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R E S E A R C H  A R T I C L E

Flying modern, high-performance aircraft requires a set of 
superior sensory-motor skills. One of the more important 
of these skills is acquiring and tracking moving visual tar-

gets.8 Pilots conduct visual searching based on their experience, 
the requirements of the task at hand, the features of the envi-
ronment, and through other normal processes of acquiring and 
understanding information. Cognitive strategies and attention 
attribution are influenced by different cognitive load condi-
tions. Knowledge regarding the influence of various eye move-
ments on visual searching in pilots can be used to establish 
effective training techniques.

As a complex cognitive process, the visual search is an 
important approach to accessing information. Visual searching 
helps pilots to obtain external stimulus information through a 
series of saccades and fixations as they process information.29 
Individuals identify a specific stimulus in a certain background 
when they have a strong purpose for doing so.17 Visual search-
ing during flight requires the pilot to collect the information he 
or she needs to complete the action related to the given task  
per the task’s requirements in the surrounding visual range. 

Different visual search strategies must be deployed at different 
moments to monitor the flight status. During flight, pilots make 
decisions based on the information obtained from visual 
searching. In short: the visual search plays a key role in the 
pilot’s mission.

The visual search is influenced by a combination of the envi-
ronment, the mission (and its difficulty), and the searcher’s 
characteristics. In other words, under different cognitive load 
conditions, the pilot may need to use different visual search 
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modes to complete the task at hand. Wang et al.29 found that the 
search time necessary for a difficult task is shorter than that for 
an easier task. According to cognitive load theory,26 the human 
capacity of information processing is limited—only a certain 
amount of information can be processed at any one time. This 
limit may be pushed when the operator engages in a variety of 
activities in performing difficult tasks. Cognitive resources 
must be allocated to different tasks, which can tax the resources 
and drive down the efficiency of the task in a phenomenon 
called “cognitive overload.”18

Previous researchers have found that cognitive workloads 
affect productivity by influencing information processing.3 For 
pilots, mission implementation requires a certain amount of 
resources while other secondary operations during the flight 
also require some amount of attention. Resources can grow 
scarce as they are allocated continually to different tasks during 
a mission, ultimately reducing the pilot’s situational awareness 
and affecting his or her flight performance. The natural limita-
tion of cognitive processes and the vast number of (often paral-
lel) tasks in flight increase the critical stress exerted on the pilot.

The pilot faces extreme difficulties and high workload dur-
ing multi-missions, dynamic aircraft maneuvers, and within 
the adverse environmental conditions of tactical missions.29 
Pilots must make and share decisions not only regarding man-
agement of the airspace, but also about the operating state 
(mode of control) of that airspace. The workload may be 
increased dramatically during abnormal situations or system 
failures.

Cognitive workload can negatively affect the pilot’s perfor-
mance and increase operation errors. The pilot employs differ-
ent strategies in the target search process. He or she decides 
which search strategy to use at any given time according to his 
or her own knowledge and experience while processing all 
given information. For example, information regarding the 
effects of different visual scanning strategies on traffic detection 
accuracy and aircraft control can be used to recommend traffic 
scanning procedures to pilots. Search strategies tailored to traf-
fic detection and free flight scanning domains have been shown 
to be effective.19

Here we propose that different task difficulties introduce dif-
ferent cognitive loads to the pilot; different visual search modes 
are deployed under higher cognitive load during an efficient 
visual search. Beginning in the 1970s, American psychologists 
such as John Gould9 began to use the eye movement method to 
study the visual search mechanism. The extant research has 
grown more sophisticated and now includes more detailed 
problems such as internal visual searching mechanisms and 
visual search efficiency training.

The concept of situation awareness (SA) relates to human 
perception, knowledge, and understanding in the context of 
dynamic tasks. As defined by Endsley5 it is “the perception of 
the elements in the environment within a volume of time and 
space, the comprehension of their meaning, and the projection 
of their status in the near future” (p. 36).

Many researchers have extrapolated SA theory into a three-
level model.27,28 SA is characterized by three levels: information 

acquisition (Level 1), understanding information (Level 2), and 
accurate decision making (Level 3). Level 1 of SA is a bottom-
up approach for perceiving the stimulus of an activated warning 
light while Levels 2 and 3 are top-down visual processes for 
understanding the stimulus by cross-checking the information, 
then projecting the probable course of action in the near future.5 
Many researchers have investigated concepts related to SA and 
the influencing factors corresponding to different levels. In 
addition to studies on influencing factors, researchers have 
sought SA measurement methods specifically corresponding to 
the three levels.

Studies have also shown that the level of SA can be predicted 
by eye movement.6 An eye tracker, as mentioned above, reveals 
where the tested pilot focuses his or her SA. Basic eye move-
ment indicators are a helpful value to measure Level 1 SA.27 The 
visual search mode represents Levels 2 and 3 of SA. The rescan-
ning of information, number of fixations, fixation rate, and 
structure of visual scanning are also known predictors of per-
formance and SA.15,20,27 Researchers have found that different 
measurement methods apply to the cognitive characteristics of 
different stages. Eye movement trackers can be used to measure 
the level of SA, especially for Level 2 and Level 3 measurements. 
Scanning patterns are an eye movement indicator reflecting 
Level 2 which reveal the searching strategy that is used by the 
pilot. Entropy is an indicator of eye movement regularity repre-
senting Level 3.

The pilot’s SA is a key factor affecting his or her decision-
making quality and performance. Losing SA and failing to 
complete complex cognitive tasks can lead to catastrophic con-
sequences.30 An eye movement is an indicator of a dynamic and 
direct response to the state of the pilot’s SA. Moore and 
Gugerty,15 among other researchers, have used percent fixa-
tions, average fixation time, total fixation counts, and the near-
est neighbor index to investigate air traffic control tasks.

The “nearest neighbor index” refers to random scanning 
behavior, i.e., entropy. The randomness of the pilot’s scanning 
pattern might reveal the search strategies of the pilot (coherent 
or flexible). Researchers have investigated whether eye move-
ment measurements respond well to SA levels. The percentage 
of fixation time in the relevant area of interest served as an 
effective predictor of SA score. This index, in a certain region of 
interest, is also a strong predictor of current and future SA 
scores. Research on pilots’ visual search strategies can provide 
valuable information regarding attention distribution and 
transformation as well as useful SA predictions. Knowledge of 
the role of cognitive effort in flight operations may be useful in 
improving aviation training practices to enhance situational 
awareness and safety.

Recording and analyzing pilot eye movement rules under 
different flight conditions can help establish techniques for pre-
dicting SA. Few previous researchers have attempted to mea-
sure SA and eye movements at the same time. Hauland13 
collected eye movement data from air traffic controller students 
in a two-person simulator training and recorded the SA process 
accordingly. The results showed that radar controllers have high 
SA levels and effective air traffic control performance. These 
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researchers tested a distributed attention strategy under normal 
circumstances. Eye tracking data proved to be an effective 
method for directly measuring dynamic SA12 as well as pilot 
attention allocation and cognition in using visual information 
during flight.

Previous researchers14 have tended to focus on pilots’ eye 
movement modes in the general flight process or in compari-
sons between the eye scanning modes of expert and novice 
pilots. There have been few previous studies on the rules of 
visual searching under the different cognitive load conditions. 
Such information may help to improve the pilot’s attention dis-
tribution model and to design effective eye movement training 
techniques per different cognitive loads.

In the present study, we used eye movement measurements 
to analyze the search strategy rules employed by pilots under 
different cognitive loads. The pilot’s SA can be predicted 
through his or her eye movements. We tested two specific pre-
dictions. First, we predicted that when the cognitive load is 
large, the pilot uses more efficient eye movement patterns and 
search strategies accompanying a higher level of SA. By analyz-
ing the eye movement indicators in flight under different cogni-
tive loads, we established rules regarding the visual search 
features of pilots which reflect their attention distribution. This 
information may benefit new eye movement-based training 
techniques. Second, we validated the eye movement measure-
ments’ correlation to pilot SA and predicted that visual search 
strategies produce different SA levels. These differences can be 
exploited to predict the pilot’s SA and to optimize the visual 
search strategy to improve SA. The results presented here may 
also provide a workable theoretical basis for further research on 
eye movements and SA.

METHODS

Subjects
Eighteen military pilots were recruited on a voluntary basis and 
provided written informed consent before participating. This 
research complies with the China Psychological Association 
Code of Ethics and was approved by the Institutional Review 
Board at Shaanxi Normal University. All 18 participants were 
men, were between 22 and 32 yr of age at the time of their par-
ticipation (M 5 29.22, SD 5 2.647), and had logged between 
650 and 1650 h of flight in total (M 5 1200, SD 5 314.83). All 
the pilot subjects had normal visual acuity with binocular acu-
ity of 1.0 or better.

Equipment and Materials

Cockpit-based simulator. The simulator is a military fighter 
cockpit manufactured by the Air Force Research Laboratory 
that replicates actual aircraft performance. The interior cockpit 
consists of an instrument panel, joystick, throttle lever, and rud-
der pedals. The display screen (LED) simulates the fighter’s 
operating interface, including the inner cockpit instrumenta-
tion and a certain range of outside visuals. There are 10 training 

courses provided by the equipment including the simulation of 
a simple flight task, instrument orientation, instrument read-
ing, and illusion training.

We used the simple flight mission for the purposes of this 
experiment. The main interface of the simulator firstly presents 
the cabin display of the selected models during the instrument 
flight rules (IFR) task, namely, the main instrument area (elec-
tronic and mechanical) in the cabin. Mechanical instruments 
serve as backups under normal navigation conditions while 
pilots acquire basic information from electronic instruments.

SMI eye tracking system. Eye movements were recorded at 
120 Hz with SMI’s BeGaze software (Berlin-Teltow, Germany) as 
fixations and saccades with a dispersion-based event detection 
algorithm. Fixations and saccades were determined using a dis-
placement threshold of 0.1°. The dispersion is 100 px with a mini-
mum fixation duration of 80° · s21. Fixations slower than 100 m · 
s21 are commonly used to explore visual search patterns. We 
used a five-point calibration to ensure that recordings had a 
mean spatial error of less than 0.8°. During the flight task, the 
subjects sat in the simulation modules and keep 30 cm away from 
the screen. We allowed subjects to perform head movements in a 
small area as long as they were continually fixated on the screen.

Flight task. Subjects were asked to complete two tasks related to 
two levels of cognitive load on the simulator in IFR conditions.  
The subjects were shown only the instrument area during the 
flight in order to effectually reproduce real instrument flight 
conditions.

The first task had low cognitive load (LCL); this task simu-
lates the manual horizontal flight after takeoff. They were asked 
to fly in a fixed state [heading 180, altitude 9843 ft (3000 m)] for 
90 s as far as possible to reduce the difference from the initial 
value. The second was a high cognitive load (HCL) task wherein 
the simulation was run again with random numbers in quick 
succession at different places on the screen to increase the cog-
nitive load. The pilots were asked to add three numbers and 
then press a key: if the results were even, they pressed the button 
on the joystick (and made no response if the results were odd).

Throughout the process, a rolling “+” appeared on the screen 
as a stimulus. No score was recorded if there was no response 
within 1 s after the numbers appeared. The correct rate of the 
computing task was recorded as the performance on additional 
tasks. The difference between the heading indicator and altim-
eter readings was recorded as the flight performance once the 
task was complete.

Procedure
Before the pilots accomplished the flight simulations, they were 
given background information on the experiment and fitted 
with a head-mounted eye tracking system for a calibration. 
After the calibration, the participant was allowed a 5-min 
period for familiarization with the flight and simulator. The 
order of the two types of flight task was randomized. Subjects 
were instructed to complete the two tasks described above two 
times each and their results were averaged.
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Statistical Analysis
As discussed above, pilots use different eye scanning modes and 
attention allocation strategies on different areas of interest 
(AOIs) during flight. Pilots tend to perform operations in 
accordance with instrument information during IFR flight. 
Based on the task requirements, we statistically analyzed the 
attention to each instrument area. We divided vision informa-
tion sources into five categories according to the task: the AOI 
of four instrumentation panels of the cockpit, and the remain-
der of the instrument area. This allowed us to analyze the fixa-
tion transition path of the whole visual area comprehensively.

The percentage fixation count is the ratio of the fixation 
point number in each AOI to the total fixation point in each 
trial. This index is related to the fixation frequency of the out-
view or the instrument. The percentage fixation time of the 
algorithm is the same as that described above. We generalized 
the sequence of fixation for all the AOIs according to link analy-
sis, which provided information regarding the number and 
duration of glances to the AOIs as well as the sequential transi-
tion from one AOI to the next.23

The “normalized stratified entropy” observed in the experi-
ment is defined as a dependent variable that varies between 0 
(scan patterns completely predictable) and 1 (scan patterns 
completely random). Entropy is an indicator of the randomness 
of visual scanning behavior.10 Entropy indicates the level of 
strategic visual search activity (or lack thereof) in the pilot and 
is also linked to visual workload: a high entropy level indicates 
low visual workload and vice versa.

The experiment consisted of a single factor, LCL vs. HCL 
within the subject’s factorial design. The dependent variables 
measured were the eye movement indicators. In order to com-
pare the differences between the two tasks, we used paired 
t-tests and an independent sample t-test for performance and 
eye movement data analysis.

RESULTS

The participants’ flight performance indicators under different 
cognitive loads are shown in Fig. 1. The difference in altimeter 
and heading indicators was significant [t1(17) 5 25.34, P1 , 
0.001, d1 5 21.48; t2(17) 5 22.68, P2 , 0.05, d2 5 20.85] and 
the additional task score was 78.11 points.

We also assessed eye movement indexes under different cog-
nitive loads. The fixation frequency and saccade frequency in 
the LCL task were lower than in the HCL task [t1 (18) 5 25.455, 
P1 , 0.01, d 5 23.46; t2(18) 5 25.295, P2 , 0.01, d 5 23.29;] 
and average fixation time was larger in the LCL than the HCL 
task [t(18) 5 3.758, P , 0.01, d 5 2.43]. The differences between 
other indices were not significant (P . 0.05), as shown in 
Table I.

The differences in pilot attention allocation between the two 
tasks are shown in Table II. In the HCL task, the area outside of 
these four AOIs was divided into a blank area. Apart from the 
altimeter, there was a significant difference between each AOI 
in terms of fixation time distribution (Table II). Significant 

differences were also observed in fixation count between the 
scanning modes used in the horizon sensor, heading indicator, 
and altimeter (Table II).

We determined the main fixation transition path in both 
tasks based on the percent of transition count matrix among all 
AOIs.11 In the LCL task, the scan path was: Horizon sensor → 
Airspeed indicator → Altimeter → Heading indicator. In the 
HCL task, the scan path was: Horizon sensor → Blank → Air-
speed indicator → Altimeter → Heading indicator. The fixation 
order frequency was used to determine the scan paths in two 
tasks as listed in Table III. Our Chi-squared analysis indicated 
significant differences in the order of fixation on other instru-
ments (except the horizon sensor) in both tasks.

The participants showed significantly higher visual scanning 
entropy rate in the HCL task (M 5 0.29, SD 5 0.22) than the 
LCL task [M 5 0.11, SD 5 0.034; t(18) 5 22.550, P , 0.05,  
d 5 1.20]. The eye movements of the pilots became less system-
atic in the HCL task.

DISCUSSION

In this study, participant pilots selected different visual search 
strategies under two levels of cognitive load. Our observations 
can be explained according to the cognitive resource model.1 
The elasticity of cognitive resources and the adaptability of the 
pilots, however, suggest that the pilots were fully capable of 
adjusting their own attention distribution over time to com-
plete the two tasks effectively, as the newly added task did not 
have time pressure.

We analyzed the eye movement indicators between the two 
tasks to find that, compared to a single-task flight, the average 
duration of the pilots’ attention was significantly shortened 
after increasing the cognitive load. Fixation frequency, saccade 
frequency, and saccade velocity significantly accelerated, at 
which point the pilot’s visual search strategies allowed for rapid 
information searching and for diverting attention to different 
AOIs as necessary. The increased cognitive load required 
greater search speed, so the pilot used a more efficient visual 
search strategy to compensate. Additional tasks occupying a 

Fig. 1.  The participants’ flight performance indicators under different cognitive 
loads.
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portion of the pilot’s cognitive resources can reduce flight per-
formance, partly because in short task duration, flight perfor-
mance can be recovered as cognitive resources are recovered 
and as the pilot fully adjusts to the task. The use of entropy as an 
indicator of new information acquisition activities also reflects 
the randomness of scanning behavior.27 By comparing atten-
tion and eye entropy, we found that the pilot’s eye movement 
pattern is more regular when the cognitive load is small. To this 
effect, the process we observed relies on the mental model of 
the pilot’s flight experience and is indicative of a fixed strategy. 
We speculate that a higher cognitive load requires a greater level 
of awareness in the pilot.

In the case of a single-task flight, we find that pilots tend to 
focus more on a fixed AOI, which is recorded for a longer 
period of time. In this study, this was the horizon area related to 
attention distribution. For other AOIs, the pilot only solved the 
corresponding problem by quickly scanning a specific area 
to complete the information search. We assumed there is a 
reserved and saved visual search mode for remaining attention 
to prepare for contingencies that may occur at any time during 
the flight. Good SA benefits appropriate and timely responses 
to the unexpected.7,30 A professional pilot performs with rapid 
cognitive efficiency and conserves cognitive resources by top-
down processing. This information related to the cognitive pro-
cess is demonstrative of novice pilots’ visual scanning skills.

After increasing their cognitive load, our participating pilots 
gave almost equal attention to horizon sensor and blank areas. 
They did so to maintain the implementation of the mission 
while avoiding the interference stimulus and quickly searched 
out targets to complete the task. The remainder of their attention 

was evenly distributed in the remaining AOIs to stabilize the 
performance of the mission. This visual search mode is more 
efficient and more targeted than the mode employed for a single 
task. This also suggests that the pilot adjusts his or her visual 
scanning strategy at a given time to suit the requirements of the 
task at hand.

Previous studies have shown that expert pilots’ information 
processing and cognitive abilities are more likely to be pro-
grammed and automated to process information in a modular 
manner, which allows them to quickly extract and encode 
information as they complete any given task.4 This temporal 
advantage assists the pilot in effective multitasking. From the 
perspective of human-automation interactions, and for the sake 
of multitask management (with the exception of the optimiza-
tion of system design), this relates to the system optimization of 
information representations on the flight deck.23 This further 
relates to human-computer interactions such as training for 
scanning and attention allocation based on eye movement 
behavior. Similar training for efficient attention distribution 
and eye movement patterns under high cognitive load can opti-
mize the trainee pilot’s multitask management and information 
priorities.

Military pilots benefit from learning efficient visual search 
modes1,21,22 and top-down information processing to meet 
the needs of multi-information perception and processing.2,25 
The scanning path is the order in which pilots give attention to 
relevant AOIs. The path also formed under certain rules. In 
the HCL task, an additional search target appeared which 
required the pilot to distribute his attention to the search 
target and perform a simple cognitive process. Thus, the 

Table I.  Mean and Standard Deviation of Eye Movement Indicators.

TASK
FIXATION FREQUENCY  

(COUNT/s)
AVERAGE FIXATION  

TIME (ms)
SACCADE FREQUENCY  

(COUNT/s)
AVERAGE SACCADE  

TIME (ms)
AVERAGE SACCADE  

AMPLITUDE (°)
SACCADE  

VELOCITY (°/ms)

LCL 1.26 6 0.49 899.62 6 398.71 1.24 6 0.53 30.60 6 43.42 12.96 6 17.68 233.92 6 131.07
HCL 2.27 6 0.30** 420.38 6 60.56** 2.70 6 0.31** 22.50 6 19.55 7.39 6 7.67 211.88 6 60.12
DF 18 18 18 18 18 18
t 25.455 3.758 25.295 0.538 0.914 0.483
P 0.000 0.004 0.000 0.597 0.373 0.635

** P , 0.01.

Table II. F ixation Time and Fixation Count of Different Tasks in Each Area of Interest.

AREA OF INTEREST

INDEX TASK ALTIMETER HEADING INDICATOR AIRSPEED INDICATOR HORIZON SENSOR

Fixation time LCL 0.11 6 0.07 0.03 6 0.03 0.09 6 0.08 0.77 6 0.14
HCL 0.08 6 0.07 0.08 6 0.07* 0.04 6 0.03* 0.46 6 0.21**

DF 17 17 17 17
t 0.626 -2.122 2.417 7.512
P 0.269 0.024 0.013 0.000
d 0.428 -0.928 0.827 1.737
Fixation count LCL 0.19 6 0.10 0.04 6 0.04 0.15 6 0.09 0.62 6 0.16

HCL 0.07 6 0.07** 0.07 6 0.07* 0.11 6 0.13 0.31 6 0.10**
DF 17 17 17 17
t 3.554 -2.311 1.539 6.904
P 0.001 0.017 0.071 0.000
d 1.390 -0.526 0.357 2.323

* P , 0.05, **P , 0.01.
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attention order changed. The base sequence in the HCL task 
was similar to that in the LCL task apart from the added fixa-
tion on the blank area. The fixation order reflects the impor-
tance of each instrument and indirectly shows that the 
importance of each instrument in the task is fixed. We designed 
the task to mimic the manual operation of instruments in 
horizontal flight, so the rule is also limited to similar tasks in 
real-world situations.

In different flight phases with varying level of difficulty (e.g., 
takeoff or landing), the pilot will assign his or her attention dif-
ferently. We plan to explore this phenomenon in our follow-up 
research.

Pilots constantly adjust their search strategies to meet the 
two-task requirements at a certain SA level. The eye movement 
characteristics of different pilots reveal differences in attention 
distribution under different conditions and allow for SA level 
predictions. Kasarskis et al.14 found that eye movement experi-
ments in aviation tasks are mostly controlled by the top-down 
mechanism, so the fixation locus and attention are tightly 
linked with each other. The close relationship between fixations 
and task performance in landing tasks also shows that fixations 
reflect the primary distribution of attention.

The findings of this study may indeed have practical impli-
cations. Namely, eye training tasks may be tailored to the ben-
efit of novice pilots. Our findings suggest that scanning pattern 
efficiency is higher under higher cognitive loads; related eye 
movement training under high-load tasks can improve the 
trainee pilot’s ability to process and manage multiple sources of 
information, facilitating better flight performance in high load 
tasks and reducing mistakes otherwise caused by cognitive 
overload. The specific eye movement patterns of high-perform-
ing pilots performing daily missions comprise very useful 
information. Establishing a set of standardized scanning mod-
els and adding them into training for novice pilots can help 
pilots to optimize their attention distribution in the cockpit and 
develop correct and flexible scanning patterns.

We believe the results presented here may be used to 
improve the ability of novice pilots to manage the abundance 

of dynamic visual information presented to them during 
flight. During flight, massive quantities of information from 
flight instruments and instructions on the flight deck greatly 
increase the pilot’s cognitive load. Eye movement training 
can promote information processing, thereby enhancing the 
pilot’s performance on high information load tasks. Training 
for scanning modes and attention distribution encompass 
the management of multiple information sources and task 
prioritization. Novice pilots may also benefit from master-
ing the eye movement modes already presented by expert 
pilots.19,22,24

In this study, we conducted a simulated flight experiment 
with different cognitive loads and measured how pilot subjects 
adjusted their corresponding search modes and eye movement 
strategies to complete different tasks. The difficulties of the 
tasks were set differently to simulate IFR conditions. The pilots 
adjusted their eye movement strategies to complete the tasks 
based on the difficulty. Our findings may contribute to further 
development and exploration of eye movement analyses as an 
objective indicator of SA.

We found that increasing the cognitive load influences visual 
scanning strategy within a brief duration of time, but the results 
presented here are inconclusive. This study was limited to the 
simulation of a level flight phase wherein the aircraft attitude 
was simply maintained. Further research is needed to investi-
gate flight missions during different phases and difficulties. The 
tasks we designed were likewise not sufficiently difficult to pro-
duce significant differences in the flight performance statistics 
between LCL and HCL. Many studies support the idea that 
shifts in attention made by the observer are reflected in eye fixa-
tions.16 In IFR conditions, there appears to be a close link 
between the attention distribution in each flight instrument 
and the importance of the instruments to a certain task. In this 
study, the increased cognitive load associated with the HCL 
task resulted in different eye movement patterns compared to 
the single task model. The results presented here may establish 
a foundation for the standardized eye movement-based train-
ing of novice pilots in the future.

Table III. D ifferent Tasks in Each Area of Interest with Order Frequency.

TASK ORDER ALTIMETER HEADING INDICATOR AIRSPEED INDICATOR HORIZON SENSOR BLANK AREA

LCL 0 1 6 3 0 0
1 5 2 5 25 0
2 6 3 19 8 0
3 23 4 5 1 0
4 1 21 4 2 0
5 0 0 0 0 0

HCL 0 2 3 3 1 0
1 1 2 2 19 12
2 3 2 4 11 16
3 9 9 11 3 5
4 15 9 7 1 3
5 6 11 10 1 0

DF 16 16 16 16
Chi-squared 29.493** 20.392** 25.504** 4.500
Cramer’s V 0.858 0.714 0.798 0.335

** P , 0.01.
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