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Abstract. This study explores subjective and objective metrics to assess pilots WL, with a
particular focus on the use of full flight simulators (FFS). The results show that FFS-based research
demonstrates no significant differences compared to real flight experiences, highlighting the
validity of FFS as a tool for studying pilots' performance. However, further research is needed to
understand the impact of other parameters on pilots' performance, and to address human factor-
related risks for enhanced aviation safety.

Introduction

Nowadays, workload (WL) can be considered one of the biggest challenges in the aeronautical
field. The continuous growth of air traffic has led pilots to work under pressure and for extended
periods of time. As reported in [1], 75% of aircraft accidents are linked to human errors and most
of them are related to high levels of mental WL and fatigue. This is important in critical situations
such as take-off, landing or emergency procedures. WL is associated with the onset of stress, a
phenomenon with multiple facets ranging from neuroendocrine to psychological [2]. Pilots require
training to effectively respond to both internal and external stimuli. Hence, using a flight simulator
represents the most reliable, safe, time and cost savings way to study pilot’s performances today
[3]. Consequentially, it is necessary to employ some metrics that can better capture the pilots’
stress level while performing the task. To do this, subjective and objective methods are widely
exploited, and this work aims to describe such measures, with particular attention paid to the
studies conducted using a full flight simulator (FFS).

Subjective and Objective Metrics

The concept of mental WL is described in [4] as a collection of mental, and composite brain states
that influence human performance in various perceptual, cognitive, and sensorimotor abilities.
Thus, it is crucial to choose the right metrics to evaluate it. Subjective and objective measures
represent an important contribution on pilots’ WL level evaluation. In detail, subjective WL
measures comprise some tests which are administered while, before or after the performance.
Being such subjective, they can be highly influenced by the pilot’s psychological condition. That’s
why it is good practice to link them with the objective ones which represent the physical condition
of the subject. The objective measures are mainly obtained via sensors which can detect some
physiological parameters. In this work, subjective methods will be described first and objective
ones after. The most reliable subjective methods are here mentioned.

The NASA Task Load Index (TLX) was first developed by Hart and Staveland in 1988. The TLX
is widely recognized and extensively employed globally. The test has three stages to evaluate the
pilot’s WL. The first one obtains a global index across six dimensions: mental, physical, time
demands, performance, effort, and frustration. Each dimension is divided into twenty intervals. In
the second stage, pairs of dimensions are assessed, determining the ones with the greatest impact
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on WL. The third stage assigns scores to selected dimensions, with 0 for insignificant dimensions
and 5 for the most important one [5]. On the other hand, the Subjective Workload Assessment
Technique (SWAT) involves obtaining subjective ratings from participants regarding three
dimensions of WL: time load, mental effort load, and psychological stress load. During the
activity, participants are encouraged to assess their workload across three dimensions and rate it
on a scale of low, medium, or high. A mental workload range scale is then calculated by combining
the scores from all three dimensions. This assessment method relies on the self-report of
participants [6]. Other subjective techniques are not mentioned for the sake of conciseness.

Regarding the objective metrics, some of them are reported here as well. As evidence, in [7]
the eye movement provides indications on the pilot’s visual perception, or [8] aimed to investigate
the potential utility of « —Amy levels as a biomarker for stress in pilots operating within a high-
stress environment. However, the heart rate variability (HRV) is one of the most employed
parameters today. HRV is the spontaneous fluctuation in time between consecutive heartbeats, as
measured by the distance between two successive R peaks on an electrocardiogram. This
parameter can be studied in both frequency and time domain. In particular, the time domain
measures also include the NN interval series standard deviation (SDNN). Based on the existing
literature, a reduction in this parameter indicates an elevation in both mental WL and physical
demands [9]. As previously mentioned, the study of HRV extends to the frequency domain. In this
context, the fast Fourier transform is employed to estimate the Power Spectral Density associated
with frequency bands, specifically focusing on high frequency and low frequency. These
frequency bands provide valuable information about sympathetic and parasympathetic activities
[10].

FFS for Human Factor Studies

Due to the rarity of FFS, there is a limited body of literature that specifically addresses their
utilization. Most studies, in fact, primarily focus on simulators that provide visual cues to pilots
through screens but lack the comprehensive flight sensation that an FFS can deliver. In 2018, the
European Union Aviation Safety Agency (EASA) released the latest specifications for Airplane
Flight Simulation Training devices (CSFSTD-A), which classify flight simulators into four levels
of qualification: A, B, C, and D. The D-level FFS are the most advanced and reliable. For instance,
to achieve a D-level qualification, the FFS must include a real-time feedback tool that allows the
instructor to monitor the training envelope and prevent the airplane's operating limits from being
exceeded. In [11] it is reported that acute effects on HRV and anxiety during a real-time flight are
not significantly different from those experienced in a simulator, indicating that the simulated task
planning and design closely approximate real-world conditions; in this case, an operational F-5M
by Indra Company flight simulator was used. It is also reported that future flight simulators should
incorporate immersive virtual reality technology simulating G forces and vibration. Nevertheless,
in today's context, D-level FFS can be used to do reliable research and prevent in real-life risky
decisions. In essence, pilots must be conscious on which kind of decisions they have to take while
flying, both in high and normal WL condition. Additionally, the study conducted in [12] employed
the CESSNA Citation C560 XLS FFS. The main findings of the study demonstrated that WL levels
can be effectively differentiated by analyzing various domains of HRV, including time, frequency,
and non-linear measures. These results highlight the importance of HRV indexes in assessing WL,
and suggest the potential development of real-time, non-invasive instruments for evaluating it. In
a separate study [13], the application of an FFS was investigated within typical flight scenarios.
The research collected pilots' objective and subjective metrics to establish an evaluation index
system. Research has revealed that pilot’s errors have become a significant obstacle, impeding the
progress towards enhancing flight safety within the aviation industry. The study also found some
deficiencies in the design layout of the cockpit as in the flight crew operation process that cause
pilots to make mistakes easily. The authors proposed that designing aircrafts suitable for pilots
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instead of aircraft requiring pilots to adapt can make the civil aircraft cockpit more humanized
and highly automated. Also, the authors proposed a feasible method to analyze human factors
(HF) in typical faults and incidents of transport category airplanes using comprehensive methods
that combine subjective and objective measurements. In [14] it is investigated the correlation
between subjective and objective indicators of fatigue, factors such as WL and work scheduling.
It also examined whether the WL experienced by pilots during a simulator mission could serve as
a moderator for increased fatigue after the mission. The study utilized a JAR STD 1A FFS. Results
indicated that both subjective and objective measures of fatigue significantly rose during the three-
hour experimental procedure. These findings suggest the presence of enduring effects from sleep
deficit and propose a multifactorial model for assessing fatigue risks. In [15] two subjective WL
measurements and three psychophysiological measurements were compared in both a simulator
and a flight test. The comparisons were made across three flight scenarios using an ARJ21-700
FFS and a corresponding aircraft. Both flight scenarios and the flight environment significantly
influenced NASA-TLX, eye blink rate, and HRV. Moreover, strong correlations were observed
between the NASA-TLX and HRV, between the simulator and the flight test. These findings
suggest that NASA-TLX and HRV can serve as consistent measures of WL in both FFS and real
flight tests.

Conclusions

This short review aimed to highlight some subjective and objective metrics in order to understand
the impact of stress on pilots' performance. The findings indicate that subjective and objective
metrics play an important role for better understanding pilots’ WL level. Furthermore, research
involving FFS has shown promising results and benefits when compared to real flight experiences.
Additionally, to emphasize the need for more studies is important. Despite current high safety
standards, incidents related to HF still occur, highlighting the importance of ongoing investigation
and improvement. By conducting more research and continuously improving understanding, pilot
performance can be enhanced, risks can be mitigated, and safer aviation operations can be ensured
for everyone involved.
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