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ABSTRACT

Non-invasive transcutaneous vagal nerve stimulation (tVNS) has been shown to
accelerate learning and performance in US Air Force (USAF) personnel while
simultaneously increasing or improving attention, arousal, and mood in well-
controlled laboratory tasks. This study evaluated the effect of tVNS on operational
performance, cognitive function, and mood in Air Force trainees undergoing the
third week of their Military Qualification Training (MQT) course. USAF trainees were
randomly assigned to receive active tVNS or a sham device. On days 1 through 4,
trainees completed a 15-item mood questionnaire (pre-task) followed by tVNS or
sham, MQT tasks, another round of tVNS or sham, and a final mood questionnaire
(post-task). They completed a third mood questionnaire at the end of each day (EOD).
Trainees who received tVNS reported reduced distress, increased ability, increased
energy, and an improvement in overall mood compared to the sham group. In
addition, they demonstrated a significant increase in the ability to produce full motion
video–derived intelligence products compared with sham. This is the first practical
demonstration of tVNS in a high-stress, high-performance, real-world operational
training environment. Our results reinforce previous controlled studies that have
demonstrated the ability of tVNS to enhance warfighter training and operational
readiness.
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INTRODUCTION

The demand for Intelligence, Surveillance, and Reconnaissance (ISR) analysts
to support ongoing operations has grown exponentially over the past decade
due, in part, to analyst attrition caused by operational burnout (Bryant-
Lees et al., 2021, Decker, 2025, Langley, 2012). The US Air Force (USAF)
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trains personnel to fly remotely piloted aircraft and serve as image analysts
as part of their mission. Because of the high pace and high-risk nature of their
mission set, neuromodulation techniques that may accelerate training, sustain
attention, reduce fatigue, and improve mood are being explored (Science and
Technology Organization, 2024).

Vagal nerve stimulation (VNS) has been shown to increase neuronal
plasticity in humans via noradrenergic or cholinergic neurotransmission
(Hays, 2016). Non-invasive transcutaneous vagal nerve stimulation (tVNS)
passes an electrical current pulsed at 25Hz through the skin/nerve via two
electrodes placed over the neck. tVNS has been shown to facilitate learning
and memory (Boon et al., 2006, Clark et al., 1999, Sanders et al., 2019,
Sun et al., 2017); enhance multiple elements of cognition, such as arousal,
attention, multi-tasking, decision-making, and memory (Martin et al., 2004,
McIntire et al., 2019, Sjogren et al., 2002, Sun et al., 2017); improve the
ability to learn a new language (Llanos et al., 2020, Phillips et al., 2021);
boost mood after prolonged periods of activity (Ferstl et al., 2022); and
improve fatigue and sleepiness (McIntire et al., 2021).

In well-controlled, research-oriented assessments, tVNS has been shown to
enhance learning and performance in USAF personnel, while also increasing
attention, arousal, and mood (McIntire et al., 2019, McIntire et al., 2021,
Miyatsu et al., 2023). The purpose of this study was to evaluate the effect
of tVNS on operational performance, cognitive function, and mood in
USAF trainees in a real-world setting. The assessment took place during the
third week of their Military Qualification Training (MQT) course, which is
considered the most difficult and fast-paced portion of the curriculum.

METHODS

Equipment

For tVNS, a handheld device developed and manufactured by electroCore®,
Inc. (Rockaway, NJ, USA) was used within the manufacturer’s specifications.
This device passes a noninvasive electrical current pulsed at 25 Hz through
the skin to the nerve via two electrodes placed over the neck. The sham
device was visually identical to the active device and produced similar clicking
sounds and tactile vibrations, but it delivered no electrical current. Both
devices were supplied by the same manufacturer. Stimulation consisted of
2 minutes of active tVNS or sham on one side of the neck followed by a
2-minute break and then 2 more minutes of active tVNS or sham on the
other side of the neck.

Subjects

Eligible subjects were healthy active-duty military volunteers between 18 and
42 years of age in training to become Special Operations Forces full motion
video (FMV) analysts, career FMV analysts, or 19th Air Lift Wing Personnel.
USAF trainees were randomly assigned to receive tVNS or sham.
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Procedures

On Day 0 of their third week of training, trainees completed a 15-item mood
questionnaire, followed by MQT tasks, and a second mood questionnaire to
establish a baseline. On Days 1-4, trainees completed the mood questionnaire
(pre) followed by tVNS or sham, a second mood questionnaire (post), and
then their MQT tasks (Figure 1). They completed a third mood questionnaire
at the end of each day (EOD). Mood was measured using a 7-point numeric
rating scale. Participants also received instructor ratings for each FMV task
related to mission understanding or performance, group (tVNS or sham), and
day.

Figure 1: Study design. MQT, military qualification training; tVNS, transcutaneous
vagal nerve stimulation.

Statistical Analyses

A mixed-model ANOVA, with “group” as a between-subjects factor and
“day” as a within-subjects factor, was used to assess mood changes from
pre Day 1 ratings to all post ratings for each day and pre Day 1 ratings to all
EOD ratings, as well as changes in task performance. P values for each day
were calculated from two-tailed two-sample t-tests.

RESULTS

A total of 70 trainees completed the study (39 tVNS, 31 sham). Trainees who
received tVNS reported significantly reduced distress (distressed/delighted,
p<0.001), increased ability (able/unable, p = 0.020), increased energy
(fatigued/energized, p = 0.002), and an improvement in overall mood
(p = 0.026) from pre Day 1 to all post ratings, compared to the sham group
(Figure 2). Increased energy (p = 0.034) and reduced distress (p = 0.042)
were maintained at EOD for those receiving tVNS compared with sham.

For the instructor-graded MQT course requirements, trainees receiving
tVNS demonstrated a significant increase in the ability to produce
FMV-derived intelligence products in support of mission tasking compared
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with sham (main effect of group, p = 0.020; Figure 3A). A significant
effect of tVNS compared with sham was observed on Day 1 for the
“perform FMV callouts using the appropriate format” (Day 1, p ≤ 0.05)
and “conduct a target walk-on target verification” (Day 1, p ≤ 0.05)
tasks. tVNS yielded additional performance gains that, while not statistically
significant, were considered operationally relevant (eg, perform the required
proceedings during a shift-change/mission handoff and produce mission
summary intelligence products).

Figure 2: Mood ratings. Data are least-squares mean ± SE. *p ≤ 0.05; **p ≤ 0.01. EOD,
end of day; Gr, group; tVNS, transcutaneous vagal nerve stimulation.

DISCUSSION

Military training, as well as combat operations, are conducted under high
levels of cognitive and physical stress, including energy deficits, sleep
deprivation, dehydration, and thermal strain that can contribute to impaired
cognitive function (van der Groen et al., 2025). Because of these challenges,
the military is actively exploring cognitive neuroenhancement techniques and
technologies. Neuromodulation approaches such as transcranial electrical
stimulation and transcranial magnetic stimulation have shown varying
degrees of promise, but cannot be readily deployed in training and combat
operations (Science and Technology Organization, 2024). In contrast, tVNS
offers a safe, portable, and field-deployable method to modulate peripheral
nervous system activity by activating key brain regions involved in regulating
attention, arousal, wakefulness, and memory. This is the first demonstration
of tVNS in a high-stress, high-performance, real-world operational training
environment.
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Figure 3: MQT task performance Data are least-squares mean ±. SE. *p ≤ 0.05;
**p ≤ 0.01. Abbreviations: FMV, full motion video; Gr, group; MQT, Military
Qualification Training; tVNS, transcutaneous vagal nerve stimulation.
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Previous research, in multiple settings, has provided encouraging evidence
for the cognitive and behavioral benefits of tVNS. In controlled laboratory
and operational studies, tVNS has been shown to enhance cognitive
performance, learning, and alertness.McIntire et al. demonstrated that nVNS
improved cognitive performance in active-duty military personnel during
sustained wakefulness as measured by the Psychomotor Vigilance Task and
Multi-Attribute Task Battery, while also reducing fatigue and increasing
energy compared to sham stimulation (McIntire et al., 2021). Miyatsu et al.
reported that tVNS accelerated second language vocabulary recall and was
associatedwith reduced fatigue and increased focus in linguists under training
at the Defense Language Institute (Miyatsu et al., 2024). In addition, tVNS
has been shown to reduced reaction times, suggesting improved cognitive
processing speed (Lerman et al., 2022), and to increase attention, resulting in
better performance on visuospatial reasoning and recognition tasks (Klaming
et al., 2022).

A recent Delphi study identified attention, arousal, processing speed,
cognitive control, and working memory as critical for sustained performance
under stress (Albertella et al., 2022). Our current findings that tVNS reduces
distress, enhances perceived ability and energy, and improves overall mood
complement our previous findings showing improved data retention, reaction
time, and arousal (McIntire et al., 2019).

Trainees who received a single session of tVNS demonstrated
improvements across several measures of operational readiness, were
significantly more energetic, less stressed, and felt better able to perform
the required tasks. These operational and mood-related improvements in
FMV-related tasks extend previous findings demonstrating that tVNS can be
deployed to enhance warfighter training and increase operational readiness.

Subsequent to the positive findings of this and related research, the tVNS
technology was adapted specifically for military applications, resulting in the
development of the current TAC-STIM™ unit, which was designed based
on certain specific military operational standards to allow for training and
operational use by active-duty military personnel in high-stress, harsh, and/or
secure environments. Future efforts should focus on extending these results to
other training environments as well as examining the effects of tVNS on stress
and cognitive performance in ISR operators and other relevant operational
settings.
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