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ABSTRACT

Pilots play a key role in the flight deck, and their visual attention allocations also stron-
gly affect their flight risk-taking behaviors. This study aims to investigate the patterns
of pilot’s visual attention allocation during an approach with low visibility. A total of 20
professional airline pilots were recruited to conduct an approaching task in a B737-800
flight simulator with high fidelity, and 19 of them provided valid data. We collected
their eye movement data during the task. Meanwhile, according to their risk-taking
behaviors (go around or land), they were divided into a safe group or risky group.
Results showed that the allocation of visual attention was related to the pilot’s visual
area of interest (AOI), but the risk-taking behaviors were not affected by the fixation
parameters. Our findings provide empirical insights into pilots’ visual attention allo-
cation during approach and suggestions for optimizing the design of the instrument
in the cockpit.
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INTRODUCTION

Flight safety is key to the development of the aviation industry. Although
pilots often activate the autopilot mode during the most time of a flight (crui-
sing), they need manually control the aircraft during takeoff and land, which
are the most accident-prone stages. “To err is human”means humans inevita-
bly making mistakes, especially under adverse weather conditions. According
to the Safety Report from the International Air Transport Association (IATA),
meteorology ranked the first place (35%) of all threatening factors in aircraft
accidents during the recent five years (2017-2021). To reduce the probability
of human errors, the critical stages of a flight under abnormal weather are
noteworthy to investigate (Wang and Sun, 2021).

Vision is the main channel of receiving information. Kasarskis et al. (2001)
found that pilots’ attention allocation affected their flight performance.
Gao and Wang (2020) indicated that the pupil diameter and mean scanning
speed of participants with good safety performance were greater than those
with poor safety performance. Endsley (1996) showed that flight information
from the head-up display (HUD) and external visual information competed
for pilots’ attention resources, and affected flight performance. Liu and Su
(2016) found that participants allocated more attention to the inside of the
cockpit compared with the outside information, and expert pilots paid less
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attention to the cockpit than novices. Wang and Gao (2020) explored the eye
movement pattern of flight cadets during an approach, and the results sho-
wed that the eye movement parameters (including fixation counts, average
fixation duration, the proportion of fixation time, and pupil diameter) could
indirectly reflect the attention distribution pattern and mental workload of
flight cadets. However, the results from this topic seem to be conflicting,
suggesting that attention allocation sometimes does not affect performance.
For example, Bai et al. (2018) explored the effect of low visibility on pilot
information processing, and the results showed that there was no significant
correlation between them. Due to the contradictions in the previous studies,
it is important to investigate the visual attention allocation in critical flight
stages.

Adverse weather was generally designed in flight simulators to cre-
ate a stressful situation in the aviation domain (Pauley et al., 2008;
Andrzejczak et al., 2014; Wang et al., in press). To explore the pilot’s patterns
of visual attention allocation in an approach, we designed a flight simulated
task under low visibility based on a B737-800 flight training device with high
fidelity.

METHODS

Participants

A total of 20 participants (10 captains and 10 first officers, all-male) from
an airline participated in this experiment. Since the eye movement data of
one captain was lost, 19 commercial airline pilots provided valid data for
analysis. They were aged from 26 to 41 (M = 30.895, SD = 4.081), the
mean of total flight hours was 6206.895 (SD = 3809.214), and the mean of
total experienced hours was 5100.579 (SD = 3436.936).

Apparatus

In this experiment, a B737-NG (Next Generation) flight training device was
used to design, test, and implement the flight scenario. An eye-tracker (Tobii
Glasses 2) was used to collect eye-movement data.

Design

An approach task under low visuality was designed to explore the relation-
ship between the pilot’s visual attention allocation and risk-taking behaviors.
The initial altitude of the aircraft was set at 3,550 feet (above ground level,
AGL), 15 nautical miles away from the runway with 180 knots speed and
359 degrees heading. The weather was reported as cloudy with 2550 feet top
and 350 feet base. In the final approach, the weather condition was turned
to marginal meteorology at 190 feet (the minimum decision altitude), reque-
sting pilots to make their first decision to go around or continue approaching.
When pilots decided to continue landing, they experienced a temporary visual
reference loss at 150 feet. They should redecide to go around or land. The
procedure of this experiment is shown in Figure 1.
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Figure 1: The diagram of the flight simulated task.

According to the rules of the Civil Aviation Administration of China,
pilots should go around immediately if they cannot establish a visual refe-
rence (visualizing the runway or continuously introducing lights) under the
minimum decision altitude (Civil Aviation Administration of China, 2018).
Therefore, the pilots who decided to go around or land were classified as
the safe group or risky group respectively; we focused on seven area of inte-
rest (AOI): Out of the Window (OTW), Airspeed Indicator (ASI), Attitude
Indicator (AI), Altitude Indicator (ALT), Navigation Display (ND), Engine
Indication and Crew Alerting System (EICAS) and Mode Control Panel
(MCP) (see Figure 2). We took a two-factor mixed design (between-subject:
risk-taking behavior; within-subject: AOI).

Figure 2: The seven AOI of this study.
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Procedure

Before the experiment, all participants signed informed consent to allow their
data to be used for academic research. Then, a researcher detailly explained
the experimental procedures, aircraft and environment information. Parti-
cipants were informed that they need to conduct a CAT I approach in this
task and their eye movement data were collected. Subsequently, they ente-
red the simulated cockpit and wore the eye tracker with the assistance of a
researcher. Before the experiment started, they had 20 minutes for practicing.
After the participants reported that they were ready, the experiment officially
began. The participants performed an ILS land (CAT I). An ATC reported the
runway visual range (RVR) was 550m (clear for landing). Pilots who decided
to go around should follow the missed approach procedure, and their expe-
riments would be finished immediately. For pilots who decided to land, their
experiments would be finished after they landed on the runway. The whole
experiment lasted about 10 minutes.

Data Analysis

For the participants who decided to go around, their fixation parameters
were collected from 300ft to the moment of go-around (the green signal of
“TO/GA” (take-off/go-around) is lighted on PFD when pilots press the go-
around button). For participants who decided to land, fixation parameters
were collected for an equivalent duration. The Proportions of fixation count
and duration in different AOI were extracted.

We used SPSS version 25.0 to analyze our data. To examine the impact
of attention allocation on flight risk-taking behaviors, we chose AOI and
risk-taking behaviors as independent variables and attention parameters
(the Proportions of fixation count and duration) as dependent variables,
a two-way repeated measure ANOVA was conducted. The assumption of
sphericity was verified by using Mauchly’s test and the violation of sphe-
ricity was corrected by Greenhouse-Geisser. The Bonferroni was conducted
to perform pairwise comparisons after a statistically significant interaction.
The effect size of factors and interactions were quantified by partial eta
square (ηp2).

RESULTS

Table 1 showed the means and standard deviations of fixation count propor-
tions and fixation duration proportions in the seven AOI. Participants paid
more attention to OTW than to other AOI in the final approach but paid no
attention to MCP.

Effect of Visual Attention Allocation on Flight Decision

All participants decided to continue their approach at the minimum deci-
sion altitude (190ft). And when the visual reference was lost at 150ft, seven
participants decided to go around while the other twelve decided to continue
landing.
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Table 1. Means and standard deviations of fixation parameters in different AOI.

Fixation parameter Area of interest (AOI) M SD

Proportions of fixation
count (%)

Out of the Window (OTW) 29.957 23.692
Airspeed Indicator (ASI) 2.004 2.687
Attitude Indicator (AI) 19.471 16.951
Altitude Indicator (ALT) 7.680 7.168
Navigation Display (ND) 4.984 7.877
Engine Indication and Crew Alerting
System (EICAS)

0.533 1.709

Mode Control Panel (MCP) 0.000 0.000
Proportions of fixation
duration (%)

Out of the Window (OTW) 30.528 24.939
Airspeed Indicator (ASI) 1.012 1.374
Attitude Indicator (AI) 21.967 20.088
Altitude Indicator (ALT) 5.490 5.880
Navigation Display (ND) 2.562 3.421
Engine Indication and Crew Alerting
System (EICAS)

0.323 1.107

Mode Control Panel (MCP) 0.000 0.000

Table 2. Repeated measure ANOVA with flight risk-taking behaviors and AOI as inde-
pendent variables.

Dependent variable Source of variation df MS F ηp
2

Proportions of
fixation count

Risk-taking behavior 1 54.524 0.539 0.082
AOI 1.226 10373.432 15.872** 0.443
Risk-taking
behavior × AOI

1.340 146.513 0.127 0.021

Proportions of
fixation duration

Risk-taking behavior 1 31.496 0.247 0.040
AOI 1.333 10625.918 19.602** 0.766
Risk-taking
behavior × AOI

1.363 160.633 0.116 0.019

**p < 0.01.

The results of the two-way repeated measure ANOVA showed that there
were significant differences in the Proportions of fixation count and fixation
duration among the seven AOI (all ps < 0.01) (see Table 2), that is, there were
significant differences in the allocation of visual attention to different instru-
ments and external environment. However, the main effect of risk-taking
behaviors and the interaction effect of risk-taking behaviors and AOI were
not significant (all ps > 0.05).

Pairwise Comparisons of Fixation Parameters in Different AOI

The results of Pairwise comparisons were shown in Table 3. Pilots allocated
significantly more attention to OTW than to ASI, EICAS or MCP. Besides,
there was no significant difference among other AOI.
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Table 3. Pairwise comparisons.

AOI Proportions of fixation
count (%)

Proportions of fixation
duration (%)

M SE p M SE p

OTW-ASI 30.460* 5.542 0.032 31.405* 4.304 0.007
OTW-AI 12.838 9.934 1 9.728 9.307 1
OTW-ALT 25.099 6.855 0.222 26.473 5.277 0.051
OTW-ND 29.315* 4.828 0.019 30.304* 3.761 0.004
OTW-EICAS 32.022* 5.52 0.024 32.022* 4.421 0.007
OTW-MCP 32.745* 5.198 0.016 32.461* 4.171 0.005
ASI-AI −17.622 4.526 0.169 −21.677 5.272 0.132
ASI-ALT −5.361 2.067 0.861 −4.931 2.203 1
ASI-ND −1.145 1.317 1 −1.1 0.762 1
ASI-EICAS 1.562 0.955 1 0.618 0.465 1
ASI-MCP 2.285 0.783 0.56 1.057 0.364 0.569
AI-ALT 12.261 4.335 0.63 16.745 5.909 0.626
AI-ND 16.477 5.622 0.551 20.576 5.864 0.266
AI-EICAS 19.184 4.822 0.153 22.294 5.376 0.127
AI-MCP 19.907 5.075 0.163 22.733 5.543 0.133
ALT-ND 4.216 2.385 1 3.831 2.32 1
ALT-EICAS 6.923 1.738 0.152 5.549 1.976 0.647
ALT-MCP 7.646 1.948 0.163 5.988 2.025 0.532
ND-EICAS 2.707 1.464 1 1.718 0.908 1
ND-MCP 3.43 1.028 0.33 2.157 0.63 0.296
EICAS-MCP 0.723 0.508 1 0.439 0.333 1

DISCUSSION

Perception has a direct impact on decision-making, that is, people make deci-
sions based on their perceived external information (Plous, 2004). Fixation
pattern is an important factor affecting pilots acquiring visual information
(Wang and Ren, 2017). In this study, no matter whether the participants
decided to go around or not, both of them paid more attention to the inside
area of cockpit, than to the outside area. Meanwhile, compared with each
other AOI in this study, OTW attracted more attention in the final approach.
That is to say, in this period, they paid their attention not only to the instru-
ments in the flight deck to obtain an appropriate awareness of the aircraft
state, but also to the information from outside to establish a visual reference
for land or go around.

Specifically, other than to the OTW, among the instruments in the cockpit,
participants all allocated attention to each onewithout significant differences,
which is different from Liu and Su (2016). AI was allocated more attention
in their study. However, Liu and Su (2016) also indicated that attention allo-
cation would be adjusted as pilots carry out tasks with different difficulties.
To some extent, it is contradictory to the irrelevance between the fixation
parameters and the pilots’ risk-taking behaviors (go around or land) in our
results. A possible explanation is that the influence of different flight sce-
narios on visual attention. Our study designed a low visibility condition for
airline pilots, while Liu and Su (2016) recruited pilots to perform aerobatic
tasks in a normal visual condition. Similarly, under a low visibility condition,
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Bai, et al. (2018) and Graber (1998) reported that compared to the high-
visibility condition, participants paid more attention to the outside view of
the cockpit, which validated our finding. This also implied that pilots may
make some adjustments to the pattern of attention allocation under different
task demands (Niu, et al., 2013).

In addition, some previous studies indicated that pilots showed signifi-
cant differences in their scanning paths and areas during a flight. Ho, et al.,
(2016) compared the visual attention differences between fighter pilots and
civil pilots. The former paid more attention to the outside visual scene of the
cockpit, while the latter mostly paid more attention to the PFD information.
For our participants, commercial airline pilots should perform a go-around
at any altitude once they cannot visualize the runway or continuously intro-
ducing lights in the final approach at 190ft (Civil Aviation Administration of
China, 2018). Hence, they had to pay enough attention to the outside area
of the cockpit in such a low visibility context.

CONCLUSION

This study investigated the pilot’s patterns of visual attention allocation in the
final approach under low visibility in a B737-800 flight simulator. We found
that the distribution of visual attention was related to the pilot’s visual area.
Specifically, pilots paid more attention to OTW than to ASI, EICAS or MCP.
And there was no significant difference of visual attention allocation among
other AOI. Besides, we did not find a main effect of the pilot’s visual attention
allocation on their flight risk-taking behaviors. Our findings are expected to
help designers to optimize the cockpit interface layout, and improve pilots’
efficiency of visual attention allocation.
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