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Abstract

literature search across databases such as Medline and
specific keywords to target a wide array of studie

ia were stringent,
esigns like randomized
o mindfulness or mental

The initial literature search identified ol of M3 articles, with subsequent screening
le and abstract. The remaining 54 articles
underwent a more rigorous
five studies were selected fi

widely, incorporating mixed approaches, Cognitive Behavioral
d mindfulness-based techniques. The analysis uncovered positive
these™Interventions. Specifically, mixed interventions demonstrated a
fean Difference (SMD) of 0.54, CBT-based interventions showed an SMD of

nd CBT-based interventions (SMD: 0.73), albeit with notable heterogeneity.

conclusion, this meta-analysis highlights the affirmative influence of resilience
interventions on pilots’ cognitive performance and stress management. The diverse
approaches and sustained effects underscore the potential advantages of integrating
mindfulness and mental resilience training into pilot training programs. Sensitivity
analyses, along with an acknowledgment of potential biases, augment confidence in the
findings, offering valuable insights to the realms of aviation and mental resilience research.
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Introduction

The aviation industry is characterized by a
complex and dynamic environment, placing
extraordinary demands on pilots to maintain
peak cognitive performance while effectively
managing stressors inherent in their profession

[1]. The confluence of these factors necessitates a
comprehensive understanding of interventions that
can enhance both cognitive capabilities and stress
management skills among pilots [2]. Mindfulness
and mental resilience training have emerged as
potential strategies to address these challenges,
offering a holistic approach to optimizing the
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psychological well-being and performance of
aviation professionals [3].

Background

Pilots operate in an environment where split-
second decision-making, vigilant attention and
precise execution are imperative for ensuring
safety [4]. The cognitive demands of the cockpit,
coupled with the ever-present stressors such as
time pressure, unpredictable weather conditions,
and the responsibility for the lives of passengers,
make aviation a unique and challenging profession
[5]. The recognition of the human factor as a
crucial component in aviation incidents has
prompted a growing interest in interventions
aimed at improving pilots’ mental resilience and
cognitive capacities [6].

Cognitive performance in aviation

Cognitive performance is a multifaceted const
encompassing attention, memory, decg
making, and executive functions [7].Int
context, the ability to maintain opti
performance is directly linked t
efficiency and, more impo

-being of pilots but also has implications for
their cognitive functioning [10]. Effective stress
management is, therefore, a crucial aspect of pilot
training and performance. It is in this context that
interventions focusing on mindfulness and mental
resilience become particularly relevant.

Mindfulness and mental resilience training

Mindfulness, rooted in ancient contemplative
practices, involves cultivating a non-judgmental
awareness of present experiences [11]. In recent
years, mindfulness has been adapted and integrated
into various therapeutic and performance-
enhancement contexts. Mental resilience, on the
other hand, refers to the ability to adapt and bounce
back from adversity, a quality particularly relevant
in high-stakes professions such as aviation [12].

Mindfulness and mental resilience training are
not one-time endeavors. Continuous professional
development opportunities are provided to pilots,
allowing them to reinforce and expand upon the
skills acquired during initial training [13].

The application of mindfulness and Thenta
resilience training in aviation is gro a0 the

regulation, and enhance adapt&ilityg ace
of stressors [14]. The ial S

dual studies have examined the
indfulness and mental resilience
on pilots, a comprehensive synthesis of
ing literature is essential for several reasons
[16]. Firstly, the diverse nature of interventions
and outcome measures employed across studies
necessitates a systematic analysis to draw
meaningful conclusions. Secondly, a meta-analysis
allows for the quantification of the overall effect
size, providing a more robust understanding of the
interventions impact [17]. Lastly, by identifying
potential moderators and sources of heterogeneity,
this meta-analysis seeks to inform future research
directions and guide the integration of mindfulness
and mental resilience training into pilot training
programs [18].

In light of these considerations, this meta-
analysis aims to contribute to the burgeoning
field of aviation psychology by synthesizing
the existing evidence on the effectiveness of
mindfulness and mental resilience training for
pilots. The subsequent sections of this manuscript
will delve into the methodological approach,
results, and implications of the analysis, offering
a comprehensive exploration of the potential
benefits of these interventions in enhancing both
cognitive performance and stress management
within the aviation context.

Materials and Methods

Literature search

This descriptive and cross-sectional study was
conducted between May 16 and November 3,
2022 in Kirkuk, Iraq.
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A systematic and comprehensive literature
search was conducted to identify relevant studies
investigating the impact of mindfulness and
mental resilience training on pilots’ cognitive
performance and stress management. The primary
objective was to ensure the inclusion of all
pertinent research and to minimize the risk of bias
in study selection.

Search strategy

The search strategy was devised to capture a broad
spectrum of literature while maintaining specificity
to the research question. Electronic databases
including Medline, PsycINFO, EMBASE, WHO
clinical trials, and Google Scholar were queried
using a combination of keywords and controlled
vocabulary terms. The following key terms and
their variations were utilized: “mindfulness,”
“mental  resilience,”  “pilots,”  “cognitive
performance,” and “stress management.”

Boolean operators were employed to refine sea
queries, ensuring a balance between sensj

were used where applicable to capt
in terminology. The search strategy|
to fit the syntax and indexin
database, enhancing the com
search (Figure 1).

Training (Mindf

Self-Awareness
tindfulness Trait)

Measures of Emotional and

Mindfulness States of the SR pre

and postthe interaction with the
sP

Influence ofthe dyadic
interaction on SR

el of interpersonal mindfulness. Note:
Support Provider (SP); Support Receiver (SR);
Self-Awareness, Regulation and Transcendence
(S-ART).

Inclusion criteria

Studies were included in the literature search if
they met the following criteria:

e Published in peer-reviewed journals.
e Written in English.

* Investigated mindfulness or mental resilience
training interventions for pilots.

* Included measures of cognitive performance
and stress management.

o Utilized study designs such as Randomized
Controlled Trials (RCTs), quasi-experimental
designs, or longitudinal studies.

These criteria were established to ensure the in
of high-quality, relevant studies thatgarovided
rigorous insights into the impact of my
mental resilience training on the targ;

Exclusion criteria

Studies were excluded if

*  Were confere abstract® dissertations, or

. acked outcome measures related to cognitive
performance or stress management.

*  Were not published in peer-reviewed journals.

The exclusion criteria were implemented to
maintain the quality and relevance of the included
studies, aligning with the objective of this meta-
analysis.

Date range

The literature search encompassed studies
published from the inception of the databases
until the present date. This broad timeframe was
selected to capture the evolution of research in the
field and to ensure the inclusion of both seminal
and recent studies.

Search outcome

The initial literature search yielded a substantial
number of articles meeting the predefined
criteria. Duplicate records were identified and
removed using reference management software to
streamline the screening process. The remaining
records underwent a two-step screening process,
first by title and abstract and subsequently by full-
text review, ensuring adherence to the inclusion
and exclusion criteria.

Statistical analysis

The statistical analysis employed a Random-



Mindfulness and Mental Resilience Training for Pilots: Enhancing Cognitive Performance and Stress Management ASEAN
Journal of Psychiatry, Vol. 25 (2) February, 2024; 1-10.

Effects Model (REM) to synthesize the diverse »  Xi represents the effect size estimate for each
findings across the selected studies in this study.

meta-analysis, titled “Mindfulness and Mental

Resilience Training for Pilots: Enhancing In the REM equation, the weights assigned tg
Cognitive Performance and Stress Management”. each study reflect the precision or reliabilg
Recognizing the inherent variability in of the effect size estimate. Studies with
interventions, participant characteristics, and sample sizes or smaller variances arg i
study methodologies, the REM was chosen for given higher weights. The R

its ability to account for both within-study and provides a weighted average of t S,
between-study heterogeneity [19]. This modelling taking into account both Qth d

approach provided a more conservative estimate between-study variabili
of the overall effect size, acknowledging potential
differences in true effects across studies [20]. The
use of REM enhances the generalizability of the
findings, accommodating the diverse landscape of
mindfulness and mental resilience interventions
within the aviation context and contributing to s, as illustrated in Figure 2.
a robust understanding of their impact on pilots’ iew across various sources,
cognitive performance and stress management. i in the methods, resulted in the

_ on of 209 articles. The initial
ening involved the assessment of 123

The equation is as follows: _
W x X,
REM =———+ . .
=W, arti€les based on their title and abstracts.
Where: Subsequently, 54 articles underwent a thorough

full-text screening process. Within this subset,
e REM represents the overall ect si 11 articles were derived from meta-analyses,

estimate. and an additional 19 articles were scrutinized
for their quality, particularly focusing on clinical
« XWi represents su the” weights trials (Figure 2).
assigned to ¢

T~ \ //__/__ -

[
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j
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-

Figure 2. Flow diagram of data screening.

Results and Discussion
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rature search yielded
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Out of the initially identified 123 articles, 77 were Various measures of resilience were employed
excluded from the study during the screening in the included studies, such as the Connors
process. Furthermore, from the 54 articles subjected Davidson Resilience Scale (25-item and 10-
to full-text screening, 41 were excluded from item versions), the Resilience Scale (RS), the
the study, while 5 were selected from the World Dispositional Resilience Scale (DRS), and ¢
Health Organization’s clinical trials database. Response to Stressful Experiences Scale (
Notably, 11 articles originating from meta- The resilience training programs exhibite
analyses were retained for further examination significant diversity in their apprg ith
and discussion. In the quality assessment phase, 4 the majority incorporating a bley 0-
articles were excluded due to insufficient quality. education, mindfulness, coggitive If-
This comprehensive process underscores our compassion skills, gratitude pragticSgucmog®¥nal
commitment to rigorously evaluate and include regulation training, r i , and
relevant studies in our analysis, ensuring a robust goal setting (Table 1).

foundation for the ensuing discussions.

Table 1. Subgroup analysis: Overview of interventions and incl

Treatment modalities Quality assessment Citation
employed overview
Mindfulness-based Equitable (Xiong, Prasath, Zhang,
Jeon, and Development,
2022)
(Interian et al., 2023)
Treatment =41
reatment group (n=41) 1 ) Al 2002)
Control group (n=46) (Zhang et al., 2023)
Cognitive Behayi Equitable No. of studies=5 (Vujanovic, Lebeaut,
Therapy ( Zegel, and Buser, 2022)
Aggregate sample
Superb composition: Treatment | (Vujanovic et al., 2022)
Equitable group (n=153) (Lwi et al., 2023)
Equitable Control group (n=177) | (Wisman, Emmelkamp,
Dekker, and Christ,
2023)
Superb (Weaver et al., 2022)
Mixed Equitable No. of studies=8 (af Winklerfelt
Hammarberg et al., 2023)
Aggregate sample
Equitable composition: Treatment | (Zainal, Hellberg, Kabel,
group (n=201) Hotchkin, and Baker,
2023)
Control group (n=192)
Superb (Horczak et al., 2023)
Equitable (Jabri et al., 2023)
Equitable (Bichler et al., 2022)
Equitable (Kelman et al., 2018)
Equitable (Morrison et al., 2018)
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The interventions described in 8 of the studies were positive effect of CBT-based resilience interventions
characterized by mixed approaches, combining compared to control groups.

mindfulness and Cognitive Behavioral Therapy

(CBT). 5 studies exclusively utilized CBT- Effects of resilience interventions incorporatin
based interventions, while three focused solely mindfulness

on mindfulness-based techniques. The training
hours for these interventions varied widely,
ranging from a single 2-hour session to 28 hours
distributed over multiple sessions. Notably, 80%
of the interventions were administered through
face-to-face training across multiple sessions.

Analysing the impact of resilience intervention
programs versus control conditions

The effects of resilience intervention programs
in comparison to control conditions illustrate the
Standardized Mean Differences (SMDs) in resilience
levels upon completion of training. The mean effect
size, determined using the Random Effects Model
(REM) for the 11 studies encompassed in the me
analysis, is presented. While only six of
studies reported statistically significant ts of
the interventions, the estimated SMD4ttween the
intervention and control groups was
0.19 to 0.59), indicating a mogderate

6-month follow-up assessment,
ed results, with three focusing
ess-based interventions and two
¢ Behavioral Therapy (CBT)-based

rventions. To assess the enduring effects of
ea® intervention type, two separate subgroup
analyses were conducted.

For  mindfulness-based interventions, the
Standardized Mean Difference (SMD) between
the intervention and control groups was 0.63
A moderate level ofg (95% CI 0.29 to 0.92), mirroring the effect size
observed immediately after training. In the case
@. : of CBT-based interventions, the SMD between

i the intervention and control groups was 0.73

ate (0.49, 95% CI 0.20 to (9.5% C'I —0.03' to 1.61). It’s important to gote that
this estimate is based on only two studies, and
there was a notable level of heterogeneity (94%,

e impact of blended interventions p=0.04).

Publication bias

reviously mentioned, eight studies within our
analysis explored resilience interventions classified
as ‘Mixed,’ integrating both mindfulness and CBT
skills. Among these, six studies supplied adequate
data for subgroup analysis. The Standardized Mean
Difference (SMD) between mixed interventions

and control groups was 0.54 (95% C1 0.15 to 0.88), were performed to explore the impact of potential
signifying a moderate effect unpublished studies on the overall findings,

with results indicating robustness in the face of
Effects of resilience interventions utilizing potential bias.
Cognitive Behavioral Therapy (CBT)

Publication bias was assessed using funnel
plots and statistical tests. While asymmetry was
observed in the funnel plots, indicating potential
publication bias, statistical tests suggested a
moderate likelihood of bias. Sensitivity analyses

The study’s foundation lies in a thorough and

In the analysis, six studies offered adequate comprehensive literature search that resulted in the
data for a subgroup examination focused on the inclusion of 209 articles. This meticulous selection
effects of Cognitive Behavioral Therapy (CBT)- process involved multiple stages, including the
based resilience interventions. The findings are initial assessment of 123 articles based on titles
showcasing a Standardized Mean Difference (SMD) and al?stracts, fo%lowed by a d§tailed full—te?xt
0f 0.29 (95% CI 0.04 to 0.61). This indicates a small screening of 54 articles. The commitment to quality
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was evident through the exclusion of 77 articles based interventions, the results showed a positive
during the initial screening and a further 41 during moderate effect with an SMD of 0.43. This
the full-text review. The final selection, guided by reinforced the potential of mindfulness strategies
the amalgamation of data from various sources in fostering resilience [25].

and rigorous quality assessments, underscores the

commitment to methodological precision. The examination of the long-term effect

6-month follow-up revealed sustained
The included studies demonstrated a wide array
of resilience measures, showcasing the richness
and diversity of the research landscape. The use
of various scales, such as the Connors Davidson
Resilience Scale (CDRS) and the Resilience
Scale (RS), allowed for a nuanced exploration of
resilience outcomes [21]. The resilience training
programs themselves exhibited significant
diversity, combining psycho-education,
mindfulness, cognitive skills, self-compassion ings even in the face of
skills, gratitude practices, emotional regulation areful consideration strengthens
training, relaxation techniques, and goal setting thoverall colfidence in the reported results.

[22]. arch directions
An intriguing aspect of the interventions w

. . . L Wh¥e this meta-analysis contributes valuable
incorporation of mixed approaches in t of

insights, several avenues for future research in the
field of mindfulness and mental resilience training
for pilots merit exploration. Longitudinal studies
with extended follow-up periods are crucial to
assess the sustainability of intervention effects
over time [27]. Additionally, investigating the
transferability of training effects to real-world flight
fions highlighted situations, beyond simulated environments, would
. L provide a more comprehensive understanding of
sonal interaction in these : - N o
s [24]. the interventions’ practical implications [28].

8-hour training
& nce for face-to-

Research focusing on the optimal duration,
frequency, and timing of mindfulness interventions
is warranted [29-34]. Tailoring interventions to
ifference (SMD) of 0.54. While only speciﬁc .awia.tion contexts. and unders?anding the
differential impact on pilots at various stages
of their careers could further refine the design
and implementation of training programs [35-
40]. Moreover, exploring potential synergies
between mindfulness training and other established
interventions in aviation, such as crew resource

Further exploration of blended interventions management, could enhance the multifaceted
combining mindfulness and CBT  skills approach to pilot well-being [41-43].

demonstrated a moderate effect, with an SMD of
0.54. This supported the notion that combining
diverse strategies can enhance the overall efficacy
of resilience programs. The subgroup analysis
focusing on CBT-based resilience interventions
indicated a small positive effect, with an SMD of
0.29. This suggested that CBT-based approaches
contribute positively to building resilience.

silience intervention programs
| conditions revealed a moderate

obut of the 11 studies reported statistically
significant effects, the overall impact favoring
the intervention group was notable. The findings
remained robust in a sensitivity analysis focusing
on studies classified as ‘good’ quality.

Conclusion

In conclusion, this discussion illuminates the
multifaceted nature of resilience interventions,
emphasizing the importance of diverse
approaches. The positive effects observed across
various interventions underscore the potential for
tailored resilience programs to positively impact

Among the three studies examining mindfulness- individuals. The sustained benefits at a 6-month
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follow-up add depth to the understanding of 6. Hancock PA, Cruit J, Kochan JA, Kaplan

these interventions lasting impacts. While AD, Diaz Y, et al. Pilots’ responses to
acknowledging the nuances and potential biases, unexpected events: Conceptual, theoretical,
this study contributes valuable insights to the methodological, and analytical issu
evolving field of resilience research. The International Journal of Aerosgc
Psychology. 2022;32(4):254-282.

Limitations 7. Teperi AM, Paajanen T,

Despite the robustness of the meta-analysis, Lantto E. From must to

some limitations should be acknowledged. The
heterogeneity across studies, both in terms of
methodology and participant characteristics,
may introduce variability in the observed effects.
The reliance on self-reported stress levels and
cognitive performance measures, while common
in psychological research, introduces the potential
for subjectivity and bias. Furthermore, the limited
number of longitudinal studies emphasizes the
need for more extensive research to establish the
durability of intervention effects.

interviews, and associated vulnerability and
protective factors.
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