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Assessing Cognitive-Motor Interference in Military Contexts:

Validity and Reliability of Two Dual-tasking Tests

Chiara Gattoni, BSc, MSc, PhD'>*; Borja Martinez-Gonzalez, BSc, MSc, PhD'>*,;
Caroline Li, BSc, MSc, PhD}; Samuele Maria Marcora, BPE, MSc, PhD>*, 1

ABSTRACT

Introduction:

Cognitive-motor interference is the decrease in cognitive performance and/or physical performance occurring when a
cognitive task and a physical task are performed concurrently (dual task) compared to when they are performed in
isolation (single task). The aim of this study was to investigate the construct validity and test—retest reliability of two
cognitive-motor interference tests in military contexts.

Materials and Methods:

Twenty-two soldiers, officers, and cadets performed a 10-min loaded marching, a 10-min Psychomotor Vigilance Task,
and the two tasks combined (visit 1). During visit 2, a 5-min running time trial, a 5-min Word Recall Task, and the two
tasks combined. These tests were repeated by 20 participants after 2 weeks (visits 3 and 4).

Results:

Significant impairments were shown on both running distance (P <.001) and number of words recalled (P = .004) in the
dual-task condition compared to the single-task condition. Significantly shorter step length (P <.001) and higher step
frequency (P <.001) were found during the loaded marching in the dual-task condition compared to the single-task con-
dition. No significant differences were observed in mean reaction time (P = .402) and number of lapses (P = .479) during
the Psychomotor Vigilance Task. Good-to-excellent reliability was found for all the cognitive and physical variables in

both single- and dual-task conditions, except for the number of lapses.

Conclusion:

These findings suggest that the Running + Word Recall Task test is a valid and reliable dual-tasking test that could be
used to assess cognitive-motor interference in military contexts.

INTRODUCTION

In military contexts, the ability to perform more than one
task simultaneously (i.e., multitasking performance) is essen-
tial.! However, errors and other performance impairments are
often inevitable because of the higher workload that mul-
titasks induce compared to single tasks, even in the most
expert individuals.> Different strategies have been proposed
to improve the multitasking performance of military person-
nel, such as decreasing task overload, enhancing multitasking
skills through specific occupational training, and employing
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individuals with superior multitasking abilities.! The evalua-
tion of these strategies requires valid and reliable measures.
The best-known measure of multitasking performance in mil-
itary contexts is the Multi-Attribute Task Battery-II developed
by the National Aeronautics and Space Administration.> How-
ever, the Multi-Attribute Task Battery-II does not include
a physical task and does not induce significant physiologi-
cal stress. The inclusion of a physical task when assessing
multitasking performance in military personnel is important
because military operations often involve the combination of
physical and cognitive tasks, for example, being vigilant dur-
ing a foot patrol or remembering the superior’s orders while
running for cover.

The combination of physical and cognitive tasks can lead to
the phenomenon of cognitive-motor interference, which refers
to the decrement in cognitive performance and/or physical
performance that occurs when a cognitive task and a physical
task are performed concurrently (dual tasking) compared to
when they are performed in isolation (single tasking).* A con-
siderable number of studies have investigated cognitive-motor
interference while walking, showing evident gait performance
impairments® and higher cognitive workloads® under dual-
task conditions. However, less research has been conducted
on other physical tasks, such as running,’~'® swimming,!" and
climbing.'> Despite the general trend for decrements in both
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physical and cognitive performance, there have been reports
of no significant impairments in running performance dur-
ing dual tasking,®° which may suggest a potential resource
prioritization in favor of physical tasks when the physical
demands are substantial. Even though the mechanisms under-
lying cognitive-motor interference are still unclear, one of
the most accepted theories in this field suggests that both
tasks would rely on shared and limited resources at the brain
level.'® Neuroimaging and electrophysiological studies have
confirmed that such “resources” are neural networks that
overlap across cognitive and motor tasks.*

With regard to tests assessing cognitive-motor interference,
a team of rehabilitation scientists developed the Assessment
of Military Multitasking Performance that includes physical
tasks such as walking and running. The Assessment of Mil-
itary Multitasking Performance is a battery of clinical dual
tasks and multitasks intended to evaluate the return-to-duty
requirements in the military population affected by mild trau-
matic brain injury.'*'> Some studies have also investigated
cognitive interference in gait and postural stability in healthy
people!® or following concussion and mild traumatic brain
injury.!’~!” A multimodal database aimed at assessing mental
workload during physical workload has also been described.?’
Nevertheless, more work is required to develop valid and reli-
able tests of cognitive-motor interference in healthy soldiers
and other military personnel.

The purpose of the present study was to investigate the con-
struct validity (conceptualized as the ability to demonstrate a
significant cognitive-motor interference) and test-retest reli-
ability of two novel cognitive-motor interference tests on
soldiers, officers, and cadets free of brain injury. It was
hypothesized that both tests would be valid and reliable mea-
sures of cognitive-motor interference and that decrements in
both cognitive and physical performance would be found.

METHODS

Participants

Twenty-four soldiers, officers, and cadets (20 males
and 4 females) (means 4 SD: age 28.5 £ 6.0years, body
mass 76 £+ 10kg, height 1.80 £0.08 m, and VO,,,, 53.1
+ 5.8 mL/kg/min) were recruited from the Royal School of
Military Engineering (RSME) in Chatham and the Royal Air
Force College (RAFC) in Cranwell. In order to be eligi-
ble for the study, participants had to be free of any illness,
disability, or injury that may have precluded safe participa-
tion in vigorous exercise, any sensitivity to flashing lights
(e.g., people suffering from some forms of epilepsy), and
mental illness or learning disability (with the exception of
mild dyslexia). All volunteers received a Participant Infor-
mation Sheet and signed the Standard Consent Form before
taking part in the study. Two participants did not complete
the initial tests because of injury unrelated to the study and
other withdrawal reasons. A further two participants were lost
to follow-up because of injury and illness unrelated to the
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study. The study was approved by the Ministry of Defence
Research Ethics Committee and conducted in conformity with
the Declaration of Helsinki.

Study Design

A test—retest design was used for this study. After a prelimi-
nary visit, participants attended four experimental visits: visit
1 and visit 2 (tests) and visit 3 and visit 4 (retests). Partic-
ipants from RSME were required to attend the Physiology
Laboratory at the University of Kent (Medway), whereas par-
ticipants from the RAFC were asked to visit a temporary
Physiology Laboratory arranged at the College. The retest vis-
its were conducted 2 weeks after the test visits (see “Testing
Procedures”). Both test and retest visits were separated by a
minimum of a 48-hour recovery period and conducted over
a period of 7 days. All experimental visits were performed at
the same time of the day (£2 h) and completed under the same
environmental conditions (temperature: 18-20 °C; humidity:
40-45%).

Participants performed a 10-min loaded marching, a
10-min Psychomotor Vigilance Task (PVT), and the two tasks
combined (dual task 1) at visit 1 and visit 3; a 5-min run-
ning time trial, a 5-min Word Recall Task (WRT), and the
two tasks combined (dual task 2) at visit 2 and visit 4. Step
length, step frequency, mean reaction time, and number of
lapses were measured at visits 1 and 3; running distance and
number of words recalled at visits 2 and 4. All variables were
measured in both single- and dual-task conditions. The tests
were chosen as they present some face validity. Indeed, sol-
diers and pilots often have to perform high-intensity running
and loaded marching in conditions of cognitive overload, as
well as be vigilant, react quickly, and remember instructions
and procedures under physiologically stressful conditions.

Subjects were instructed to maintain their normal diet
throughout the testing period, to avoid food and drinks at least
1 hour before the visits, to abstain from strenuous exercise
and alcohol consumption 24 hours before each testing ses-
sion, and to avoid any caffeinated drink/food at least 3 hours
before. Participants were also required to drink ~35mL of
water per kilogram of body weight in the 24 hours before test-
ing and to sleep at least 7 hours the night before testing. Before
each visit, in order to verify participants’ adherence to these
instructions, a verbal pre-experimental checklist was com-
pleted. Visits were rescheduled if participants did not adhere
to them.

Testing Procedures

Preliminary visit

Following the measurement of body mass and stature, par-
ticipants were asked to execute an incremental test on a
motorized treadmill set at a 1% grade (RAFC: Pulse Fit-
ness Club Line 260 G; Pulse Fitness Ltd, Cheshire, United
Kingdom. RSME: Pulsar 3P; h/p/cosmos Sports and Med-
ical, Nussdorf-Traunstein, Germany). The test was used to
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assess participants’ general fitness level. It started at a speed
of 8 km/h with incremental increases of 1 km/h every minute
until volitional exhaustion. The pulmonary gas exchange was
measured breath-by-breath throughout the entire test (RAFC:
COSMED Fitmate MED; Cosmed Srl, Rome, Italy. RSME:
MetaLyzer 3B; Cortex Biophysik GmbH, Leipzig, Germany).
Heart rate (HR) was measured at rest and during running using
a telemetry monitor strapped around the chest (RAFC and
RSME: Polar V800; Polar Electro Oy, Kempele, Finland).
During the test, participants were also invited to rate their
subjective feelings of effort using the Rating of Perceived
Exertion scale developed by Borg.2! One minute after exer-
cise, a 10-pL sample of whole fresh blood was taken from a
fingertip and analyzed for lactate concentration (RAFC: Lac-
tate Scout 4; EFK Diagnostics, SensLab GmbH, Leipzig,
Germany. RSME: Biosen; EFK Diagnostics, London, UK).
The highest 30-second moving average of VO, measured dur-
ing the incremental step test was recorded as VO, if a
plateau in VO2 occurred at the end of the test or the follow-
ing criteria were met: HR > 95% of age-predicted maximum
HR (220—age); lactate concentration > 6 mmol; and Rat-
ing of Perceived Exertion > 18. All participants were able
to meet the above criteria. After this test, participants were
familiarized with the dual-tasking tests.

Loaded Marching + PVT test (visits 1 and 3)

Participants were required to walk on the same motorized
treadmill set at a 1% grade for 10 minutes at 5 km/h while
wearing their personal rucksack (i.e., a camelbak daysack)
with a weight corresponding to 30% of their body weight
(task 1). The rucksack was packed by the participants using
a standard military technique, adopted to prevent lower back
injuries (i.e., the weight was distributed using lighter bulkier
materials/items at the bottom of the rucksack and the heaviest
ones at the very top). Participants were required to tie both
the sternum strap and waist belt. During this loaded march,
participants’ gait was analyzed for step length and frequency
using an optical gait analysis system (Optogait, Microgate,
Bolzano, Italy) with detectors fixed to the motorized tread-
mill. After 10-min rest, participants were asked to perform a
standard 10-min PVT (task 2) while standing on the same but
inactive motorized treadmill. The PVT is a task that measures
the speed with which participants respond to visual stimuli
randomly presented, and it has been widely used to assess
sustained attention in soldiers and other military cohorts.??
Participants were instructed to respond as quickly as possible
to the visual stimuli (a bullseye), which were presented ran-
domly with an inter-stimulus interval of 1 to 10 seconds on a
computer screen attached to a laptop loaded with a specific
software for cognitive testing (E-prime 2.0 software, Psy-
chology Software Tools, Inc., Pennsylvania, United States).
Reaction time was recorded using a hand-held response but-
ton attached to the same laptop via a response box. After
another 10-min break, participants performed task 1 and task
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2 at the same time (dual task 1). PVT performance was ana-
lyzed as mean reaction time and number of lapses over the
10-min period. Gait was analyzed as mean step length and fre-
quency over the 10-min period. Tasks’ order was randomized
and counterbalanced.

Running Time Trial + WRT test (visits 2 and 4)

This test was based on the protocol developed by Epling and
colleagues.® Participants were invited to run as far as they can
in 5 minutes (time trial) on the same motorized treadmill grade
1% (task 1). After a 20-min rest, they performed the WRT
in a seated single-task condition (task 2). Then, they would
perform the WRT while running again with the same goal of
covering as much distance as possible in 5 minutes (dual task
2). Four 20-word lists from the Paivio et al.?> word pool were
used for the WRT. The words were balanced for frequency,
concreteness, imagery, and meaningfulness, each with two
syllables and five to seven letters. The words were recorded
by a British speaker and provided to the participants via ear-
phones connected to a smartphone via Bluetooth. One word
was played every 15seconds so that participants were pre-
sented with 20 words in 5 minutes. At the end of this 5-min
period, participants were given 90 seconds to write down all
the words they remembered. The word lists and the task order
were randomized and counterbalanced.

Statistical Analysis

The Shapiro—Wilk test, histograms, Q-Q plots, and box-
plots were used to check for outliers and normality of the
data. The construct validity of the cognitive-motor interfer-
ence tests was assessed on the data collected during visit 1
and visit 2 as they included the highest number of participants
(n=22). Construct validity was conceptualized as the abil-
ity to demonstrate a significant cognitive-motor interference.
Statistically, construct validity was established using nonpara-
metric Wilcoxon signed-rank tests to test the effect of task
condition (single task vs. dual task) on the number of lapses
(as data were not normally distributed) and paired-sample
t-tests to test the effect of task condition on the other param-
eters of cognitive and physical performance. To aid in the
interpretation of the significant cognitive-motor interference
effects, Cohen’s d with Hedges’ correction was calculated
using the SD of the difference as the standardizer (d =0.20
small, d = 0.50 moderate, and d = 0.80 large).**

Reliability was assessed for each variable in each task
condition (single task and dual task) using the Intraclass Cor-
relation Coefficient (ICC) test-retest, based on a two-way
mixed model effect, absolute agreement, multiple measure-
ments, and average measures.”> ICC values lower than 0.5,
between 0.5 and 0.75, between 0.75 and 0.9, and higher than
0.90 were classified as poor, moderate, good, and excellent
reliability, respectively. Nonparametric Rothery’s ICC was
used to test the reliability of the number of lapses. Lower
and upper limit bounds of the 95% Cls were also reported.”’
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FIGURE 1. The effect of task during the Running Time Trial + WRT test: running distance (A) and number of words recalled (B). The effect of task during
the Loaded Marching +PVT test: step length (C), step frequency (D), mean reaction time (E), and number of lapses (F). n =22. Data are presented as

mean 4+ SEM except for the number of lapses (F), which is displayed as median 4 interquartile range. * denotes statistical significance (P <.05).
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The Bland—Altman analysis was used to assess the agreement
between test and retest for each variable in each task condition
(single task and dual task). The proportionality of the bias
was identified by a statistically significant slope (P <.05) of
the regression line. Two participants were excluded from this
analysis as they did not complete all the test and retest visits.
One additional participant was excluded from the test—retest
analysis of the loaded marching variables (i.e., step length and
step frequency) because of technical issues during the data
collection.

Unless otherwise stated, data are presented as mean + SD.
Significance was set at 0.05 (two tailed) for all analyses, which
were conducted using the SPSS statistical package (version
24.0; SPSS, Chicago, Illinois, United States). The Rstu-
dio software (v2022.02.1 + 461, PBC, Boston, MA, United
States) and the R package “Nopaco” were used to compute
the nonparametric Rothery’s ICC.?

RESULTS
Running Time Trial + WRT Test

Paired t-tests revealed a significant effect of task on both run-
ning distance (7,1, =5.600, P<.001) and number of words
recalled (7)) =3.227, P =.004). The running distance was

shorter in the dual-task condition (1,149 4+ 154 m) compared
to the single-task condition (1,245 4 171 m). The number of
words recalled was lower in the dual-task condition (13 +4
words) compared to the single-task condition (14 44 words)
(Fig. 1A and B).

Loaded Marching + PVT Test

Paired t-tests revealed a significant effect of task on both
step frequency (7, =-4.506, P<.001) and step length
(fo1y=-0.721, P<.001) during the loaded marching. Step
frequency was higher in the dual-task condition (114 +5
steps - min~!) compared to the single-task condition (113 &5
steps - min~!). Step length was shorter in the dual-task con-
dition (73.3 £ 2.8 cm) compared to the single-task condition
(74.0£2.9cm). No significant differences were found on
mean reaction time (7,;, =0.856, P =.402) and number of
lapses (Z =-0.721, P = .479) during the PVT (Fig. IC-F).

Test—Retest Reliability

Good-to-excellent reliability was found for the vast major-
ity of cognitive and physical variables in both single- and
dual-task conditions (see Table I for further details). Only
the number of lapses variable in the PVT showed moderate

TABLE I. Test-Retest Reliability (n = 19 for Step Length and Step Frequency; n = 20 for All the Other Variables)

Running Time Trial + WRT test
Variable (units) Test Retest T Mean difference ICC (P-value) 95% CI Lower 95% CI Upper
+SD +SD (P-value) bound bound
ST distance (m) 1246 4+ 178 1199 4+ 163 47 £ 118 (0.088) 0.849 (<.001) 0.620 0.940
DT distance (m) 1154 4152 11314+ 174 22 +101 (0.327) 0.895 (<.001) 0.739 0.958
ST words recalled 14.6+4.1 149+4.1 -0.34+2.0(0.439) 0.938 (<.001) 0.846 0.975
(number of words)
DT words recalled 12.7+43 13.1+3.8 -0.4+2.5(0.476) 0.900 (<.001) 0.750 0.960
(number of words)
Loaded Marching + PVT test
Variable (units) Test © Retest T Mean difference ICC (P-value) 95% CI Lower 95% CI Upper
+SD +SD (P-value) bound bound
ST step length (cm) 73.94+3.1 73.3+33 0.6 4+ 1.1 (0.021) 0.964 (<.001) 0.881 0.987
DT step length (cm) 73.2+£29 73.0+£3.3 0.24 1.3 (0.533) 0.957 (<.001) 0.889 0.983
ST step frequency 113.04+5.1 1139455 -0.94 1.7 (0.021) 0.966 (<.001) 0.887 0.988
(steps/min)
DT step frequency 11424438 114.64+5.6 -0.442.1(0.411) 0.959 (<.001) 0.896 0.984
(steps/min)
ST mean RT (ms) 265426 269 + 21 -4 + 18 (0.340) 0.835 (<.001) 0.591 0.934
DT mean RT (ms) 262 +26 265 + 21 —4 420 (0.408) 0.781 (<.001) 0.451 0.913
Variable (units) Test Mdn Retest Mdn Rothery’s ICC 95% CI Lower 95% CI Upper
(IQR) (IQR) (P-value) bound bound
ST lapses (number of 1(2) 1(2) 0.709 (.195) 0.631 1.000
lapses)
DT lapses (number of 1(2) 1) 0.698 (.257) 0.610 1.000
lapses)

Abbreviations: WRT, Word Recall Task; =, mean; ICC, Intraclass Correlation Coefficient; ST, single task; DT, dual task; PVT, Psychomotor Vigilance Test;

RT, reaction time; Mdn, median; IQR, interquartile range.
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step frequency, mean reaction time, and number of lapses. The solid horizontal lines represent the mean difference (i.e., mean bias) between test and retest;
the long dashed horizontal lines represent the 95% limits of agreement. Regression lines and 95% Cls (short dashed lines) are also displayed.
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reliability in both conditions. The Bland—Altman analysis is
displayed in Fig. 2.

DISCUSSION

Validity

The current study has provided initial evidence that these
novel dual-tasking tests are valid measures of cognitive-motor
interference in military contexts. Specifically, strong evidence
of cognitive-motor interference was found during the Run-
ning + WRT test, where both cognitive and physical perfor-
mances were impaired in the dual-task condition. The moder-
ate cognitive-motor interference effect on short-term memory
(number of words recalled d = —0.68) and the large cognitive-
motor interference effect on endurance performance (running
distance d = —1.17) are larger than the negative effects of sleep
deprivation.?”-?® Given the well-established negative impact
of sleep deprivation on soldier performance, such compar-
isons suggest that the cognitive-motor interference effects
measured in our study are not trivial.

Our results are in partial agreement with previous stud-
ies conducted in athletes and physically active individuals,
which showed significant impairments in WRT performance
but no significant decrements in self-paced running perfor-
mance during dual tasking.®-? This different outcome may be
because of two main factors. First, Epling and colleagues®
conducted the experiment on a 400-m track and, consequently,
participants may have had some awareness of the distance
covered. The 5-min running time trial performed in the present
experiment was performed on a motorized treadmill, and
no feedback about the distance covered was given. Some
awareness of the distance covered might have facilitated per-
formance and therefore decreased the interference of WRT on
the running task in Epling and colleagues’ study. Second, it is
possible that manual regulation of the treadmill speed is more
cognitively demanding than the more natural pace regulation
that occurs on the track.

The evidence for the construct validity of the Loaded
Marching + PVT test is weaker because significant cognitive-
motor interference was found for physical performance only.
These findings are in contrast with a previous study conducted
on healthy young adults, which showed significant reaction
time decrements during a visuomotor reaction time task per-
formed while walking.?’ Considering that military personnel
generally have higher levels of fitness and multitasking skills,
it is likely that the loaded marching used in our study was
not demanding enough. Increments in loading weight and/or
marching speed may enhance the physical demand during the
PVT. In order to improve the construct validity of this test
in terms of cognitive performance, it might also be useful to
increase the difficulty of the cognitive task itself by adding
some internal interfering factors, such as working memory
and mental tracking (i.e., holding information while carrying
out mental operations).30 Indeed, it was shown that these fac-
tors generate a greater interference on gait performance than
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simple reaction time, which is considered an external interfer-
ing factor.”>%” Virtual reality environments might also be used
to increase in a more ecological way the cognitive demands
of loaded marching by simulating military-relevant cognitive
tasks such as the identification of visual cues related to the
presence of improvised explosive devices along the track.

With regard to physical performance, a significant reduc-
tion in step length and a significant concomitant increase
in step frequency were observed in the dual-task condition
compared to the single-task condition. Both of these
cognitive-motor interference effects were large (step fre-
quency d =0.94 and step length d = —0.83). Alterations in
step length and step frequency have previously been shown
when a cognitive task is added to walking in healthy popula-
tions,> and our study shows that trained military personnel are
not immune from the negative effects of cognitive-motor inter-
ference on motor control. Furthermore, persistent cognitive-
motor interference effects on gait may lead to musculoskeletal
injuries in active individuals.?!

Reliability

The test-retest results indicate that the Running + WRT test
can be considered a reliable cognitive-motor interference test
for assessing multitasking performance in military contexts.
Good (ICC between 0.75 and 0.9) to excellent (ICC>0.9)
reliability was shown during both single and dual tasks in
the running distance and number of words recalled variables,
respectively. Only the number of lapses in the PVT showed
moderate reliability (ICC between 0.5 and 0.75). Further-
more, there were order effects (i.e., changes over time) in
both step length and step frequency, showing a learning effect
between the first and second loaded march on the motor-
ized treadmill, which may be reduced further by participant
familiarization. Consequently, this test needs further inves-
tigation and possible modifications. Moreover, the develop-
ment of other and more specific cognitive-motor performance
tests (e.g., flight simulation during exercise on a reclined
cycle ergometer to induce physiological stress) should also be
considered.

CONCLUSION AND PRACTICAL APPLICATIONS
The current study provides initial evidence that the Run-
ning + WRT test is a valid and reliable dual-tasking test and
that it could be used to assess cognitive-motor interference in
soldiers, officers, and cadets. On the other hand, the March-
ing + PVT test requires further work to enhance its validity
and reliability, especially in terms of cognitive performance.
From a practical perspective, the Running + WRT test may be
used to assess the multitasking performance of both soldiers
and pilots and monitor any potential improvement induced by
training. However, further research is required to assess its
sensitivity to change and, if possible, to increase its ecolog-
ical validity by, for example, having participants memorize
military-relevant instructions rather than just simple words.
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It is important to highlight that the current study can
only provide evidence related to the construct validity of the
dual-tasking tests by showing that they are difficult enough
to induce cognitive-motor interference in trained and healthy
military personnel. It would be useful to establish to what
extent performance in these relatively simple dual tasks cor-
relates with the performance of more complex military tasks
like, for example, following instructions about tactics to
implement immediately on a battlefield while engaging in the
protective physical activities needed when taking fire. How-
ever, this kind of test validation (criterion-related validity) is
not possible because, to date, there are no well-validated and
reliable measures of multitasking performance in simulated
battlefield environments. We hope that the present study will
stimulate future work, leading to the development and valida-
tion of such criterion measures as well as further validation of
the simpler dual-tasking tests reported here.
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