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ARTICLE

Quick coherence technique facilitating commercial pilots’
psychophysiological resilience to the impact of COVID-19

Wen-Chin Lia, Jingyi Zhanga, Graham Braithwaitea and Peter Kearneyb

aSafety and Accident Investigation Centre, Cranfield University, Bedfordshire, UK; bIrish Aviation Authority, Dublin, Ireland

ABSTRACT
This study investigates the effect of quick coherence technique (QCT) on commercial pilots’
resilience to the unprecedented impact of a pandemic. Eighteen commercial pilots voluntarily
participated in a 2-day training course on QCT followed by 2 months of self-regulated QCT prac-
ticing during controlled rest in the flight deck and day-to day life. There are subjective and
objective assessments to evaluate the effects of QCT on commercial pilots’ psychophysiological
resilience. Results demonstrated that QCT training can significantly increase pilots’ psychophysio-
logical resilience thereby improving their mental/physical health, cognitive functions, emotional
stability and wellness on both subjective (PSS & AWSA) and objective measures (coherence
scores). Moreover, pilots who continued practicing self-regulated QCT gained the maximum ben-
efits. Current research has identified great potential to enhance pilots’ mental/physical health
via QCT training. Operators can develop peer support programs for pilots to increase resilience
and maintain mental and physical health using the QCT technique.

Practitioner summary: QCT breathing has been proven to increase commercial pilots’ resilience
by moderating psychophysiological coherence, strengthening mental/physical capacity and sus-
taining positive emotions to deal with the challenges both on the flight deck and in every-
day life.

HIGHLIGHTS

� Pilots have suffered from the impact of the Covid-19 pandemic across many factors including
social, economic, mental, physical, emotional, and operational issues
� Biofeedback training can increase commercial pilots’ resilience by moderating psychophysio-
logical coherence, strengthening mental and physical capacity
� Self-regulated practicing QCT to form a habitual behaviour is required to sustain the max-
imum benefits either in the flight or day-to-day life
� QCT is an effective intervention for aviation authorities and airline operators to develop peer
support programs to increase pilots’ fatigue resilience
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1. Introduction

The outbreak of the COVID-19 pandemic induced an

unprecedented impact on the aviation industry with

the grounding of aircraft, cancellation of flights, strict

travel bans and closure of international borders.

According to the International Air Transport

Association (IATA 2021), there were over 18,000 air-

craft parked up, representing 66% of the world’s com-

mercial transport fleet; the number of airport pairs in

March 2021 was only 50% of the connections of pre-

pandemic. The International Civil Aviation

Organisation (ICAO 2022) noted that COVID-19 has

caused an overall reduction of 60% passengers and
around a 372-billion-dollar loss of airline revenue com-
pared to pre-pandemic levels in 2019. The rapid
reduction of scheduled flights caused by the pan-
demic led to thousands of commercial pilots not fly-
ing, and many were furloughed or laid-off by airlines.
Commercial pilots were threatened with redundancy,
unwelcome changes to their employment contracts
such as lower pay, and the prospect that some may
never fly for a living again. It further resulted in a lack
of stability with many also suffering financial pressure,
which could undermine their mental/physical heath,
cognitive functions, and wellness (Alaminos-Torres
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et al. 2022). Airline pilots’ mental health and psycho-
logical states have been brought to the forefront and
have been the focus of increasing attention in aviation
since the Germanwings Flight 9525 crash in 2015.
ICAO (2016) issued a working paper to convene a task
force to analyse recent aviation accidents in which a
mental health condition was cited as a ‘causal factor’.
Furthermore, the Federal Aviation Administration (FAA
2021) has included the consideration of psychological
condition and mental health in the medical certifica-
tion of commercial pilots. The European Union
Aviation Safety Agency (EASA 2016) also introduced
new rulemaking related to the management of pilots’
mental health issues. More recently, the aviation
industry and pilot unions are addressing the promo-
tion of positive wellbeing and the practice of healthy
behaviours for aviation professionals (Cullen, Cahill,
and Gaynor 2021; Flight Safety Foundation 2020).
Effective mitigations for these negative impacts are
required to improve pilot’s stress resilience and cogni-
tive functions in order to maintain aviation safety.

2. Related works

The quick coherence technique (QCT) is a mental and
emotional self-regulation technique that has been
shown to increase one’s level of heart-rate variability
(HRV) coherence. Learning the breathing technique
was facilitated using HeartMath Inner Balance technol-
ogy. Breathing technique has been proven to be
effective in improving psychological resilience and to
contribute to coping with stress, anxiety, control emo-
tions, and decision-making (Kloudova, Kozlova, and
Stehlik 2019). Breathing techniques have been used
by military pilots for preventing loss of consciousness
when facing prolonged hypoxia and hyperventilation
conditions for decades (FAA 2016). In the context of
the COVID-19 pandemic, there are increasing risks that
pilots may experience burnout due to overload stress
and serious mental health issues above the normal
baseline stressors, which can negatively influence their
wellbeing and job motivation (Demerouti et al. 2019).
Currently, there are thousands of pilots worldwide suf-
fering from redundancy, unpleasant changes to their
contracts, increased duty hours with lower pay rates
which may have potential on developing mental/phys-
ical health issues and may jeopardise aviation safety
(Vuorio and Bor 2020). And this impact will persist and
translate into further consequences with health and
safety threats to pilots and airlines even after the pan-
demic crisis has passed.

2.1. Pilots’ psychological states affected
aviation safety

The commencement of the COVID-19 pandemic in late
2019 caused an abrupt cancellation of flight operations
which not only limited pilots’ proficiency in performing
routine tasks, but also increased pilots’ stress levels and
operational risk due to new procedures related to
COVID-19 safety and health regulations (Olaganathan
and Amihan 2021). The requirements to wear Personal
Protective Equipment (PPE) including face masks,
gloves and goggles may have had negative effects on
pilots’ operational performance, as the PPE may reduce
pilots’ performance by diminishing their perception on
sight, hearing, touch, and communication during flight
operations. This can then increase crews’ mental and
physical workload, reduce handling abilities and crew
resource management skills (IFALPA 2020; CAA 2020).
Pilots’ psychological issues persist as an insidious threat
to aviation safety due to the impairment of the pilot’s
cognitive functions and task performance (Marin et al.
2011). According to the causes review of aviation acci-
dents from the database of the National Transportation
Safety Board (NTSB) and National Aviation Safety Data
Analysis Centre (NASDAC), 13.3% of the accidents are
associated with the mental or physical conditions of
the pilots (Shappell et al. 2007). Furthermore, a survey
based on thousands of active pilots showed that 12.6%
airline pilots met the depression threshold and 4.1%
pilots reported having suicidal thoughts (Wu et al.
2016). Although commercial airlines have focussed on
pilot’s mental health by the management of crew
fatigue and alertness (Cahill et al. 2021), stress-related
psychological issues and wellbeing detriments are not
properly addressed within existing airlines safety man-
agement systems due to crew’s concern on loss of their
medical certification and job (Vuorio and Bor 2020).

Social isolation, mental stress, and anxiety at the
time of the severe acute respiratory syndrome (SARS)
epidemic resulted in an extremely high rate of suicide
deaths (Yip et al. 2010). The risk of suicide is increased
due to economic deterioration and social isolation par-
ticularly affecting aviation professionals, even worse,
pilots were conscious that they were exposed to
potentially high risk of infection with COVID-19. Pilot
aircraft-assisted suicide such as Germanwings Flight
9525 in commercial aviation is an unusual event.
However, research proposed that pilot aircraft-assisted
suicide is 0.33% (with 95% CI, 0.21–0.49) in general avi-
ation in United States (Vuorio et al. 2014). It is recog-
nised that the pandemic may increase suicide rates
just as during the SARS crisis of 2003. However, the
association between pilot suicides and social change
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such as unpaid leave, furlough, financial risks and quar-
antine isolation have not been studied yet. A study of
442 commercial pilots demonstrated that mental
health was found to be associated with occupational
dispute, fatigue, insufficient flying time and flying pat-
terns, together with an inability to relax and a lack of
social support (Cooper and Sloan 1985). To effectively
manage the negative impact of pilot’s psychological
issues, mental health professionals work closely with
aeromedical professionals for pilot selection, assess-
ment, and monitoring of pilots’ mental health (Bor,
Field, and Scragg 2002). Relevant policies and strat-
egies aim to improve screening, evaluation, and man-
agement of pilots’ mental health have been taken by
aviation authorities and airline operators. FAA (2016)
made a commitment to combat the dangers of mental
health issues in aviation by removing the stigma sur-
rounding psychological problems in the aviation indus-
try, so that pilots are more likely to self-report, get
treatment, and return to work. EASA (2018) required
aviation medical examiners to focus on pilot mental
health and well-being in their annual pilot assessment
after the Germanwings accident. The quick coherence
breathing technique has been demonstrated as an
effective method to increase air traffic controllers’
fatigue resilience and operational risk management (Li,
Zhang, and Kearney 2022). Based on the above litera-
ture, there is an alternative hypothesis to be tested as
follows ‘H1: there is a significant interaction on pilots’
coherence between practicing QCT and flight duty’.

2.2. Biofeedback technique improved
mental health

Individual resilience is the ability to cope with a crisis
and return to pre-crisis status quickly using mental
processes and behaviours in promoting personal
assets and protecting self from the potential negative
effects of stressors (Robertson et al. 2015). Self-regu-
lated QCT can provide individuals with a greater
awareness as to how they can regulate their own psy-
chological and cognitive functioning using physio-
logical signals. Empowered with a breathing technique
its possible for one to shift one’s own physiology into
a more coherent state. QCT can effectively enhance
individual resilience which is associated with improved
psychophysiological coherence, cognitive functions,
and general health (Edwards, Edwards, and Honeycutt
2022; McCraty and Tomasino 2006). Research has dem-
onstrated that breathing conciliation is able to facili-
tate individuals’ Autonomic Nervous System (ANS)
functions by monitoring physiological responses to

stress (Carroll and Winslow 2017). QCT has been
proved as an effective intervention to improve air traf-
fic controllers fatigue resilience and mitigate the nega-
tive impact of accumulated workload (Li, Zhang, and
Kearney 2022). QCT is a self-regulation technique
based on a breathing pacer which provides real-time
response to the trainee’s current state (HeartMath
2022). Psychophysical coherence is associated with the
alignment of physical and mental functions which can
facilitate a well-established relationship between cog-
nitive information processing and task performance
(Bradley et al. 2010).

Increased coherence reflects the abilities of self-regu-
lated emotions more consistent with intuitive, intelli-
gent, and stable inner reference which is correlated
with improved mental health, wellness, and cognitive
functioning (McCraty 2011; Ireland 2010). The social,
economic, and personal challenges of COVID-19
threaten a pilot’s mental health and well-being in sev-
eral ways. There is a pressing need to develop psycho-
logical support in order to address pilots’ stress, distress
and the potential for increased pilot suicides as a direct
impact of the pandemic. Previous research demon-
strated that practicing an 8-week intervention pro-
gramme of breathing technique can significantly reduce
stress and mental health issues, as well as increasing
psychological and physical functions (Ehsan et al. 2019).
Psychophysiological coherence can boost the ability of
individuals to resist and recover from negative experien-
ces such as stress and fatigue (Rutter 2007). The breath-
ing is a simple technique which requires individuals to
breathe deeply and slowly at a fixed rate around 6 to
10 times per minute to achieve the maximum benefits.
Paced breathing can lead to a better psychological state
through modulation of ANS which has been proven to
have positive effects in the reduction of feelings of
stress and anxiety (Ma et al. 2017; Aristizabal et al.
2020). Therefore, two alternative hypotheses are raised
in this research as follows, ‘H2: there is a significant
improvement on pilots’ wellness score based on QCT
training’; and ‘H3: there is a significant decrease on
pilots’ perceived stress based on QCT training’.

2.3. Self-regulation strengthened wellness

Self-regulation has been defined as recurring efforts to
optimise one’s cognitive, motivational, and behav-
ioural processes leading to goal fulfilment (Winne and
Jamieson-Noel 2002). It has been suggested that the
quantity and quality of one’s self-regulation capacity is
significantly associated with developing expert levels
of competence and task-specific cognitive
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performance (Ericsson 1997; Singer 2000). Specific skill
acquisition can be achieved progressively with regular
practice that learners self-regulate in three sequential
phases: forethought, performance, and self-reflection
(Zimmerman and Kitsantas 1997; Derossis et al. 1998).
Previous research has demonstrated that breathing
technique can provide clear awareness of psycho-
physiological coherence state and improve self-regula-
tion in practicing engagement (Field et al. 2018).
Furthermore, the long-term practice of psychological
interventions can significantly improve cognitive infor-
mation processing and task performance in workplace
(Thomas and Fogarty 1997; Slimani et al. 2016).
Regular practice of breathing techniques have been
proved to have positive effects on individual’s ANS
functions by facilitating heart rate response, and thus
improve both physical and psychological health (Joshi,
Joshi, and Gokhale 1992; Mourya et al. 2009). The
long-standing practice of mindfulness can significantly
increase wellness and stress management skills
(Kingston et al. 2007; Roeser et al. 2012). Similarly, the
long-term practice of breathing technique has been
proven to have effective moderation effects on per-
ceived stress, and improvement in cognitive functions,
and mental health (Szulczewski 2019).

To maintain mental health and wellness requires
regular practice of intervention techniques over a pro-
longed period of time (Erikssen et al. 1998; Gardner
and Rebar 2019). Regular practice over a long term is
associated with better training outcomes and skill
acquisitions compared to short-term massed practice
(Spruit, Band, and Hamming 2015). Long-term practice
has multiple effects on task performance and auto-
matic behaviours, including increasing the response
speed and accuracy of goal-directed action selection,
reducing the demand of cognitive workload and stress
required to perform the task, as well as rendering the
practiced behaviour habitual (Haith and Krakauer
2018). Habit has been proposed to represent a form
of self-control and autonomy, protecting regular prac-
tice in the longer-term against shorter-term motivation
losses (Galla and Duckworth 2015). Therefore, the for-
mation of a positive habit of practicing QCT regularly
can optimise pilots’ coherence and task performance.
Consistent practice breathing technique can effectively
improve psychophysical coherence and emotion-regu-
lation ability (Reyes 2014), and reduce health care
costs (Bedell and Kaszkin-Bettag 2010). Therefore, the
current study applies psychophysiological coherence
as the hallmark indicator of pilot’s perceived stress
and resilience in the cockpit and everyday life. Based
on the above literature, there are two alternative

hypotheses to be tested as follows, ‘H4: there is a sig-
nificant correlation between frequency of practicing
QCT and pilots’ stress level’; and ‘H5: there is a signifi-
cant correlation between frequency of practicing QCT
and pilots’ wellness score’.

2.4. Motivations and hypotheses

COVID-19 significantly reduced the volume of flights
by up to 70% in 2020 compared with 2019, which
caused the majority of pilots to be furloughed and
mental and physical issues. Furthermore, new regula-
tions on wearing PPE induced additional procedures,
risk of infection, long and irregular working hours, iso-
lation during quarantine and potential loss of employ-
ment are stressors which can lead to psychological
strains and physiological issues (IATA 2020). There is a
pressing need to improve aviation safety by providing
coherence training to increase pilots’ resilience to
manage the impacts of a pandemic. This research is to
evaluate the effectiveness of the QCT training on mod-
erating pilots’ psychophysiological coherence, per-
ceived stress, and wellness during the impacts of the
COVID-19 pandemic.

3. Method

3.1. Participants

Eighteen commercial pilots who are working for an
international airline volunteered to participate in this
research. The participants’ ages ranged from 30 to
58 years old (M¼ 45.1, SD¼ 7.5) with different aircraft
type ratings and flight hours (M¼ 11,597.2,
SD¼ 5496.8). Participants’ service years are between
3 years and 26 years (M¼ 14.7, SD¼ 7.8). The research
ethical approval was granted in advance of the
research taking place. All participants were informed
that this research is evaluating the effectiveness of
quick coherence technique (QCT) on stress and fatigue
risk management in flight operations as related to the
impacts of the Covid 19 pandemic. Participants were
guaranteed their right to withdraw from this research
at any stage and provided their signed consent form.
All collected data is managed in accordance with the
United Kingdom Ethical Code and the General Data
Protection Regulation (GDPR).

3.2. Apparatus and materials

3.2.1. Inner balance
The Inner Balance Bluetooth sensor and Inner Balance
App are developed by HeartMath (Figure 1). It is a
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mobile Bluetooth device to measure psychophysio-
logical coherence which indicates how physical and
mental states are affected by the automatic nervous
system (ANS) including both the sympathetic and
para-sympathetic systems. It can be easily connected
with personal mobile devices (using android or iOS)
for training purposes. Furthermore, it provides add-
itional information on start and end times of practice,
average coherence and cumulative achievement
scores are also available on the HeartCloud apps
(right-hand side on Figure 1). Visual feedback on
coherence states comprises of red (low), blue
(medium) and green (high) coloured bars with per-
centage indicators summed up to 100%. This study
uses high percentage (green) as the coherence indica-
tor for data analysis. A coherent heart rhythm is a sta-
ble regular repeating rhythm resembling a sine wave
at a single frequency between 0.04 and 0.24 hz. The
scoring algorithm updates the coherence score and
achievement score at five second intervals. The
achievement score is the sum of all individual low,
medium and high coherence scores (HeartMath 2014).

3.2.2. Perceived stress scale (PSS)
Perceived Stress Scale (PSS) is a self-reported subject-
ive questionnaire which was developed to measure
the degree that ten scenarios in an individual’s life are
considered as stressful (Cohen, Kamarck, and
Mermelstein 1983). The PSS has become one of the
most widely used psychological instruments for

measuring perceived stress. It has been used in stud-
ies assessing the stressfulness of situations and the
effectiveness of stress-reducing interventions (Lee
2012; Or�o et al. 2021). The PSS consisted of ten items
evaluating the degree to which individuals believe
their life has been unpredictable, uncontrollable, and
overloaded during the previous month. The PSS-10
also includes a number of direct queries about current
levels of experienced stress. The assessed items are
general in nature rather than focussing on specific
events or experiences. Therefore, it can be used to
assess both long-term and short-term situations in
one’s life which are considered stressful (Bastianon
et al. 2020).

3.2.3. Ardell wellness self-assessment
Ardell Wellness Self-Assessment (AWSA) is often
applied to diagnose participants’ state of wellness and
stress index using a seven-point Likert scale (from þ3
to � 3) that measures individual wellbeing. Ardell
Wellness test consists of 25 questions incorporating
physical, mental, emotional, and social aspects of
health which offer a balanced assessment of varied
stress sources. Where the higher the total score, the
higher the happiness of that participant, and vice
versa (Ardell 1983). The AWST scale is used to collect
data on the subjective well-being of pilots during the
furlough related to covid-19.

3.3. Training syllabus

QCT training took 2 days, and the training syllabus
consisted of introducing the theoretical framework of
psychophysiological coherence and resilience, practic-
ing the QCT breathing technique, demonstration and
exercising of breathing techniques, and Automatic
Nervous System, Energy depletion and renewal exer-
cise, and applying QCT to optimise effective communi-
cation and interpersonal relationships based on the
HeartMath QCT training syllabus. Two licenced
Resilience Instructors and Coherence Advantage
Instructors from HeartMath UK delivered the training.
The application of Inner Balance together with QCT is
aimed to boost participants’ psychophysiological state
via simple and effective breathing techniques. There
are two steps to QCT including step-1 heart-focussed
breathing and step-2 activation of a positive feeling
which can integrate with the freeze frame. The Inner
Balance device facilitates participants’ practicing QCT
by providing visual signs reflecting heart rhythms and
recharging energy based on moment-to-moment
changes in heart rate via a personal mobile device.

Figure 1. The Inner Balance device is a state of the art, ultra-
low Bluetooth device with 125 hz sample rate measuring HRV
parameters to optimise accurate HRV and QCT training.
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3.4. Research procedures

Participants voluntarily attended this 2-day psycho-
physiological coherence training program following noti-
fication of the study on the airline’s internal notification
system. There was neither an incentive nor a financial
allowance for individuals participating in this research.
All participants went through the same procedures as
follows, (1) briefing the research objectives and 2-day
training syllabus; (2) participants provide their signed
consent form with agreed data management plan; (3)
participants conduct pre-training subjective assessments
on AWSA and PSS; (4) participants provide pre-training
HRV as baseline for 5min using Inner Balance connected
to his/her personal device (Android or iOS); (5) partici-
pants attend 2-day coherence training on practicing QCT
and stress management; (6) participants performed their
post-training assessments using AWSA, PSS and Inner
Balance for psychophysiological coherence once training
is completed. Furthermore, participants were encour-
aged to practice QCT for 5-min sessions as often as they
could either off-duty or on-duty in the flight deck. While
pilots are in the flight deck, they must comply with the
airline’s controlled rest policies at all times while using
inner balance to collect baseline data, then practice QCT
for 5min. If this is not possible or is interrupted by an
emergency event this, the safety of the flight takes prior-
ity; (7) Debriefing and response to participants’ com-
ments; (8) participants were informed that the subjective
assessments on both AWSA and PSS will be forwarded to
them 2 months later to trace the QCT training effects. All
participants were advised to forward their experiences
and comments on practicing QCT to the principal
researcher on a weekly basis. All participants’ coherence
data was stored on the HeartCloud which can only be
accessed by the project leader using encrypted user-
name and passwords to follow GDPR requirements.

4. Results

4.1. Sample characteristics

One-way repeated measure ANOVA is applied to
investigate QCT training effects on pilots’ AWSA and
PSS levels among pre-training, post-training and after

2-months of practicing. The correlations between
pilots practicing QCT sessions with AWSA and PSS
were analysed by Pearson’s correlation coefficient.
There was no outlier observed by boxplots. The
assumption of normality is verified by Q-Q plots and
the homogeneity of covariance assumption was veri-
fied by Mauchly’s test (p > .05). The post-hoc pairwise
comparisons were accomplished by Bonferroni, and
effect sizes of samples were quantified by partial eta
square (g2

p). The descriptive statistics are shown as
Table 1. Furthermore, two-way ANOVA is applied to
examine pilots’ psychophysiological coherence
between QCT training effects (baseline vs practicing
QCT) and flight duty (on-duty vs off-duty) for QCT
training effects in flight operations. The descriptive
statistics are shown as Table 2.

4.2. Qct training moderating pilots’
psychophysiological resilience

The two-way ANOVA results indicated a significant
interaction on pilots’ psychophysiological state
between frequencies on practicing QCT and flight
duty, F (1, 3285) ¼ 6.46, p ¼ .011, g2

p ¼ 0.002 (Figure
2). Therefore, ‘H1: there is a significant interaction on
pilots’ psychophysiological state between practicing
QCT and flight duty’ is supported. Furthermore, simple
main effect analysis on pilots ‘practicing QCT’ within
each group on ‘flight duty’ showed that the psycho-
physiological state on practicing QCT is significantly
higher than baseline on both off-duty and on-duty (p
< .001). Another simple main effect analysis on pilots’
‘flight duty’ within each group on ‘practicing QCT’
revealed that pilots’ baseline psychophysiological state

Table 1. Means and standard deviations of pilot’s AWSA and PSS scores among three stages of
QCT training.

Session N Mean SD

Ardell Wellness Self-Assessment score (AWSA) Pre-training 18 18.7 14.8
Post-training 18 27.9 11.1
Two-months practice 18 25.6 15.6

Perceived Stress Scale score (PSS) Pre-training 18 19.3 6.4
Post-training 18 10.8 4.4
Two-months practice 18 14.8 5.5

Table 2. Means and standard deviations of recorded sessions
(N) of all participated pilots’ psychophysiological state
between baseline and practicing QCT while off-duty (daily
life) and on-duty (flight operations) for 2-months practice.

Flight duty Practice session N Mean SD

Percentage of
high coherence

Off-duty Baseline 1535 35.28 23.50
QCT 1529 81.14 23.20

On-duty Baseline 118 43.38 22.14
QCT 107 81.07 22.36

6 W.-C. LI ET AL.



while off-duty is significantly lower than on-duty (p <
.001). Moreover, a significant main effect was found
on the factor ‘practicing QCT’, F (1, 3285) ¼ 673.62, p
< .001, g2

p ¼ 0.170. There is also a significant main
effect on ‘flight duty’ on pilots’ psychophysiological
state, F (1, 3285) ¼ 6.22, p ¼ .013, g2

p ¼ 0.002. The
details of two-way ANOVA are shown as (Figure 3 and
Table 3).

4.3. QCT training effects

The results of one-way repeated measures ANOVA
indicated that there is a significant improvement on
pilots’ wellness scores among three stages on QCT
training, F (2, 34) ¼ 5.12, p ¼ .011, g2

p ¼ 0.23.
Furthermore, post-hoc pairwise Bonferroni comparison
revealed that the post-training wellness score is signifi-
cantly higher than pre-training (p ¼ .007) and 2-
month practice (Table 1 and Figure 2). Therefore, ‘H2:

there is a significant improvement on pilots’ wellness
score based on QCT training’ is supported. Also, there
is a significant decline on pilots perceived stress levels
among three stages on QCT training, F (2, 34) ¼ 23.07,
p < .001, g2

p ¼ 0.58. Furthermore, post-hoc pairwise
Bonferroni comparison revealed that pilots’ stress level
is the lowest on post-training, followed by 2-month
practice and pre-training is the highest (p ¼ .021)
(Table 1 and Figure 2). Therefore, ‘H3: there is a signifi-
cant decrease on pilots’ perceived stress based on
QCT training’ is supported.

4.4. Correlation on practicing QCT sessions
and resilience

Pilots’ self-regulation of practicing QCT for 2 months
varied from 19 to 376 sessions (M¼ 192.1, SD¼ 114.0).
Pearson’s correlation analysis is applied to examine
the association between the frequencies of practicing

Figure 2. The differences of AWSA and PSS scores among three different stages on QCT pre-training, post-training and 2-month
self-regulated practicing.

Figure 3. The interaction effect of self-regulated practicing QCT and flight duty on pilots’ psychophysiological coherence.
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QCT with PSS and AWSA scores. The frequencies of
practicing QCT shown negatively correlated with the
PSS score after 2-month trials, r¼ � .48, p ¼ .045.
Therefore, ‘H4: there is a significant correlation
between frequency of practicing QCT and stress level’
is supported. Pilots who conducted more sessions of
practicing QCT are associated with lower stress levels.
However, there is no significant correlation between
practicing QCT sessions and pilots’ AWSA scores (r ¼
.13, p ¼ .622). Therefore, ‘H5: there is a significant cor-
relation between frequency on practicing QCT with
wellness’ is not supported. The frequencies of practic-
ing QCT have no association with pilots’ wellness for
2-month trials.

5. Discussion

Pilots have suffered from the impact of the Covid-19
pandemic in many ways (Olaganathan and Amihan
2021). This unprecedented challenge and disruption
led to a range of negative stressors for pilots including
uncertainty of employment and high risk of infection.
The forecasts for air transportation recovery also
increased pilots’ stress as global flight restrictions
were foreseen to run through the post-pandemic
(Miani et al. 2021). Suffering from prolonged furlough,
pilots appreciated the opportunity to return to the
flight deck again. However, the lack of recency in
practicing operational procedures and operating auto-
mation systems resulted in pilots suffering from skill
fade which induced high stress level and associated
with incidents (EASA 2021). The effectiveness of QCT
in the flight deck (on-duty) and day-to-day life (off-
duty) were evaluated and discussed in relation to the
hypotheses in current research.

5.1. Qct biofeedback training increasing
pilots’ resilience

The research finding confirms H1: ‘there is a significant
interaction on pilots’ psychophysiological state
between practicing QCT and flight duty’ is supported.

The main effects of ‘practicing QCT’ showed that
pilots’ coherence significantly increased from 35.86%
to 81.38% after practicing QCT. The simple main effect
of ‘flight duty’ demonstrated that pilots’ coherence
between off-duty and on-duty are different, however
practicing QCT increased pilots’ coherence to an equal
level (81.14% off-duty vs 81.07% on-duty) without stat-
istical significance (p ¼ .974), which indicated the
effectiveness of QCT in improving pilots’ coherence on
both day-to-day life and in the flight deck (Table 2).
This finding is consistent with previous research which
proposed QCT training significantly improved air traffic
controllers’ fatigue resilience and perceived workload
related to rotating shift works (Li, Zhang, and Kearney
2022). In this study, pilots practiced QCT sessions dur-
ing the controlled rest in flight deck, which is an
effective strategy of taking breaks at work to help
pilots re-charge their mental and physical resources
during long-haul flights (Caldwell 2005), such as 12 h
from London to Hong Kong. The results also support
H2: ‘there is a significant improvement on pilots’ well-
ness score based on QCT training’ which may reflect
the effectiveness on QCT training integrated with posi-
tive psychology and HRV biofeedback breathing tech-
niques. The pandemic lockdown caused social
isolation, economic stresses and more complicated
protection procedures during flight operations which
may induce negative impacts on pilots’ mental and
physical health. QCT can increase pilots’ coherence
which is able to improve pilots’ wellness and mitigate
pilots’ stress levels related to day-to-day life and
flight duty.

The COVID-19 pandemic imposed restrictions on
flight operations and created additional stressors that
may reduce pilots’ capacity and proficiency to perform
their tasks as effectively as would be usual in the
flight deck (CAA 2020). The benefits of practicing QCT
are reported from pilots based on their experiences
both on-duty and off-duty within 2 months of QCT tri-
als. In the same vein, H3: ‘there is a significant
decrease on pilots’ perceived stress based on QCT
training’ is supported. Practicing QCT can lead to

Table 3. Two-way ANOVA interactions, simple main effects, and main effects on pilots’ psychophysiological coherence between
practicing QCT and flight duty.
2 � 2 two-way ANOVA df Effect df Error F p gp

2

Percentage of high coherence Interaction effect ‘practicing QCT � flight duty’ 1 3285 6.46 .011 0.002
Simple main effects ‘practicing QCT’ within
Off-duty 1 3285 2973.88 .000 0.475
On-duty 1 3285 147.08 .000 0.043
Simple main effects ‘flight duty’ within
Baseline 1 3285 13.28 .000 0.004
QCT 1 3285 0.001 .974 0.000
Main effect ‘practicing QCT’ 1 3285 673.61 .000 0.170
Main effect ‘flight duty’ 1 3285 6.22 .013 0.002
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increased individual emotional calmness and wellness
and reduce perceived stress (Table 1). Pilots were
impressed that the simple biofeedback could have
such astonishing power with positive impact on their
performance in the flight deck and day-to-day life.
QCT were reported by pilots in relation to increased
resilience to stress situations (annual licence revalid-
ation) and significant improvement on task perform-
ance (simulator check and flight operations) and
physical functions (COVID-19 jabs recovery and blood
pressure back to normal) (detailed information see
Table 4). Pilots also mentioned that the QCT biofeed-
back could effectively promote fatigue recovery and
stress management during the controlled rest in the
flight deck. The objective data analysis and pilots’ sub-
jective feedback support the contention that practic-
ing QCT biofeedback can significantly improve mental
resilience and enhance ‘good mood’ while on duty in
the flight deck and in everyday life (Tables 1–4).

5.2. Practicing more QCT sessions associated with
better resilience

According to results on Pearson correlation analysis,
H4: ‘there is a significant correlation between fre-
quency on practicing QCT and pilots’ stress level’ is
confirmed. Pilots who self-regulated by practicing
more QCT sessions are associated with lower level of
perceived stress after the 2-month trials, which is asso-
ciated with the research by Field et al. (2018) indicat-
ing that the biofeedback intervention can benefit both
psychophysiological coherence and self-regulation by
improving the awareness of practice effects. This find-
ing also supports that pilots’ habit behaviours are crit-
ical to strengthening their learning from the 2-day
training. The effective QCT biofeedback training must

be regularly practiced achieving effective stress man-
agement in both everyday life and flight duty. In the
process of habitual behaviour formation, the effective-
ness and strength of habitual behaviours have strong
positive correlations with higher frequency and longer
duration of self-regulated practice (Gardner, de Bruijn,
and Lally 2011; Rebar et al. 2016). Pilots also shared
their experience of practicing QCT with the following
benefits ‘lower blood pressure on annual medical
check, relief of headache after COVID-19 jab, calmness,
good sleep, simple technique with science backing’.
The phenomenon of self-regulated QCT practice allows
pilots to moderate their physiological and psycho-
logical wellness, which positively influenced on cogni-
tive processes, emotional stability and stress resilience
to improve the quality and accuracy of in-flight deci-
sion-making and critical operational manoeuvres in
emergency scenarios (Winne and Jamieson-Noel 2002).
Increasing coherence will also assist pilots in adapting
to stress scenarios and maintaining mental and phys-
ical equilibrium while facing challenging situations
and adversity. Previous research also indicated that
the self-regulation on continuous practicing a task
leads to improved skill level and reduced cognitive
workload while performing complex tasks (Haith and
Krakauer 2018; Slimani et al. 2016).

The results on Pearson correlation analysis did not
support H5: ‘there is a significant correlation between
frequency on practicing QCT and pilots’ wellness score’,
although abundance of practice is necessary to gener-
ate proficiency and automaticity of specific actions (Fisk
and Schneider 1983; Dolan and Dayan 2013). This find-
ing is inconsistent with previous research on practicing
more biofeedback technique associated with better
psychological wellness (Kruskal et al. 2019). There are
several factors which may have influenced this finding

Table 4. Summaries on pilots’ experiences shared while practicing QCT both on controlled reset in the flight deck and day-to-
day life.
Practicing QCT related to flight operations Practicing QCT related to day-to-day life

I definitely felt less stressed after practicing QCT in the flight deck
It was not always practical practicing QCT in the flight deck, although I

am happy to say that my anecdotal experience is that I am feeling
more focussed and less fatigued

Interesting to feel I’ve had a noticeable more chilled attitude towards
both my annual simulator check.

After practice QCT on control rest, I felt much better and no need for
more controlled rest. Usually I would take more rest.

One significant observation is that I had my annual medical check for my
licence and my blood pressure was as low as it has ever been! Maybe
the QCT breathing has helped.

I’ve practiced QCT around my annual 2-day licence revalidation in the
simulator. I’m not sure if it is of any interest however as it was my
highest scored ever perhaps QCT played a part on my performance.

I found it very useful on a personal and professional level. More and
more sessions I am feeling a calmness.
This was the day after COVID jab 2. I felt awful with a headache. After
practicing QCT I felt much more alive and the headache almost
completely went.

I appreciated the science backing what is essentially a seemingly simple
principle.

Having practiced breathing and meditation techniques before, it was
interesting to discover there is science behind the techniques that
proves the resilience.

Starting to feel the change already I’m feeling a greater sense of calm
from each QCT session, quite addictive.

Slept without interruption for 9 hours very unusual for me, practiced QCT
before bed.

More useful actually has been towards the normal family/kids challenges
that come our way.

It’s been invaluable to see the way the QCT can change mental/physical
health just by positive thought and breathing.
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including the small sample size, individual difference of
motivation, and the inherent differences in the psycho-
physical characteristics between perceived stress level
(H4) and wellness (H5). Wellness is a holistic perspective
integrating a standard of both psychological and phys-
ical characteristics including five key elements: self-
responsibility, nutritional awareness, physical fitness,
stress awareness and management, and environmental
sensitivity (Ardell 1983). Comparing with PSS, AWSA
contains border range of concepts of physical, emo-
tional, and spiritual well-being. The moderation of per-
ceived stress tends to be associated with the stress
management and emotion regulation skills, while facili-
tating wellness involved incorporating all five dimen-
sions which are more challenging to validate.
Therefore, the promotion of wellness is more compli-
cated and more vulnerable to individual differences,
which led to the difficulty of getting significant associ-
ation between practice QCT sessions and wellness on
the small-size samples of 18 commercial pilots.

It is important to note that the regular practicing of
a biofeedback technique learned from the training syl-
labus is to strengthen behaviour by automatic enacted
support and is insusceptible to context changes (Nilsen
et al. 2012). With some behaviours, one practice is suffi-
cient to gain desired health outcomes, such as a single
vaccination may yield immunity to virus; but practicing
one mindfulness session will not achieve the same
health benefits as regular activity over a prolonged
period of practice (Gardner and Rebar 2019). Therefore,
the self-regulated practice on QCT at a regular fre-
quency and over a prolonged period will gradually
form a habitual behaviour that can facilitate pilots’ per-
formance to respond rapidly and appropriately with
less cognitive workload and mental stress. Therefore,
long-term QCT practice can effectively moderate pilots’
perceived stress and negative emotions during events
such as the COVID-19 pandemic, promoting psycho-
logical coherence and mental/physical health. Pilots’
mental and physical issues have significant capacity to
impact aviation safety which may have deteriorated
after the Covid-19 pandemic (Marin et al. 2011; CAA
2020). Therefore, encouraging pilots to practice self-
regulated QCT regularly will not only improve their
coherence and mental/physical health, but also
enhance their performance and aviation safety for long-
standing effect.

5.3. Limitations and future works

This empirical study demonstrated a biofeedback QCT
intervention can increase commercial pilots’ coherence

and stress resilience. However, there are a few con-
straints and more potential applications identified
with this research. Firstly, only 18 pilots’ subjective
data has been collected among QCT pre-training,
post-training and 2-month later post-training on both
AWSA and PSS levels. Such a small sample size may
decrease statistical power and skew the results. It will
be better when further data has been collected with
future research. Secondly, there are only 225 QCT
datasets collected while pilots were on-duty in the
flight deck compared with 3064 QCT data collected
while pilots were off-duty. Nevertheless those 225 ses-
sions of QCT data are extremely valuable for empirical
research and very difficult to collect due to the limita-
tions on the environment of flight operations and air-
line safety regulations. There are some invalidated
data due to emergency situations on the flight deck
which pilots interrupted the QCT sessions for oper-
ational safety reasons. The authors would like to con-
duct further research to accumulate more validated
data in the flight deck in the future. Thirdly, there are
individual differences on self-regulation which may be
a confounding variable to the psychophysiological
coherence. Finally, the collection of pilots’ coherence
data in the flight deck was only available on long-haul
flights which had a ‘controlled-rest’ policy allowing
pilots to practice QCT while discharged from flight
duty. On the other hand, the subjective data on pilots’
AWSA and PSS were able to collect from both long-
haul and short-haul flights. The differences on the
operational characteristics between long-haul and
short-haul flights may be associated with different
stress levels and mental and physical demands which
will have to be investigated in a future study.

6. Conclusions

The COVID-19 pandemic induced medical risks to
commercial pilots including mental and physical
health issues. Furthermore, the social, economic,
employment, emotional and personal relationship
challenges are presented as threats affecting pilots’
emotional stability and wellbeing. This research
applies QCT biofeedback as an intervention to increase
pilots’ resilience and mitigate COVID-19 negative
impacts during flight operations. Empirical data col-
lected on both pilots’ everyday life (off-duty) and in
the flight deck (on-duty) demonstrated that biofeed-
back training can effectively improve pilots’ psycho-
physiological coherence and reduce stress levels if pilots
maintain a regular practice of QCT. Self-regulation of
practicing QCT biofeedback was found to be
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significantly associated with higher coherence and lower
perceived stress level for commercial pilots following 2
months practice which can strengthen training effects.
In summary, a short session of practicing QCT for five
minutes during controlled rest breaks in the flight deck
can significantly increase pilots’ psychophysiological
coherence by improving cognitive function and stress
resilience. Furthermore, regular practice of QCT has
long-standing benefits in boosting pilot’s resilience and
stress management capacity during flight operations or
off-duty. QCT biofeedback can be an effective interven-
tion for aviation authorities and airline operators to
develop peer support programs for pilots to increase
resilience and maintain mental and physical health.
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