062, p=.784
r=0.022, p=.924

Significant correlations (p<.05) are indicated in bold with an asterisk (*)
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Table 3. Correlations between cognitive test battery task outcomes, r coefficient and p-value (p-values in parenthesis)

D#ng'l' DSST ERT ERT F2B F2B F2B I;C:; I;\?T MPT MRT MRT Z&\Qf— PVT VOLT VOLT WCS WCS WCS
. RT acc RT miss hits RT . 9. RT RT acc RT acc RT acc error RT
Task trials click  error lapses
BART # -0.20 0.24 -0.04 -0.12 0.04 -0.13 024 012 003 -0.17 -0.12 0.25 -0.32 -0.32 0.06 -0.05  -0.003 0.25 0.40
pumps (.34) (.26) (.86) (.58) (.87) (.56) (.26) (.58)  (.90) (.44) (.58) (.24) (.13) (.13) (.78) (.80) (.99) (.25) (.05)
D_SST #of -0.98 -0.28 0.60 0.44 -0.38 0.41 -0.31  0.02 0.71 0.42 -0.09 0.06 0.25 0.28 -0.18 -0.14 -0.37 0.55
trials . (<.001%) (.18) (.002*%)  (.03*) (.07) (.05%)  (14)  (92) (<.001*%)  (.04%) (.69) 77 (.24) (.19) (.41) (:51) (.07) (.01%)
DSST reaction time 0.29 -0.62 -0.43 0.38 -0.40 0.27  -0.05 -0.71 -0.43 0.09 -0.11 -0.30 -0.31 0.15 0.12 0.37 -0.52
------ (.16) (.001%) (.04%) (.07) (.05) (.20) (.83) (<.001*) (.04%) (.68) (.62) (.15) (.14) (.48) (.59) (.08) (.01%)
ERT accuracy -0.52 -0.40 0.35 -0.14 -0.28 0.28 -0.19 -0.16 0.05 -0.05 -0.27 -0.10 0.17 0.35 0.00 -0.38
------ (.009%) (.05) (.10) (.51) (19)  (.18) (.37) (.46) (.81) (.83) (.21) (.64) (.44) (.10) (1.00) (.07)
ERT reaction time 0.14 -0.09 0.26 -0.11  -0.03 0.52 0.52 -0.06 0.01 0.17 0.45 -0.04 -0.002 -0.31 0.38
—————— (.51) (.67) (.23) (.62)  (.90) (.01%) (.01%) (.78) (.96) (.43) (.03%) (.87) (.99) (.14) (.06)
F2B miss -0.95 -0.12  -0.17  -0.17 0.36 0.36 -0.08 -0.03 0.07 -0.20 -0.12 -0.36 -0.08 0.20
______ (<.001%) (.56) (.44) (44 (.09) (.08) (.72) (.89) (.76) (.35) (.57) (.08) (.70) (.36)
F2B hits 0.18 0.16 0.2 -0.27 -0.29 0.04 -0.03 -0.08 0.21 0.02 0.27 0.10 -0.19
—————— (.39) (47)  (.35) (.21) (.16) (.86) (.90) (.73) (.32) (.92) (.20) (.65) (.37)
F2B reaction time 0.02 0.38 0.36 0.34 -0.09 0.35 0.41 0.30 -0.24 0.13 -0.22 0.20
------ (.92) (.07) (.09) (.10) (.68) (.09) (.05%) (.16) (.26) (.55) (.31) (.39)
LOT # of clicks -0.24 -0.31 -0.10 0.14 -0.07 -0.02 -0.10 0.15 0.24 0.21 -0.36
------ (.25) (.14) (.66) (.52) (.75) (.93) (.64) (.48) (.26) (.31) (.09)
LOT avg. errors 0.20 0.29 0.24 0.04 0.09 0.20 0.16 -0.02 -0.09 0.15
------ (.36) (.16) (.26) (.84) (.69) (:34) (.45) (.92) (.69) (.50)
MPT reaction time 0.33 0.26 -0.13 0.16 0.13 -0.05 -0.06 -0.23 0.5
—————— (12) (.23) (.56) (.45) (.55) (.82) (.78) (.29) (.01%)
MRT reaction time 0.03 0.23 0.25 -0.03 0.19 0.20 -0.20 0.05
—————— (.90) (.28) (.23) (.89) (.39) (.35) (.34) (.82)
MRT accuracy -0.48 -0.37 -0.10 0.51 0.30 0.34 0.09
—————— (.02%) (.07) (.66) (.01) (.16) (.11) (.67)
PVT # of lapses 0.88 -0.09 -0.26 -0.07 -0.39 -0.13
------ (<.001%) (.67) (.22) (.76) (.06) (.55)
PVT reaction time -0.01 -0.22 -0.13 -0.45 0.02
------ (.96) (.31) (.54) (.03%) (.92)
VOLT accuracy -0.18 0.03 -0.14 0.15
------ (.39) (.91) (.53) (.49)
VOLT reaction time 0.38 0.17 -0.18
—————— (.06) (.44) (.40)
WCS accuracy 0.19 -0.45
—————— (.38) (.03%)
WCS -0.20
perseverate €rror (.36)

Significant correlations (p<.05) are indicated in bold with an asterisk (*)
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Discussion

Twenty-four participants completed two days of testing; the first day was devoted to
practicing the MATB-II task and the cognitive test battery, and the second day involved testing
on each of these tasks. The critical outcome measure, MATB-I11, showed a significant decline in
performance over time, as indicated by the significant changes in composite performance z-
scores over elapsed time (Blocks 1 to VI). Given two different measures of performance in
MATB-II, overall performance and sustained performance (slope), an individual differences
approach was used to determine whether a cognitive test battery accounted for a significant
proportion of the variance in MATB-II performance. A best-subset regression indicated that
BART average number of pumps, ERT accuracy, F2B hits, F2B misses, F2B reaction time, LOT
average errors, MRT accuracy, and PVT reaction time accounted for 51% of the variance in
overall performance. The same method revealed that WCS reaction time, BART mean pumps,
and DSST number of accurate trials accounted for 31% of the variance in MATB-II sustained
performance.

The predictors of overall performance involved measures from the BART, ERT, F2B,
LOT, MRT, and PVT. The PVT was expected to be a robust predictor of performance on a long
duration task, as the PVT has long been established as a functional measure of the consequences
of fatigue.** The regression results indicated that for an increase in reaction time on the PVT
there was a significant decrease in overall MATB-II performance. This is similar to a previous
finding that showed poor performance on a vigilance task correlated with poor performance in a
visual search task.>?° Risk propensity measured on the BART indicates that a willingness to
make risky decisions is disadvantageous during tasks similar to MATB-II. This may have been
relevant during the resource management sub-task, when participants decided which pumps to
(de)activate to maintain adequate levels of fuel. It may also apply on a broader level when
participants had to decide to which sub-tasks they would dedicate their cognitive resources.
Event response speed and accuracy related to working memory (F2B) and complex reasoning
(MRT) are all linked to multitasking performance.*>* The inclusion of these cognitive measures
in the best-fit model emphasizes the importance of these skills in a multitasking environment
such as MATB-I1, and also aligns with previous research showing strong relationships between
working memory, fluid intelligence, and a demanding yet unrelated task.>?® Interestingly, there
was a relationship between accuracy of emotion recognition (ERT) and MATB-I1 total
performance. This result aligns with research finding that measures of emotion recognition were
correlated with performance on a simulated space docking task.3® The results of the current
investigation also highlight the importance of spatial orientation (LOT) for complex layouts such
as the MATB-II task, which featured multiple control panels. The LOT may be capturing the
contribution of spatial orientation of the MATB-II task.

In addition to the benefits that an individual differences analysis has over using a
cognitive ability test like the ASVAB as the sole predictor of overall job performance, the
regression of sustained performance showed that the WCS reaction time, BART mean pumps,
and DSST number of accurate trials accounted for approximately a third of the variance in
performance change over time. This battery successfully accounting for a significant portion of
the variance in performance change over time suggests that when screening for roles where
sustained attention may be important for job performance, such as sonar, security screening, or
flight control, the military should consider incorporating these or similar assessments into their
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existing screening process to better identify those who are best suited for the role. The DSST is a
widely used measure of information processing speed and is featured as a subtest in the Wechsler
Adult Intelligence Scale (WAIS-1V), a test designed to measure intelligence and cognitive
ability.*” High performance on the DSST involves associative learning, motor speed, working
memory, and visual tracking. Although it is not surprising that a task related to an intelligence
scale predicts task performance, our finding that WCS and BART account for variance over and
above this proxy measure of intelligence shows the advantage and potential utility of this
cognitive assessment of individual differences. Finding that the WCS predicts vigilance
performance replicates previous research, increasing our confidence in the robustness of this
result.” In the military, candidates are screened for jobs using the ASVAB, and those with high
scores are recommended into more cognitively demanding roles. However, the ASVAB is
limited, as it is mostly a measure of crystalized intelligence,*® and only accounts for
approximately 16% of the variance in military job performance® and approximately 4% of
variance in target detection performance in visual search tasks.> With the WCS and BART
performance accounting for variance above that accounted for by a DSST, a component used to
measure intelligence, the individual differences method could offer an opportunity to improve
the predictive validity of military screening for sustained attention job performance.

While the results of the present study are promising, datasets with modest sample sizes
may be prone to overfitting. In an attempt to overcome this, this study applied a leave-one-out
cross-validation technique. However, predicted R? values, a measure of overfitting,>*>! for both
overall MATB performance and sustained attention were less than 0.1, indicating that the
selected optimal regression models may not predict responses to new observations well. A
second metric used to determine model fit when predicting new data, the ratio of the adjusted R?
to R2,°! found values that were less than .80. A ratio of 1.0 would indicate that the models overfit
the existing data. The selected models, thus, demonstrated some moderate levels of overfitting.
Therefore, results from the best-subset analyses should be interpreted with some caution.

While the cognitive test battery showed low test-retest reliability, these results are in line
with prior research using a similar test battery.*’#! These results could be due to the modest
sample size of this study and that the practice session (Day 1) was used for the analysis. Indeed,
studies have found the greatest variability between initial and second sessions of the cognitive
test battery.l” The establishment of normative data with larger sample sizes for defined
populations would be beneficial. There was also some degree of correlation among the cognitive
test battery outcome measures. This would suggest that some of the predictors could potentially
be removed, such as the DSST, as it significantly correlates with five of the ten tests. By
eliminating some tasks from the battery, the remaining tasks with the best unique prediction for
overall and sustained attention performance would be left in the models.

Beyond the benefits that the individual differences approach has in predicting task
performance over measures primarily of intelligence, it may also be inexpensive and fast to
administer. The cognitive test battery investigated in the current study takes approximately 30
minutes to complete (even after accounting for training time, which may not be necessary) and
can be administered on a portable tablet.

Using the individual differences approach as a targeted training tool to optimize
performance has several additional advantages over methods that have focused on experimental
measures to improve performance during sustained attention tasks post-duty selection. These
measures include experimental manipulations that may be limited in achieving performance
improvements.>2>* Of the six different methods investigated by Wolfe et al 2007, only one
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involving feedback to the observer was found to improve target detection rates during a sustained
visual search task, although it simultaneously increased false alarms. Increasing target detections
while simultaneously increasing false alarms is suboptimal because a false alarm, especially in a
military context, can lead to targeting the wrong person, area, or ship. Similarly, increasing the
perceived target prevalence by adding false feedback about “missed” targets improved threat
detection rates, but this also increased false alarms.> Peltier and Becker (2017) and Drew and
Williams (2017) both used similar methods in an attempt to improve visual search performance.
In an effort to guide the participant’s attention to unsearched areas of the display, they visually
marked the areas of a search display that observers fixated on. However, this did not improve
performance in nine out of ten experiments. Even in methods where target detection accuracy
was increased by engaging observers in a similarity search (observers were instructed to find the
element in the display most similar to a predefined target, rather than a more typical target
present/absent response®®), implementation into real-world, real-time dynamic visual displays is
impractical and does not provide for the break in search where in the search array disappears for
making such responses. Overall, experimental methods have failed to reliably increase target
detection rates without a serious cost (e.g., increased false alarms), and would be too impractical,
too difficult, and too costly (e.g., via equipment modifications) to implement, even if effective. It
makes sense to identify the people who express a natural ability to succeed at sustained attention
tasks by applying the individual differences approach, instead of applying performance
improvement strategies once individuals have already been assigned to these tasks.

Limitations

Though the initial results presented in the current study are a promising indicator that a
cognitive test battery may be able to predict operational performance, there are several
limitations to this work that should be addressed in future research. First, the outcome measure,
while complex and difficult, was not directly representative of the operational task; thus, the
ability of the cognitive battery to truly predict operational performance is unknown. Future
research should assess the ability of the cognitive battery to predict performance in a real-world
task, such as sonar monitoring. Similarly, the duration of the operational task should be increased
beyond the one hour used here, as decrements in performance may change over increasingly
extended periods of time, potentially changing the accuracy of the cognitive battery in predicting
the degree of the vigilance decrement. Second, this exploratory work relied on a relatively small
number of participants, especially given the high number of predictor tasks. Future research
should use a broader participant pool, providing additional statistical power to the results. Third,
although we have approached this problem from an applied, military perspective, evaluating
whether the use of a cognitive screening task can improve the performance of the military, the
mechanisms behind the relationships between our predictors are unclear. Future research with a
more academic focus may be able to elucidate these relationships between predictor and
outcome. Fourth, given that the goal is to augment military job selection and screening, this work
could be improved if the cognitive battery’s predictive validity was compared to that of standard
screening tools like the ASVAB. Potentially, such work could suggest that the two tools account
for unique variance, in which case both tools would have utility. A hybrid screening approach
would potentially be appropriate. Fifth, because we only conducted one practice session for the
cognitive battery tasks, which likely prevented observers’ performance on each task from
reaching asymptote, our model may have inaccurate estimates of observer’s abilities, limiting the
accuracy of the model. Though this is a limitation, we would also like to note that the real-world
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use of this method would likely have zero or one practice sessions (to save time and money when
using this method on thousands of military recruits), so its use here may reflect real-world
conditions.

While the cognitive test battery showed poor to moderate test-retest reliability, this
observation may have potentially limited effects on the subsequent analysis and generalizability
of the conclusions. This is because, first, the reliability calculations were based on a practice
session. Large individual variations may be attributable to learning during the practice session.®’
Second, the test battery is derived from the well-established and validated Penn Computerized
Neurocognitive battery.?>4%41 Nonetheless, future research should still continue to re-confirm the
relatability of these tests, especially as the software expands to newer platforms such as tablets
and iPhones.

Future work must also consider the combination of participant pool and task. As noted,
future research should investigate the effectiveness of individual differences-based screening
tools to predict performance in more realistic, duty-representative tasks, but it must also consider
the use of expert vs. novice participants. Whereas the generalizability of the model may be
maximized through a real-world task performed by a trained participant pool (i.e., sonar
operators completing a sonar monitoring task), the model may still be effective and generalizable
with a novice pool of participants, such as the one used here. Stakeholders in screening or
training programs may believe that any inherent individual differences in complex task or
sustained attention performance may be overcome through training, minimizing the utility of the
approach described here. However, research shows that inherent individual differences still
account for performance differences after thousands of hours of training.>®>® Such work supports
the approach of using screening to identify those who are particularly well suited for a role using
an individual differences approach, before training those with aptitude to become proficient, real-
world performers. Future work should also consider non-cognitive attributes in predicting
sustained attention performance. Research has found that motivational and personality factors
influence performance.®® Capturing both cognitive and non-cognitive attributes may help to
improve the effectiveness of the military job selection process.

Conclusion

Despite these concerns that must be addressed in future research, our work suggests that
it is possible to account for 51% of the variance in one’s ability to perform complex tasks, and
31% of the variance in sustained performance, using a convenient and cheap to administer
cognitive battery. We are not suggesting a cognitive test battery should replace or augment the
ASVAB in military screening, as its predictive validity for actual job performance is yet to be
determined. Future research is needed to further examine the cognitive tasks to ensure their
reliability by showing repeatable measures of individual performance across multiple days.
However, its advantages as initial indices of predictive validity for a difficult task and predictive
validity for sustained attention, suggest that its potential for use (standalone or supplementary) is
worth further investigation.
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Appendix

Supplemental Table 1. MATB-II Mean and Standard Deviation scores (SD in parentheses).

Block | Block 11 Block 111 Block IV Block V Block VI Overall
0-09 min  10-19min  20-29 min  30-39 min  40-49 min 50-59 min

Raw Scores
SYSMON-Acc 0.93 0.97 0.96 0.97 0.98 0.97 0.96
(0.13) (0.06) (0.06) (0.05) (0.04) (0.06) (0.32)
SYSMON-RT 2.98 2.92 2.96 2.96 2.88 2.84 2.89
(1.06) (0.70) (0.88) (0.87) (0.87) (0.88) (0.47)
TRACK 27.60 28.56 27.61 28.61 28.08 28.46 28.18
(5.382) (7.42) (7.06) (6.60) (6.49) (7.08) (6.37)
COMMS-Acc 0.95 0.98 0.95 0.94 0.96 0.98 0.96
(0.08) (0.05) (0.11) (0.10) (0.06) (0.05) (0.05)
COMMS-RT 2.26 2.33 2.06 2.06 1.80 1.56 2.03
(0.83) (0.85) (0.70) (0.84) (0.81) (0.57) (0.48)
RESMAN -213.19 -797.81 -907.01 -845.92 -1169.54 -1305.84 -821.12
(560.52) (989.91) (861.31) (947.68) (667.05) (777.72) (576.44)
Z-Scores
SYSMON-Acc 0.20 0.61 0.53 0.68 0.83 0.65 0.57
(1.95) (0.84) (0.92) (0.78) (0.67) (0.93) (0.48)
SYSMON-RT 4.17 4.02 4.13 4.13 3.89 3.77 3.92
(3.18) (2.10) (2.63) (2.62) (2.61) (2.63) (1.39)
TRACK -0.22 -0.11 -0.22 -0.10 -0.16 -0.12 -0.15
(0.70) (0.89) (0.85) (0.79) (0.78) (0.85) (0.79)
COMMS-Acc -0.64 0.08 -0.53 -0.73 -0.23 0.19 -0.37
(1.76) (1.17) (2.54) (2.36) (1.42) (1.05) (1.02)
COMMS-RT -0.45 -0.40 -0.58 -0.58 -0.74 -0.91 -0.60
(0.55) (0.56) (0.46) (0.55) (0.53) (0.38) (0.31)
RESMAN -0.54 -2.64 -2.87 -3.07 -3.98 -4.51 -2.19
(1.55) (4.00) (3.59) (3.44) (2.61) (3.39) (2.55)
Composite -1.30 -3.12 -3.76 -3.65 -4.34 -4.68 -3.26
(3.52) (4.70)* (4.48)* (4.54)* (3.52)* (3.68)* (3.31)

Reaction time (RT) and root mean square error (RMSE) z-scores are shown not inverted. The top half of the table
shows the mean and standard deviation (SD) of the raw scores in each MATB-II sub-task, of each time block (a
ten-minute segment). The bottom half of the table shows the mean performance (as weighted, normalized z-scores)
of each MATB-I1I sub-task, of each block. The referent scores from which the z-score is derived are the Day 1
scores. Composite z-scores denoted in bold font and with an asterisk (*) were significantly different from Block |
(p <.05)
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Supplemental Table 2. Cognitive Test Battery: Mean and Standard Deviation scores (SD in

parentheses) for the 20 predictor sub-tasks

Dependent Measure Mean (SD)
MPT: reaction time (ms) 772.41 (73.02)
VOLT: accuracy (proportion correct) 0.82 (0.09)
VOLT: reaction time (ms) 3401.40 (885.18)
F2B: accuracy (proportion hits) 0.71(0.12)
F2B: incorrect (proportion misses) 0.27 (0.11)
F2B: reaction time (ms) 655.65 (98.56)
W(CS: accuracy (proportion correct) 0.81(0.12)
W(CS: reaction time (ms) 1458.67 (269.46)
WCS: number of perseverative error trials 1.00 (0.72)
LOT: error (degrees) 1.29 (0.49)
LOT: number of clicks 6.99 (1.03)
ERT: accuracy (proportion correct) 0.90 (0.05)
ERT: reaction time (ms) 2254.80 (504.25)
MRT: accuracy (proportion correct) 0.25 (0.03)
MRT: reaction time (ms) 21269.52 (8790.82)
DSST: number of correct trials 48.25 (7.72)

DSST: reaction time (ms)

BART: average number of pumps
PVT: reaction time (ms)

PVT: number of lapses

1831.06 (287.81)
32.61 (10.61)
284.68 (45.66)

1.75 (3.22)
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Supplemental Table 3. MATB-II composite performance (total) best subset regression results for models ranging
from 2 to 10 maximum predictor variables

Max Predictors Overall Model Cross-Validation
Nug}ber Predictors Estimate  Std. p- R? Adzj. p- prezd Ad'|2R2 MSE
Predictors (B) Error  value R value R R

2 F2B reaction time -0.012  0.006 .05 0.43 0.38 .003 027 0.87 10
MPT reaction time -0.02 0.008 .02* Significant predictors: 1/2 = .50

3 ERT reaction time 0.001 0.001 .25 0.47 039 .005 067 082 20.69
F2B reaction time -0.013 0.006  .04* Significant predictors: 2/3 = .67
MPT reaction time -0.025 0.009 .01*

4 DDST # of correct trials -0.151 0.102 .16 052 042 .006 0.21 0.8 25.6
F2B reaction time -0.017 0.006  .01* Significant predictors: 2/4 = .50
MPT reaction time -0.031 0.011  .01*
LOT avg. error 1.744 1208 .165

5 DDST # of correct trials -0.178 0.102 .10 0.57 045 .006 0.16 0.78 30.9
F2B reaction time -0.014 0.007  .05* Significant predictors: 2/5 = .40
MPT reaction time -0.033 0.01 .01*
LOT avg. error 1.682 1.179 a7
PVT reaction time -0.018 0.013 .18

6 DDST # of correct trials -0.142 0.104 19 06 06 .008 0.04 076 3353
F2B reaction time -0.015 0.006  .04* Significant predictors: 2/6 = .33
MPT reaction time -0.027 0.011  .03*
LOT avg. error 2.017 1.192 A1
PVT reaction time -0.024 0.013 .09
MRT accuracy -26.285 21.08 .23

7 WSC reaction time 0.004 0.003 .16 064 048 .01 011 074 39.01
BART avg. # of pumps -0.116 0.063 .08 Significant predictors: 2/7 = .29
ERT reaction time 0.002 0.001 22
F2B reaction time -0.015 0.006 .03*
LOT avg. error 1.754 1.15 A5
MPT reaction time -0.034  0.01 .002*
PVT reaction time -0.019 0.012 14

8 BART avg. # of pumps -0.08 0.053 15 068 051 .01 001 074 48.78
ERT accuracy -23.89 1251 .08 Significant predictors: 6/8 = .75
F2B Hits -33.118 1454  .04*
F2B Misses -45.827 1656  .01*
F2B reaction time -0.019 0.006 .01*
LOT avg. error 3.048 1.274 .03*
MRT accuracy -59.588 19.07 .01*
PVT reaction time -0.04 0.014 .01*

9 BART avg. # of pumps -0.087 0.053 12 071 052 .013 -0.1 072 6218
ERT accuracy -22.789 12.38 .09 Significant predictors: 5/9 = .56
F2B Hits -29.223 14.73 .07
F2B Misses -38.453 17.51 .05*
F2B reaction time -0.017 0.007 .02*
LOT avg. error 3.021 1258 .03*
MPT reaction time -0.01 0.009 .26
MRT accuracy -48.887 20.91 .04*
PVT reaction time -0.038 0.014  .02*

10 DDST # of correct trials -0.12  0.105 27 0.74 053 .017 -0.2 0.71 76.53

25



BART avg. # of pumps -0.079
ERT accuracy -21.256
F2B Hits -25.214
F2B Misses -35.624
F2B reaction time -0.019
LOT avg. error 3.067
MPT reaction time -0.019
MRT accuracy -41.94
PVT reaction time -0.037

0.053
12.32
14.98
17.49
0.007
1.245
0.011
21.55
0.014

.16
A1
A2
.06

.02*
.03*

A2
.07

.02*

Significant predictors: 3/19 = .30

Significant predictors (p<.05) are indicated in bold with an asterisk (*)
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Supplemental Table 4. MATB-II sustained attention performance (slope) best subset regression results for models
ranging from 2 to 10 maximum predictor variables

Max Predictors Overall Model Cross-Validation
Nug}ber Predictors Estimate  Std. p-value R2 Adzj' P prezd A?_dzl MSE
Predictors (B) Error R value R R?

2 WSC reaction time <0.01 <0.01 .16 0.27 020 .039 -0.01 072 097
BART avg. # of pumps 0.041 0.015 .01* Significant predictors: 1/2 = .5

3 WSC reaction time -0.002 0.001 .02* 040 031 .015 0.1 0.76 1.25
BART avg. # of pumps 0.062 0.017 .002* Significant predictors: 3/3 = 1.00
DDST # of correct trials -0.053 0.025 .05*

4 WSC reaction time -0.002 0.001 .01* 049 038 .01 0.17 0.77 1.40
BART avg. # of pumps 0.069 0.017 .001* Significant predictors: 3/4 = .75
DDST # of correct trials ~ -0.075 0.027 .01*
F2B Misses -2.473 1.355 .08

5 WSC reaction time -0.002 0.001 .01* 054 041 011 013 075 171
BART avg. # of pumps 0.069 0.016 <.001* Significant predictors: 3/4 = .60
DDST # of correct trials -0.074 0.026 .01*
F2B Misses -2.117 1.351 13
LOT avg. error 0.365 0.267 19

6 WSC reaction time -0.002 0.001 .003* 0.61 0.47 .007 0.07 076 204
BART avg. # of pumps 0.061 0.016 .001* Significant predictors: 3/6 = .50
DDST # of correct trials -0.072 0.025 .01*
F2B Misses -2.403 1.256 .07
MRT accuracy 10.384 4.93 .05
VOLT accuracy -3.087 1.605 .07

7 WSC reaction time -0.002 0.001 .002* 0.67 053 .005 012 078 239
BART avg. # of pumps 0.065 0.015  <.001* Significant predictors: 4/7 = .57
DDST # of correct trials -0.065 0.024 .01*
F2B Misses -2.27 1.193 .075
MRT accuracy 12.482 4.83 .02*
VOLT accuracy -2.958 1.522 .07
PVT reaction time 0.005 0.003 11

8 WSC perseverate errors 0.422 0.277 A5 0.74 061 .323 0.11 0.8 225
ERT accuracy 11.02 5.157 .05* Significant predictors: 2/8 = .25
ERT reaction time 0.001 0.001 .05*
F2B Hits -1.866 1.564 .25
MPT reaction time -0.007 0.004 .07
MRT accuracy 12.17 6.48 .08
PVT reaction time 0.02 0.011 .09
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PVT # of lapses -0.165 0.145 27

9 WSC perseverate errors 0.492 0.168 01* 0.80 0.67 .001 038 083 244
ERT accuracy 18.38 3431  <.001* Significant predictors: 9/9 = 1.00
ERT reaction time 0.002 0.0003  <.001*
F2B Hits -3.411 0.993 .004*
MPT reaction time -0.013 0.002  <.001*
MRT accuracy 25.95 4739  <.001*
PVT reaction time 0.032 0.007 <.001*
PVT # of lapses -0.32 0.092 .004*
VOLT accuracy -7.272 1402 <.001*
10 WSC perseverate errors 0.532 0.143 .003* 0.86 0.76 .0004 056 087 1.70
ERT accuracy 17.38 0.0003 <.001* Significant predictors: 10/10 = 1.00
ERT reaction time 0.002 0.0003 <.001*
F2B Hits -9.386 2.495 .002*
F2B Misses -7.554 2.969 .02*
MPT reaction time -0.011 0.002 <.001*
MRT accuracy 23.22 4.16 <.001*
PVT reaction time 0.033 0.006 <.001*
PVT # of lapses -0.355 0.08 .001*
VOLT accuracy -7.86 1.211  <.001*

Significant predictors (p<.05) are indicated in bold with an asterisk (*)
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