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Effective teamwork among military pilots is key to successful mission completion. The
underlying neural mechanism of teamwork is thought to be inter-brain synchronization
(IBS). IBS could also be explained as an incidental phenomenon of cooperative
behavior, but the causality between IBS and cooperative behavior could be clarified
by directly producing IBS through extra external stimuli applied to functional brain
regions. As a non-invasive technology for altering brain function, transcranial electrical
stimulation might have the potential to explore whether top-down enhancement of
the synchronization of multiple brains can change cooperative behavioral performance
among members of a team. This review focuses on the characteristic features of
teamwork among military pilots and variations in neuroimaging obtained by hyper-
scanning. Furthermore, we discuss the possibility that transcranial electrical stimulation
could be used to improve teamwork among military pilots, try to provide a feasible
design for doing so, and emphasize crucial aspects to be addressed by future research.

Keywords: teamwork, hyper-scanning, tACS, IBS, fNIRS, military pilot

INTRODUCTION

With the rapid development of network information technology and the deepening of data resource
sharing, the mode of modern war has become one of combined arms strategies implemented
through multi-unit cooperation. The use of electronic countermeasures and stealth operations
make combat missions more complex and changeable, making it difficult for a single combat
unit (such as a single soldier or a single aircraft) to be competent for all relevant tasks. Instead,
effective operation must involve the cooperation of combat units (Min, 2013). The premise of
coordination is to form a combat team with team members as the core. So long as they operate
as a “team” rather than as a “group,” synergistic benefits can be achieved at lower cost, such that
“1 + 1 > 2.” Generally, modern air force combat units always take the form of action teams
consisting of two or more aircraft (Ohlander et al., 2016a). The level of coordination between team
members in air battle has been found to play an important role in the successful completion of
a military mission, and it is significantly positively correlated with team performance (Ohlander
et al., 2009). In recent years, there has arisen not only human–human team cooperation, but
also human–machine cooperation, which has rapidly developed into a new mode of combat
(Stowers et al., 2021). Such a hybrid team similarly provides a combination of human decision-
making and a machine information sharing chain, greatly improving the effectiveness of air
combat (Jian, 2017). Teamwork thus plays an important role in military flight operations, and it
is of great significance to maximize team cooperation in order to achieve military objectives. It
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is particularly important to find a way to effectively improve
teamwork in both peacetime and wartime. As a representative
non-invasive brain intervention technology, transcranial
electrical stimulation has been proven to improve individual
cognitive functions such as attention, execution, and risk
decision-making by changing neuronal excitability or inducing
neural synchronization and oscillation through low-intensity
current (Guo et al., 2018; Kronberg et al., 2020; Lipka et al., 2021;
Lu et al., 2021, 2020). Davis and Smith (2019) have discussed
the risks and benefits of transcranial electrical stimulation
technology in military applications and has affirmed the military
advantages of transcranial electrical stimulation (such as
cognitive improvement in combat, enhancement of survivability
for emergency, and so on), believing that this technology could
have a great potential in improving military combat effectiveness
in the future. Improving the cognitive ability of individual
soldiers might have a positive impact on teamwork. However,
studies of teams often require a holistic analysis of individuals
in a collaborative context, and exploring possible roles for
transcranial electrical stimulation in intra-team cooperation is
critical for both current needs and military preparedness. It has
been proven that transcranial electrical stimulation technology
cannot only enhance cognitive ability but also have different
degrees of positive impact on social interactions between multiple
individuals (Peled-Avron et al., 2019; Pan et al., 2021). Although
the range of studies has been limited, the conclusions of the
existing studies indicate that transcranial electrical stimulation
technology could be a crucial way to improve the capabilities of
military pilot teams in the future.

This review summarizes and discusses prior relevant studies,
which are divided into the following groups. First, we introduce
the concept and features of military pilot teamwork. Second,
imaging studies on the potential neural mechanisms of teamwork
among military pilots are summarized. Third, this paper reviews
the research on the improvement of teamwork among military
pilots, and in particular the effect of transcranial electrical
stimulation technology on improving teamwork. Finally, we
indicate the limitations of current research and propose future
prospects for the improvement of teamwork in military pilots by
transcranial electrical stimulation.

CONCEPT AND FEATURES OF MILITARY
PILOT TEAMWORK

As the basic unit of an organization, a team is composed of two
or more individuals. In order to achieve a common team goal,
team members maximize the team’s benefits through orderly
division of labor. This form of organization plays an important
role in the survival of animals in nature and in the operation
of human social activities (Salas et al., 1992; Anderson, 2001).
Not only lions and wolves (Scheel and Packer, 1991; Anderson,
2001; Pennisi, 2017), but also medical and military teams are all
typical teams (Doyle et al., 2020; Martin et al., 2022). Salas et al.
(2005) put forward the “Big Five” model of teamwork on the
basis of prior studies. This model contains five core factors (team
leadership, mutual performance monitoring, backup behavior,

adaptability, and team orientation) and three additional factors
(shared mental model, closed-loop communication, and mutual
trust). This model has enjoyed wide support over the past decade,
and it has been studied and applied in various fields such as
medical treatment, rescue, aviation, the military, and air traffic
control (Driskell et al., 2018; Svensson et al., 2020). Thus far, it has
been verified that the teamwork model proposed by Salas et al.
(2005). is applicable to teams of military pilots (Ohlander et al.,
2018). Ohlander et al. (2019) integrated the five core elements
of the “Big Five” teamwork model with the three coordinating
factors and found that the importance of mutual performance
monitoring, closed-loop communication, shared mental model,
adaptability, mutual trust, team orientation, team leadership, and
backup behavior decreased in turn, after interviewing a group
of experienced active fighter pilots. Further research found that
fighter pilot teamwork should be analyzed within a full mission
cycle, which includes building the flight team before a mission
(choosing members, appointing a team leader, task allocation,
etc.), team discussion (division of labor, implementation rules,
etc.), performance of the flight mission, reflection and discussion
after the mission, and finally team dissolution (Ohlander et al.,
2016a,b). As shown in Figure 1, the importance of the factors
at each stage is different. At the beginning of team building,
mutual trust and team orientation are most important, as they
are the prerequisite for the successful completion of team tasks.
In the early stages of the task, group members often discuss and
exchange ideas, familiarize themselves with the task process, and
establish a shared mental model. The stage of task execution
requires close communication between team members, backup
behavior, mutual performance monitoring, and adaptability for
emergencies. After the task, a meeting is held to update, based on
experience, the existing shared mental model.

In summary, military pilots often fly as a team to successfully
complete military missions. The “Big Five” team model can
explain the weights of different factors at different stages of a
mission, but the interviews were based only on subjective data.
They lack the support of biological evidence, which limits the
possibilities for in-depth understanding of the occurrence and
development of team cooperation. The essence of collaboration
among team members is still a complex social interaction
behavior, including the most basic cooperation, interpersonal
learning, trust, etc. Such social interaction between individuals
has been proven to be key to the success of teamwork (Lechler,
2001). Therefore, using mature neuroimaging technology to
explore the neural mechanisms of team cooperation can provide
a valuable reference to reasonably adjust the team structure,
cooperation strategy, and team member training.

NEUROIMAGING STUDIES ON THE
POTENTIAL NEURAL MECHANISMS OF
TEAMWORK IN MILITARY PILOTS

Team behavior among military pilots is a type of social
interaction: in essence, information exchange and sharing
between individual nervous systems. However, some information
is lost due to natural physical isolation during transmission, such

Frontiers in Neuroscience | www.frontiersin.org 2 July 2022 | Volume 16 | Article 931265

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-931265 July 12, 2022 Time: 14:47 # 3

Lu et al. Transcranial Electrical Stimulation Improves Teamwork

FIGURE 1 | Teamwork factors required at different flight combat mission stages. Adapted from Ohlander et al. (2019).

as sense perceptions, behavior, language, etc. (Kingsbury and
Hong, 2020). Therefore, the study of teamwork among military
pilots should not be limited to the observation of behavioral
performance. In order to obtain more adequate information, we
need to explore the neural mechanisms underlying teamwork.
Previous imaging studies in cognitive neuroscience have usually
focused on a single individual or single brain – for example, a
cognitive function or emotional response that is accompanied
by changes in the activation of a specific brain region or
changes in the functional connectivity of multiple brain regions.
Neuroimaging studies of multiple individuals in groups have
only emerged in the last two decades. Hyper-scanning refers
to a technology that can support real-time signal transmission,
recording, and analysis between two or more brains, which can
be used to explore the neural mechanisms of social interaction
(Hari and Kujala, 2009; Nguyen et al., 2021a). Functional
magnetic resonance imaging (fMRI), electroencephalography
(EEG), functional near-infrared spectroscopy (fNIRS), and other
brain imaging techniques can be used for hyper-scanning studies
(Czeszumski et al., 2020). Blood oxygenation level dependent
(BOLD) signals of cerebral blood flow are used in fMRI to
perform tomography with high spatial accuracy but low temporal
resolution; this technology indirectly reflects the activity of
brain neurons. Hyper-scanning studies by fMRI to date have
lacked real social interaction and sufficient ecological validity.
Such studies are generally designed around subjects’ subjective
imagination (Shibata et al., 2011), network communication
between subjects, etc. (Redcay et al., 2010). Compared with
fMRI, EEG has had a wider application in hyper-scanning
through the real-time acquisition of EEG signals from multiple
individuals with high temporal resolution, which can capture
transient electrophysiological signals of brain activities under
rapid stimulation. However, the weak spatial resolution of
traditional EEG cannot accurately observe the activation of brain
regions, and limited movement tolerance weakens the possibility

of using such an experimental design in real activities (Liu
et al., 2018). Fortunately, the recent studies have already shown
that electrophysiological source imaging (ESI) based on EEG
would provide improved spatiotemporal precision for further
application of EEG (He et al., 2018; Edelman et al., 2019;
Seeber et al., 2019), and that motion artifacts of EEG could
be promisingly rejected by using dry flexible electrodes, in-
ear EEG, optimized algorithms of signal processing and so
on (Seok et al., 2021). fNIRS has been applied for recording
hemoglobin concentrations in particular brain regions by near-
infrared light; it has been widely used in the study of infant
neurodevelopment due to its strong tolerance for movement
(Teresa and Marisa, 2015). Thus, fNIRS will play an important
role in the future of social interaction studies thanks to
its moderate spatial resolution, temporal resolution, motion
tolerance, and portable operation (Mayseless et al., 2019; Reindl
et al., 2019; Li et al., 2021). Therefore, a teamwork neuroimaging
study based on fNIRS hyper-scanning will be emphasized here.
It’s worth mentioning that optically pumped magnetometers
(OPMs) enabled wearable magnetoencephalography (MEG) is a
new and competitive approach to assess brain function (Boto
et al., 2018), which would be considered have potential to provide
a guidance for the neural mechanisms of teamwork in the future.

Inter-brain synchronization (IBS) usually occurs when
individuals in a social interaction have shared behaviors or
intentions (i.e., cooperation) (Mayseless et al., 2019). Generally,
the index for assessing IBS is coherence calculated by oxy-
hemoglobin (HbO) concentration which has higher signal-to-
noise ratio than deoxy-hemoglobin (HbR) concentration in
fNIRS studies, and so IBS is also referred to as interpersonal brain
coherence (Cui et al., 2012). IBS is an indicator of the degree of
consistency of brain activity, obtained by hyper-scanning two or
more individuals in a group (Xu et al., 2012). IBS of the bilateral
dorsolateral prefrontal cortex during cooperative behavior
among team members is stronger than that during competitive
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behavior, and such a synchronization effect increases over time
(Lu and Hao, 2019). Liu et al. (2021) conducted a nine-person
drumming experiment with three experimental modes: random
drumming, group focus drumming, and metronome focus
drumming. They found that the self-reported interdependence
was higher in the group focus drumming mode and was
accompanied by higher IBS of the temporoparietal junction and
the medial prefrontal cortex, representing an understanding of
others’ thoughts and intentions. These results provided imaging
evidence for the important role of shared mental models in
team cooperation. Interestingly, team creativity was higher in
the cooperative condition than in the competitive condition, and
the increased creativity was associated with enhanced IBS of
the right dorsolateral prefrontal cortex and the right temporo-
parietal lobe (Lu et al., 2019). Therefore, IBS of functional brain
regions seems to be a potential neural mechanism of teamwork
and is closely associated with team creativity. In addition, IBS
may be influenced by factors such as intimacy, gender, profession,
social experience, etc. IBS between father and child in the bilateral
dorsolateral prefrontal cortex and the left temporoparietal
junction were significantly increased during cooperative tasks
(Nguyen et al., 2021b). A prior study of IBS between mother
and child further showed that children’s responsiveness can
promote their commitment compliance through the mediating
effect of IBS of the temporoparietal junction (Zhao et al., 2021).
This evidence indicates that the enhancement of IBS in the
corresponding brain region is promoted by a healthy parent-child
relationship, which is of great significance for the psychological
development of children. IBS could be affected by gender, in
that the IBS of the prefrontal lobe is higher in heterosexual
cooperation than in homosexual cooperation, and this neural
synchronization is directional (female to male) (Cheng et al.,
2015; Pan et al., 2017). Occupation is also one of the factors
that influence IBS. Athletes majoring in team sports have shown
better cooperative behaviors than other subjects, accompanied
by significant IBS in the dorsolateral prefrontal region (Li et al.,
2020). Individuals whose social experiences differed from each
other had better cooperative behavior and greater IBS than those
with similar social experiences (Sun et al., 2021). Meanwhile,
the team creativity of individuals with low creativity was equal
to that of individuals with high creativity, and IBS intensity of
the frontal lobe of the former was higher than that of the latter
(Hua et al., 2018).

An enhancement of IBS during cooperative behavior between
pilots was also observed in previous studies. Similar to Ohlander
et al.’s (2016b) evaluation of changes in the core elements of
fighter pilot teamwork during flight, IBS in functional brain
regions also changed at different stages of flight tasks. It has been
found, when using scanning technology for real-time monitoring
of brain signals of each of two pilots during a simulated flight
mission, that IBS of the frontal and parietal cortex calculated by
EEG signals in alpha or theta band, was strongest when two pilots
fly in the most difficult phases (take-off and landing) requiring
the highest level of cooperation, and that IBS of the frontal and
parietal cortex was weak or even zero in the other process of
flight (Astolfi et al., 2012; Toppi et al., 2016). Therefore, IBS in
functional brain regions seems to be a valid neural indicator of

teamwork. However, it should be noted that these indicators have
merely been shown to accompany cooperative tasks, and whether
they could be used as a scientific explanation of cooperative
behavior remains to be further determined. Classic cognitive
neuroscience studies have a similar limitation in that correlations
between time-dependent behavioral changes and neurological
indicators cannot be used as a basis for causal inference. This
question will be discussed in detail later.

RESEARCH ON THE IMPROVEMENT OF
TEAMWORK AMONG MILITARY PILOTS

Effective teamwork has been proven to play an important role
to deal with unexpected instances in the public health sector’s
response to the COVID-19 crisis (Tomer et al., 2021). The same is
true for military pilots, and the question of how to ensure strong
teamwork to maximize the effectiveness of the team is particularly
crucial. At present, research on the improvement of teamwork
can broadly be classified into optimization of team structure,
improvement of communication among members, skill training,
motivation, and enhancement of brain area function.

Team structure is extremely important for the whole team,
and a reasonable team structure can often determine whether
a task is successfully completed. For example, a medical team
in the intensive care unit mainly includes attending doctors,
medical interns, nurses, pharmacists, dietitians, and other staff
members. Only with the complementary advantages of these staff
can teamwork be maximized and the safety of critically ill patients
be guaranteed Coleman and Pon (2013). In addition, the team
as a whole should be established on the premise of effective
communication around shared team goals or mental models,
as effective communication between members can ensure that
information is fully and accurately transmitted within the team.
One study has found that the communication ability of team
members was significantly improved, resulting in increased
satisfaction of their patients, after communication training in an
outpatient environment (Dodge et al., 2019). With regard to skill
training, a team member not only contributes to the common
goal, but also gives full play to one’s unique advantage. Therefore,
professional skill training not only improves individual ability
unilaterally, but also reduces the probability of weaknesses of
the team. Motivation factors have also been found to play
a key role in the application of team training to improve
teamwork (Tabassi et al., 2012). All of the above are classic
behavioral methods, which directly promote teamwork behavior
by changing the external performance of individuals or the
whole team. Cognitive neuroscience generally believes that stable
changes in behavior depend on variations in neural mechanisms,
but the aforementioned methods promote teamwork by changing
the environment (i.e., team structure) or behavioral habits (i.e.,
communication, skills, etc.), rather than directly intervening in
the target brain regions. In addition, this kind of method requires
more training resources, training time, experience, etc. Based on
the aforementioned studies of neuroimaging related to teamwork
behavior, IBS appears to be the underlying neural mechanism
of teamwork. Therefore, we suspect that the synchronization of
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neural oscillations between members supports the occurrence
and development of collaborative behaviors. Can IBS in the
corresponding brain regions of individuals be changed by
external intervention, and can teamwork be affected thereby? In
theory, such a top-down approach is easy to implement by using
non-invasive brain stimulation technology. This can help us to
solve two problems: proving the causal relationship between IBS
and cooperation behavior, quantifying the neural and behavioral
benefits induced by external stimuli, and exploring the promoting
effects of different stimulus parameters on teamwork.

Concept, Classification, and
Characteristics of Transcranial Electrical
Stimulation
Transcranial electrical stimulation is a safe, non-invasive
technology that delivers low-intensity current to the cerebral
cortex to change brain functions by forming a current pathway
through scalp electrodes (Reed and Cohen Kadosh, 2018). The
clinical applications of transcranial electrical stimulation are
extremely wide, extending to conditions such as compulsive
behavior, migraine attack, dementia, Alzheimer’s, etc. (Brunoni
et al., 2012; Khedr et al., 2019; Antal et al., 2020; Grover
et al., 2021; Moussavi et al., 2021). Cognitive improvements in
healthy individuals have also been observed after transcranial
electrical stimulation (Metuki et al., 2012; Katz et al., 2017;
Berger et al., 2018; Reinhart and Nguyen, 2019; Borwick
et al., 2020). Transcranial electrical stimulation is divided
into transcranial direct current stimulation (tDCS), transcranial
alternating current stimulation (tACS), and transcranial random
noise stimulation (tRNS). tDCS stimulates the target brain
region with low-intensity direct current (0.5–2 mA) to change
the excitability of neurons (Nitsche et al., 2002). tACS mainly
induces synchronous oscillations of neurons in target brain
regions through different frequency currents (Herrmann et al.,
2016). tRNS, in a sense, is also a special “alternating current
stimulation” to change neuronal excitability by delivering
stimulation with random frequencies and amplitudes within a
specific stimulation range, which has been proved to produce
more promising benefit on auditory perception than other
transcranial electrical stimulation (Fertonani and Miniussi, 2017;
Prete et al., 2017, 2018). However, tDCS and tACS are most
widely used in the study of cognitive improvement at present,
so the subsequent introduction will mainly focus on these
two methods. High-precision transcranial electrical stimulation
has a current path composed of multiple electrodes and high
directivity, so it has great advantages in stimulation accuracy and
current density compared to traditional transcranial electrical
stimulation (DaSilva et al., 2015; Turski et al., 2017; Pa Rlikar
et al., 2021). In addition, the following parameters can affect
the intervention effect in transcranial electrical stimulation
experiments. First, the range of current intensities in transcranial
electrical stimulation experiments is generally not higher than
2 mA; generally speaking, current intensities at the upper end
of that range bring better intervention benefits. Second, the
excitability of the cortex is inhibited under the cathode while
increased under the anode during tDCS (Shin et al., 2015). Third,

the selected brain region should be covered by the current field,
which can be simulated using computer software (Lu et al., 2021,
2020). The last parameter is the frequency of tACS. In general,
synchronous neural oscillations are more likely to occur when
the stimulus frequency is consistent with the internal frequency
of neurons in the functional brain regions (Herrmann et al., 2013;
Takeuchi and Izumi, 2021).

The Improvement of Teamwork by
Transcranial Electrical Stimulation
It has been found, according to the underlying neural mechanism
of teamwork, that it is feasible to modulate brain function
through external stimulation to change cooperative behavioral
performance between team members. However, as shown in
Figure 2, there are different intervention models between tDCS
and tACS (hyper-tACS) for improving cooperative behavior.
The main characteristic of IBS is synchronous nerve oscillations
between multiple brains, while the stimulation of tDCS is
characterized by direct current interference in a particular brain
region, and seems unable to directly induce the synchronization
of the corresponding brain region through neural entraining.
Enticott et al. (2012) found that tDCS intervention of brain
regions (inferior frontal gyrus) involved in the mirror neuron
system in healthy individuals enhanced interpersonal motor
resonance. The mirror neuron system plays an important role in
imitation activities, interpersonal learning, and other behaviors
(Oberman et al., 2007; Mainieri et al., 2013; Meng Yuan
et al., 2018), and autism is considered in part to be related
to dysfunction in the mirror neuron system (Hamilton, 2008).
A previous study has shown that cathode tDCS significantly
reduced musicians’ assessment of musical creativity, which was
related to the mediating effect of empathy (Colombo et al., 2021).
Anodal tDCS intervention on the right inferior frontal gyrus
of healthy subjects is thought to induce imitative behavior in
social interaction (Hogeveen et al., 2015). Therefore, although
tDCS cannot directly regulate the neural oscillation rhythm in a
particular brain region across multiple brains, it could modulate
the cooperative behavior of subjects by intervening in the mirror
neuron system, which is closely related to cooperation and
teamwork. Additionally, as a crucial part in rapid instructed task
learning related with teamwork (Meiran et al., 2016), working
memory was also proved to be effectively improved by tDCS and
other transcranial electrical stimulation, which would provide
a way to enhance teamwork (Ke et al., 2019; Nissim et al.,
2019; Zeng et al., 2022). However, the nature of cooperative
behavior still probably lies in the occurrence and development
of multi-brain IBS. Using tACS technology would provide more
possibilities for future research into the influence of different
frequency and phase parameters on teamwork behavior.

Novembre and Iannetti (2021a,b) argued that the
phenomenon of multi-brain IBS observed by hyper-scanning
cannot be clearly explained in relation to social interaction: is
it actual causality, or mere contingency? Therefore, regulating
interbrain synchronization directly through multi-brain
stimulation (MBS), such as hyper-tACS, and taking IBS as an
independent variable in the study is critical to understanding the
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FIGURE 2 | Different intervention patterns of tDCS and hyper-tACS in promoting cooperative behavior.

neural mechanism of social interaction behaviors. Hyper-tACS is
used to stimulate one or several functional brain regions to induce
the coupling of neural oscillations between multiple brains, with
the goal of promoting social interaction behaviors such as
collaborative writing and interpersonal learning (Novembre
et al., 2017; Pan et al., 2021). The effects modulated by hyper-
tACS are always phase-frequency specific. A study found that
6 Hz in-phase hyper-tACS located on the prefrontal lobe could
be successfully applied to induce spontaneous synchronous
movement between teachers and students. A song teaching effect
was also promoted, while interventions at other frequencies or
phases did not produce similar effects (Pan et al., 2021). 20 Hz
in-phase hyper-tACS on left motor cortex has been found to
increase the synchronization of interpersonal movement, while
the same results were not present for other frequencies or for
anti-phase or false stimulation (Novembre et al., 2017). However,
it has been found that such immature hyper-tACS technology
does not produce significant changes in promoting synchronicity
under the two-person drumming task, although this may be
related to the choice of stimulus program (Szymanski et al.,
2017). Therefore, hyper-tACS does provide a possibility for the
improvement of teamwork or cooperation behavior, but there
are still urgent problems to be solved in the future, such as the
specific settings of parameters, selection of stimulus programs,
synchronous imaging acquisition, compatibility of hardware
and software, etc.

RESEARCH PROSPECTS FOR
TRANSCRANIAL ELECTRICAL
STIMULATION TECHNOLOGY TO
PROMOTE TEAMWORK AMONG
MILITARY PILOTS

Based on the evaluation of team cooperation among military
pilots and related enhancement technology, and taking into
account the advantages and disadvantages of methods used in
prior studies, this review puts forward possible design ideas for

future research on teamwork among military pilots, as shown
in Figure 3. As a neuroimaging technique suitable for multiple
participants, hyper-scanning based on fNIRS should be used
to record information about synchronous oscillation in the
target brain regions. Next, the connection between behavioral
performance during a task (under three conditions: cooperative,
competitive, or neutral) and IBS should be analyzed before and
after hyper-tACS intervention. The underlying causality would
thus be clarified. In addition, the enhancement of military pilot
teamwork could be explored based on a credible improvement
strategy according to the effective parameters of hyper-tACS,
as obtained by laboratory investigation. However, the details of
the study design must be optimized by feedback, based on the
benefits obtained.

Future studies should mainly focus on two aspects:

Quantification of Behavior and Neural
Mechanism in the Teamwork of Military
Pilots
Although the teamwork environment of military pilots has
characteristics such as high pressure, high noise, narrow scope
of activities, high mental load, fast decision-making, and difficult
situational awareness, teamwork among military pilots still
conforms to the “Big Five” teamwork model. Therefore, despite
being a special form of teamwork, military pilot teamwork
is still a kind of social interaction. However, prior studies
on social interaction behavior were still based on simple
laboratory research. Military pilots are faced with a complex and
changeable environment when performing tasks, and replicating
that environment could be key to quantifying such cooperative
behavior with improved accuracy and ecological validity. Virtual
reality, simulated aircraft, and flight operation games are all
new behavioral quantitative tools with high ecological validity
(Bauer and Klingauf, 2006; Hans et al., 2016; Villafaina et al.,
2021). Compared to the traditional laboratory paradigm, such
tools could provide more vivid operating conditions and
increased participation for participants. In addition, the selection
of suitable neuroimaging tools (such as fNIRS) with great
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FIGURE 3 | Possible technical routes for research on military pilot teamwork enhancement.

movement tolerance could ensure the collection and analysis
of neuroimaging data in such an environment. Portable fNIRS
would be more suitable since it is lighter, cheaper, wireless,
and has better adaptability in most social scenes compared
to traditional wire-based fNIRS (Agro et al., 2016; Gozde,
2017). In particular, fNIRS equipped on each member of the
team would provide more comprehensive monitoring of brain
regions in the study of interactions between pilots in military
fighter formations. The data analysis method for fNIRS also
must be selected carefully according to the actual conditions of
study. In general, the common method is based on averaging
the target signal during the time window before conducting
wavelet coherence or Granger causality analysis (Hu et al.,
2021), but time information would be lost because the tasks
always undergo dynamic changes. This is problematic because
different stages of a task are accompanied by different states
of IBS. Therefore, a dynamic IBS analysis method would retain
time-level information and explore dynamic changes in IBS
over time (Li et al., 2021). Accurately quantifying behavioral
performance and neuroimaging changes in military pilots during
teamwork tasks would help us establish effective evaluation
schemes and data sets, and improve the screening validity during
team member selection. The difficulty to be overcome in future
research would be to select appropriate evaluation methods and
parameters to create the prerequisite conditions for follow-up
interventions to promote teamwork.

Selection of Hyper-Transcranial
Alternating Current Stimulation Scheme
to Promote Military Pilot Teamwork
Team structure, professional skills, motivation, and other factors
are the most routine and basic approaches for the promotion

of teamwork among military pilots (Zhiqiang, 2015; Aitoro,
2019). These methods are carried out from the early stages of
pilot training. However, “tacit understanding” training among
the members of the flying formation is absent, and this
could cause a failure of cooperative behavior among pilots
and increase the difficulty of task completion. Due to the
tension of a training mission, military pilots cannot afford
to spend time on interactive cooperative behavior training,
but hyper-tACS could enable a military pilot to obtain high
compatibility and more quickly adapt to their partner. The
question of how to maximize the intervention effect is also
worth exploring in future studies, especially with regard to
the selection of stimulus sites, frequency, intensity, and phase
of hyper-tACS. Some complex cognitive processes have been
shown to be the result of cross-frequency coupling between
brain regions (such as the inhibitory prefrontal cortex’s regulation
of the motor cortex), so it may be necessary to adopt
different frequency-coupled stimulus modes during hyper-
tACS intervention (Riddle et al., 2021). In addition, there are
lingering concerns about the safety of transcranial electrical
stimulation. A large number of studies have shown that even
repeated stimulation is safe and reliable compared with sham
stimulation as long as the operational requirements of electrical
stimulation were conducted in strict accordance with safety
protocols (Turski et al., 2017; Nikolin et al., 2019). Choe et al.
(2016) conducted electrical stimulation in the laboratory on
32 healthy subjects undergoing flight training to explore its
influence on flight performance and the relevant data of EEG
and fNIRS. Thus, the safety of transcranial electrical stimulation
is guaranteed under proper operation. In view of the current
model of air combat, how military pilots engage in optimal
teamwork plays a key role in successful completion of the
mission. Therefore, future research should focus on solving the
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problem of how to improve the teamwork behavior of military
pilots using a plan that has been optimized based on feedback
from the evaluation results.

CONCLUSION

In this review, we have clarified the model of teamwork among
military pilots and provided an underlying explanation for the
neural mechanism of teamwork. However, although IBS is known
to be closely related to cooperative behavior, the question of
causality is not clear. Thus, we hypothesize that transcranial
electrical stimulation could be applied to directly stimulate brain
regions related to teamwork to enhance IBS among multiple
members in a team, and the causal link between IBS and
cooperative behavior would then be clarified. Furthermore, it
is crucial for military pilots to improve their teamwork by
either tDCS or hyper-tACS. We therefore provided a feasible
study design as a basis for an enhancement strategy. The
hyper-scanning and hyper-tACS could provide a possible way
for military pilots to enhance their capability for teamwork

and would help us better explore the relationship between
synchronous oscillation and cooperative behavior. We hope
this review can provide some theoretical inspiration for future
research on improving the combat effectiveness of military pilot
teams, and we put forward suggestions on the basis of current
research to improve relevant study designs in the future.
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