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Abstract

The flight deck of commercial aircraft is sophisticated and searching for the necessary
information at the right time is sometimes challenging. This research investigates pilot’s
visual parameters while interacted with two different designs of crew alerting system by
eye tracking technology. There are 24 aviation professionals that participated in this ex-
periment including commercial pilots, private pilots and avionic engineers. Compared
with traditional design, the new integrated design applied proximity compatibility princi-
ples to assist pilots in searching necessary information to deal with urgent situations. The
results demonstrated that the integrated design is superior to traditional design in provid-
ing accurate instructions as determined by visual behaviors. However, the integrated de-
sign increases pilot’s situation awareness by redirecting attention from current task to the
most critical task with the cost of a longer total fixation duration time. Pilot’s visual pa-
rameters demonstrated significant differences while interacting with PFD mainly nu-
meric, ND mostly by symbols and EICAS with presented text messages. Therefore, flight
deck design has to adopt a holistic approach as pilot’s visual attentions is shifting among
all types of different displays to gain situation awareness rather than focus on only one
display. The design of integrated EICAS can provide detailed instructions to deal with
urgent situations which induced higher cognitive loads as pilot’s pupil dilation is signifi-
cant bigger than interacted with traditional design. By eye tracking technology, it is ap-
plicable to design human-centered flight decks to improve safety and human performance
in aviation.

Key words: Eye Scan Patterns, Flight Deck Design, Human-Computer Interaction, Situ-
ation Awareness, Visual Attention

I. INTRODUCTION

The modern flight deck designs focus on human-computer interactions (HCI) studies as

they are central to the operating and functioning of the whole system. The primary flight

display (PFD) contains the basic flight information on the state of the aircraft and the

autopilot modes including measures of airspeed, altitude, attitude, heading and characters

present in the flight mode annunciator (FMA). The navigation display (ND) acts like a
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radar gathering information on the relative position of the aircraft to the flight path, bea-

cons, other aircrafts or waypoints. The engine indication and crew alerting system

(EICAS) display shows information on the engines and displays alert messages if needed.

Although the necessary information is given to the pilots, the displays also help them in

the piloting and the decision-making process with messages, such as a “PULL UP” mes-

sage that will appear on the PFD if the aircraft is too low on altitude. These functions are

strongly related to the three levels of Endsley’s (1995) model of situation awareness. The

level 1 of situation awareness is the perception of the elements in the current situation,

the level 2 is the comprehension of the current situation and the level 3 is the projection

of the future status. The perception of the elements is necessary to the comprehension of

the situation as a whole. Similarly, the correct projection of the future status can only be

achieved by understanding current situations. The design of alerting messages should help

operators in the understanding of the situation and the projection of the future state

(Kearney et al., 2016). Pilot’s mental workload is strongly correlated to their situation

awareness. An excessive mental workload may lead to a poor situation awareness due to

pilot’s inability to process the relevant information (Ahlstrom and Friedman-Berg, 2006).

It has been argued on previous research that increasing the volume of information, even

when it is accurate and task relevant, is not necessarily beneficial to the quality of deci-

sion-making. Moreover, it may even be detrimental to SA and trust among team members

due to high mental demand (Marusich et al., 2016).

Visual attention is a precursor to initiating the cognitive process involved in attention

distribution, situation awareness, and real-time decision-making (Lavine et al., 2002).

The path of visual attention can reveal the cognitive process of human-computer interac-

tion between operators and machines (Allsop and Gray, 2014; Kearney et al., 2016). How

attention is related to information process for operation control in the context of task per-

formance is a challenging measurement (Strayer, 2016). Therefore, an operator’s eye

movements on the displays can reveal human information processes and how the interface

design impacts operator’s performance (Goldberg and Kotval, 1999). Eye tracking has

potential not only for pilot’s training but also for flight skill analysis and evaluation

(Peysakhovich, et al., 2018). The fixations are the reflections of information processing.

They are defined by a stability of the gaze position. Two main characteristics are used to

identify them. Either the low velocity of the gaze point or the low spatial variation. There-

fore, two of the most largely used algorithms to distinguish them are velocity-based or

dispersion-based (Salvucci and Goldberg, 2006). There are two thresholds to determine

in order to implement the algorithm: a dispersion threshold and a duration threshold. In

order to be considered as a fixation, the gaze point has to stay within the dispersion thresh-

old for longer than the duration threshold. Goldberg and Kotval (1999) proposed that the

minimum duration of a fixation to be considered is 100 ms. Although Kilingaru et al.

(2013) acknowledged that a fixation time of 200 ms is required to actually perceive in-

formation, they called the fixations below 200 ms as “glances”, which represent brief

looks with not enough time for recognition. They also distinguished the fixations with



longer duration than 600 ms as “stares” which are signs of misperception. For the disper-

sion threshold, the areas chosen are more diverse in the literature. It is possible to use a

circle with a radius of 0.5° (Hoffman and Subramaniam, 1995) or 1° (Liang et al., 2007).

Salvucci and Goldberg (2000) described a new way to calculate the dispersion as the sum

of the vertical and horizontal dispersion and recommended to use a threshold between

0.5° and 1°, though it can also be adjusted during the data analysis.

Knowing where an individual is looking, it is possible to determine where they direct

their attention. Recent research findings have provided evidence that attention can be al-

located to multiple spatial positions simultaneously (Bay and Wyble, 2014). Just and Car-

penter (1976) assumed that the object being fixated is the reflection of “what is at the top

of the stack” of the information processing. As a consequence of this, they proposed the

eye-mind assumption, stating that “there is no appreciable lag between what is being fix-

ated and what is being processed”. Although this hypothesis could be argued because

objects can be perceived with the peripheral vision, Posner (1980) highlighted how the

peripheral vision is used to direct the attention, thus the point of gaze, more than to simply

process the information. It is noted that in a demanding operation environment, the

maintenance of attention to preview for next operation task could be accompanied by

withdrawal of attention for the task in hand (Jagacinski et al., 2017). Heatmap is the major

application to analyse the positions of gaze and corresponding operator’s attention distri-

butions among the areas of interests (Takahashi et al., 2018). A heatmap of fixation can

be created from the positions of fixation points. The hot zones with higher density desig-

nate where pilots focused their gaze with higher frequencies (Pfeiffer and Memili, 2016).

Horn, Li and Braithwaite (2018) proposed that pilots distributed their attentions signifi-

cantly among airspeed indicator, altitude indicator, attitude indicator and Autopilot Flight

Director System (AFDS) status (figure 1) during landing phase shown by heatmap based

on eye tracking technology. Previous research on flight deck design had demonstrated

that the integrated human-centred design did facilitate pilot’s situation awareness and re-

duced cognitive loads on information processing (Li et al., 2017).

Figure 1. Pilot’s visual scan patterns shown as heatmap reflected to
attention distributions among Primary Flight Display (PFD)



The task of handling emergency situations in flight deck can be simplified as a single

cognitive process by identifying cues from the external environment to search for a spe-

cific solution. If a new design could reduce search space and time, crews will have more

time left for solving the problems in the external world. It is possible to make representa-

tions of Quick Reference Handbook (QRH) more active in order to help crews see what

is most relevant to deciding what to do next (Hollan et al., 2000). The QRH contains all

the procedures applicable for abnormal and emergency conditions in an easy-to-use for-

mat and is designed with the intention of allowing flight crews to minimize the need for

a lot of effortful analysis when time may be limited and workload is high (Burian, 2004).

Wickens and Carswell (1995) proposed the Proximity Compatibility Principle (PCP) for

information integration, which suggests that two pieces of information need to be pro-

cessed together should be placed in close spatial proximity.

Pilots have to interpret the cues available to them and find the appropriate checklist to

solve problems (Burian, 2006). By applying eye tracking devices to evaluate the relation

between a human and a design, which contains eye movement, including gaze, fixation

and saccade, is controlled by ongoing cognitive processing, so that it is possible to analyse

human behaviour by examining eye movement. This assumption has been validated by

many previous researchers in reading (Just and Carpenter, 1980; Rayner et al., 1989;

Rayner and Pollatsek, 1992), cognitive tasks (Salvucci and Goldberg, 2000; Ahlstrom

and Friedman-Berg, 2006; Stanton et al., 2017; Ryffel et al., 2018), information pro-

cessing tasks (Rayner, 1998; Chi et al., 2018), scanning behaviour (Allsop and Gray, 2014;

Yang et al., 2018), interface evaluation (Goldberg and Kotval, 1999; Kunze et al., 2018),

human-computer interaction (Yu et al., 2014), and a monitoring task on remote tower

operation (Kearney et al., 2018). Pilots have to manually go through the QRH and identify

the relevant checklists for the situation at hand and then act accordingly. This research is

focusing on the evaluation of visual parameters on a proposed integrated EICAS design

type in the flight deck. To achieve this objective, the three displays including PFD, ND

and EICAS are evaluated in a holistic context for human-computer interactions in the

flight deck.

II. METHOD

2.1 Participants

Twenty-four aviation professionals participated in this experiment. The collected data

were gathered from human participants, therefore the research proposal was submitted to

the Cranfield University Research Ethics System for ethical approval

(CURES/1524/2016). As stated in the consent form filled by the participants, the data



collected by the eye-tracker and the post-experiment interviews were confidential. Par-

ticipants have the right to terminate the experiment at any time and to withdraw their

provided data at any moment even after the data collection.

2.2 Apparatus

2.2.1 Flight simulator: The flight simulator in this experiment used the software Microsoft

Flight Simulator X (FSX). The hardware was mounted on a Saitek Pro Flight Yoke with

a Three-lever Throttle, although only one of the levers was used (the black one as the

thrust lever). Both the flight yoke and the levers were cautiously fixed on a table to avoid

any kind of incident involving excessive human inputs. The aircraft used is a Boeing 777-

200 LR/F from the PMDG 777-200 package. The aircraft was developed in collaboration

with real-life 777 crews and maintenance teams, making its cockpit accurate and repro-

ducing nearly all the functions of a real cockpit with a high fidelity.

2.2.2 Eye tracking device: The eye tracker used was designed by Pupil Labs. It is fixed

in a plastic frame destined to be worn like glasses. Two cameras were attached including

a world camera and an eye camera. The world camera was fixed on the outside part of the

frame, in front of the forehead. It captured the field of view of the participant, following

their head movements as the frame moved with it. Its resolution was 1280 x 720 pixels

for a sample rate of 60 frames per second. The eye camera was fixed on the side of the

frame, below the participant’s right eye. It was meant to capture the participant’s pupil

and its movements. To detect the pupil, it was equipped with an infrared illumination and

an infrared detector. There are three area of interests (AOIs) which consist of PFD, ND

and EICAS in the flight deck (figure 2).

Figure 2. The analysis of visual parameters shifting among PFD, ND and EICAS
on the flight deck



2.3 Scenario

The aircraft had just taken-off from London Heathrow Airport climbing to 2,500ft and

turning to the left according to the flight plan. Suddenly, two warning signals were pre-

senting to the crew including an audio alert and a red master warning light. The message

displayed on the EICAS is FIRE ENG L in the red colour. The single engine fire would

ultimately result in a dissymmetry between the engines which grows as the scenario con-

tinues. The scenario is presented to the participants in both the traditional CAS message

on the EICAS display and integrated EICAS design (figure 3). The difference between

two types of EICAS design lies in that the integrated EICAS display combined CAS mes-

sages and instructions for emergent events located in QRH (Quick Reference Handbook)

(on the right of figure 3). So that pilots can access to required information directly, and

no further visual searching needed. While traditional EICAS shows CAS message only

(on the left of figure 3) which pilots have to check QRH for corresponding procedures by

searching the other display to cope with the emergencies in flight, such as engine fire

procedures.

Figure 3. The traditional EICAS (left); and the “integrated” EICAS design (right)

2.4 Research Design

There are three interface displays (PFD, ND and EICAS) providing critical information

for pilots to maintain safety of flight operations. This research had revised EICAS by

combining with relevant QRH messages and kept the other two AOIs (PFD & ND) ex-

actly the same. The experiment took place in an isolated room with controlled illumina-

tion for the measurement of visual parameters and pupil dilation. This research started

with an introduction to the experiment by “pre-briefing” and signing the participants’

consent form. The participants were asked to perform two respectively flights on taking-

off a Boeing 777-200 with traditional EICAS and integrated EICAS by random assign-

ments (either A: Traditional EICAS first then Integrated EICAS or B: Integrated EICAS

ten Traditional EICAS). This is to counterbalance the practice effects to participants. Par-

ticipants were explained what they have to do while the scenario is developing on both

traditional EICAS and integrated EICAS. They would have to monitor the PFD and the



ND until a CAS message appeared, then they would have to read out the message pre-

sented on the CAS. The fourth step in the briefing was the adjusting of the eye-tracker

device to fit the participant’s eye and the calibration of the cameras. The calibration was

considered acceptable if participant’s fixations on the main components of the displays

precisely matched the areas of interests (AOIs) for attention distributions and task perfor-

mance. These components were the airspeed, the altitude and the FMA for the PFD, the

aircraft symbol and the two top corners for the ND, the top message and the top left engine

indicator for the EICAS. Once the scenario had been completed, a post-experiment inter-

view would take place. They had to specify the display which is the most easy to under-

stand the critical information from PFD, ND or EICAS on both traditional EICAS and

integrated EICAS. The last step, participants were invited to fill in a demographic form

to provide information about their gender, age, occupation and flight experience.

III. RESULTS

3.1 Sample Characteristics

The ages of 24 participants were from 21 to 50 years old (M = 27.5, SD = 7.0), and the

flight experience of participants including commercial pilots, PPL, glider pilots and heli-

copter pilots from 0 to 3,000 hours (M=154.1, SD=608.3). The eye movement measures

consisted by fixation counts, fixation duration and pupil dilation among three AOIs in-

cluding PFD, ND and EICAS based on two different designs (traditional design and inte-

grated design). The assumption of sphericity was verified by using Mauchy’s test, and

the Bonferroni was applied to perform pairwise comparisons after a significant overall

test. Effect size of factors and interactions were quantified by partial eta square (ηp2). 

The descriptive of sample characteristics were shown as Table 1.

Table 1. Participants’ means and standard deviations of visual parameters among
three AOIs based on two different types of designs

Visual

Parame-

ters

Designs N

PFD ND EICAS

M SD M SD M SD

Fixation

counts

Traditional

EICAS
24 19.04 7.71 7.62 6.66 3.33 3.00

Integrated

EICAS
24 5.79 5.99 1.67 2.30 21.25 7.24

Fixation

duration

Traditional

EICAS
24 0.47 0.19 0.42 0.30 0.22 0.15

Integrated

EICAS
24 0.44 0.41 0.17 0.33 0.51 0.24

Pupil

dilation

Traditional

EICAS
24 81.73 14.18 73.63 31.36 64.19 40.53

Integrated

EICAS
24 76.68 27.78 41.38 43.65 86.87 15.71



3.2 Fixation Counts

A repeated measure two-way ANOVA with AOIs (PFD, ND and EICAS) and designs

(traditional design vs integrated design) as independent variables and fixation counts as

dependent variable was conducted. There is a significant main effect of AOIs, F (2, 46) =

18.789, p < 0.001, ηp2 = 0.450, but main effect of designs is insignificant, F (1, 23) = 

0.520, p = 0.478, ηp2 = 0.022. Post-hoc pairwise comparisons on AOI showed that the 

fixation counts on ND are significantly less than on PFD (p < 0.001) and EICAS (p <

0.001) (table 1 & figure 4). The results demonstrated that participants exhibited the lowest

fixation numbers on EICAS (M=3.33, SD=3.00), with ND (M=7.62, SD=6.66) following,

and the highest fixation numbers on PFD (19.04) on traditional design; however, EICAS

(21.25) has the highest fixation numbers, followed by PFD (5.79) and ND (1.67) respec-

tively on integrated design. There is a significant interaction between AOIs and types of

design on the fixation counts, F (2, 46) = 112.976, p < 0.05, ηp2= 0.831. Participants’ 

fixation counts are declined significantly on both PFD and ND but EICAS increased dra-

matically while interacted with integrated design (figure 4).

Figure. 4. The differences of fixation counts between integrated design and traditional
design among three displays in the flight deck

3.3 Fixation Duration

There is no significant main effect on AOIs, F (1.664, 38.273) = 3.117, p = 0.064 , ηp2 = 

0.119, and no significant main effect on designs was found, F (1, 23) = 0.016, p = 0.901,

ηp2 = 0.001. There is a significant interaction between AOIs (PFD, ND and EICAS) and 

types of design (traditional design vs integrated design) on the fixation duration, F (2, 46)

= 12.940, p < 0.05, ηp2 = 0.360. Examining simple effect on AOIs and designs, further 

post-hoc pairwise comparisons on AOIs showed that participant’s fixation duration on

EICAS (0.22 s) is significantly shorter than on ND (0.42 s) and PFD (0.47 s) on traditional

design, however, fixation duration on EICAS (0.51 s) is significantly longer than ND

(0.17 s) on integrated design (table 1 & figure 5).
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Figure 5. The differences of fixation duration between integrated design and traditional
design among three displays in the flight deck

3.4 Pupil Dilation

A significant main effect of AOIs was found, F (2, 46) = 7.813, p < 0.05, ηp2 = 0.254, 

but no significant main effect on designs, F (1,23) = 0.884, P = 0.357 > 0.05, ηp2 = 0.037. 

Post-hoc pairwise comparison on AOIs revealed participants' pupil size while monitoring

ND is significantly smaller than on PFD (p < 0.01) and EICAS (p < 0.01). There is a

significant interaction between AOIs (PFD, ND and EICAS) and types of design (tradi-

tional design vs integrated design), F (1.613, 37.092) = 14.874, p < 0.05, ηp2 = 0.393. 

Participants’ pupil dilations are dramatically decreased on ND (p < 0.01) by interacted

with integrated design compared with traditional design, therefore, pupil dilation on ND

(41.38 pixels) is significantly smaller than PFD (76.68 pixels) and EICAS (86.87 pixels)

in integrated design (table 1 & figure 6).

Figure 6. The differences of pupil dilation between integrated design and traditional de-
sign among three displays in the flight deck
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Ⅳ. DISCUSSION

The visual behaviours did reflect that the integrated design of EICAS containing opera-

tional procedures and Quick Reference Handbook could impact on the participants’ cog-

nitive workload, attention distribution and situation awareness as more operational infor-

mation processing required more complicated cognitive effort. The results demonstrated

that participants' eye movement parameters (fixation counts, fixation duration, & pupil

dilation) had significant interactions effects between three AOIs (figure 7) and two dif-

ferent types of design (figure 3). Previous research has found that the integrated design is

significantly quicker than traditional design on both identifying the solutions and task

completion time (Li et al., 2017). The present research further explored visual scan pat-

terns and attention distribution of human operators in two different interface designs in

order to provide a basis for human-centred design in the flight deck.

Figure 7. The fixations shifting among PFD, ND and EICAS represented attention dis-
tributions in the flight deck

4.1 Fixation Counts and Fixation Duration Reflected to Attention Shifts in the Flight Deck

Fixation numbers and fixation duration are closely linked to each other and are related

to cognitive process and human performance (Li et al., 2016). Furthermore, the distribu-

tion of fixations and fixation duration on relevant AOIs can be an effective indicator of

pilot’s expertise level, also closely related to a pilot’s situational awareness (Yu et al.,

2014). Based on the visual parameters of this research, there are significant differences in

participants’ fixation counts and fixation duration between traditional EICAS design and

integrated EICAS design consistently on PFD, ND and EICAS (Table 1). The fixation

count is the number of fixations, which indicates the importance of AOIs; the length of

fixation duration is the time fixated on an AOI, which can reflect the level of importance

or difficulty in decoding information (Kotval and Goldberg, 1998). Due to the design of

integrated EICAS display combined CAS messages and instructions for emergent events

located in QRH together, pilots have to obtain more information from EICAS, increasing

the frequency and fixated time of monitoring EICAS. Therefore, EICAS becomes even



more important in the integrated design, so that the fixation counts and fixation duration

on it had dramatically increased, which supports the phenomenon of longer fixation fo-

cused on certain locations might indicate that the information coming from those AOIs is

critical to the operations and in need of more attention. However, with individuals’ lim-

ited capability of attention resources, the detailed information on integrated EICAS re-

quired more cognitive processing also increased participants’ fixation counts (more fre-

quent of observations) and fixation duration (longer time to understanding the extra

information). Therefore, the measurement of attention shifts must cover the interfaces

in the flight deck, as the visual attentions will be reallocated among three AOIs in the

flight operations. This is the reason both PFD and ND have significantly reduced fixation

counts (figure 4) and fixation duration (figure 5) from traditional design to integrated

design. The other explanation might be the different on the flight experiences among par-

ticipants between professional commercial pilots and novice general aviation pilots. In

addition, accomplishing a task at the desired level of performance requires a minimum

amount of cognitive and attention resources. If attention on a task is reduced below the

minimum requirement, there will be a noticeable decrease on task performance (Johnson

et al., 2016).

4.2 Integrated Design Contained More Information Required More Mental Demands

Pupil size is influenced by illumination and also by the difficulty and complexity of

tasks in hand and the pilot’s cognitive workload (Gabay et al., 2011). Moreover, pupil

dilation is an important indicator to understand an operator’s visual attention and work-

load (Kowler, 2011; Sibley et al., 2011). The measurement of pupil dilation has been used

to investigate the status of cognitive processes and mental workload, and pupil diameter

increasing is an indication of cognitive demand (Ahlstrom and Friedman-Berg, 2006).

Based on the results of statistical analysis in this research, EICAS demonstrated a signif-

icant increase and apparently largest pupil dilation (86.87 pixels) among three different

AOIs in the integrated design, which indicates that participants have paid more attention

while interacting with integrated EICAS. This finding could support the viewpoint pro-

posed by Iqbal et al. (2005) that an increase in pupil size is correlated with an increase in

mental workload. However, workload usually has negative impacts on the effectiveness

of visual attention (Beatty, 1982; Lipshitz et al., 2001). The role of PFD and ND are the

same between traditional and integrated design, participants had to find the instructions

on a tablet-based QRH on the traditional design. The types of information presented on

the ND mainly are symbols, and on PFD primarily numbers (airspeed & altitudes). How-

ever, the integrated EICAS consists both of symbols of engine indications and checklist

instructions that are displayed predominantly text instructions, which could be very pos-

sible to lead to decrement attention (Kircher and Ahlstrom, 2017). In the flight deck, the

more information or data that is made available to pilots to improve their situation aware-

ness, the more mental effort will be required to process all that information (Ahlstrom

and Friedman-Berg, 2006). The different types of information presented in PFD, ND and

EICAS might be the reason of the significant differences on pupil dilation, fixation counts

and fixation duration among AOIs in the flight deck.



4.3 Integrated Design Facilitating Pilot’s Situation Awareness?

Human beings usually retain fixations on objects to acquire essential information to sup-
port the task at hand (Salvucci and Goldberg, 2000). The percentage of fixations on the
relevant AOI is deemed as a predictor of the overall situation awareness performance
(Koen et al., 2012). In this research, it is obviously that the design of integrated EICAS
could improve participants’ situational awareness by not only presenting CAS message
(perception of the alert, level-1 of SA), but also providing instructions to deal with unex-
pected situations (understanding current situation, level-2 of SA). Therefore, pilots have
more time to conduct the cognitive processes on decision-making and problem-solving
(projection of future status, level-3 of SA), and develop more effective resolutions to crit-
ical events by rapid returning their fixations back to EICAS which demonstrated 74.01%
of fixation counts and 79.28% of total fixation duration on integrated design (table 2).
The total fixation time in each AOI is logically correlated to the fixation duration and the
number of fixations in PFD, ND and EICAS, because it is confounding both fixation
counts and fixation duration. The aggregation of fixations over time is known as the at-
tention map or heatmap which indicates the total amount of time spent to process the

information in one AOI during a chosen period (figure 8). A good approach would be to
always use heatmap as complementary data to the number of fixations and the fixation
duration and never alone, because a variation of fixation time could infer a change in
either the fixation duration, the number of fixations or both (Jacob and Karn, 2003; Ma-
rusich, et al., 2016).

Table 2. Percentage of fixation counts and fixation duration among three AOIs be-
tween traditional design and integrated design

Designs PFD ND EICAS

Percentage of total fixation

counts (%)

Traditional

Design
63.48 25.41 11.11

Integrated

Design
20.17 5.82 74.01

Percentage of total fixation

duration (%)

Traditional

Design
69.47 24.84 5.69

Integrated

Design
18.64 2.08 79.28



Figure 8. The heatmap represents total fixations time among PFD, ND and EICAS be-
tween traditional design (left) and integrated design (right)

In circumstances of time-limited situation, the faster the cognitive processing of the

task the better the performance and the faster the processing is completed, the more time

is available for subsequent tasks (Salthouse, 1992). On the other hand, longer average

fixation duration might be an index of cognitive capture or over-concentration on a spe-

cific indicator, which will slow down attention shifts to the dynamic situation (Johnson

and Proctor, 2004). There is a close connection between fixation duration and amount of

information processing (Rayner, 1998; Singh and Singh, 2012). Short fixation durations

primarily indicate operators encoding an element into working memory, and a longer fix-

ation is more likely to signal deeper processing (Ballard et al., 1997). The integrated de-

sign demonstrated that the fixation duration on EICAS is significantly longer than PFD

and ND. It can be explained that integrated EICAS is a good human-centered design to

facilitate flight crews searching required information to deal with urgent situation by com-

bined CAS messages and QRH instructions. It can facilitate the information processing

by leaving out level-1 and level-2 of situation awareness, and thus, improving pilot’s in-

flight decision-making. This integrated EICAS is adopted Proximity Compatibility Prin-

ciple (Wickens and Carswell, 1995) by combined different automated systems to cluster

information together, as the EICAS display facilitated pilots responding to critical situa-

tions properly.

V. CONCLUSION

This research analyzes pilot’s visual parameters while interacted with flight deck displays
to investigate cognitive processing related to human-computer interaction. The most crit-
ical issues in an eye-tracking study are the choice of the metrics and experimental design.
The fixation numbers and fixation duration demonstrated significant differences on total
fixation time among PFD, ND and EICAS between traditional and integrated designs.
Fixation numbers will increase if the pilot need several fixations to understand the mes-
sage. However, this metric is very task dependent as the pilot fixates logically the areas
that are more important for the specific task the pilot was asked to complete. The system
developers of future flight deck have to be aware that the amount of text should be mini-
mal on the displays due to cognitive processing and time consuming. This is why the PFD
and the ND are essentially consisting in symbols and numbers. However, all the infor-
mation cannot be converted into numbers or symbols. The numbers and symbols can only
carry a limited amount of specific information, therefore, the contents of CAS messages
and checklist instructions cannot always be presented as symbols on EICAS. Integrated
design applied the Proximity Compatibility Principle to assist pilots searching necessary
information and understanding critical situations to develop suitable solutions. The pro-
posed integrated design expanded to traditional design by providing accurate instructions
to deal with emergent situations. Based on the analysis of pilot’s visual behaviors and
attention distributions, there is a prospective application of eye tracking for future flight



design. Fixation counts and duration can be used to determine whether flight crews notice
an emergency CAS message by examining if a fixation has been made on EICAS display.
In addition, continuously monitoring the trajectories of fixations can assist pilots to track
interested objects in operational environments, provide directional instructions (i.e. by
Head-Up Display) to direct pilot to see the information which is critical to safety of flight
operations. The integrated design can increase pilot’s situation awareness by redirecting
pilot’s attention from current task-in-hand to the most critical task to eliminate the effects
of startle and tunneling vision by providing easy access to instructions that can help to
deal with the problems. Overall, integrated design (task based) has a better potential in
improving crew performance during emergent situations. This research provides a pre-
liminary overview on the effectiveness of such integration of CAS and QRH to increase
pilot’s situation awareness.
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