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Abstract 

How do air traffic controllers, or ATCos, distribute visual attention and can it vary between 
controllers? In this study, using primarily eye-tracking data and a couple of on-site interviews, 
these questions are explored. Two ATCos, with the most similar landings, had their 
eye-movements recorded with Tobii pro glasses 2 and further analysed by categorizing every 
fixation into different areas of interest during four landings. Two more ATCos were 
interviewed briefly during an observational visit to the control tower. The results showed that 
the ATCos distributed their attention fairly equally between the outside of the control tower 
and the inside. When attending to something outside the runway was the focus and when 
attention was inside the control tower the radar was usually the focus. The ATCos differed in 
their attention distribution by the presumably more experienced ATCo distributing their 
attention more outside the control tower than the presumably less experienced ATCo.  A large 
number of fixations were not categorized bringing the method of dividing the ATCos 
eye-tracking view into areas of interest into question.   
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1 Introduction 

The first step to a remarkable change in the way air traffic controllers operate is happening 
right now. Sweden is the first in the world with remotely operated air traffic management. 
Luftfartsverket or LFV is the air navigation services of Sweden and has developed LFV 
remote tower center from which air traffic is controlled remotely. With ever evolving 
technology allowing this change in air traffic control, the air traffic controller must keep up. 
How will the air traffic controller adapt to this new environment? LFV is in one of their 
project studying air traffic controllers changing from typical control towers to remote control 
towers. This study is part of another project by LFV that aim to explore individual differences 
between air traffic controllers. When studying this change from one environment to another it 
is important to control for secondary variance such as individual differences. This study aims 
to explore where such individual differences might show themselves. To accomplish this, an 
eye tracker is used to track the fixations made by the air traffic controller while working in the 
field. The fixations will tell the story of how the air traffic controllers distribute their visual 
attention. The air traffic controller would naturally focus their attention on the information 
they require at the moment. How they distribute their attention depends on the nature of the 
task at hand. Therefore, it is important that the air traffic controllers do the same task if we 
aim to find individual differences. The problem is that the task will never be the same for the 
air traffic controllers when they are working in the field. The data used in the study is 
provided by LFV and consist of multiple recordings of air traffic controllers operating in the 
field during air traffic. Although the task is never identical, there are still tasks that are highly 
similar. The task of interest for this study were arrivals. During arrival, the air traffic 
controller needs to be alert and ready to direct the approaching aircraft. Among the recordings 
the most similar landings were chosen when exploring differences in how the air traffic 
controllers distribute visual attention. Five important factors were used when comparing 
arrivals and choosing similar arrivals. These factors were then confirmed in semi-structured 
interviews with two air traffic controllers during a field observation. Finally, four landings 
with two different air traffic controllers were analyzed.  

 

1.1 Purpose 

The purpose of this study is to explore how air traffic controllers distribute visual attention 
during landings. Air traffic controllers are well trained and highly skilled in the work they do. 
By analysing how the air traffic controllers acquire information from the environment we can 
get a better understanding of what information is important. The air traffic controllers are, 
hopefully, not looking at random when working with air traffic. They seek the information 
they need to safely guide the air traffic in the immediate controlled airspace. Furthermore, this 
study explores differences in how the air traffic controllers distribute visual attention. 
Considering that they undergo extensive training and operate under similar conditions 
difference should be minor.  
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1.1.1 Research questions  

1. How do air traffic controllers distribute their visual attention during landings?  
2. How do the air traffic controllers differ in the way they distribute visual attention? 
 

1.2 Limitations 

The study only used the eye-tracking data from Tobii pro glasses 2 which did not properly 
record audio from other sources than the air traffic controller wearing them. Although it is 
possible to distinguish what is being said near the person wearing the glasses it is not 
consistent enough and there are at times difficulties in comprehending what is being said by 
other parts. Therefore, only the video recording is used. This study is using theories of 
situation awareness, SA, to explain the data. There are existing measures for assessing SA, 
but this study is not specifically interested in assessing the air traffic controllers SA and such 
measures will not be used. Due to the study being done in the field and even though the air 
traffic controllers are doing the same task, the task is not identical and there are differences. 
Therefore, among many other variables, it is not feasible to use any eye-tracking measures to 
compare the order between participants. 
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2 Theory 

In this section the theory behind the method will be presented. Theories of situation awareness 
and the perceptual cycle will also be presented, as well as reviews on the situation awareness 
theories.  

 

2.1 Situation Awareness 

Endsley (1988) defined Situation Awareness (SA) as, “The perception of the elements in the 
environment within a volume of time and space, the comprehension of their meaning and the 
projection of their status in the near future” (p. 97). This definition of SA is used in the 
Endsley 1995 model of Situation Awareness which could be considered one of the most 
established model of situation awareness (Endsley, 2015). Endsley (1995) describes SA as a 
state of knowledge of a dynamic environment and he also describes the processes, which 
leads to this state of knowledge, as situation assessment. Situation assessment is further 
divided into three different phases. The first phase in the process of achieving SA is what 
could be called the perception phase. In this phase an agent in a dynamic environment 
perceive features or elements of the environment that are necessary for the agents 
understanding of the environment. For an ATCO, an obvious example is the aircraft. 
Acquiring information about the aircraft is an important step in the process of achieving SA 
for the ATCO. The second phase could be described as the comprehension phase. In this 
phase a holistic picture of the environment is formed based on the previously perceived 
elements. This holistic picture of the environment includes a deeper understanding of the 
elements and how these elements can be integrated in relevant goals. Endsley (1995) 
describes how differences can be found in this phase between novices and experts. Novices 
might not be able to integrate the perceived elements in the environment to relevant goals. An 
example on this in the case of an ATCO would be in the case of monitoring and directing 
multiple aircrafts. Simply perceiving the aircrafts is not enough, the ATCO needs to process 
the given information to comprehend the given situation. The final phase could be called the 
projection phase. Here the knowledge from the perception phase and the comprehension 
phase is used to make assumptions about the future state of the environment. For example, in 
a situation where the ATCO has a large aircraft landing and a smaller aircraft landing shortly 
after the ATCO will providing the pilot of the smaller aircraft information about potential 
turbulence caused by the larger aircraft. Here the ATCO has perceived relevant elements of 
the environment, understood the potential relation between the elements and the goal of safe 
landing and projected a potential future state of turbulence for the smaller aircraft. 

Smith & Handcock (1995) takes, what is argued to be, a more ecological approach to the 
definition of SA. The authors define SA as: “adaptive, externally directed consciousness” and 
is based on the perceptual cycle model described by Neisser (1976).  SA is seen as both the 
process and the product of an agent’s interaction in an environment with a specific external 
goal.  In contrast to the model of SA proposed by Endsley (1995) where there are three levels, 
the process and product is argued to be intertwined  (Salmon et al., 2008). Smith & Handcock 
(1995) consider an agents capacity to change behaviour in dynamic situations as the root of 
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SA.  Furthermore, SA, at a basic level, is argued to be: “an appropriate awareness of a 
situation”. Implying there is a hierarchical structure in term of importance in a given situation. 
In the case of the air traffic controller, by looking at the order of acquired information we 
might be able to get insight into what things in the situation is important and subsequently the 
process of  SA.  

In the paper by Salmon et al. (2008) the authors review and critique existing works on SA 
with a focus on team SA. Team SA encompasses not only the individuals SA but also shared 
SA between team members and the SA of the entire team. The SA model of SA by Endsley 
and Smith and Hancock is reviewed and critiqued, among other models of SA. Salmon et al. 
(2008) criticises these two models for being individualistic and lacking in empirical 
validation. The authors conclude that system-oriented approaches to SA, described as 
distributed situation awareness or DSA for short, are more suitable in complex, collaborative 
systems. Salmon et al. (2008) argue that the DSA models by Artman and Garbis (1995) and 
Staton et al. (2006) are more suitable in in collaborative systems. However, in the paper by 
Staton, Chambers & Pigott (2001) they argue that the concept of SA has had practical worth 
in the area of air traffic control, among other areas.  The authors describe the models by 
Endsley and Smith and Handcock as having an element of truth in them. The model by Smith 
and Handcock explains the dynamic aspect of SA while the model by Endsley, albeit argued 
to be generic, offers different degrees of insight and has many application areas. 

 

2.2 Neisser’s perceptual cycle 

Perception is an important part in the process of achieving SA, but there is more to perception 
than what meets the eye. To understand the work process of an ATCO it important to have 
knowledge about fundamental principles of human perception. The ATCO needs to perceive 
the right information at the right time to be able to safely do their work properly. Missing 
critical information can have devastating effects. Amalberti, Auroy, Berwick and Barach 
(2005) describes the civil aviation industry as an ultra-safe system with a rate of death less 
than 1 per million exposures, where exposures are number of departures. The ATCO is not the 
entire aviation industry, but is a crucial part in the air traffic process. Then, how do the 
ATCOs manage to keep such consistency in their work and have so few accidents? One 
important part of the puzzle is the existence of well ingrained schemata. Neisser (1978) 
describes perception as a continuous activity that require not only the perceived information 
but also anticipation of information. To be able to anticipate what information we are about to 
perceive Neisser (1978) argues that we have internal structures that he calls “schemata”. The 
function of these schemata is to anticipate, plan and together with the information in the 
environment construct what we see. Schemata are the result of perceptual exploration and are 
in turned modified by the exploration to better anticipated further information. The ATCO 
receives extensive training on how to control and direct traffic, but the actual exploration and 
perception of information is hard to teach. How, when and where the ATCO looks is 
determined by information in the environment and internal schemata. By analyzing where the 
ATCO looks we might get a better understanding of the internal schemata used when the 
ATCO is looking for information. Neisser (1978) presents the continuous nature of perception 
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in his famous perceptual cycle. This cycle is described as the following: Information in the 
environment -> modifies our internal schema which -> directs further exploration that in turn 
-> samples information in the environment. The purpose of perception is the gather 
information, the schemata is the plan to gather more information and the execution of the 
plan. Perception is the interaction between schemata and available information. 

Neisser (1978) further describes a different type of schema called a cognitive map. The only 
difference being that the cognitive map is larger than a typical schema. The cognitive map 
encompasses the nearby environment and directs traveling. In traveling there are prolonged 
periods of anticipation in contrary to perception where anticipation is often rapid and the 
perceiver is rarely aware of the schema. The ATCO is not exactly traveling anywhere but the 
crucial objective is, the pilot. The difference between a cognitive map and an object schema is 
not clear, other than the size, and the difference is further blurred in the situation of an ATCO. 
The ATCO is perceiving and object, the plane, but has to have a cognitive map and an 
understanding of where the plane can and cannot travel. The ATCO cannot simply perceive 
the plane as an object and direct it in relation to other object, the ATCO needs to anticipate 
how the plane and other planes are traveling in the air traffic dome. This is where the 
cognitive map come in, even if the perceiver is not the one traveling. A crucial feature of 
schema are that they are easy to alter. The nature of schema and their flexibility might be a 
key component in the work of the ATCO in regards to safety. The ATCO knows where 
exactly where to look to find potential risks to safety and they know because of internal 
schema. Because incidents are so rare it is important the ATCO is able to quickly change their 
behavior in case of such an occurrence, where flexibility of internal schema might be an 
important part.  

 

2.3 Visual attention and fixations 

Neisser argued that visual perception is a continuous activity of acquiring information that can 
then be used to modify schemas for further search for information. A constant search for 
information so that we can make sense of the world. But how do we decide what information 
is important and what information is irrelevant? That is where visual attention comes in. 
Carrasco (2011) describes visual attention as a selective process in which we select aspects of 
information to be enhanced while other aspects are diminished to cope with the limitations of 
the brain. Visual attention can be categorized into three main types, spatial, feature-based and 
object-based attention. Spatial attention can be described as location attention. This means 
that in a limited but voluntarily variable area in space we can enhance the processing of visual 
information or suppress it. The ability to vary the size of the area in space one attends to 
comes at a cost. When spatial attention is applied on large regions a loss in spatial resolution 
occurs. The ability to efficiently process information is also hindered (Carrasco, 2011).Spatial 
attention can be either covert or overt. Overt attention is attention directed at a location or 
event with accompanied eye movements. Covert attention is attention directed at relevant 
locations or features without accompanied eye movements. Covert and overt orienting of 
attention can be exogenous or endogenous. Exogenous shifts of attention are externally 
driven, reflexive and involuntary while endogenous shifts of attention are strategic and 
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voluntary (De Haan, Morgan & Rorden, 2008). Feature-based attention is not bound to a 
location like spatial attention and is the selection of relevant features or aspect of an object or 
within an area of space. In other words it is not the area itself but the features or aspect of that 
area such as color, orientation and motion direction that can also be selected covertly. 
Object-based attention, like the name suggests, is the selection of objects in space rather than 
the space, the features of the space. Yantis and Serences (2003) argues that we separate our 
visual environment into segments or objects  to more easily recognise and interact with the 
world. This idea, that can be seen as having a basis in embodied cognition, is further 
supported by the increased research suggesting that selective attention is often object-based. 
The difference between object-based and feature-based attention might not be directly clear. 
Object have features so any attention at an object must attend to the features of the object. But 
the the cognitive resources are distributed differently, in feature-based attention it is applied 
broadly across the visual scene while object-based attention is more narrow (Gilbert & Li, 
2013).  It is also important to note the connection between components of an object. If you 
attend to a feature of an object the cortical responses to other feature of that object is 
enhanced (Yantis & Serences, 2003). For example, you can search for the color blue, it is not 
a location in space or an object, but a feature. And if you are looking for a green airplane you 
will be more likely to attend to the color green. These aspects of visual attention are all 
relevant in the study of visual attention in air traffic controllers. But due to the nature of this 
study and how the eye tracking is used, some aspects like spatial attention and object-based 
attention become more relevant. It is difficult to distinguish by just looking at a fixation 
whether  the ATCO is looking at an object,  an area in space or the features of the object or 
the area. One can also argue that the primary goal of the ATCO is not to determine the 
features of the aircraft but the aircraft and the surrounding space, therefore the features 
become secondary as well. Covert attention is also something that is difficult to assess only 
using fixation data from an eye tracker.  

The role of an ATCo is an active one. The role of supervising the landing is only one of many 
activities they do. But the role of supervising might become a larger part of an ATCos 
responsibilities  as recent developments in the automation of air transportation (Pop et al, 
2012). The ability to pay attention over a long period of time is still an important part of an 
ATCOs role, missing wildlife crossing the runway or not responding fast enough can have 
dire consequences. How do we then stay attentive over time? We have already lightly 
discussed the relatively high cost of processing information. The fascinating thing with 
vigilance is that these activations in the brain that impacts our ability to process information 
does not contain information itself (Oken, Salinsky & Elsas, 2006). It is a state in which an 
operator detects signals over a long period of time, also known as the watch (Wickens et al, 
2015). During the watch the operators vigilance level is often not as high as desired and after 
30 minutes it has decreased significantly (Wickens et al, 2015). This decrease in vigilance is 
called a vigilance decrement, it is the decrease in detection performance that happens when 
attention is expended on a task over a long period of time. Even though there is evidence that 
vigilance decrements may occur in ATCOs during standard air traffic control procedures it 
has not extensively been studied (Pop et al, 2012). There are biological bases and 
physiological constructs that support our ability remain vigilant to our environment, such as 
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the sleep-wake systems and neurotransmitter systems (Oken, Salinsky & Elsas, 2006). The 
sleep-wake systems refers to the structures in the brain responsible for the sleep-wake state, 
the components that allow for wakefulness and the ability to sleep. The neurotransmitter 
systems is connected to the sleep-wake systems and other system related to alertness and they 
modulate thalamic and cortical activation. These systems are all highly connected and help 
explain the biological foundations for vigilance but there are other factors that affects 
vigilance, such as motivation and stress (Oken, Salinsky & Elsas, 2006).  

 

2.3.1 Fixations 

One way information comes into our mind is through the eyes. Most of the time our eyes are 
not randomly moving around hoping to land on something of interest. Eye movements are a 
motor response that we are actively planning and executing (Rayner, 2009) Knowing this we 
use the information acquired from the monitoring of eye-movements to infer something about 
the cognitive nature of them. Eye movements have to basic components, fixations and 
saccades. Saccades are the large movements made by the eye usually to one point to another. 
When the eye stops for a period of time it is called a fixation. Technically the eye never 
remains completely still and is always moving, so called fixational eye movements 
(Martinez-Conde, Macknik & Hubel, 2003). The reasons for fixations is the fovea, the central 
part of the retina that give us the clearest vision or highest visual acuity.  In this central part of 
our vision field we have the fastest reaction time and the highest accuracy. Our ability to 
differentiate finer details or spatial resolution is also dependent on the centrality of the visual 
field as well as higher resolution in the horizontal median and lower in vertical median 
(Carrasco, 2011). The relationship between fixations and saccades in terms of attention seems 
to be as follows; The eye centers the fovea on the information that is to be extracted, a 
fixation, followed by a shift in attention to the periphery to perform a saccade to the next 
information target (Rayner, 2009). During saccades our vision has less acuity so it is only 
logical that if we want new information on something in the visual field we fixate on it. This 
is especially true in scene perception (Rayner, 2009) When viewer's eyes look at a scene their 
goals will influence they way the eyes move and they tend to fixate on the more informative 
parts of the scene and ignore other less relevant  parts.  Rayner (2009) describe how cognitive 
influences have a strong impact on eye movements, where for example the context of the 
visual  scene influence where the viewer looks depending on where they believe the 
information they seek will have the highest probability of occuring. Search strategies as well 
as memories of a specific scene are used when viewers look for visual information. 
Considering that part of the ATCOs activities consist of actively monitoring a relatively large 
airspace and the environment outside of the control tower it would make sense to fixate on the 
most important areas out of efficiency.  

Part of an ATCos work is to safely visually monitor the arrival and departures of aircrafts. By 
using an eye-tracker one can accurately track the fixations and saccades made by ATCos 
during their work. These fixations and saccades say something about where the ATCos 
distribute their attention. Because fixations are a voluntary action that is necessary for humans 
to acquire visual information at the highest acuity. Since fixations and saccades are actions 
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that require thought one can assume there are differences in how different people use visual 
attention.  

Fixations are important when measuring the performance of ATCos. Hasse, Grasshoff & 
Bruden (2012) showed that operators directed their attentions to relevant areas during 
monitoring scenarios. Not only that but the relative fixation count on related AOIs in that 
study where related to performance. Fixations can reflect shifts in attention, expectations can 
be measured using fixation counts and the duration of the fixations reflect the duration of 
information processing (Hasse, Grasshoff & Bruden, 2012). During detection, in dynamic 
scenarios, novices may fixate less than experts and during less dynamic scenarios expert may 
require fewers fixations than novices (Lundberg, Josefsson, Forsell & Johansson (2014). 
Lundberg et al. (2014) also found that controllers on average fixate 3 times per second. Based 
on the arrivals in this study and the actions made by the ATCos the nature of the scenario can 
most definitely be described as a monitoring one. The fixations gather should not only tell 
where their attention is but also say something about their performance. This performance can 
then be interpreted and compared between the ATCos to some degree.  

 

2.4 Method theory 

This study is an observational study using an eye-tracker to accurately track the fixations of 
the participants. The method for analysing the data is similar to the episode analysis used by 
Svensson (2015). The author investigated the eye-movement patterns of air traffic controllers 
in a typical control tower simulator and a multiple control tower simulator. The episode 
analysis consisted of twelve episodes. An episode was the time period between the first verbal 
contact from the air traffic controller to the pilot and the last verbal contact between the air 
traffic controller and the pilot. This study uses a similar distinction but does not use episode 
analysis, the time period is between the time the air traffic controller gives landing clearance 
to the pilot and last verbal contact. As mentioned in the limitations this study does not analyse 
the verbal communication any further than what is stated above, unlike the study by Svensson 
(2015). The study is also conducted in the field in comparison to a simulation. There are also 
some similarities between the method used in this study and the manual gaze analysis used by 
Lokhande & Reynolds (2012). The researchers used manual gaze analysis to analyse the air 
controller’s visual attention.  

The areas of interest, AOI, presented by Manske & Schier (2015) was used to describe where 
the air traffic controller was looking. Not all the AOIs was relevant or used and new ones 
were added. The authors analysed the visual attention of air traffic controllers in a simulator 
during take-off and landing clearances. By looking at the probability of an air traffic 
controller looking at an area of interest they determined what information sources was looked 
at the most.  

The method for analysing the data is inspired by the field of sequential pattern mining. 
Mannila, Toivonen & Inkeri Verkamo (1997) created an algorithm to be able to analyse 
sequences of events and discover recurring episodes. The similarities come in the overarching 
idea of discovering frequently occurring episodes. The authors define an episode as: “An 
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episode is a collection of events that occur relatively close to each other in a given partial 
order”.  The episode in this case is the landing procedure starting from landing clearance to 
last verbal contact and the fixations appearing in a certain order are the episodes. This idea is 
also present in the episode analysis method briefly described in the beginning of the method 
section. 
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3 Method 

This section present how the data was chosen, how the observation was conducted, the 
participants and the method for data analysis. 

 

3.1 Recordings 

The data consists of recordings with a total of 4 hours and 30 minutes of footage of two air 
traffic controllers working with arrivals and departures at the air traffic controller tower in 
Linköping city. In total 23 arrivals were recorded. Out of the 23 arrivals the four most similar 
arrival events were chosen for analysis. The similarity between arrivals is important for the 
comparison of order between participants. To compare the order between the participants it is 
important to make sure that any potential difference is the most likely result of individual 
differences rather than task differences. In a field study such as in this study it is incredibly 
difficult if not impossible to have the participants do the exact same task. But by controlling 
task difference to as many variables as possible any difference between participants are more 
likely to be due to individual differences. Five criteria were used then comparing similarities 
between arrivals. The first criterion was the nature of the arrival. Out of the 23 arrivals three 
of them were “touch and go” arrivals where the aircraft briefly touched down on the runway 
to then take-off again. In eight of the arrivals the aircraft line-up immediately to later take-off. 
In 12 of the arrivals the aircraft made a full stop. In the four arrivals analysed the aircraft 
came to a full-stop and taxied off the runway. The second criteria was the weather. The 
weather was described in simple terms such as, cloudy, rain or clear. The third criterion, 
related to weather, was visibility. This information is available to the air traffic controller but 
was not visible in the recording. The fourth criterion was communication. In every recording, 
there was communication between the air traffic controllers and another part. For the most 
part, if this communication was with people in the control room, the communication did not 
affect the visual search pattern in any obvious way and the air traffic controller still focused 
on the task. If the communication came from outside the tower it almost immediately drew 
the air traffic controller’s attention. The fifth criterion was the aircraft type. In this criterion, 
the size and colour of the aircraft was noted as well as whether the aircraft was civilian or 
military was noted.  

 

3.2 Observation 

One three-hour observation was made in the control tower. During this time two different air 
traffic controllers were asked questions regarding disruptions and the criteria mentioned 
above. The most important criteria according to the air traffic controllers was the type of 
aircraft. Where there was a large difference between civilian and military aircrafts. The nature 
of the landing was consider of little importance. Weather and visibility had large effect on the 
amount of air traffic, where nice weather and clear skies caused more traffic. Finally, 
communication was also a factor that affected the way the air traffic controllers worked. Even 
though the control tower should be a silent as possible during traffic, there was almost always 
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some form of communication in the tower. This communication did not seem to affect their 
work.  

 

3.3Participants 

There were two male air traffic controllers that were asked questions during the observation. 
The first one that was asked questions was 49 years old with 25 years of experience. The 
other participant was 30 years old with 1,5 years’ experience.  

From the recording data two air traffic controllers were chosen for analysis. One female 
participant that was 28 years old at the time with 2,5 years’ experience as an air traffic 
controller, referred to as ATCO 1. One male participant which age is unknown as well as 
unknown experience as an air traffic controller, referred to as ATCO 2.  

 

3.4 Procedure 

Participants were equipped with the eye-tracking equipment prior to scheduled air traffic. The 
eye-tracking glasses were calibrated using the default calibration provided by the equipment 
for each participant. The participants were given the opportunity to take a break from using 
the glasses if the participants were uncomfortable with the equipment. During long durations 
with no break the research leader asked the participants if they were comfortable and could 
continue. If the quality of the recording became unsatisfactory the eye-tracking equipment 
was recalibrated. 
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3.5 Comparison of the landings 

 ATCO 1 ATCO 2 
 Recording 1 Recording 2 Recording 1 Recording 2 
Type 
 

Taxi-out Taxi-out Taxi-out Taxi-out 

Weather 
 

Cloudy Clear Cloudy Cloudy 

Visibility 
 

Average Good Average Average 

Communication 
 

Internal Internal Internal Internal 

Aircraft 
 
 
 
 

Small, 
non-military 
and light colour 
(white) 

Small, 
non-military 
and light colour 
(grey) 

Small, 
non-military 
and light colour 
(white) 

Small, 
non-military 
and light colour 
(white) 

Duration 
(seconds) 

147 232 175 243 

Time of day 
(GMT) 

11:34 to 11:54 7:59 to 8:17 11:07 to 11:16 10:45 to 11:06 

Date 
(yyyy/mm/dd) 

2017-02-02 2017-01-23 2017-02-02 2017-02-01 

 

From these criteria four landings were chosen. All landings were full-stop landings. The 
weather was cloudy, and the visibility was quite poor. The communication was only between 
the pilot during landing clearance, final verbal contact with the pilot regarding taxi 
instructions and with people in the control room. In three of the landings the aircraft was 
white. In landing four the aircraft was a light grey colour. In all landings, the aircraft could be 
considered small. Landing 1 and landing 2 was with ATCO 1. Landing 1 was recorded 
2/2/2017, the recording began at 11:07 (GMT) and ended at 11:16 (GMT). The duration of 
landing 1 was 2 minutes and 55 seconds. Landing 2 was recorded 2/1/2017, the recording 
began at 10:45 (GMT) and ended at 11:06 (GMT). The duration of landing 2 was 4 minutes 
and 3 seconds.  Landing 3 and Landing 4 was with ATCO 2. Landing 3 was recorded 
2/2/2017, the recording began at 11:34 (GMT) and ended at 11:54 (GMT). The duration of 
landing 3 was 2 minutes and 27 seconds. Landing 4 was recorded 1/23/2017, the recording 
began at 7:59 (GMT) and ended at 8:17 (GMT). The duration of landing 4 was 3 minutes and 
52 seconds.  

 

3.6 Analysis of the data 

The recordings were viewed in Tobii Pro Lab. The Tobii I-VT (Attention) gaze filter was 
used. The filter discards fixations under 60 milliseconds. Every fixation was categorized after 
13 areas of interest. The areas of interest can be seen in figure 2 and the categorized fixations 
can be seen in the appendix. From this data, the number of fixations in each area of interest 
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was extracted. Many uncategorized fixations were due to saccades. During saccades the air 
traffic controller might miss the target, causing the fixation to be “in the air” and could not be 
classified as one of the areas of interest. An example can be seen in figure 1.  

When analysing the data the following AOIs where considered to be AOIs outside of the 
control tower: Runway (R), Approach sector (AS), Plane (P), Road (RO), Departure sector 
(DS), and Ground unit (GU). The remaining AOIs were considered to be inside the control 
tower. 

 

Figure 1. Shows the miss of a fixation, to the left and a subsequent hit. The miss was 
considered an uncategorized fixation and was the result of the air traffic controller switching 
from the camera (C) to the plane (P) and missing the plane.  

 

Figure 2. The figure shows a simplified sketch of the control room layout with areas of 
interest (AOIs). The road (RO), everything on the road and above the road is part of the 
outside view. The remaining AOIs are inside the control room. 
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4 Results 

The results show how the air traffic controllers distribute their visual attention during four 
different landings by mapping every fixation to an area of interest (AOI). We know that 
fixations are voluntary actions that require some form of executive control. We also know that 
to attend to something visually with the highest acuity we need to fixate on that something. 
Knowing this the result should show how the ATCos distribute their visual attention. The 
ATCos undergo the same or similar training but they are still individuals that could surmount 
to individual differences in how they distribute visual attention. 

In this following section a table will be presented with all the fixations made in each AOI in 
order of most fixations first going down to the least fixations. Under each table the data will 
be described and the datas relevance to the research questions will be explored.  

 

Table 1. ATCO 1, Recording 1. Number of fixations in each AOI for landing 1. 

AOI  Number of fixations %  
Runway (R) 110 34  
Uncategorized (U) 69 21  
Approach sector (AS) 44 14  
Plane (P) 25 8  
Camera (C) 22 7  
Radar screen (RA) 18 6  
Road (RO) 13 4  
Departure sector (DS) 8 2  
Flight strips (FS) 6 1.8  
Ground unit (GU) 3 0.9  
Wind display (W) 2 0.6  
Clock (CL) 2 0.6  
Telephone (T) 1 0.3  
Total 323   
 

If fixations are a voluntary action that indicates where the “searchlight” of attention is 
deployed, then the data should show how the ATCos distribute their visual attention. 
Furthermore, the more fixations there are the more important that AOI should be, either there 
is a lot of information that is in this AOI or the prospect of further information keeps the 
ATCos attention in the AOI. 

Looking at table 1, the AOI with the largest number of fixations is the runway. This makes 
sense, the ATCo has the greatest visibility over the runway and roughly a third of accident 
happen on the ground (Pape, Wiegmann & Shappell, 2011). 

Making sure the runway is clear from any object that might make the landing less save is very 
important.  Considering that two thirds of ATC-related accidents happen in the air it would 
make sense that the ACTO spent more attention inside the control tower. But since these are 
arrival scenarios the ATCo can for the most part look outside to visually monitor the aircraft. 
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This is seen in the data where the two following AOIs, after uncategorized fications, with the 
second and third largest amount of fixations are the approach sector and the plane itself.  

The ATCos distribute their visual attention where the most critical information can be 
gathered. But the category with the second most fixations is the uncategorized fixations, any 
fixation that did not land in any of the pre-defined AOIs. For what we know they should be 
looking primarily in the AOIs. This obviously means that the highly trained and skilled 
ATCos are not distributing their attention correctly. Joking aside, it is more likely a result of 
multiple factors. In no particular order of importance, the first factor might be how the AOIs 
where used. The AOIs where “drawn” onto a 2D image of the recordings of a 3D 
environment. The view from the actual control tower during the interviews is much different 
from the view from the recordings made by the eye tracker. The AOIs might not fully 
encapsulate the full extent of the areas. The size of the AOIs is another factor. For example, 
the approach sector is far larger than the wind display, or any other AOI. A larger AOI has a 
greater chance of getting a fixation. The way fixations where determined is yet another factor. 
Tobii Pro Lab determined what was a fixation and what was not. This resulted in fixations 
during saccades that were essentially in the middle of “nowhere”. The uncategorized fixations 
was any area that was not a predetermined AOI, which would make it fairly large. During 
saccades between AOI there would be fixations, which would most of the time land in the (U) 
category. This could explain the large number of uncategorized fixations.  

The ATCo spent 63% of fixations outside of the control tower, indicating that the outside 
view is of large importance and most of their attention during arrivals is distributed outside. 
When they do look inside the control room the ATCo attend visually, and  fairly equally, 
between the camera and the radar screen. The camera is interesting because it is technically a 
view of outside from an angle not easily visible from the tower. The camera shows a gate 
leading to a large enclosed area where vehicles can stay stationary. One could also argue that 
the radar screen is also a representation of the outside world. But the importance between the 
distinction between the outside and the inside of the control tower is that the ATCo cannot 
easily attend to something happening inside while attending to something outside and vice 
versa. This creates two different spaces where spatial attention can be used. 

On average the ATCo made 2.20 fixations per second. We know that novices and experts 
differ in the amount of fixations they make during dynamic scenarios. We also know that the 
amount of fixations and the duration of them indicates the expectations of the ATCo and the 
complexity of the information. Considering the similarities between the landings, in that the 
scenario is for the most part the same, it would be probable that differences in average 
fixation count is more likely to be from differences in experience. Though, this is hard to tell 
due to the fact that little information about the experience of the ATCos is available. 
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Table 2. ATCO 1, Recording 2. Number of fixations in each AOI for landing 2. 

AOI  Number of fixations % 
Runway (R) 123 33 
Uncategorized (U) 76 20 
Radar screen (RA) 69 18 
Approach sector (AS) 46 12 
Plane (P) 32 9 
Departure sector (DS) 20 5 
Wind display (W) 3 0.8 
Road (RO) 2 0.5 
Camera (C) 2 0.5 
Total 373  
 

These result show the same ATCO 1 during another arrival. Unsurprisingly, there are a 
number of similarities between how the ATCo distributed their visual attention. The runway 
was the most fixated upon AOI and the (U) category was the second most fixated upon. And 
61% of fixations where spent outside of the control tower. Even though the attention deployed 
outside the control tower was in total very similar compared to the previous landing, the third 
most fixated upon AOI was the radar screen. Due to the nature if the study it is impossible to 
escape the fact that there is variance between the task the ATCos perform even though the 
tasks are all landings with great many similarities. There are more differences between the 
landings, flight strips, ground unit, telephone and clock are AOIs that in the previous landing 
was fixated upon but not in this landing.  

The average fixations per second was 1.60, lower than previous landing, which could be the 
result from a less hectic day with fewer points of interest as can be seen in the fewer AOIs. 
Considering that it is the same person during both landings and the short timespan between 
them it is unlikely that experience is the reason for this difference in average fixations per 
second. This could then be interpreted as another indicator that, although similar, there are 
differences between the arrival scenarios.   
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Table 3. ATCO 2, Recording 1. Number of fixations in each AOI for landing 3. 

AOI  Number of fixations % 
Uncategorized (U) 32 28 
Runway (R) 24 21 
Radar screen (RA) 15 13 
Camera (C) 14 12 
Approach sector (AS) 10 9 
Plane (P) 8 7 
Telephone (T) 5 4 
Flight strips (FS) 3 3 
Clock (CL) 2 2 
Wind display (W) 1 1 
Camera control (CC) 1 1 
Total 115  
 

These result show the fixations made by another ATCo, ATCo 2. Here the first two most 
fixated AOIs have switched place. The (U) category is the AOI with the most fixations, where 
in the previous landings monitored by another ATCo the runway was the most fixated AOI. 
This is interesting because the result should show the most important areas and the (U) 
category is a collection of areas that were deemed uninteresting. But considering that relative 
fixation count on relevant AOIs is an indicator of performance one can assume that this ATCo 
might be performing worse than the previous one. This is further supported by the average 
fixations per second being 0.66, far lower than previously, and the fact that more experienced 
ATCos fixate more. The runway is the AOI with the second most fixations, as in previous 
landings it is one of the most important AOIs. Even though a lot of fixations are on the 
runway, and the runway is outside the control tower, the ATCo spent only 40% of fixation 
outside. What is it then that is drawing attention from the important areas outside to the 
inside? Looking at the data it seems that the radar screen, camera, telephone and the flight 
strips are the areas inside the control tower with the most fixations, in order of highest to 
lowest. In previous landings the radar screen has been frequently fixated upon indicating it is 
of great importance and there is no difference in this landing. The other AOIs have a similar 
importance in the other landings and it seems to be that there are differences in the number of 
fixations in each respective AOIs rather than a difference in AOI importance, with exception 
of the (U) category. If the ATCo is less experienced and is spending a lot of attention to AOIs 
inside the control tower, either from inexperience or other reasons, that could explain the 
unusual number of fixations in the (U) category. Looking at figure 2 one can see that the 
AOIs inside the control tower are smaller and further apart than the AOIs outside. We know 
that there are fixations, determined by the program, during saccades that land seemingly 
“knowhere”. If the ATCo, as in this case, is fixation a lot on the radar screen and the camera 
there is a large area where fixations can land in the (U) category. These result indicate that a 
less experienced ATCo might fixate less and spend more time attending to AOIs inside the 
control room. 
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Table 4. ATCO 2, Recording 2. Number of fixations in each AOI for landing 4. 

AOI  Number of fixations % 
Uncategorized (U) 91 46 
Runway (R) 25 13 
Camera (C) 20 10 
Radar screen (RA) 16 8 
Approach sector (AS) 14 7 
Plane (P) 13 6 
Road (RO) 7 4 
Flight strips (FS) 6 3 
Wind display (W) 6 3 
Clock (CL) 1 0.5 
Telephone (T) 1 0.5 
Total 200  
 

The result from the second arrival, landing 4 in total,  monitored and controlled by ATCo 2 
are fairly similar. The largest difference is the much more inflated (U) category, going from 
28% of fixations in (U) to 46% of fixations landing in (U). The difference between landing 3 
and landing 4 that cause this quite drastic difference is hard to pinpoint. The pattern in terms 
of fixation distribution on the top five AOI, in other words the AOI importance in terms of 
number of fixations, is the same with the exception of (RA) and (C) switching place. This 
indicates that the ATCo is attending to the same AOIs but something is causing an unusual 
large number of fixations to miss their mark or something else is drawing attention. During 
the recordings with ATCo 2 there were instances where another person was present and 
conversing with  ATCo 2. This could explain the large number of fixations in the (U) 
category, considering that we know that attention is a limited resource. If the ATCo is less 
experienced, then there would likely be someone with the ATCo as a mentor and attention 
would be drawn from the AOIs to different areas. Another issue is that there were 
communication between people inside the control tower during all landings. If conversation 
during the arrival disrupts the distribution of attention, then why is there such a difference 
during landing 4? That is a difficult question to answer, the focus of the study was on the 
fixations, not the verbal communication which was only noted. The nature of the conversation 
would probably affect the distribution of attention.  

30% of fixations where spent outside of the control room, where as previous landing this was 
40%. Using the same line of reasoning it could be possible that the decreased amount of 
fixations outside and the (U) category might be related. The more the ATCo fixates on AOIs 
in the control room the more fixations land in (U). The fixations per second was higher than 
previous landing, 0.82 from 0.66. This could mean that the ATCo is attending more, but 
maybe this attention is directed elsewhere as previously suggested.  
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To summarize, the ATCos distribute their attention primarily between the runway, radar, 
approach sector, plane and the camera. A large number of fixations where uncategorized, 
meaning that some of their attention failed to be captured.  

The ATCos differed in the average amount of fixations per second and the distribution of 
fixations outside and inside the tower. ATCo 1 had a below average amount of fixations per 
second while ATCo 2 had a far below average fixations per second. ATCo 1 spend most 
attention outside and had fewer fixations in (U), while ATCO 2 spend most attention inside 
and had a large amount of fixations in (U). 
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5 Discussion 

Situational awareness was a state of knowledge of a dynamic environment and the process of 
achieving SA was called situational assessment and was composed of three phases. Since the 
ATCos environment is dynamic and this dynamic nature would require reassessment of the 
situation, one can argue that these landings are new scenarios that require SA. The results 
should show the process of achieving SA in the eyes of an ATCo. But it is primarily the first 
phase, perception phase, that can be analysed. This is because the two other phases are an 
internal state that is difficult to asses with only fixations. Telling whether someone is 
comprehending by just looking at a fixation is not easy, the comprehension phase. 
Furthermore, making assumptions about the projection phase, where the ATCo makes 
predictions of the future state of the environment, is also difficult. How can one accurately 
differentiate between a fixation to gather new information and a  fixation made because of a 
prediction of a certain environmental state? However, situational assessment is hierarchical 
which means that only looking at the perception phase is still important because it precedes 
the other phases. The ATCo would need to constantly reassess the situation to maintain SA 
and the results capture one part of that. The runway is the area of interest with the most 
fixations during all landings, excluding the uncategorized AOI that is technically multiple 
areas of uninterest. This could mean that the runway is paramount in the ATCos development 
and maintenance of SA. The runway should be the first contact with ground after departure. If 
something were to happen, that is not in the air, it would be on the runway. Therefore, the 
ATCos fixate on the AOIs that are of importance to maintain SA and the AOIs that have a 
more dynamic nature.  

The nature of the ATCos task can be considered to be a landing situation, a situation that the 
ATCos should know is coming if they had appropriate SA in previous situations. If SA is a 
state of knowledge of a dynamic situation and if you consider that the process of air traffic 
control can be segmented into different scenarios, then one can argue that SA in one air traffic 
situation leads to a more easily achieved SA in another situation. As we know the final part of 
SA is the projection phase, after the ATCo has had the final verbal communication with the 
pilot the situation changes. This new landing situation requires a shift in SA, where other 
AOIs take priority. One can argue that this claim does not hold much ground considering that 
due to the method of this study, where only the landing was analysed and there is no 
information about where the ATCo was looking before final communication. This might be 
true but it is difficult to imagine the AOI priority to be the same during the entire air traffic 
control process, there is little need to monitor the runway when the next arrival is in 30 
minutes. In short, appropriate SA in one situation allows for projection of future states in the 
current situation or a new situation. Regardless, the actor will need to change their behaviour, 
in this case their visual attention in terms of fixations, to accommodate the new situation. Also 
in this situation it is difficult to tell if this happens because it only focuses on one situation.  If 
further studies were to be made one could look at a different situation and maybe compare 
differences in AOI priority.  

The ATCOs choosing to spend a lot of the time looking at the runway is not unsurprising, but 
the large number of fixations in uncategorised areas is surprising. There are many factors that 
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can contribute to this. One major factor is the manual categorisation of fixations. When a 
fixation was categorised only a direct hit on one of the areas of interest would count as a 
fixation for that category, as can be seen in Figure 1 and Figure 2. This problem results in 
many uncategorized fixations. One could argue that a miss on an approaching plane would be 
a hit in the approach sector. This approach would lower the number of uncategorized fixations 
but might result in a less accurate representation of what the ATCOs are looking at. The 
benefit of manual categorization is that the researcher can determine whether the fixation is 
feasible, as in Figure 1 where the ATCO missed the plane to then accurately fixated on it. 
There are fixations that the ATCO makes during saccades between AOIs. These fixations 
would, in a situation where every fixation is categorized as they land, be considered fixation 
in the respective AOI but, be a non-attentive fixation made by the ATCO when trying to pay 
attention to the right thing. A problem that arises in this study is that the researcher is not an 
ATCO. Can someone without the experience of an ATCO determine whether a fixation is 
relevant or not? This is question is not in the scope of this study but is still relevant. There is a 
possibility that some uncategorized fixations are in fact not misses but the ATCO looking at 
something that is not immediately obvious for an inexperienced onlooker. Using figure 1 as 
an example, the ATCO might be looking behind the airplane. 

A reason for ATCO 2 spending more time looking inside the control room compared to 
ATCO 1 might be an incomplete situational awareness or poor SA. This is assuming that 
ATCO 1 has SA which allows for more attention to be spend outside the control tower 
monitoring the arrival of the aircraft. The reasoning behind ATCO 1 having SA or greater SA 
is twofold. The first reason one can assume ATCO 1 has greater SA is the fact that ATCO 1 
had a higher fixation rate and a greater hit chance on the areas of interest. This is assuming 
that more fixations and greater accuracy leads to more and higher quality information. 
Considering Neisser’s perceptual cycle it one can argue that the more one perceives the more 
information they gather. With this information ATCO 1 can get a better understanding of the 
situation and thus proper or greater SA. The second reason it is assumed ATCO 1 has SA or 
greater SA is experience. The experience of ATCO 2 is not determined but based on the 
recordings it is assumed ATCO 2 has less experience. This is because during the recordings 
ATCO 2 is heard conversing with another person regarding information about ATCO 
procedures. An example would be asking if a procedure was done properly. ATCO 1 asked no 
such question and on occasions were completely alone in the tower. Now we can say that 
ATCO 1 has situational awareness and ATCO 2 has poor or incomplete SA. However, it is 
difficult to tell if it is incomplete or poor SA that causes ATCO 2 to spend more time inside 
the tower. But assuming incomplete or poor SA is the culprit another problem occurs. Which 
phase is incomplete or poorly executed in ATCO 2s attempt to achieve SA? The answer might 
simply be the first phase. ATCO 2 might not perceive the relevant information in the 
perception phase causing the need for ATCO 2 to spend more time inside the control tower. 
The increased number of fixations in uncategorized areas of interests supports this idea. 
Missing or not looking at relevant areas will result in an incomplete perception phase. This 
leads to difficulties in getting a complete picture of the landing in the comprehension phase. 
The problem is that the uncategorised fixations where not further divided into uncategorized 
fixations inside the control tower and uncategorized fixations outside the control tower. This 
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makes it hard to tell if the ATCO fails in perceiving relevant information inside the tower or 
somewhere else in the process of achieving SA that leads to the ATCO spending more 
attention inside the control room.  

One of the core parts of Neisser’s perceptual cycle was the internal schemata that directed 
future information gathering. This part is difficult to capture with the current method of only 
using fixation data. But due to the nature of Neisser’s theory, the fact that it is a cycle, could 
shed some light on these internal states. This is because the schemata directs future 
exploration and the fixations can be seen as information gathering explorations. The results 
show the exploration made by the ATCos, these explorations are a result of interna schemas 
developed from training and experience. The similarities between the result of the two ATCos 
could be explained by their presumably similar schemata. Assuming that they have received 
the same training, being ATCos in the same control tower with relatively little experience. 
The experience of ATCo 2 is unknown but is assumed to be lower than ATCo 1. Now, with 
all the assumptions, similar task, similar experience and similar training should produce a 
similar schemata that is fairly developed and not subject to drastic change. Since the schemata 
is altered by information and the information stays relatively the same. The uncategorised 
category (U) becomes somewhat of an issue then. It seems the ATCos are directing attention 
to something that is presumed to not be important. Using Neisser’s perceptual cycle one could 
assume that there is information that the ATCos are seeking that is not captured with the areas 
of interest in this study.  

Combining Neisser’s perceptual cycle, Situational awareness and visual attention the result 
show how the ATCos use fixations, a conscious cognitive effort, to seek information to 
update their schemata in a certain dynamic situation. If visual attention is a cognitive effort to 
gain information and schematas guide further information seeking, then maybe having ATCos 
self-report their reasoning for looking at certain areas would be more fruitful. What is truly 
interesting is usually the internal structure of the mind, although fixations are a product of 
them and a useful tool for a more “objective” result. Using fixations and the subjective 
self-reports of ATCos might be a useful method for further studies. 
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Appendix A 

Table A1 

W R AS U W U R U R U C FS T C U C 
U R U AS RA AS R U RO R C U R DS R DS 
U AS RA U AS RA AS RA U FS U R U AS U RA 
AS R U C U C R RO R AS RA AS R AS R AS 
R AS U C U C U C U R RO R AS U AS R 
AS RA AS R AS RA U RO R U R U R P AS RA 
U R P R U R AS U RO GU R U DS U R RO 
R RO GU R U RA P R P RO R GU R U R U 
R P RA R U R U CL P R P U R U R P 
R RO R P R U R U R U R P U P R P 
R P R Å R P R U C P R P R P R P 
U R P U C U P - - - - - - - - - 
Note. Simplified table of all the fixations categorised. Read from left to right starting from the 
top left corner. W = Wind display, R = Runway, C = Camera, AS = Approach sector, DS = 
Departure sector, FS = Flight strip, U = Uncategorized, RA = Radar, GU = Ground unit, RO = 
Road, T = Telephone, CL = Clock and P = Plane. 

Table A2 

W R R AS U W U U R U R R R U U C FS 
T C C C C C U C U R U AS AS RA AS AS AS 
AS R U RO RO RO RO R R R R C C U R DS DS 
DS R DS DS DS DS U AS AS RA RA RA RA U U U AS 
AS AS AS AS AS AS RA RA AS AS AS AS AS AS RA U FS 
FS FS FS FS U R U AS AS AS AS AS U U RA RA RA 
AS R R R U C U U C R R RO R AS AS AS AS 
RA AS AS R AS R AS R AS U U C C C U U C 
U U U U U C C C C C U R RO R AS U U 
U AS R AS RA AS R AS RA U U RO R R R R R 
U R U R R R R R P AS RA U R P R U R 
AS U RO GU R R R R R R U U DS U R R RO 
RO R RO GU R U U RA P R R R R R P RO R 
GU R U U U R U U R R R P RA RA R U R 
U U U CL CL P P P P R P U R U U R R 
R P R R R R R R RO R P R R R R R U 
R R R U R U R R P P U P R R R R R 
R P R R R R R R P R P R R R P R U 
C P R P R P R P U R R P U U C U P 

Note. Complete table of all the fixations categorised. Read from left to right starting from the 
top left corner. W = Wind display, R = Runway, C = Camera, AS = Approach sector, DS = 
Departure sector, FS = Flight strip, U = Uncategorized, RA = Radar, GU = Ground unit, RO = 
Road, T = Telephone, CL = Clock and P = Plane. 
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Appendix B 

Table B1 

W AS RA W U DS U R DS U RA AS R U RA U 
AS R RA R AS R RA R U RA AS U R DS R U 
RA AS U RA AS RA U AS R AS R DS R RO R AS 
R U RA AS R RA U AS R RA AS R AS R U RA 
AS R RA AS R RA AS U R U R U R U AS RA 
AS R AS RA AS R AS R RO R U R U R U R 
DS U AS R RA AS R AS R RA R AS R RA AS U 
R AS U AS RA U DS R DS R C R U AS RA AS 
U AS R AS R U DS U DS R AS P RA P R P 
U P U RA P R U DS U R U AS P RA P R 
RA U R P R P RA P R P RA P RA R P RA 
P R U R U R P R DS R P R P RA R U 
R P R U R P R P R U R P R P U DS 
U R U R P U R U RA - - - - - - - 
Note. Simplified table of all the fixations categorised. Read from left to right starting from the 
top left corner. W = Wind display, R = Runway, C = Camera, AS = Approach sector, DS = 
Departure sector, FS = Flight strip, U = Uncategorized, RA = Radar, RO = Road and P = 
Plane. 
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Table B2 

W AS RA RA W W U DS U R DS U U RA RA AS 
AS AS R U RA U AS R RA RA RA RA R AS R RA 
RA R R U RA RA AS U R R R DS DS DS R R 
R U RA RA RA AS U RA RA RA AS AS AS AS RA RA 
RA RA U AS R R R AS R DS DS DS R R R R 
R R R RO R AS R U RA RA RA AS R RA U U 
AS R R RA AS R R AS R R R R U U U RA 
RA RA AS R RA RA AS AS R R RA AS U U U R 
U R R R U R U AS RA AS R R AS RA AS R 
AS R RO R U U R U U R U U U U U R 
DS U U AS R RA AS R AS R RA R AS R RA RA 
AS U R AS U AS RA RA RA RA RA RA RA RA U DS 
R DS R C R U AS AS AS RA RA RA AS AS AS AS 
U AS R AS R R R U DS DS U DS DS R R R 
R R AS P RA P R R P U U P U RA P R 
R R R U DS DS U U U U R U U U AS P 
P RA P R RA RA U U R P P R R R P RA 
P R R R R R R P RA P RA RA R R R R 
R R P RA P RA P U U U R DS R C U R 
R P RA RA P P R R U U U R U R P P 
P R DS R R R R P R P RA RA RA R R U 
R P R U U U U R P R P R R U R R 
P P R P U DS U R U R P U U U R R 
R U U RA RA - - - - - - - - - - - 
Note. Complete table of all the fixations categorised. Read from left to right starting from the 
top left corner. W = Wind display, R = Runway, C = Camera, AS = Approach sector, DS = 
Departure sector, FS = Flight strip, U = Uncategorized, RA = Radar, RO = Road and P = 
Plane. 
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Appendix C 

Table C1 

W R U R U R T FS U RA U RA U R AS R 
AS R RA AS P U R P R U P R U RA R RA 
P RA U CL RA P U CL R P U C CC C U C 
U C U C P C U FS P R U T C U C U 
FS U C - - - - - - - - - - - - - 
Note. Simplified table of all the fixations categorised. Read from left to right starting from the 
top left corner. W = Wind display, R = Runway, C = Camera, AS = Approach sector, FS = 
Flight strip, U = Uncategorized, RA = Radar, CC = Camera control, T = Telephone, CL = 
Clock and P = Plane. 

Table C2 

W R R U R U R R R T T T FS U U U 
U RA RA RA U RA RA RA U U U R AS AS AS AS 
R R R R AS AS AS AS R RA RA AS AS P U R 
P R R R R U U U U P R U RA R R RA 
P RA U U CL RA RA RA RA P U CL R P U U 
C CC C C C C C U C C U U C U C P 
C U FS P R R R U U U T T C U C U 
FS U C - - - - - - - - - - - - - 
Note. Complete table of all the fixations categorised. Read from left to right starting from the 
top left corner. W = Wind display, R = Runway, C = Camera, AS = Approach sector, FS = 
Flight strip, U = Uncategorized, RA = Radar, CC = Camera control, T = Telephone, CL = 
Clock and P = Plane. 
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Appendix D 

Table D1 

W R U FS U RA AS U R RO U RO R U C U 
RA U AS U AS RA U C RA U C U FS C U RA 
AS R W U C R U C U AS U AS U AS R U 
AS R U P W AS U RA AS U R AS P RA P U 
P R RO R U R P U RA P U W CL FS R P 
U P U FS P U P R U T U C U R U C 
U C U P C - - - - - - - - - - - 
Note. Simplified table of all the fixations categorised. Read from left to right starting from the 
top left corner. W = Wind display, R = Runway, C = Camera, AS = Approach sector, FS = 
Flight strip, U = Uncategorized, RA = Radar, RO = Road, T = Telephone, CL = Clock and P 
= Plane. 

Table D2 

W R R U FS FS U RA RA AS U U U R R RO 
RO RO RO U U U U RO R R R U U U U U 
U U U U U C C U U U RA RA RA RA U U 
AS AS U AS RA U U U U C RA RA U C C C 
U FS FS C C C C U U U RA RA AS R W U 
U C C C R U U C U U U U U AS U AS 
U U U U AS AS R U AS R R R R R R U 
P W W W AS AS U RA AS U U U U U U U 
U U R R AS P RA RA RA P U U U U U U 
P R R RO RO R U U U R P U RA P U W 
CL FS R P P P U U U P U FS P U P R 
U U C U U U U T U U U U C U R U 
C U C U U P C C - - - - - - - - 
Note. Complete table of all the fixations categorised. Read from left to right starting from the 
top left corner. W = Wind display, R = Runway, C = Camera, AS = Approach sector, FS = 
Flight strip, U = Uncategorized, RA = Radar, RO = Road, T = Telephone, CL = Clock and P 
= Plane. 
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