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Abstract: At the onset of their flight careers, novice pilots often lack clarity regarding the standard
attention-allocation pattern. Therefore, to enhance the efficiency of initial flight training, it is crucial
for students to develop a comprehensive understanding of flight control and attention-allocation
behavior during the learning process. In this study, flight-performance data and eye-movement
data from experienced instructors in no-power stall scenarios were collected to create an attention-
allocation training course. An experimental group underwent the attention-allocation training course,
while a control group followed the traditional teaching curriculum. The disparities between the flight
performance and eye-movement indices of the two groups after they completed their respective
courses were compared to evaluate the effectiveness of the training. The finding indicate significant
differences between the speed losses, altitude losses, and mean course deviations of the instructors
and the control group; these indicators had p-values of 0.01, 0.004, and 0.001, respectively. Moreover,
significant differences were observed between the altitude losses and mean course deviations of the
instructors and the experimental group; these indicators had p-values of 0.006 and 0.001, respectively.
The experimental group, which underwent attention-allocation training, exhibited eye-movement
indices that closely resembled those of the instructor group, and its instrument scanning was more
strategic, thereby resulting in improved flight performance from that of the control group. Addition-
ally, correlations were observed between flight-performance indices and eye-movement indices of the
students. Overall, this study demonstrates the effectiveness of an attention-allocation training course
designed specifically for a no-power stall scenario. It effectively enhanced the training outcomes of
novice pilots, promoted an appropriate allocation of attention to instrument displays, introduced a
novel approach to flight training, and ultimately contributed to aviation safety.

Keywords: flight training efficiency; attention distribution; eye-movement data; flight training
performance

1. Introduction
1.1. Research Background and Study Significance

In recent years, flight training has emerged as a critical concern within the aviation
community due to its pivotal role in aviation safety and pilot training. In order to improve
the pilot’s ability to monitor the flying environment, the French accident investigation
agency has conducted a large number of accident investigations and suggested that various
departments start to study the pilot’s eye movement patterns. Among them, the research
by Adam et al. [1] showed that more than 900 pilots did not Knowing what the standard
distribution of attention looks like requires a more detailed description of visual scanning.
At the same time, the International Air Transport Association (IATA) also issued recom-
mendations on strengthening cockpit monitoring and improving situational awareness in

Appl. Sci. 2023, 13, 9876. https:/ /doi.org/10.3390/app13179876

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app13179876
https://doi.org/10.3390/app13179876
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-0532-1279
https://doi.org/10.3390/app13179876
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13179876?type=check_update&version=2

Appl. Sci. 2023,13, 9876

20f15

its 2016 report [2,3]. According to a survey by Lefrancois [4] et al., nearly 75% of pilots felt
that getting a standard scan pattern would allow them to further improve their level of
attention allocation. Attention allocation, which is a key cognitive resource, has garnered
attention from psychologists, who posit that consuming more than the available resources
for a task may lead to performance decline, while appropriate attention allocation allows
a person to flexibly adapt to changing task demands [5]. It is widely known that the
human visual system plays a paramount role in cognitive processing; more than 80% of
the information transmitted to the brain is gathered through vision [6,7]. Eye-tracking
technology, which was initially developed by Dodge et al. [8], can offer valuable insight
into human cognition, learning, and decision-making processes by studying eye-movement
behavior. A large amount of research has demonstrated that a strong correlation exists be-
tween eye-movement behavior and expertise across a wide variety of fields, which include
driving [9], medicine [10-12], sports [13], and chess [14] applications. Specifically, these
studies revealed that the gaze durations of experienced experts are shorter than those of
inexperienced novices within the same field of study. In the aviation field, Song et al. [15]
demonstrated the efficacy of studying the differences between eye-movement character-
istics of novice and expert pilots by analyzing eye-movement indices for different flight
scenarios. Shriver et al. [16] found that experts exhibited enhanced information-processing
capabilities and made more accurate decisions during visual searching tasks. In their study
regarding the saccade strategies of F-16 fighter pilots, Hsu et al. [17] discovered that expert
pilots exhibited more stable scanning paths. Liu et al. [18] employed the expert—novice
experimental paradigm to collect eye-movement indicators from flight instructors and
trainees during approach maneuvers. They used gaze entropy to quantify the gaze random-
ness within areas of interest (AOIs) and found that flight instructors exhibited more random
and flexible eye-movement patterns during approach than novice pilots. Zhu et al. [19]
investigated the eye-movement characteristics of pilots during instrument-approach flights
and identified significant differences between the gaze and saccade patterns of experts and
novices, which directly impacted the flight performance.

Similar correlations between eye-movement data and job performance have also
been observed in other fields. In the industrial production and manufacturing realm,
Wau et al. [20] determined that the use of color cues significantly influenced visual cogni-
tion during numerical comparison tasks. Wang et al. [21] identified notable differences
in visual behaviors that were based on various saccade modes and priority divisions in
the engineering field. Their findings offer insight for optimizing human—computer in-
teraction interfaces to improve practitioner performance. Chen et al. [22] conducted a
medical image search experiment and demonstrated that different scanning modes directly
affected abnormality detection. Since it is a measure of pilot control, flight performance has
traditionally been assessed through instructor evaluations or the analysis of quick access
recorder (QAR) data [23]. However, with the advancement of eye-tracking technology,
eye-movement indices have also been incorporated into pilot performance evaluations.
Yang et al. [24] analyzed several eye-movement indicators, such as fixation, saccade, and
pupil diameter, at different flight stages to evaluate the correlation between pilot work-
load and flight performance. Chen et al. [25] observed changes in pilots’ visual scanning
patterns after engine failure; they found that these failures impacted subsequent flight
performance. Wang et al. [26] collected eye-movement data from cadets during uniform
straight-line and variable-speed curved motion exercises; the results suggested that incor-
porating eye-movement indices into existing pilot selection mechanisms can enhance the
pilot selection quality.

During flight training, the eye-movement behavior of instructors can also provide
valuable insight into their focus, attention allocation, and problem-solving strategies during
flight missions. Traditional flight training relies heavily on instructor observations and
feedback, which have inherent limitations. However, with the advancement of eye-tracking
technology, recording and analyzing student eye-movement behaviors can offer more accu-
rate information and data for training and evaluation, thereby allowing for a more precise
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assessment of student skills and proficiency [27]. Rudi et al. [28] conducted a study that
developed different eye-tracking visualization methods that flight instructors could use to
evaluate the eye-movement behaviors of pilots, as well as a teacher-assisted system for data
reporting with the goal of enhancing visualization during pilot training. Lounis et al. [29]
focused on investigating the visual scanning strategy and flight performance differences be-
tween novice and professional pilots in multi-mission situations. The results of their study
can aid the aviation industry in evaluating the monitoring performance of flight crews
and improving both initial and recurrent training. Shao et al. [30] analyzed the relation-
ships between the attention spans, instrument-reading performance, and eye-movement
patterns of pilots. They found that comprehensive training involving attention allocation
and instrument-reading capabilities effectively improved pilot efficiency during take-off
training. Ledegang et al. [31] conducted a study involving pilot spatial disorientation
and demonstrated how eye-tracking technology can provide valuable feedback regarding
pilot instrument reading during spatial-disorientation simulator training; this additional
feedback could enhance the flight performance. Muehlethale et al. [32] developed a novel
training course for general aviation pilots that utilizes eye-tracking technology. The course
covers theoretical information regarding visual scanning techniques and situational aware-
ness and combines this training with simulator exercises or actual flights. The study results
showed that this training effectively improved pilot scanning skills and situational aware-
ness and thus enhanced flight safety. Li et al. [33] explored the attention distributions of
military pilots during the pursuit of moving and stationary targets, discovering significant
correlations between pilot gazing behavior and task characteristics and that the combined
use of eye-tracking devices and flight simulators can effectively improve the efficiency and
safety of tactical training. Haslbeck et al. [34] categorized pilots from an airline company
into two groups based on flight duration (long flights and short flights) and investigated
the correlation between different fixation patterns and flight performance. They found
that pilots accustomed to long flights exhibited less proficiency in visual instrument scan-
ning than those accustomed to short flights. Ryffel et al. [35] incorporated eye-tracking
technology into upset-prevention and recovery training (UPRT), demonstrating that it can
provide effective performance feedback, thereby improving the training quality. They rec-
ommended including the use and interpretation of eye-tracking outputs and standardized
feedback in UPRT instructor training. Skvarekova et al. [36] integrated eye-tracking devices
into pilot training and provided pilots with individualized visual-scanning feedback and
standardized visual-scanning results after training.

In this study, a simulated flight experiment was conducted with flight trainees experi-
encing a typical no-power stall scenario. Flight performance data and eye-movement data
were collected from both instructors and trainees during the flight training. These data
were then used to develop a comprehensive set of flight training courses for beginner pilots.
Statistical methods, such as correlation analyses and difference testing, were used during
the development. The goal of the study was to investigate the eye-movement behavior of
flight trainees during the learning and task-performance phases. This was done to help
students acquire flight skills more effectively and to improve the overall flight-student
training efficiency.

1.2. Objectives and Assumptions

Through the collection of flight-performance data and eye-movement data from flight
instructors, standards for attention-allocation courses were established during this study.
These courses were then applied to an experimental group of pilots, while a control group
received traditional training courses. The flight-performance and eye-movement data
from both groups were compared to evaluate the effectiveness of the attention-allocation
training courses for improving trainee flight-performance and attention-allocation skills,
with the ultimate goal of enhancing the quality of flight training. It was hypothesized
that the flight-performance and eye-movement indexes of the experimental group, which
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underwent eye-movement training, would be closer to those of the instructors than those
of the control group would be.

2. Materials and Methods
2.1. Subjects

A total of 38 subjects, including 8 flight instructors and 30 flight trainees, were re-
cruited from the Guanghan Branch of the Civil Aviation Flight Academy of China. All the
participants were male. To minimize the potential impact trainees previous flight experi-
ence on the experiment [16], the 30 trainees selected for the study were individuals who
had flown a SR-20 aircraft but had not undergone further training on the subject of flight,
no-power-stall. The flight instructors, however, possessed significant flight experience;
thus, their average flight performance was a suitable reference standard. The group of
flight instructors had a mean age of 27.8 years (SD = 2.9 years) and an average flight time
of 3412.5 h (SD = 1795.6 h). The group of flight trainees had a mean age of 21.8 years
(SD = 0.48 years) and an average flight time of 5.7 h (SD = 0.81 h). None of the participants
had physiological impairments that would affect the collection of eye-movement data.
Prior to the start of the experiment, the participants were provided with a mission briefing
without being informed about the specific purpose of the study.

2.2. Equipment

The experiment was conducted using an SR20 single-engine fixed simulator at the
Guanghan Branch of the Civil Aviation Flight Academy of China. This simulator is a flight
simulation trainer officially certified by the Civil Aviation Administration of China. Eye-
movement data were recorded using Tobii Pro Glasses 3, developed by Tobii Technology,
with a sampling rate of 100 Hz. The experimental equipment and setting is shown in
Figure 1.

Figure 1. Experimental equipment and setting: (a) Eye tracker, (b) SR20 simulator, and (c) laboratory
photograph.

2.3. Experimental Procedure

At the beginning of the experiment, Subject 1 was responsible for setting up the
experimental platform. When the subjects arrived at the site, they were informed about
the nature of the experiment and were asked to provide certain information, such as name,
age, and number of flight hours. The subjects then proceeded to enter the simulator for
pre-flight preparations. During the primary test phase, Test 1 was conducted with the
simulator set to an initial altitude of 5900 feet above the Guanghan Airport, a speed of
90 knots, and a heading angle of 0°. In Test 2, the subjects were assisted in the putting
on and calibrating of the eye-tracking device. This experiment began with the subject
flying levelly. Then, the subject gradually closed the throttle, increased the pitch attitude
continuously until stall occurred, and then immediately responded to the stall warning by
changing the stall, reducing the angle of attack, filling the throttle, and recovering the wing.
The subject focused on minimizing altitude losses until a recovery altitude of 5900 feet,
a speed of 90 knots, and a 0 course were achieved, at which point the experiment ended.
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After the experiment was completed, the next subject replaced Subject 1 and Tests 1 and 2
were repeated.

2.4. Data Acquisition
2.4.1. Methods of Eye-Movement Data Acquisition and Analysis

During the experiments, the Tobii Glasses 3, which is a head-mounted eye tracker with
a sampling rate of 100 Hz, was utilized to record subject eye-movement data throughout the
flight course. To ensure the data were of high quality, each subject underwent eye-tracker
calibration before commencing the task. The calibration process involved wearing the eye
tracker and focusing on a calibration card provided by Tobii Technology. The calibration
process was performed by clicking on the calibration option in the data-recording software.
The original eye-movement data of the subjects were collected during the experiments
using the Tobii Glasses 3 software. Additionally, eye-movement videos with marked
fixation points were recorded for further analysis of the course content. The raw data were
processed using the Tobii Pro Lab software. During this processing, a fixation was defined
as a gaze directed at a specific point for a minimum duration of 100 ms. The software had a
built-in algorithm, I-VT, that was used to identify fixation points. These AOIs are illustrated
in Figure 2.

Figure 2. Identification of the areas of interest. Seven AOIs were defined for analysis, including the
vertical speed indicator (VSI), the altitude indicator (Al), the airspeed indicator (ASI), the horizontal
status indicator (HSI), the tachometer (TM), and the attitude indicator (ATT).

2.4.2. Flight Data Acquisition and Analysis Methods

A camera was used to record the instrument changes performed by the subjects during
the entire flight task. In the later stages of analysis, the instrument data in the recorded
videos were identified using the Tesseract OCR algorithm. To ensure data accuracy, frame-
by-frame screening and comparisons were conducted to verify the instrument data. For
this study, only data gathered from pilots who had average course deviations of less than
10° were used. This threshold was set because deviations beyond £10° are not comparable
for assessing stall recovery. The average duration of the considered cycles was 120 s. This
period was divided into two stages: the level phase, which lasted 60 s, and the period
of stalling and recovering until a return to 5900 ft was achieved. This division allowed
for instrument attention-distribution comparisons between the flight trainees during both
stages, thereby capturing the normal phase as well as the phase in which stall occurred. It
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is important to note that strict manual control was required throughout the second stage of
the flight.

2.5. Data Sources for the Experimental and Control Groups

After the data were collected by the flight instructors, both the experimental group
and the control group received training materials. The experimental group received eye-
movement training materials, which were new and not part of the traditional teaching
approach. The control group received traditional training materials, which did not include
any specific focus on eye-movement training.

2.5.1. Flight Data Acquisition and Analysis Methods

Each flight trainee in the experimental group received feedback regarding their eye-
movement data from the outstanding flight instructor. The feedback included several types
of information:

The distribution and percentage of the gazing time directed toward each AQOI for the
outstanding flight instructors, which are shown in Figure 3.

= VSI
= Al
ASI

= others

= HSI

13% = TM

ATI
0%

Figure 3. Percentage of the gazing times of excellent instructors directed toward each AOI A gaze
heat map, which used different colors to indicate how long subjects gazed at the simulated AOIs.

A sample gaze heat map is shown in Figure 4.

Figure 4. Eye-movement data of the exceptional flight instructors, which depict their attention
allocation on the instrument panel, were presented through heat maps. These heat maps utilized
different colors to indicate the specific areas where the participants focused their gazes or the durations
of their gazes. Red represented the longest fixation durations, while green represented the shortest
fixation durations; other colors represented the varying durations in between.
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A gaze diagram, which depicted the gaze sequence and position with respect to the
stimuli, is shown in Figure 5.

Figure 5. Gazes of the exceptional flight instructors with respect to the instrument panel were
depicted in gaze charts, in which the dot size illustrated the fixation duration and the dot order
indicated the gaze sequence. These gaze charts provided visual representations of the gazing patterns
of the individual test participants throughout the recording sessions or of multiple participants within
short time intervals.

A first-person eye-movement video of the outstanding flight instructor during the
experiment; this video reflected the gazing points of the flight instructor in real time with
red circles.

2.5.2. Training Data for the Control Group

The members of the control group were only given the contents of traditional flight
training courses:

A traditional flight course video (which included no eye-movement data).

Faculty according to the pilot training manual, without no-power-stall subject requirements.

3. Results
3.1. Analysis of the Differences between the Three Groups of Subjects
3.1.1. Flight Performance Differences between the Three Groups

Since the flight performance indicators did not exhibit normal distributions, non-
parametric tests were employed to examine the differences between the stall correction
times, stall warnings, speed losses, altitude losses, and average course deviations of the
flight instructors and the flight trainees. The Mann-Whitney test statistic was utilized
for the analysis. The results, which are presented in Table 1, demonstrated significant
differences between the speed losses, altitude losses, and mean course deviations of the
instructors and the control group; these indicators had p-values of 0.01, 0.004, and 0.001,
respectively. Moreover, significant differences were observed between the altitude losses
and mean course deviations of the instructors and the experimental group; these indicators
had p-values of 0.006 and 0.001, respectively. Additionally, a significant difference was
found between the altitude losses of the experimental group and the control group, with a
p-value of 0.008.
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Table 1. Flight performance differences between three groups of participants.

Group Indicator Median Comparison p-Value
Instructors—Control group Stall-recovery duration 6.255,7.00 s 0.814
Speed loss 8.00 knots, 4.00 knots 0.010 *

Altitude loss 160.0 ft, 250.0 ft 0.004 **

Mean course deviation 2.67°,7.78° 0.001 **
Instructors—Experimental group Stall-recovery duration 6.255s,6.00 s 0.844
Speed loss 8.00 knots, 5.00 knots 0.050

Altitude loss 160.0 ft, 200.0 ft 0.006 **

Mean course deviation 2.67°,5.97° 0.001 **
Control group-Experimental group Stall-recovery duration 7.00s,6.00s 0.248
Speed loss 4.00 knots, 5.00 knots 0.068

Altitude loss 250.0 ft, 200.0 ft 0.008 **
Mean course deviation 7.78°,5.97° 0.078

*p <0.05*p<0.01.

It is evident from the results in Table 1 that flight experience and the training materials
had significant impacts on the speed losses, altitude losses, and average course deviations
following the stall warnings. To standardize the measurements, the flight performance
indicators of the three groups of subjects were normalized. Figure 6 illustrates the normal-
ization results, which indicate that the instructor group exhibited significantly higher speed
losses than did the control group, which had speed losses relatively close to those of the
experimental group. The altitude losses of the instructors were much lower than those of
the other two groups, and the experimental group demonstrated smaller altitude losses
than the control group. The average course deviations of the instructors were lower than
those of the control group but were similar to those of the experimental group.

0.8+ Flight instructor

== Control group

0.7 Experimental group
0.6+
0.5+
0.4+

0.3+

S Sy T

0.0+

—0.1 T T T T

Change stall duration Speed loss Altitude loss Mean course deviation

Figure 6. Comparison chart of the normalized flight performance indicators for the three groups.

Video playback and observations of the maneuvers performed by the instructors and
trainees during the flight tasks demonstrated that the flight instructors employed smooth
stabilizer-rod control, thereby effectively maintaining the required course-deviation and
attitude ranges. In contrast, the students in the experimental and control groups exhibited
poorer stabilizer-rod control, with the control group demonstrating significant fluctuations.
Moreover, the occurrence of sideslip during the stall led to excessive course deviations
and further altitude losses. Although both student groups adjusted the rod faster than the
instructors and experienced smaller speed losses during the stall, their adjustments were
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not as accurate as those made by the instructors; this resulted in less time for corrective
action. Consequently, differences between the altitude losses and average course deviations
of the instructor and experimental groups were observed, while the control group exhibited
significant speed-loss, altitude-loss, and average-course-deviation differences. However,
there was no difference between the two groups in terms of the correction duration. The
sideslip experienced by the control group during the stall further increased the difficulty of
regaining altitude, thereby resulting in greater altitude losses than those experienced by
the experimental group.

3.1.2. Eye-Movement Index Differences between the Three Groups

Since the eye-movement index satisfied the assumption of normality, a T-test was
employed to examine the differences in these indicator values due to flight experience
and training content. The experimental group still received the conventional ground
course training for seven items: the vertical speedometer, the altimeter, the airspeed
indicator, others, the horizontal status indicator, the tachometer, and the attitude indi-
cator. Figure 7 illustrates the gaze-duration findings. The gaze durations of the instruc-
tors and the control group were significant differences between the gaze durations of
the two groups were observed for the remaining five items (p = 0.027, cohen’d = 1.155,
p = 0.016, cohen’d = 1.28, p = 0.003, cohen’d = 1.109, p = 0.001, cohen’d = 2.162, and
p = 0.007, cohen’d = 1.449 for the airspeed indicator, other areas, horizontal status
indicator, tachometer, and attitude indicator, respectively). The gaze durations of the
instructors and the experimental group were only significantly different with respect
to one item, the airspeed indicator (p = 0.011, cohen’d = 1.354). After completing
the attention-allocation training, both the experimental group and the control group
demonstrated significant differences in gaze-duration results for the tachometer and
the attitude indicator, with significance levels of p = 0.012, cohen’d = 0.98 and p = 0.000,
cohen’d = 1.967, respectively.

o ° E Flight instructor
Control group

Experimental group

I
g

0.94

0.8+

°

0.7

0.6

0.54

Average gaze durations(s)

0.44

e i P
s
7

0.3+

0.24

0.14

0.0

VSI Al ASI HSI ™ ATI Others

Figure 7. Average gaze durations of the three groups of subjects with respect to different AOIs (each
point represents one individual data, * p < 0.05 ** p < 0.01 *** p < 0.00.).

With regard to the eye-movement indicators, significant differences were observed
between the average gaze durations of different subjects for the airspeed indicator, other
areas, the horizontal status indicator, the tachometer, and the attitude indicator. Compar-
isons of the mean differences indicated that the instructors spent significantly more time
observing the tachometer than did the trainees, particularly those in the control group.
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However, the gaze durations with respect to the airspeed indicator, the horizontal status
indicator, the attitude indicator, and other areas were significantly longer for the trainees.

Based on the eye-movement data analysis, it was inferred that, after identifying
the aircraft stall, the instructors focused on the original cause of the problem, which
was reflected by the tachometer since it indicates the engine power output. In contrast,
the students in the control group primarily paid attention to the airspeed indicator, the
horizontal status indicator, the attitude indicator, and other areas. This result further
confirms that the control group experienced more significant speed and altitude losses, as
well as course deviations, than the instructors because of their lack of flight experience. The
sudden reductions in speed and altitude after the aircraft stalled led to panic, which resulted
in attention shifts toward other areas, particularly the instrument panel. Although there
were significant differences between the instrument attention allocations of the students
and the instructors in the control group, all the participants in the control group managed
to correct the stall, which explains the lack of significant differences between the gaze
durations with respect to the altimeter. The lack of significant differences between the gaze
durations with respect to the vertical speedometer may be attributed to its proximity to
the altimeter.

The largest gaze-duration percentage of the instructor group was focused on the
attitude indicator, which aligns with the findings of Ziv et al. [37]. The attention-allocation
training received by the experimental group significantly improved the gaze duration
with respect to the tachometer compared to that of the control group, although its average
gaze duration remained lower than that of the control group with respect to the attitude
indicator. Nevertheless, its average gaze duration with respect to the attitude indicator
approached that of the instructors.

3.2. Entropy of Fixation

The entropy of fixation [38] is further calculated as an indicator to measure the dif-
ference in eye movement strategies of different pilots. Entropy provides a measure of the
statistical randomness or aggregation of participants’ eye movements, so that the spatially
diffused fixation will lead to higher entropy, while the spatially tightly focused fixation will
lead to lower entropy. The entropy of fixation represents the randomness of visual scanning
of subjects. The higher the entropy, the more random the scanning strategy. Therefore, if
each subject uses a more similar instrument scanning strategy throughout the experiment,
their fixation entropy will be lower, as shown in Equation (1).

n n
Hy ==Y pi)_ pijlog,pij 1)
=1 j=1

where p; represents the probability of fixating on the i-th AOI, while p;; denotes the
conditional probability of fixating on the j-th AOI given that the i-th AOI was previously
fixated upon. n refers to the total number of AOIs, and H; stands for fixation entropy. The
results indicate significant differences in fixation entropy between experimental and control
groups (p = 0.001, cohen’d = 1.41). As shown in Figure 8, the entropy of fixation of the
control group was significantly higher than that of the experimental group, indicating that
the members of the experimental group were more strategic in instrument scanning after
the attention allocation course training.

3.3. Correlation between Flight-Performance Indicators and Eye-Movement Indicators

Fifteen student participants in the experiment were randomly selected for a Spearman
correlation analysis. The goal of the analysis was to examine the relationship between
the average fixation duration for each AOI and the flight performance. The Spearman
correlation coefficient was used to determine the strengths of the correlations. The results,
as shown in Figure 9, indicate that a change in the stall duration was positively correlated
with the horizontal status indicator. Additionally, speed losses were positively correlated
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with the airspeed indicator, while altitude losses were positively correlated with both the
vertical speedometer and the altimeter. Furthermore, there was a correlation between the
mean course deviation and one item, the horizontal status indicator, as depicted in Figure 9.

12.04

11.84

11.64

11.4 4

11.2 4

11.04 °

Entropy

10.8

10.6

10.4 4

10.2

10.0 : ;

Control group Experimental group

Figure 8. Comparison of entropy of fixation between experimental group and control group (each
point represents one individual data, *** p < 0.00).

In terms of the correlations between the flight performance and the eye-movement
indicators, the correlation coefficient between changes in the stall duration and the hori-
zontal status indicator was 0.609, which indicates a positive correlation. The correlation
coefficient between speed losses and the airspeed indicator was 0.615, which indicates a
negative correlation. Furthermore, the correlation coefficients between altitude losses and
the vertical speedometer and between altitude losses and the altimeter were —0.667 and
—0.521, respectively, which both indicate negative correlations. Finally, the correlation coef-
ficient between the mean course deviation and the horizontal status indicator was —0.700,
which also indicates a negative correlation. These results suggest that gazing longer at the
horizontal status indicator was associated with a longer stalling duration and a smaller
course deviation. Similarly, longer fixations on the airspeed indicator were associated with
smaller speed losses. Additionally, longer fixations on the vertical speedometer and altime-
ter were associated with smaller altitude losses. These findings align with the conclusions
of Vlacic [39], although the sample size used in that study was small, thereby leading to
non-significant correlations between performance indicators and eye-movement indicators.
The current study used a larger sample size of 38 subjects and employed immediate post-
course training; therefore, the training effect was more significant and was consistent with
the research results of Lefrancois [40]. Furthermore, this research demonstrates that timely
performance feedback can help pilots to better understand flight tasks.
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Figure 9. Spearman correlation heat map(* p < 0.05 ** p < 0.01).

4. Conclusions

In this study, we recruited 8 instructors and 30 novice pilots from the Guanghan

Branch of Civil Aviation Flight University of China, an SR20 simulator was selected to
conduct a flight course involving no-power stalls, and exceptional flight instructors were
chosen based on flight-performance data. Standard attention-allocation charts and eye-
tracking videos were created for the subjects, who each experienced a stall and performed
a stall recovery; instructor eye-movement data were used as a basis for attention-allocation
training courses. These training courses were then applied to an experimental group of
trainees. Comparisons of the differences between three groups of subjects yielded three
primary conclusions:

1.

During the no-power stall course, the instructors gazed longer at the tachometer than
did the students, while they spent less time gazing at other instruments. This discrep-
ancy can be attributed to the instructors’ deeper understanding of the instruments
and their more accurate information processing.

In the initial pilot sample data, a significant correlation was observed between the
flight performance and the attention distribution. The correlation coefficients of hori-
zontal status indicator, stall recovery time and heading offset are 0.609 and —0.7 re-
spectively, the correlation coefficients of airspeed indicator and lost speed are —0.615,
and the correlation coefficients of lost altitude and vertical speed indicator and al-
timeter are —0.667 respectively and —0.521. Specifically, longer gaze durations with
respect to the horizontal status indicator during stall recovery were associated with
longer stall durations and smaller course deviations. Similarly, longer fixation times
on the airspeed indicator were associated with smaller speed losses, while longer gaze
durations with respect to the vertical speedometer and the altimeter were associated
with smaller altitude losses.
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3. The attention-allocation training course implemented by the institute significantly
improved the flight performance of the trainees. The difference between the trainees
in the experimental group and the instructors in the attention distribution training
is only in the gaze time of the airspeed indicator (p = 0.011), and there are more
differences in flight performance in the control group than in the experimental group
and the instructors (lost speed, p = 0.01). An analysis of the eye-movement-index data
of the experimental group of students showed that the attention-distribution patterns
of these students were more similar to those of the instructors after the training, and
its instrument scanning was more strategic. Consequently, the flight performance of
the experimental group of students surpassed that of the control group of students.

These findings highlight the effectiveness of using attention-allocation training for
enhancing flight performance and align with the objectives of this study.

In the future, when analyzing eye movement data, machine learning methods can be
added and combined with other physiological factors such as EEG to increase the reliability
of the data; in terms of teaching, flight instructors can refer to the real-time attention of pilot
students in subjects The allocation situation and objective parameters are used to correct
the attention distribution of the pilot students in real time, so as to improve the quality of
the flight training of the pilot students and promote aviation safety.
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