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1. Introduction 
The selection of military pilots is a lengthy, complex 

and expensive process (Carretta, 2000). The main goal of 
this selection process, regardless of their phase (i.e. pri-
mary, secondary or tertiary) is to filter out appropriate can-
didates (cadets or professional pilots) who can fly some 
particular fast jet airplanes, e.g. F-16, MiG-29 and/or 
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helicopters.  The skills required to become a pilot defined 
by medical and psychological parameters, besides perfect 
health, requires each candidate to possess high levels of 
general and specific abilities and personality pattern, e.g. 
making judgments under stress, confidence etc. All the 
above-mentioned characteristics are tested during the basic 
training process.  The student pilots should have the ability 
to successfully cope with the flight syllabus and develop 
the required pilot aptitudes (e.g. understanding & remem-
bering the procedures, visual orientation, regularity in pro-
cedures and operations) (Pavlovic, 2009b). 

To shorten the training cycle, improve its efficiency 
and save expenses, the initial training of the novice candi-
dates takes place on propeller-driven aircraft, rather than 
jet combat airplanes. In addition, it is noted in (Wang & 
Chang, 2007) that the candidates’ initial training perfor-
mance and the systems used to evaluate it plays critical 
role in determining their future flight training success. 
Moreover, it is to be noted that the transition between dif-
ferent aircraft systems (used for training process) brings in 
different visual interfaces and instruments inside the cock-
pit (Aircraft Owners and Pilots Association [AOPA], 
2007). As a result, it becomes imperative to understand 
how these introduction of new aircraft (equipped with dig-
ital cockpit instruments) affects an existing training pro-
cess, and subsequently the selection process. This also 
raises an important question whether a different approach 
is required to evaluate the candidates’ aptitude.  

To provide an overview for the uninitiated, the selec-
tion process consists of three overall phases. During the 
first phase, the candidates must undergo a demanding 
medical, psychological (measuring attention capacity, log-
ical reasoning, mental speed, perceptual reasoning, 
memory, and spatial ability) and psychomotor test (involv-
ing a computer-based test and measurement of eye-hand-
leg coordination). The psychological tests are performed 
prior to the flight screening test.  In detail, reasoning tests 
T2 and T5 tests, and Wulfften-Palthe (WP) (both paper and 
pencil-based tests) are used to evaluate the candidates at-
tention and perception abilities (Ferri, Kenney, & Webb, 
1953; Van Wulfften, 1954; Van Wulfften, 1952). The sec-
ond phase (also called flight screening) consists of the ini-
tial flight training in a light piston-engine aircraft. In this 
phase, different skills such as working and intellectual 
skills, perceptive and emotional senses are evaluated (Pav-
lovic, 2009b). Introduction of more advanced aircraft for 
the flight screening phase results in both increase in 

operational complexity and cost per flight hour. Thus, it 
becomes essential to enable earliest possible detection of 
inappropriate candidates. On the other hand, elimination 
of candidates in later stages can result in significant finan-
cial losses in the range of hundreds of thousands of dollars, 
especially if the candidate has already begun flying in fast 
jet trainers. As a result, we need efficient and low-cost per-
formance evaluation methods, which are in accordance 
with the traditional methods, to filter our incompatible 
candidates in the earlier stages of the screening process.  
To this purpose, many previous studies have advocated the 
use of eye tracking tools, applied mostly in simulated flight 
scenarios (Blascheck, et al., 2014; Lijing, Hongpeng, 
Dayong, & Xiuly, 2015; US Department of Transportation 
FAA, 2012). Some of these studies analyzed the pilots’ 
visual scanning strategies for different flight scenarios and 
for various pilot categories (Diaz, Cees, Dyer, & Garcia, 
2017; Lijing, Hongpeng, Dayong, & Xiuly, 2015; Robin-
ski & Stein, 2013; Yu, Wang, Li, Braithwaite, & Greaves, 
2016; Yu, Wang, Li, & Braithwaite, 2014). 

In the third selection phase, the cadets are evaluated 
based on their aerobatic flying skills (e.g. vertical maneu-
vers, submission to g-forces) on a light one engine piston 
aircraft. In this phase, the high performing cadets are sent 
for further training in fast jet aircraft, average performers 
are sent for helicopter training, and the low performance 
cadets are eliminated from further training. 

It’s evident from the above-mentioned description of 
the various screening phases that it’s very costly training 
process. Thus, it becomes imperative to filter our unfit can-
didates as early as possible to reduce the training cost in-
volved. To this purpose, a cheaper alternative approach 
that can predict a candidate’s performance becomes very 
handy. Many previous studies have shown that eye track-
ing is a viable cheap alternative that can analyze pilot’s 
visual scanning strategy inside a cockpit, thus enabling 
their performance evaluation (Mackanzie, 2014; Reynal, 
Colineaux, Vernay, & Dehais, 2016; Rudi, Kiefer, & 
Raubal, 2018). We should note that a substantial part of 
the pilot selection tasks involves visual information gath-
ering; thus, it is judicious to apply eye tracking to evaluate 
the potential candidates’ performance. However, there ex-
ists some issues in terms of the validity of the EM results 
in such a setting and how it can facilitate the pilot selection 
process, e.g. where should we place the EM studies. 

Given the three above-mentioned screening phases, 
can it be used to pre-screen candidates even before they 
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undergo first screening phase, or should it be used to com-
pliment the psychological screening phase to eliminate 
low performing candidates from further screening, thereby 
reducing training cost. To answer these pertinent ques-
tions, the primary objective of the present study is to ana-
lyze the correlation between the various EM measures (ob-
tained during simulated flight operations) and the tradi-
tional psychological test results, and in-flight evaluation of 
student pilots. Furthermore, the secondary objective of the 
study is to evaluate whether EM analysis can be used to 
categorize potential candidates into different performance 
groups (high, medium, and low) by analyzing their visual 
scanning strategy while they operate technically advanced 
aircraft. A concurrence between the EM analysis are their 
traditional counterparts would further validate the use of 
low-cost eye tracking tools in the pilot selection process 
for digital avionics cockpits resulting in a significant cost 
saving. 

To this purpose, presently we focus on the comparative 
analysis of the visual scanning strategy of the novice can-
didates’ only (unlike previous studies where pilots were 
the focus of study, (see Table 1), who are one step behind 
the beginners in the initial flight training. Moreover, we 
analyzed the novice candidates’ EM data for five different 
flights tasks (e.g. take-off, climb, turn, straight-and-level 
flight, and landing) in three sorties of Visual Flight Rules 
(VFR). 

Furthermore, we also explored whether EM analysis 
can help us further simplify the training process by reduc-
ing the amount of time required in the simulated flight sce-
narios. To address this, we proposed an-depth network-
based EM analysis which helps to evaluate the dynamic 
behind deployment of visual attention by the candidates, 
especially during ‘take-off’ and ‘landing’ phases of the 
flight simulation tasks (considered most critical phases). If 
the candidates fail to provide adequate attention on the im-
portant regions on the display during these two critical 
phases, then they get very low overall scores irrespective 
of their performance in other flights phases. This method-
ology will thus help us in cutting short the training time 
and eventually further cost reduction. Thus, to understand 
the dynamics of the visual attention deployment strategy, 
we have used the network-based EM analysis (Mandal, 
Kang, & Millan, 2016; Mandal & Kang, 2018)  that in-
cludes visualizing the EM data in the form of a directed 
weighted network and further develop advanced EM 
measures using network-based importance metrics, e.g. 

Indegree, Closeness, and Betweenness (described in detail 
in background section).  

 In this paper, we propose a new methodology, com-
bining traditional psychological test (paper and pencil-
based) performed in a controlled environment and eye 
tracking methodology (collected during simulated flight) 
and live training, to address the prevalent issues in pilot 
selection process.  First, we investigated the use of the EM 
analysis as a useful prediction tool concerning the candi-
dates' achievements in the psychological tests. Second, we 
have analyzed the possible correlation of EM data with the 
flight screening outputs. Third, for unraveling the dynam-
ics of the visual scanning strategy of the candidates’ we 
adapted the network-based representation of the visual 
scanpath and also evaluated the various advanced EM 
measures that enables understanding the changing im-
portance of various regions on the display, from visual 
scanning strategy respective, applicable in case of a dy-
namic tasks (flying an aircraft).  This was also compli-
mented with the bar plots of the EM measures that enables 
a comparative analysis of the differences in visual scan-
ning strategy among the candidates and how it evolves 
over the various flights phases for a given candidate. 

 

2. Background 
2.1 Psychological selection test 

We used the Aeromedical institute archive data to in-
troduce the study of the visual behavior of nine partici-
pants in the laboratory environment, during psychological 
selection (Figure 4). 

The psychological selection phase consists of three 
tests namely, T2, T5 and Wulfften-Palthe (WP) (Ferri, 
Kenney, & Webb, 1953; Van Wulfften, 1954; Van 
Wulfften, 1952). These tests are part of a multiple aptitude 
battery tests used for evaluating candidate’s visual percep-
tion ability and attention capacity. It has been used for the 
selection of the Serbian Air Force cadets for more than 
three decades. T2 and T5 tests evaluate a candidate’s vis-
ual perception, where T2 is used to evaluate the speed of 
visual reasoning, and T5 is measures speed of perceptive 
thinking in obtained situation. 

T2 test consists of 52 tasks with increasing complexity. 
The subjects were asked to locate four identical figures of 
airplane specified in a group of five. The goal is to match 
identical plane by letter and number (eg.1-D, 2-E, 3-B, 4-
A) within a time limit of 12 seconds/task. Figure 1 shows 
an example layout of the display used for the T2 test. On 
the other hand, T5 test consists of 48 items with increasing 
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complexity and with a time limit of 4 minutes. The sub-
jects meet clippings, topographic maps with one focal 
point and a growing number of peripheral dots. The goal 
is to determine, with quick and accurate visual search, 
which peripheral dots are closer to the focal point (e.g. A-
B-D-C). Figure 2 shows the display layout used for T5 test. 

 

 
Figure 1. Example layout of various aircraft representa-
tion used for T2 test. 
 

 
Figure 2. Example layout of topographic map with focal 
point used for T5 test. 
 

 
Figure 3. Example of the WP test (part of the sheet used 
for WP test). 

WP (Wulfften-Palthe) is a test that measures focus of 
attention and its fluctuation during the task. The subjects 

were required to examine 50 rows, and from the groups of 
3/4/5 dots, they had to quickly and accurately allocate and 
strikethrough only the form of four dots (Figure 3). This 
test, tests psychometric parameters such as the total time 
for the entire test, the number of correct answers, omis-
sions and errors. Psychogram represents the result of the 
test, with correct answers, errors, and omissions given in 
the function of time. 

These traditional tests are all done in environments of 
the classroom.  The laboratory of the Aeromedical institute 
where the psychological tests are done and the environ-
ment of the cockpit are not the same. Furthermore, the 
workload of the cockpit procedures includes demanding 
physical effort. The live training is where the personality 
pattern (confidence, making judgement under stress) 
comes in focus. The complete psychological selection rank 
depends on Personality inventory and Psychomotor test-
ing, as well. The categorization given in this research fol-
lows only the pattern of Cognitive tests set data, described 
earlier.  Therefore, indirectly, through the ranking list, it is 
possible to evaluate the efficiency of each candidate. 

Due, to a transition from the analog cockpit in the pro-
peller driven aircraft to a new aircraft (equipped with dig-
ital cockpit instruments) there is question whether these 
tests still cope with an existing training process, and sub-
sequently the selection process. In this paper we evaluated 
the various advanced EM measures that enables under-
standing the changing importance of various regions on the 
display in order to pre-screen candidates even before they 
undergo first screening phase, or should it be used to com-
pliment the psychological screening phase to eliminate 
low performing candidates from further screening. 

 

2.2 Flight screening selection 
According to the selection process (Figure 4), candidates 
who passed the psychological selection moved to the next 
step, the initial flight training, as the central part of the 
flight screening selection. The assessment during the ini-
tial flight training includes the grades (range 5 to 10) given 
by the flight instructors and flight examiners during 
ground training and in-flight evaluation. It consists of the 
candidate assessment regarding the senses and skills nec-
essary for flying and piloting skills in the air. 
There are five groups of senses and skills necessary for 
flying. For more precise evaluation, and according to their 
similarity, they are as follows: Working skills, Intellectual 
skills, Perceptive senses, Emotional senses, and Resulting 
skills (Pavlovic, 2009b). The assessment of piloting tech-
niques is in the air according to standard practices for mon-
itoring, assessment, and evaluation (Pavlovic, 2009a). It is 
done by a flight instructor in charge of that particular 
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candidate and by an examiner during one VFR flight, with 
evaluation containing different elements. 
The flight parameters (speed, altitude, bank angle) are pre-
defined for every flight phase in the final flight that candi-
date flies with examiner (Pavlovic, 2009b) Also, the al-
lowed variation of these parameters is also defined, and for 
each grade there is defined range of variation from desired 
value. (Pavlovic, 2009b). The skills to maintain these pa-
rameters inside the predefined values, must be judged by 
the examiner, based on experience, thus inevitably result-
ing in potential drawbacks of traditional practice test for 
pilots regarding credibility (Lijing & Lin, 2016). 

A concurrence between the EM analysis and their tra-
ditional counterparts (psychological, and flight selection) 
would further validate the use of low-cost eye tracking 
tools in the pilot selection process for digital avionics 
cockpits resulting in a significant cost saving. 

 

2.3 Traditional EM measure and its applica-
tion in pilot selection process 

Table 1 shows the predictors of performance and scan 
behavior of both expert and novice pilots collected only, 
inside the flight simulation environment. Eye tracking has 
been a vital source of information about perception and 
cognition for more than 50 years (McCarley & Kramer, 
2007). It has been utilized to study a different number of 
topics, such as the patterns of fixations and saccades while 
reading text (Reyner, 1998), the workload of pilots during 
different phases of flight (Di Nocera, Camilli, & Terenzi, 
2007; Yu, C.; Wang, E.; Li, W.; Braithwaite, G; Greaves, 
2014) the application of different scan patterns in flight 
training (Kilingaru, Nedic, & Tweedale, 2017; Reynal, 
Colineaux, Vernay, & Dehais, 2016), the role of pilots' 
monitoring strategies in-flight performance (Lefranciois, 
Matton, Yves, Peysakhovich, & Causse, 2016) and the ef-
fectiveness of visual advertisements (Wedel & Pieters, 
2008) and many others. Many previous studies on the 
terms of group selection dealt with the comparison of scan 
behavior characteristics of novice and professional pilots. 
Table 1 summarizes some of these studies. 

We can see that both studies (Lijing & Lin, 2016) and 
(Comstock, Coates, & Kirby, 1985) investigated eye 
movement characteristics of pilots (beginners) during ini-
tial training process and in the research done by Yu et al. 
(2014), the only participants were “18 qualified, mission-
ready fighter pilots”. 

In this research, eye tracking results consist of a total 
number of fixations inside all AOI's as in (Dixon, Krueger, 
Rojas, & Martin, 1990; Kasarkis, Stehwien, Hickox, & Ar-
etz, 2001) and (Lijing, Hongpeng, Dayong, & Xiuly, 2015; 
Robinski & Stein, 2013). This is a traditionally accepted 
approach.  Research paper related to Eye-tracking data 

defines that "saccade from one AOI to the next is called a 
transition" (Blascheck, et al., 2014) also, the Saccade is re-
ferred as "a rapid eye movement from one fixation to an-
other" (Blascheck, et al., 2014). The adopted scan-mode 
explained by Lijing & Lin (2016) considers that EM tran-
sition starts, i.e., from OC AOI then shifts to airspeed in-
dicator AOI and then returns to OC. This sequence can 
start from any other AOI and constitute returning scan path 
or “revisit” with any different AOI.  Lijing et al. (2015) 
explain the results of research of eye-movement indicators 
in correlation to the scanning technique and performance 
with experienced and novice pilots, particularly how sac-
cade amplitude, saccade angle and time as eye fixation in-
dicators correlate with flying skills. However, there was no 
indication whether these eye fixations indicators included 
the number of revisits. Mandal and Kang (2018), who in-
vestigated the Use of Eye Movement Data Visualization to 
Enhance Training of Air Traffic Controllers, searched the 
most appropriate approach to address the issues of frequent 
EF transitions between AOIs. They defined the Directed 
network visualization approach explained in (Burch, Beck, 
Rasche, Blascheck, & Weiskopf, 2014) as the most appro-
priate one. Indegree of a vertex (AOI) is the sum of all in-
coming weights to it from all other vertices in the network, 
where the weights are the amount of EF transitions be-
tween AOI pairs. When we carefully examine this, we can 
see that the EM transitions between AOI pair presume only 
the number of fixations. 

Robinski and Stein (2013) who investigated how scan-
ning techniques differ between experienced and inexperi-
enced helicopter pilots indicated that there are “differences 
between TF (target fixations) as used by experienced pilots 
and Unintended TF used more likely by student pilots who 
will thus overlook crucial flight situation parameters.” Fur-
thermore, they explain that the term Target fixations does 
not mean single fixation but total dwell time of the gaze 
towards particular target objects or instruments. 

The necessity for the introduction of this term is the 
fact that eye track recordings analysis revealed that the 
same participants had a significant number of fixations in-
side some AOI, this is particularly true for outside cockpit 
(OC) fixations, but they were spread across vast area and 
not concentrated around one point or in some logical pat-
tern. 

In this experiment, we measured the number of revisits 
and the number of fixations, and the gaze duration was not 
measured. Comparing these two as a measurement of gaze 
pattern quality could be relevant since this is the compari-
son between three groups of novice pilots because it is 
more likely for them to make Unintended TF than a TF. 
On the other hand, just merely summing up the number of 
fixations in each of the AOI-s would not be a representa-
tion of a quality as we stated before.  



Journal of Eye Movement Research 
12(3):4 

   6 

Table 1  

Eye movement studies in Flight training 
 

 
Even some reference studies show that “even if there 

were fewer number of EFs or less durations, a target can 
be considered important if it plays a crucial role in the 
EM flow among multiple targets or acts as a bridge be-
tween two disconnected groups of targets.” (Mandal & 
Kang, 2018). The assumption is that the revisits that are 
counted when participant’s gaze leaves one AOI and 
makes the fixation inside any other AOI and then returns 
into the previous AOI show the following of proper 
scan-mode and thus quality, concerning the novice pi-
lots in our case. 

Most of the studies mentioned in the Table 1 dealt 
with scan characteristics of the qualified pilots and with 
comparison of those experienced and inexperienced, ex-
cept in case of Lijing et al. (2015). Thus, findings of 
those studies can only be used in pilot selection process 
indirectly.  We investigated the achievements of candi-
date pilots during Psychological and flight screening se-
lection, and compare it with traditional and EM metric 
in simulated VFR flight environment. Furthermore, the 
results of the Network-based EM analysis are used to 
find the scan characteristics of different type of partici-
pants. The success in distinguishing between high, aver-
age and low-performance candidates could potentially 
help to reveal the implications of the introduction of the 
eye-tracking device on the selection process. 

 
 

 

2.4 Network-based EM analysis  
Mandal & Kang (2018) proposed the application of 

network-based EM analysis for dynamic tasks, where 
the various AOIs are shown as the vertices of a network 
and the EM transition among them is represented with 
directed edges between the vertices of the network. De-
veloping the network-based visualization requires first 
creating the AOI transition matrix, which is tabular 
presentation of the eye fixation transitions occurring be-
tween various AOI pairs. Afterwards, this transition ma-
trix information is used to develop the network repre-
sentation, which visualizes the visual scanning strategy 
of the observer. For an in-depth study of the various 
steps involved in this process one should consult the pa-
per by Mandal and Kang (2018). Furthermore, Mandal 
& Kang (2018) also introduced the application of three 
importance measures (adapted from network science 
domain) (Newman, 2004; Opsahl, Agneessens, & 
Skvoretz, 2010) namely, Indegree, Closeness, and Be-
tweenness, that helps to evaluate the importance of an 
AOI with respect to the visual scanning strategy of an 
observer. The Indegree of an AOI is defined as the 
amount direct attention received by it. Mathematically, 
it is defined as follows: 

                  (i) 1
m
kj kj
k j

I W=
¹

=å

Nr. Research Group selection Flight phases  Metrics 

1 (Diaz et al. 2017) Expert pilots and cadets Final approach fixation count, fixation duration 

2 (Lijing et al. 2016) Novice and professional pi-
lots 

Take-off fixation count, fixation duration 

3 (Yu et al. 2016) Expert and novice pilots 
(fighter pilots) 

Searching, pursuing, lock-on saccade duration, pupil sizes, fix-
ation duration 

4 (Lijing et al. 2015) Novice cadet pilots (without 
any flying experience) 

Take-off, climb, flying, turn, 
approach, landing 

fixation count, fixation duration, 
saccade amplitude, saccade an-
gle, saccade time, average fixa-
tion time 

5 (Yu et al.2014) Qualified, mission-ready 
fighter pilots 

preparation, aiming and re-
lease, break-away 

fixation duration, pupil sizes, 
workload 

6 (Robinski 2013) Experienced and inexperi-
enced helicopter pilots 

Helicopter landing TF number, performance, work-
load 

7 (Kasarskis 2001) Expert and novice pilots Approach and landing fixation count, fixation duration 

8 (Comstock 1995) Pilots (beginners) during in-
itial training process 

Level flight and turning dwell times, the examination of 
sequences of dwells on the in-
struments 
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Where, 𝑤!" is the number of EF transitions coming 
from kth AOI to the jth AOI and 𝑚 is the total number of 
unique AOIs in AOI fixation sequence. In our case, 
number of AOIs is always four, thus m is a constant. The 
measure Closeness quantifies how important an AOI is 
in terms of its closeness to all other AOIs with respect 
to the visual scanning strategy of the observer. Note that 
this closeness measure should not be confused with 
physical proximity of the AOIs on the display, however, 
this should be interpreted as the closeness in the cogni-
tive plane. Mathematically, Closeness of an AOI is de-
fined as follows in Opsahl, Agneessens, & Skvoretz 
(2010): 

              (ii) 

Where 𝑑"! is the minimum distance from the jth AOI 
to the kth AOI (if multiple paths exist) and m is the num-
ber of unique AOIs. The betweenness measure for the jth 
AOI is defined as follows (Opsahl et al., 2010): 

             (iii) 

Where 𝑠𝑝!# represents the total number of shortest 
paths (if multiple paths exist) from kth AOI to the lth AOI 
and the 𝑠𝑝!#

"  represents the number of such shortest 
paths which pass through the jth AOI. 

  
 

3. Proposed Methodology 
Figure 4 represents the flowchart of the pilot selec-

tion process and its connection with eye-movement re-
search. Also, it represents the steps of the proposed 
methodology for analyzing, and comparison of the re-
sults from psychological, and flight screening stage of 
selection and with results of the recorded EM data. 

3.1 Step 1. Collecting the results from the 
psychological selection  

The input for this step are the results from the rea-
soning tests T2 and T5 tests, and Wulfften-Palthe (WP) 
(both paper and pencil-based tests) that are used to eval-
uate the candidates attention and perception abilities; 
(Ferri, Kenney, & Webb, 1953; Van Wulfften, 1954; 
Van Wulfften, 1952) 

Upon the completion of the process, the Aeromedi-
cal Institute, which is in charge of psychological selec-
tion, divides the candidates into three groups namely, 
high performance, average performance, and low per-
formance. The complete psychological selection rank 
depends on Personality inventory and Psychomotor test-
ing, as well. The categorization given in this research 

follows only the pattern of Cognitive tests set data, de-
scribed earlier, and is a way of arbitrary classification. 
The cadets were ranked in terms of their total T score 
(complete sum/ achievements on three tests) they 
achieved during psychological selection. 

 
Figure 4. Flowchart of selection process and connec-
tion with eye movement research study. 

3.2 Step 2. Collecting the results from the 
Flight screening  

The ranking during the flight screening selection pro-
cess is the result of the average performance of the three 
grades. Those are the grades obtained in the final flight 
with the examiner, and the two grades given by the flight 
instructor in charge of the participant (pilot candidate at 
that time). These grades are a result of continuous track-
ing of candidates’ development. All the candidates who 
have an average grade below 7.00 belong to low perfor-
mance, between 7.00 and7.50 and to average perfor-
mance, and all those above 7.50 belong to high perfor-
mance group (Pavlovic, 2009b). In the present study, the 

1
1

jk

m
kj d
k j

C =
¹

=å

11

j
kl

kl

m m sp
lj spk j l k

B == ¹ ¹
=å å
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total results, by all assessed categories during the initial 
flight training, were considered. 

3.3 Step 3. Collecting the participant’s EM 
data 
In this research, eye tracking results consist of a to-

tal number of fixations inside all AOI's as in (Dixon, 
Krueger, Rojas, & Martin, 1990; Kasarkis, Stehwien, 
Hickox, & Aretz, 2001) (Lijing, Hongpeng, Dayong, & 
Xiuly, 2015; Robinski & Stein, 2013). This is a tradi-
tionally accepted approach.  Furthermore, we decided to 
introduce measuring of revisits to illustrate the connec-
tion with the desired scan-mode for the participants. It 
consists of consecutive EM transitions between pair of 
AOIs. EM transition from one AOI to any other AOI and 
then returning EM transition to the previous AOI is one 
Revisit. 

3.4 Step 4. Dividing the experiment into the 
time intervals (flight phases) 
Time intervals were chosen based on task charac-

teristics in event-based time intervals. This study inves-
tigated attention characteristics of groups of participants 
across the number of different flight tasks (phases of 
flight) in VFR flight scenario.  Each participant took 
three 15-minute sorties. and the analysis between the 
time points inside these flights was chosen based on the 
researcher`s judgment. 

3.5 Step 5. Defining the AOIs and develop-
ing AOI fixation sequence 
We collected the eye movement data in four areas 

of interest (AOIs). The Areas of interest were: Airspeed 
Tape (AST); Altitude and Vertical Speed Tapes 
(AVST); Engine Instruments (EI) and Outside of Cock-
pit (OC). These AOIs were presumed as providers for 
the most critical information for the pilot's situational 
awareness (SA) while performing essential VFR flights. 
We created dynamic areas of interest, after recording 
flights and capturing eye fixations (EF) of participants. 
Dynamically interpolated rectangular of areas of interest 
(AOIs) frames and the analysis between the time points 
was chosen based on the researcher`s judgment defined 
in the step 4. Only those EFs falling within any of the 
AOI rectangle areas are considered for the AOI fixation 
sequence development. 

3.6 Step 6. Comparison of traditional EM 
data with flight selection achievements 

The primary goal of this step was to compare the results 
obtained by the use of an eye-tracking device with the 
results of psychological tests, which have been used for 
decades in the psychological selection of candidates and 

proven in practice.  The successful comparison would 
serve as a predictor for the next stage, the flight screen-
ing. First, we investigated the use of the eye-tracking de-
vice as a useful prediction tool concerning the candi-
dates' achievements at psychological tests, and the pos-
sible correlation with flight screening results (Figure 4). 
The result analysis will reveal the correlation of the EM 
metrics collected with an eye-tracking device with pilot 
selection process. The method of accomplishing that 
task is a statistical analysis of the collected data.   

3.7 Step 7. Application of directed weighted 
network approach  
A more in-depth study of visual scan paths of par-

ticipants was done through network visualization apply-
ing steps for Directed Weighted Networks DWN repre-
sentation. The tasks inside the simulation (flight phases) 
were arbitrary chosen (event-based) time intervals and 
the AOI sequences were develop from them. The study 
with DWN from (Mandal, Kang, & Millan, 2016) and 
modified Dynamic Network DNet approach introduced 
in (Mandal & Kang, 2018) were found to be appropriate. 
The steps applied in the network visualization process 
use as the input data from steps 3 to 5. 

 
3.7.1 Developing the AOI transition matrices for 

the selected time intervals 
We transformed generated fixation sequence from 

the step 5 into an AOI transition matrix of the same size 
for each AOI sequence since the number of AOIs in our 
case is predetermined and always the same. 

 
3.7.2 Developing the DWN visualizations 

We used the igraph package (Csardi & Nepusz, 
2005) in R software for conversion of AOI transition 
matrices to graphs. Representation of the network was 
done by adopting the design principles suggested in 
Mandal et al. (2016) with some modifications. There is 
the difference with suggested principles of the color of 
a vertex. Based on the RGB palette of the RColorBrewer 
package in R software, the red color means low EF du-
ration, orange color represents higher and yellow color 
the highest EF duration occurring on the associated 
AOI. 

 
3.7.3. Calculate and visualize target (or AOI) 
importance measures 

New network-related metrics is calculated instead 
of the previous EM metrics.  Three node related central-
ity measures are proposed in (Newman, 2004; Opsahl, 
Agneessens, & Skvoretz, 2010) namely; indegree, 
closeness and betweenness.  
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The last step of network visualization process rep-
resents the normalization process for all three target im-
portance measures. The distance normalization process 
presents calculation of how far away a given importance 
measurement of an AOI is from the maximum value ob-
served for that measurement within the time interval. 
Bar plot representation of the normalize relative im-
portance measures of four AOIs during five flight 
phases for each of three participants helps in comparing 
a single importance measure.  

Distance normalization which is used in this paper 
refers to calculating how far away a given importance 
measurement of an AOI is from the maximum value ob-
served for that measurement within a time interval 
(flight phase). The distance normalized measure for the 
jth AOI for time interval t is calculated as: 

            (iv) 

Where , 𝑚𝑎𝑥" 𝜙 (𝑡), 𝑚𝑖𝑛" 𝜙" (𝑡) and 𝜙."(𝑡) is the 
maximum, minimum and distance normalized value of 
the measure 𝜙"(𝑡) respectively (0≤ 𝜙."(𝑡) ≤ 1). 

 
4. Experiment 

4.1 Scenario 
We collected the eye movement data in four areas of in-
terest (AOIs). The Areas of interest were: Airspeed Tape 
(AST); Altitude and Vertical Speed Tapes (AVST); En-
gine Instruments (EI) and Outside of Cockpit (OC). 
These AOIs were presumed as providers for the most 
critical information for the pilot's situational awareness 
(SA) while performing essential VFR flights. Those 
data and crosschecking patterns are recommended or de-
fined in the official manuals (Dudas, 2014; 
Vazduhoplovna vojna akademija, 1980) used by candi-
dates and trainees. No matter whether there are moving 
cursors in circular or semicircular areas, Moving-Tapes 
(linear moving scale) with or without trend information, 
changing digits, or changing colors and symbology of 
primary flight display (PFD), Flight deck itself, with its 
instrument panel (in traditional T - layout or modern 
glass cockpit), represents the source of dynamic stimuli 
for observer (Rudi, Kiefer, & Raubal, 2018). Compo-
nents of the glass cockpit such as Air Speed Tape (AST); 
Altitude and Vertical Speed Tapes (AVST); Engine In-
struments (EI) are the ones that offer dynamic stimuli. 
Outside the cockpit (OC) area, is a part of the screen 
viewed during the flight where changes between the pro-
jection of the cockpit frame onto the horizon and the 
horizon layout itself occur. This area is especially essen-
tial for the training of beginner pilots since instructors 

teach them in scan-mode of attention to "OC, airspeed 
indicator, OC, attitude indicator, OC, altimeter” (Lijing 
& Lin, 2016). We created dynamic areas of interest, af-
ter recording flights and capturing eye fixations (EF) of 
participants. Time intervals were chosen based on task 
characteristics in event-based time intervals. This study 
investigated attention characteristics of groups of partic-
ipants across the number of different flight tasks (phases 
of flight) in VFR flight scenario.  Dynamically interpo-
lated rectangular of AOIs frames and the analysis be-
tween the time points was chosen based on the re-
searcher`s judgment. 
In the eye movement research related to Pilot's attention 
allocation (Anders, 2001) and visual scanning patterns 
(Rudi, Kiefer, & Raubal, 2018), Primary Flight Display 
(PFD) and Navigation Display (ND) are areas that re-
ceive the highest visual attention. The eye-tracking tool 
used in this experiment depicted airspeed indicator and 
altitude and vertical speed tapes which are on the far left 
and right side of the Garmin G500 Primary flight display 
PFD.  Earlier findings by Anders (2001) proved that 
speed indicator with 7.8%, altitude indicator with 7.6% 
and vertical speed indicator with 3.3% are the areas that 
received the highest visual attention inside PFD after 
Artificial Horizon (AH) with 10.5%. There are many 
other information fields besides those two, (i.e., Roll 
scale, Slip/Skid indicator) and the recordings showed 
that the participants have tried to fixate on them. An air-
plane with a traditional flight panel (T-layout), where all 
the information was "scattered" amongst different in-
struments, was used for the ab-initio training. Concern-
ing that, only AST and AVST were taken into account 
since these two provide the most crucial information in-
side the cockpit for VFR flights. 

On the other hand, during the ab-initio training, 
the participants were taught in the manner of the previ-
ously mentioned scan mode (Dudas, 2014; Lijing & Lin, 
2016; Vazduhoplovna vojna akademija, 1980). By re-
specting that rationale, the information about the 
changes of the bank angle is firstly registered as differ-
ences between the cockpit frame projection onto the 
horizon seen in Outside of Cockpit (OC) area, and later 
from Artificial horizon (AH). For that reason, partici-
pants use OC to correct the bank angle and disregard the 
Artificial horizon (AH), accordingly. Each participant 
took three 15-minute sorties. The number of fixations 
and revisits for each of the five flight tasks across three 
sorties was their average performance. 

4.2 Tasks 
The candidates were required to undergo five different 
tasks while flying the aircraft under VFR conditions. 

!
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These tasks are: 1) Take-off, 2) Climb, 3) Strait-and-
level-flight, 4) Turn, and 5) Final approach and landing 

4.3 Participants 
A total of nine trainees participated in longitudinal 

research. All of them had completed ab-initio flight 
training and had limited aeronautical knowledge and 
flight experience based on screening flights only. Total 
flight hours per trainee were 10 hours on a light piston-
engine aircraft that belonged to the utility category (US 
Department f Transportation FAA, 2012). During initial 
flight training, the participants/trainees were given lec-
tures on proper attention distribution-pattern (scan-
mode) in different VFR flight phases. All of the partici-
pants were males ranging from 20 to 24 years (M=22 
years, SD=1.18 years). 

4.4 Apparatus 
4.4.1. Hardware 
 
4.4.1.1 Flight simulator 

We created the flight simulator by use of COTS 
(Commercial-Off-The-Shelf) components, including 
both hardware and software, based on Microsoft Flight 
Simulator X (FSX). This software package installation 
was on the hardware configuration that was commer-
cially available at the time of the research study (Vlacic, 
Knezevic, & Milutinovic, 2015). A specific add-on pos-
sesses the characteristics of the Lasta military trainer 
with its digital cockpit. Figure 5 shows an image of the 
simulator setup. 

Figure 5. Simulator setup with eye-tracking tool equip-
ment. 

4.4.1.2 Eye Tracking Tools 
We have used GP3 Desktop Eye Tracker (sampling rate 
60 Hz, visual angle accuracy 0.5o – 1°) to record the pi-
lot's eye movements (Gazepoint, 2020) 
 
4.4.2. Software 

GP3 Desktop Eye Tracker software exports two 
types of EM data in “.csv” Excel datasheets. EM data 
concerning the fixations consists of horizontal and ver-
tical coordinates (“position of gaze x” and “position of 
gaze y”) gaze time (starting from the beginning of re-
cording), gaze duration, and gaze ID. The second file is 
a Data Summary report with AOI names and the associ-
ated number of fixations and revisits. Also, there is a 
time of the start of the AOI sequence for each of the five 
AOI sequences (flight phases). 

Microsoft Flight Simulator X (FSX) Microsoft 
Flight Simulator X, also known as FSX, is a 2006 flight 
simulation computer game originally developed and 
published by Microsoft for Microsoft Windows. Flight 
Simulator X was released in three editions: Standard, 
Deluxe, and later Gold. The Deluxe Edition features 24 
aircraft compared to 18 in the Standard Edition.  

Previous, long-term process, of the research team 
Vlačić, Knežević, & Milutinović, (2015), to simulate the 
specific piston-engine military trainer, which was not in-
volved in the FSX package generated an appropriate 
add-on of Lasta training aircraft. The add-on replicated 
both the aerodynamic model and the new instrument 
panel of the mentioned airplane. We used the igraph 
package developed by Csardi & Nepusz (2005) in R 
software for conversion of AOI transition matrices to 
graphs, and for calculation of network-based advanced 
EM measures.  

 
4.5 Data analysis   
4.5.1 Traditional EM metric data analysis  

The primary goal was to compare the results ob-
tained by the use of an eye-tracking device presented in 
the form of number of fixations and number of revisits 
with the results of psychological tests. These tests have 
been used for decades in the psychological selection of 
candidates and proven in practice.  The successful com-
parison could potentially serve as a predictor for the next 
stage, the flight screening. First, we investigated the use 
of the eye-tracking device as a useful prediction tool 
concerning the candidates' achievements at psychologi-
cal tests. Later, the possible correlation with flight 
screening results will be investigated. These actions are 
presented in Flowchart inside step 6 of the research 
study (Figure 4). 
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There are several groups of results or the candi-
date’s achievements obtained through different types of 
trials or tests, and they create the research database. 
Those are: 

• Psychological tests (Figure 8, and Table 4– We 
named this step of grouping candidates using psycho-
logical test scores as ‘psychological selection stream’) 

• Eye-tracking tests ( Figure 10, Figure 11, Fig-
ure 12, Table 3 and Table 4) 

• Flight-screening results (Figure 9 and Table 5 
- We named this step of grouping candidates using flight 
screening scores as ‘flight screening selection stream’). 

There is only one common attribute for normaliza-
tion of this database. The candidate`s achievement or 
rank at some of the trials is the one that permits it to be 
queried and manipulated. 

In the first phase, naming the test subjects Partici-
pants (P1, P2) was done, according to their results in the 
early stage of selection. The key is {Psychological se-
lection rank- participant ID}. The participant who 
scored the most points in psychological screening was 
named P1 (Table 3). Accordingly, all other participants 
were named. 

Concerning our study, the selection process has al-
ready been finished (Figure 4). The Military academy 
cadets who had completed ab-initio (flight screening) 
flight training (Figure 4) and had limited aeronautical 
knowledge and flight experience based on the screening 
flights only were participants in this research. Total 
flight hours per trainee were 10 hours on a light piston-
engine aircraft. The results of psychological tests and 
flight screening, were already available, making this re-
search as some way of post-hoc selection or analysis. 

Conditionally the research done inside step 6 of 
Proposed methodology (Figure 4), was presented in data 
analysis into two separate streams. The first stream is 
conditionally more psychologically oriented and com-
pares the participant`s previous results on the psycho-
logical selection with the eye-tracking device results. 
Since this step of the pilot selection process precedes 
flight screening in the timeline it will be a discussed 
first, and will be named Psychological selection stream.   

The second one, named Flight screening selection 
stream, compares participant`s achievements on flight 
screening with the results of the recorded EM metrics 
during simulated flight scenario. It should be noted that 
the candidates who passed both psychological and flight 
screening stage of selection and moved the next step, 
became Military academy cadets. We used only their 
achievements for comparisons. 

 
 
 

4.5.2 Network based data analysis 
GP3 Desktop Eye Tracker exports two types of EM 

data in “.csv” Excel datasheets. EM data concerning the 
fixations consists of horizontal and vertical coordinates 
(“position of gaze x” and “position of gaze y”) gaze time 
(starting from the beginning of recording), gaze dura-
tion, and gaze ID. The second file is a Data Summary 
report with AOI names and the associated number of 
fixations and revisits. Also, there is a time of the start of 
the AOI sequence for each of the five AOI sequences 
(flight phases). For extracting gazes within defined 
AOIs coordinates, we used the start time of AOI se-
quence (phase of flight) from Data Summary report. 
Since we choose event-based intervals, of known dura-
tion, we selected an array of gaze IDs (rows of Excel 
sheet) within that interval. We analyzed Each AOI se-
quence with the use of data Filter tools in Excel. Filter-
ing data columns with coordinates of AOIs (within spec-
ified rows) for each of them, gave us fixation sequence. 
The final fixation sequence is a collapsed form of raw 
fixation sequence, same as (Mandal & Kang, 2018). 
Namely, Multiple consecutive fixations of the same AOI 
collapsed into a single fixation. 

We transformed generated fixation sequence to an 
AOI transition matrix (sample for participant P9 given 
in Table 2) of the same size for each AOI sequence since 
the number of AOIs in our case is predetermined and 
always the same. 

Table 2  

AOI transition matrix developed from the AOI fixation 
sequence for time interval of Straight-and-level phase 
of flight for participant P9 

FROM AOI TO AOI 

AST AVST EI OC 

AST 0 1 2 6 

AVST 1 0 1 8 

EI 1 0 0 3 

OC 7 8 2 0 

 
Representation of the network was done by adopt-

ing the design principles suggested in (Mandal, Kang, & 
Millan, 2016) with some modifications. We used the 
igraph package (Csardi & Nepusz, 2005) in R software 
for conversion of AOI transition matrices to graphs. 
There is the difference with suggested principles of the 
color of a vertex. Based on the RGB palette of the 
RColorBrewer package in R software, the red color 
means low EF duration, orange color means higher and 
yellow color means the highest EF duration occurring 
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on the associated AOI. Network’s vertex radius size is 
proportional to the number of EF received by the corre-
sponding AOI. Also, the thickness of an edge between a 
vertex pair is proportional to the number of EF transi-
tions occurring between vertices in the edge’s direction 
same as (Mandal, Kang, & Millan, 2016). Therefore, for 
the example given in Table 2 we have static network 
presentation as in Figure 6. 

Figure 6. Sample of static network visualization of AOI 
transition matrix from Table 2. 

 
For this study, we chosen three characteristic par-

ticipants. Each participant belonged to one of the previ-
ously defined groups. We developed the static network 
for each of the five flight phases, for each of the three 
participants. Calculation of AOI importance measures 
was done using equations (1), (2), (3) with the igraph 
package in R software and also normalized for better 
comparison. Distance normalized measure of indegree 
of sample bar plot, for defined AOI, and participants P2, 
P9 and P8 are presented in (Figure 7). 

 
 
 
 
 
 
 
 
 
 
 

Figure 7. Bar plot shows the relative indegree val-
ues for defined AOIs among three Participants act as 
representatives of their groups. The color scheme ap-
plied in previous bar plots (blue- High-performance par-
ticipants, Red- Average-performance, and Green- Low-
performance) 

5. Results 
5.1 Psychological selection stream analysis 

Figure 8 shows the results of Tests T2 and T5 (meas-
uring visual perception) and WP (Wulfften-Palthe) test 
(measuring the distribution of focused attention). The 
cadets were ranked in terms of their total T score (com-
plete sum/ achievements on three tests) they achieved 
during psychological selection. The yellow trend line in 
Figure 8 shows the T score value.  The overall ranking 
of individual participants is shown in Table 3. 

Figure 8. Results of the psychological selection 
stream analysis 

 
Upon the completion of the process, the Aeromedi-

cal Institute, which is in charge of psychological selec-
tion, divides the candidates into three groups namely, 
high performance, average performance, and low per-
formance. The complete psychological selection rank 
depends on Personality inventory and Psychomotor test-
ing, as well. The categorization given in this research 
follows only the pattern of Cognitive tests set data, de-
scribed earlier, and is a way of arbitrary classification. 
In this study, we divided participants into three catego-
ries based on the total score calculating 67th percent and 
33rd percent values from the sample of total scores in 
Table 3, since the sample distribution was not normal. 
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Table 3  

Ranking of all cadets for the psychological selection test.  
Participant P1 P2 P3 P4 P5 P6 P7 P8 P9 
Total score 192.5 192 179 175 175 168 168 162 157 
Psychological 
selection rank 1 2 3 4 5 6 7 8 9 

 
 

 The division was made using equations (v) and (vi) 
shown below: 

 (v) 

(vi) 
Where, 𝑚𝑎𝑥 and 𝑚𝑖𝑛 represents the maximum and 

minimum value of the T score respectively. Inserting the 
respective value in equation (4) and 5) we get that, 67th 
percent=157+ 0.67* (192.5 – 157) =180.758, and the 
33th percent =2+ 0.33* (192.5 – 157) = 168.715. 

Table 4 shows the candidates categorized into three 
performance groups using the above-mentioned thresh-
old values. Note that the low performance candidates are 
the ones who actually passed the psychological selec-
tion, others who fail to pass were not considered. We 
named this step of grouping candidates using the psy-
chological test scores as ‘psychological selection 
stream’. 

 
Table 4  
Categorization of candidates into three performance 
groups for psychological selection test. 
 

Rank Participant Group 
1 P1 High perfor-

mance 2 P2 
3 P3 Average per-

formance 4 P4 
5 P5 
6 P6 

Low perfor-
mance 

7 P7 
8 P8 
9 P9 

 
After the candidates are grouped into different per-

formance groups, we further analyzed their visual scan-
ning patterns to find whether participants, belonging to 
different groups, exhibit different visual scanning strat-
egy or not.  

5.2 Flight selection stream analysis 
Figure 9 represents the scores for the various partici-
pants for the ‘flight screening phase’. The blue line 

shows the average of all screening grades.  Table 5 
shows the ranking of the participants based on their 
scores in this stage of pilot selection process. 
 

 
Figure 9. Results of the Flight screening stage of selec-
tion. 

The ranking during the flight screening selection 
process is the result of the average performance of the 
three grades. Those are the grades obtained in the final 
flight with the examiner, and the two grades given by 
the flight instructor in charge of the participant (pilot 
candidate at that time). These grades are a result of con-
tinuous tracking of candidates’ development. All the 
candidates who have an average grade below 7.00 be-
longed to low performance, between 7.00-7.50 average 
performance, and all those above 7.50 belonged to high 
performance group (Pavlović, 2009). Table 5 also enlist 
the group each participant belongs to.  

We named this step of grouping candidates using the 
psychological test scores as ‘psychological selection 
stream’. 

Comparing the Table 4 and Table 5, it is quite clear 
that the Participants P2, P3, and P7 are the only ones that 
have kept their original groups. Participant P2 even held 
its original rank. A conclusion could be that 

67 min 0.67*(max min)..th percent = + -
33 min 0.33*(max min)..rd percent = + -
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psychological tests are by no means a ranking predictor 
for flight performance. The rank of the participant P2 
might be just a coincidence. A situation like this was ex-
pected, due to an environmental factor (ergonomics of 
the cockpit, noise, communication with ATC) that af-
fected most of the participants during flight screening. 
As a result, their ranks (represented in the Tables 4 and 
5) are not the same.  

 
Table 5 
Results of the flight screening selection 

  
Flight se-

lection 
Rank 

Partici-
pant 

Flight se-
lection 

grades (to-
tal) 

Group 

1 P5 7.75 high perfor-
mance 2 P2 7.74 

3 P6 7.35 average 
perfor-
mance 

 

4 P9 7.26 
5 P3 7.21 
6 P8 7.10 
7 P1 7.07 
8 P4 6.89 low perfor-

mance 9 P7 6.11 
 

5.3 Traditional EM metric result analysis 
Recording of the traditional EM metrics showed that 

some of the participants displayed some basic flight 
skills they had previously adopted. The adopted scan-
mode explained by Lijing & Lin (2016) considers that 
EM transition starts, i.e., from OC AOI then shifts to 
airspeed indicator AOI and then returns to OC (Figure 
10). 

Figure 10 represents an illustration of the desired 
scan-mode. The difference between one participant who 
followed the desired scan-mode during take-off shown 
in Figure 10 (green color circles)  and made returning 
transitions with fixation of shorter duration (represented 
with smaller radius) and the participant shown in Figure 
11(red color circles) who made only consecutive gaze 
points outside the cockpit and made fixation of longer 
duration represented with larger radius illustrates the 
importance of revisits.    

The recording of the Participant P7 shows that the 
desired scan mode was not adopted, and that he was 
making Unintended TF inside AOI ‘OC’, previously 

explained in Robinski and Stein (2013), and conse-
quently great number of fixations. Taking into account 
only the number of fixations could lead us to assumption 
that he had greater quality of scan pattern, which is not 
the case. Figure 11 shows that the circle radiuses that 
represent the gaze duration are grater, and the EM tran-
sition was not shifted from OC to speed indicator. 

The Areas of interest were: Airspeed Tape (AST); 
Altitude and Vertical Speed Tapes (AVST); Engine In-
struments (EI) and Outside of Cockpit (OC). The de-
fined AOIs (Figure 12) were presumed as providers for 
the most critical information for the pilot's situational 
awareness (SA) while performing essential VFR flight 
(see 4.1). 

Comparison of the traditional EM data with the 
achievements of the participants in the psychological se-
lection was done using the groups previously defined in 
Table 4. (Categorization of candidates into three perfor-
mance groups for psychological selection test).  
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Figure 10. Recording of participant P5 Take off phase. Gaze plot of 3 seconds duration. Fixation (Green circles) of evi-
dently smaller radius and thus shorter duration. Saccades (transitions) from AOI ‘AST’ to AOI ‘OC’ present. 

 

Figure11. Recording of participant P7 Take off phase. Gaze plot of 3 seconds duration. Fixation (Red circles) of evi-
dently larger radius and thus longer duration. Saccades from AOI ‘AST’ to AOI ‘OC’ (or vice versa) not present. 
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Figure 12. Position of Areas of interest (AOIs.) Fixations No26 to No32, during 3 second period. Gaze point analyzer 
was set up to refresh display with gazes on every 3 seconds. Participant P5 example.  

In Figure 13, we can see the result, which represents 
the mean number of fixations inside AST AOI across the 
five flight phases, with associated standard errors, taken 
from recordings of three sorties that each participant car-
ried out.  

 
Figure 13. Number of eye fixations inside AOI ‘AST’ 
for five flight phases for the psychological selection 
stream with associated standard errors.  
 

For the AOI AST the high-performance participants 
had a greater number of eye fixations compared to other 
two groups (see Figure 13). Unlike this, for the AOI 
AVST, high-performance participants had a smaller 
number of eye fixations count then average, and low-
performance ones, during all five phases (Figure 14). 

Low-performance had the highest results, in the number 
of fixations inside AOI AVST with the exception of 
‘Take-off’ and ‘Turn’ phase where the average partici-
pants had the most in rest of the three phases (see Figure 
14).  

Figure 14. Number of fixations AOI ‘AVST’ for five 
flight phases for the psychological selection stream 
with associated Standard Errors. 
 

In case of the AOI OC, high-performance partici-
pants had the greater number of fixations during Take 
off and Landing phase and slightly a smaller number of 
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fixations during the other phases than average and low-
performance participants (Figure 15). 

Figure 15. Number of fixations and standard errors AOI 
‘AST’ for five flight phases for psychological selection 
stream. 
 

We can notice that all participants displayed some 
basic flight skills they had previously adopted since the 
highest number of fixations made across all five phases 
for all three groups was during landing phase inside AOI 
“Outside cockpit” (Figure 15). 

One-way ANOVA revealed significant differences 
between groups only in the number of fixations inside 
AST AOI (F(3. 21299) = 10.03922 p<0.01). Pairwise t-
test between groups revealed significant difference be-
tween High-performance participants (M 
=23.582,SD=7.42) and Low-performance participants 
(M = 28.037, SD = 5.16), (t(4.72) = 2.048  p < 0.01) and 
High-performance participants( M = 23.582, SD = 7.42) 
and Average-performance participants (M =17.016, SD 
=7.44),(t(2.14) = 2.068 p < 0.05). High-performance 
participants had a greater number of fixations inside 
(OC) AOI than Average-performance, and Low-perfor-
mance participants did. All other AOIs results did not 
show any statistically significant difference between the 
groups. 

The number of fixations inside EI AOI is insignifi-
cant in absolute and relative number. It is represented in 
Figure 16. This fact was another confirmation that the 
participants were untrained beginner pilots (skilled pi-
lots would pay more attention to engine parameters). 
This information can be a future reference for the eval-
uation of sorties in the flight simulator. 

In case of number of Revisits One-way ANOVA, 
again, revealed significant differences between groups 
in number of revisits inside AST AOI (F(3.2199) = 
6.7093, p<0.01). Separate independent T tests between 
groups revealed significant difference between High-
performance participants (M=15.532, SD=5.11)  and 
Low-performance participants (M=9.0245, SD=4.24) 

(t[3.566]=2.048 p<0.01) and no significant difference 
between High-performance participants (M=15.532, 
SD=5.11) and Average-performance participants 
(M=12.9046; SD=4.85), (t(1.24405)=2.0686,  p= 
0.2260). The comparison between Average-perfor-
mance participants and Low-performance participants 
revealed that the Average one with (M=12.9046, 
SD=4.85), had statistically significant greater number of 
revisits then Low-performance participants (M=9.0245, 
SD=4.24), (t[2.4428]=2.0345 p<0.02). 

Figure 16.  Number of fixations AOI ‘EI’ for five flight 
phases for psychological selection stream 

 
Figure 17 shows that Average-performance partici-

pants had some more revisits than High-performance 
did during climb. It is an additional confirmation of ac-
tive visual scanning pattern by High-performance par-
ticipants, regarding the results they had. A study done 
by Katoh (1997), proposed (for landing phase) attention 
of both instruments and the outside cockpit confirms 
that the most active scanning pattern should exist during 
Landing phase. 

Figure 17. Number of revisits AOI ‘AST” for five flight 
phases for psychological selection stream with associ-
ated Standard errors. 
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The use of recorded number of revisits shown in 
Figure 17 and Figure 18, and the fact that ranking of the 
participants across all flight phases in both cases, the 
number of fixations, (Figure 13 and Figure 15) and the 
number of revisits (Figure 17 and Figure 18) is descend-
ing from high to low, prevailed to conclude that the 
High-performance participants were making Target fix-
ations and had more agile scanning pattern. 

Accordingly, the rank of the participants established 
during psychological selection correlates with the eye-
tracking device results, regarding the number of fixa-
tions and revisits. 

 

 
Figure 18. Number of revisits AOI ‘OC’ for five flight 
phases for psychological selection stream with associ-
ated Standard errors. 
 

Results presented in the form of box and whiskers in 
Figure 19 confirm that the High-performance partici-
pants had the statistically most significant number of 
fixations inside AST AOI.   

Figure 19. Box plot for the number of fixations inside 
AOI ‘AST’. 
 

Concerning the statistics of the revisits inside AOI 
AST Figure 20 shows the results, and rank between the 
three groups of participants. 

 

Figure 20.  Box plot for the number of revisits inside 
AOI ‘AST’. 
 

In the next step of the comparison, the EM data were 
compared with the ranks, and the groups of the partici-
pants established according to the flight screening selec-
tion results (Table 5 Results of the flight screening se-
lection). In the same manner as in the psychological se-
lection stream when we tried to analyze it statistically, 
One-way ANOVA applied to the number of fixations re-
ported no significant statistical difference between the 
groups, except in the case of EI AOI, which is not so 
important AOI during VFR flights. The situation with 
statistical confirmations of difference between the par-
ticipants in the number of revisits inside (OC) AOI, is 
almost identical with the fixation count. Once again, the 
correlation between the flight screening results and the 
laboratory environment tests (EM metrics in this case) 
was not confirmed. This was also case with the use of 
psychological tests as a predictors of flight screening re-
sults (see 5.2). 

5.4 Network based EM metrics results 
analysis 
Previous section showed that the use of traditional 

EM metrics (number of fixations and revisits) as a pre-
dictor for the Flight selection process of Military acad-
emy cadets failed to show any correlation with Flight 
selection rankings of participants. Furthermore, there 
was no certain evidence of saccade strategy existence, 
and the difference between test subjects; thus, more re-
fined approach was needed. 

Representation of the network was done by adopt-
ing the design principles suggested in Mandal & Kang 
(2018). Since the input for the fixation sequence was the 
number of the EFs we provided the table with average 
number of fixation and chose the three characteristic 
participants. 

These three participants are representatives of their 
groups (High-performance, Average-performance, and 
Low-performance) according to their overall number of 
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fixations. Using equations (1) and (2), we will have a 
situation given in Table 6. 
Table 6  
Average number of fixations, overall achievements 

rank Number 
of fixa-
tions 

Participant  group 

1 480 P2 high perfor-
mance 
 

2 478 P4 
3 469 P1 
4 461 P3 
5 427 P5 average per-

formance 
 

6 407 P9 

7 372 P6 low perfor-
mance 8 345 P8 

9 323 P7 
 

According to Table 6 participant P8 is in the Low-
performance group. He was also in the Low-perfor-
mance group in the Psychological selection (We named 
this step of grouping candidates using the psychological 
test scores as ‘psychological selection stream’ Table 4) 
and even his average performance grade on the Flight 
screening selection was close to 7.00 (Low perfor-
mance) Table 5. The other two participants, P2 who be-
longs to High-performance group, and P9 who belongs 
to Average-performance group, (Table 5) both belonged 
to the same groups during Flight screening selection, re-
spectively (Table 5). 

Figure 21, Figure 22 and Figure 23 represent net-
work visualization of the EM data for three participants 
during Climb phase of flight, for all four AOIs. In Figure 
21 AOI AST is the primary one for participant P2 since 
it has most EF numbers (circle size) and longest EF du-
ration (circle color), closely followed by OC AOI. 
AVST AOI is substantially less important, whilst EI 
AOI has almost no importance. 

For the Average-performance participant P9 (Fig-
ure 22) AOI OC is the primary one. Two AOIs, AST and 
AVST are considerably less important. AVST AOI has 
a shorter EF duration then EI AOI on the other hand, 
AST has longer EF durations and greater EF numbers. 
Unlike in the previous case, AOI EI possess some im-
portance for participant P9. Figure 23 shows that pri-
mary AOI for participant P8 was AOI OC. Compared 
with previous cases this is the least important “primary 
AOI” since it has least EF numbers (circle size), and 
shortest EF durations (circle color). In this case, AOI 
AST is of secondary importance, with two other AOIs 
disregarded. Figure 21 through 23 also shows that there 
is a difference in the number of EF transition between 

some AOIs and that some connection between AOIs 
does not exist for some participants. 

 
Figure 21. Network visualization of EM data for partic-
ipant P2, during Climbing. 

 

Figure 22. Network visualization of EM data for partic-
ipant P9 during Climbing. 

 
Figure 23. Network visualization of EM data for partic-
ipant P8 during Climbing.
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Figure 24a) Distance normalized measure values for AOIs during Take-off flight phase. 

 
Figure 24b) Distance normalized measure values for AOIs during Climb flight phase. 

 

Figure 24c) Distance normalized measure values for AOIs during Straight and Level flight phase. 

 

Figure 24d) Distance normalized measure values for AOIs during Turn flight phase. 

 
     Figure 24e) Distance normalized measure values for AOIs during five flight phases, I(“AOI”), C(“AOI”) and     

B(“AOI”) refers to normalized indegree, closeness and betweenness values, respectively. Different participants are 
represented with different colors. 
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       Figures 24 from a) through e) shows the bar plot 
representations of the relative importance measures of 
four AOIs during five flight phases for each of three 
participants. 

Examining relative importance measures of AOIs 
for each participant across five flight phases in Figure 
24 a) to e) shows some trends for each participant, thus 
suggesting the presence of saccade strategies. High-per-
formance participant P2 had high indegree and close-
ness values for AST and OC AOIs, on the other hand, 
his betweenness values for AST AOI were insignificant, 
except in the case of landing (Figure 24 e)). His be-
tweenness values for OC AOI were constant. We should 
take into account that participant P2, according to Table 
6, had the highest number of fixations. Since Figure 21 
(P2) revealed that the EF durations were not high, the 
duration of gazes was most probably very short. If we 
take into account that only this participant gave advance 
to AOI AST, we can conclude that he had specific sac-
cade strategy. 

Participant P9 was trying to spread his attention 
evenly across all AOIs, which is evident from Figure 22 
(P9). Figure 24 a) to e) shows that he had the highest 
levels of indegree and closeness for all AOIs across all 
flight phases (except for indegree during the turn). His 
centrality values are almost identical for observed AOI 
across all flight phases, apart from being high. He also 
managed to reach some values of betweenness for AST 
AOI. His saccade strategy is also distinguishable. 

Low-performance participant P8 had different val-
ues of each importance measure for every AOI across 
five flight phases Figure 24 a) to e). Dominant AOI in 
his saccade strategy was OC, based on indegree and be-
tweenness values. In some cases, indegree value for his 
OC AOI was highest among all participants Figure 24 
b), c), e)), on the other hand during Take-off and Turn 
indegree values were lowest. The fact that he had the 
lowest number of fixations (Table 6), and that the EF 
durations were low (Figure 23), makes us conclude that 
he did not place his attention to desired AOIs and that 
he had an absence of saccade strategy. 

6. Discussion 
Results of the first part of this research showed that 

there is a positive correlation between the number of 
Fixation and Revisits count and performance during 
Psychological selection, which is the first stage of the 

overall selection process for cadet pilots at the Military 
Academy. 

The conclusion is that the participants rated as High-
performance during psychological selection did achieve 
some better results in the eye-tracking experiment be-
cause they made more fixations inside AST AOI, but 
that is not confirmation that they had better scanning 
technique.  

In the reference literature, it is said by Katoh (1997) 
that the pilots exhibited the shortest dwell times during 
landing. This finding suggests that visual scanning pat-
terns during landing are distinctly different from other 
periods of flight. Regarding fixations count, bars inside 
the Charts that represent number of fixations during 
landing phase inside AOI AST (Figure 13) and inside 
AOI OC (Figure 15) are indicating the same. Katoh 
(1997) also suggested that landings should require the 
attention of both instruments and the outside view. 
Hence, pilots must have more active visual scan pat-
terns. The confirmation of an active scan patterns hy-
pothesis might be the number of revisits given in Figure 
17 and Figure 18. 

We can see that, except for climb and level flight 
phases, in all other phases High-performance partici-
pants had a most significant number of revisits inside 
OC AOI. (Figure 18) Average-performance participants 
had less, and Low-performance participants had the 
least. Figure 18 shows that Specifically, the Take-off 
and Landing phase bars show that the Low-performance 
participants had a low number of revisits inside OC 
AOI. This is the pilot aptitude which is not desirable ac-
cording to (Kasarkis, Stehwien, Hickox, & Aretz, 2001). 

The analysis of the EM metrics using only the num-
ber of fixations, (which was the standard approach in 
many of the studies shown in Table 1) and introduced 
(measure) count of revisits failed to prove correlation 
with flight screening results. The correlation with psy-
chological selection results exists only the former is not 
ample for selection of future pilots. The environments 
of the classroom (where the psychological tests are 
done) and the cockpit are not the same. The live training 
is where the personality pattern (confidence, making 
judgement under stress) comes in focus. The complete 
psychological selection rank depends on Personality in-
ventory and Psychomotor testing, as well. The categori-
zation given in this research follows only the pattern of 
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Cognitive tests set data, described earlier. Psychomotor 
skills developed during flight screening process, and 
displayed during final flight with examiner, are the pre-
vailing ones, when deciding whether the candidate 
would be given chance to become a pilot or not. The 
rank of the candidates is estimated including all other 
grades (flight screening and psychological selection). 

The new DWN approach (procedure from reference 
literature) applied in event-based time intervals enabled 
us to visualize saccade strategies. Network visualization 
of one AOI sequence for each of the chosen participants 
showed how EM flows between AOIs. Despite rela-
tively small EF numbers and EF durations, we could tell 
with certainty that the difference between participants 
existed, due to a vertex representation model. Besides, 
the bar plot representation of normalized importance 
measures for all AOIs and three participants across all 
flight phases enabled us to identify specific saccade 
strategy each of them had. 

7. Conclusion 
This study indicates that there is some potential in 

the correlation of psychological tests and the number of 
fixations and revisits, as predictors. Considering this, a 
part of the primary objective of this work that was to 
determine the correlation of eye-tracking measurements 
in a flight-simulated environment with the standard set 
of psychological test results was fulfilled. However, 
these predictors (revisits, fixations) do not seem to cor-
relate well statistically with the Live flight performance. 
It should be pointed out that this could be due to a small 
sample available.  

To overcome the shortcomings of traditional ap-
proach and to certify the difference between the test sub-
jects we implemented additional network representation 
method with three target importance measures 
(indegree, closeness and betweenness). Implementation 
of this approach included plotting the graph objects with 
vertices of different colors and sizes, and with weighted 
and directed edges. Comparing the aforementioned net-
work visualizations and normalized importance 
measures in bar plot graphs with the addition of a previ-
ously detected number of fixations confirmed the differ-
ence in saccade strategies between subjects. This could 
suggest the implementation of the eye-tracking device 
in the pilot selection process with the application of 

more refined EM metric visualization instead of the tra-
ditional one. 

8. Limitations and future work 
The first challenge we encountered was the dilemma 

between the use of event-based time intervals (flight 
phases) or evaluation of EM metrics over the whole time 
of the recorded flight. Using the whole period of rec-
orded flight would certainly generate a greater sample 
of EF metrics numbers, namely fixations and revisits. 
Most of the time spent in 15-minute sortie is in straight-
level-flight, especially for beginner pilot who adjusts the 
flight elements for an upcoming event (flight phase). 
Unintended TFs we mentioned earlier would certainly 
be a great deal of that time. Generated quantity could 
lead us to wrong conclusions about the quality of the 
saccade strategies for some participants, even though we 
introduced the measure of revisits to eliminate it. 
Shorter duration of event-based intervals, on the other 
hand, is connected with smaller EF numbers, and possi-
bly invalid sample. Choosing event-based intervals over 
the whole flight demanded more recorded trials to solve 
the problem. Additionally, the choice of event-based in-
tervals complies with demands during flights with the 
examiner. In our opinion, future work would request the 
investigation inside preset scenarios and participants 
performing only one flight phase with multiple trials. 
This would keep their focus only on flight elements, and 
not on flight organization itself. 

Furthermore, the problem of selecting the number of 
different AOIs was also, the problem of their size and 
not only the importance. Electronic flight instruments 
layout represents the integration of several instruments 
that had a different shape and position earlier. With this 
integration, they had lost their position and shape, and 
another logic is used to draw attention. PFD provides 
most of the data necessary for flight. The multifunc-
tional display MFD is not crucial for VFR flights. Cre-
ating more AOIs inside PFD would simply lead to their 
minimization and an additional decrease in EF numbers. 
Besides, the more precise eye-movement device would 
be required. Future work in this field could be the com-
parison of EM metrics when flying the traditional instru-
ment layout with a digital one. Flight scenario would 
certainly have to be in Instrument Flight Rules (IFR). 
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