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Background
Problems Associated with Fatigue
 
 Fatigue poses a significant challenge for pilots, leading to errors and safety risks. 
Research by Avers & Johnson (2011) and Fletcher et al. (2015) emphasizes the 
multidimensional nature of fatigue, linked to various life and work factors, including 
organizational safety culture. Mitigating fatigue requires a comprehensive approach due to 
its complex causes (Caldwell et al., 2009).

 Studies, including Akerstedt (2000), highlight that 15-20% of aviation mishaps result 
from pilot fatigue. Aljurf et al. (2017) found that 68.3% of surveyed pilots experienced 
severe fatigue, with 67.4% admitting to committing errors due to fatigue. Growing fatigue 
correlates with increased human error rates, cognitive decline, decreased situational 
awareness, and effectiveness (Caldwell, 2005; Dawson et al., 2012).

 Cognitive fatigue, resulting from intellectually demanding tasks, affects learning and 
memory retention (Lorist et al., 2000). Williamson and Feyer (2000) show that moderate 
sleep deprivation impacts reaction time, coordination, reasoning, and memory, equivalent 
to intoxication.

 Sleep Deprivation, a predictor of fatigue, leads to a decline in performance (ICAO, 
2020). NTSB reports reveal that longer times since awakening correlate with a 40% 
increase in mistakes (1994). Fatigue effects extend to visual perception, attention, response 
time, cognitive flexibility, and hand-eye coordination (Russo et al., 2004; Petrilli et al., 
2006).

 Circadian rhythms play a crucial role, in influencing cognitive performance and 
alertness during specific periods like the window of circadian low (WOCL) (IATA et al., 
2015). Circadian rhythm disruption affects cognitive performance and sleep quality, 
impacting attention levels.

Solutions to Mitigate Fatigue

 Effective fatigue mitigation strategies include prioritizing adequate sleep (FAA, 2007) 
and adopting a healthy lifestyle. When safe, short naps before and during duty can enhance 
alertness and reaction time (Caldwell et al., 2009). Caffeine consumption is a temporary 
solution, with effects lasting up to five hours (Caldwell and Caldwell, 2016). Meditation 
offers a promising solution to address these issues, with various studies demonstrating its 
potential to reduce anxiety, depressive symptoms, and burnout while enhancing 
compassion fatigue and reducing anxiety among healthcare providers (Craig, 2014; Heeter, 
2016; Mehling et al., 2012). Technology, such as electrocardiography and eye metrics, can 
aid in fatigue detection for overall safety management (Hu and Lodewijks, 2020).

Methodology

This study explores the potential impact of coffee and meditation on fatigue 
mitigation during flight simulation under sleep deprivation conditions. The 
experimental design employs a 2 x 2 x 2 within-subjects ANOVA, with participants 
experiencing four levels: No Coffee and No Meditation, Coffee only, Meditation 
only, and Both Coffee and Meditation.

Design and Procedures:
Experimental Design: Utilizes a 2 x 2 x 2 within-subjects ANOVA.
Independent Variables (IV): Coffee Consumption, Meditation, and Workload.
Dependent Variables (DV): Galvanic Skin Response (GSR), Eye Blink Rate, and 
Heart Rate Variability (HRV).
Levels: 1) No Coffee and No Meditation, 2) Coffee, 3) Meditation, 4) Both Coffee 
and Meditation.
Order Effects Control: Implements the Latin square method to control sequence 
effects, enhancing internal validity.
 
Procedures:
Sleep Monitoring: Participants wear a smartwatch a day before to monitor sleep 
duration.
Treatment Administration: Assigned treatment based on the Latin square method.
Data Collection: Uses Shimmer sensor for GSR, HRV, and eye-tracking device.
Flight Simulation: Participants engage in a 40-minute flight task, including 20 
minutes of low workload (cruising) and 20 minutes of high workload (approach and 
landing).
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Practical Implications
 
 Understanding the impact of coffee and meditation on pilot 
performance during flight simulation has practical implications for 
aviation safety. Tailoring fatigue mitigation strategies based on 
individual or combined interventions may enhance pilot alertness and 
decision-making.

Limitations

 This study acknowledges limitations, including the use of simulated 
tasks and the short-term nature of observed effects. Future research 
could explore sustained effects and the applicability of interventions in 
real-world aviation settings.

Conclusion

This research contributes to the understanding of fatigue mitigation 
in aviation, providing a foundation for further exploration of non-
pharmacological interventions. The findings offer insights into acute 
strategies for enhancing pilot performance and safety under 
challenging conditions, with potential applications in real-world 
aviation scenarios.

Evidence of Fatigue-Related Problems

 The tragic Air India Express Flight 812 incident serves as a poignant example of 
fatigue’s impact on safe piloting, with the pilot asleep during a significant portion 
of the flight (Court of Inquiry India, 2010). Fatigue is also a contributing factor in 
military aviation incidents (Ramsey and McGlohn, 1997), with recent USAF data 
showing that 4% of mishaps are fatigue-related (Gaines et al., 2020).
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