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Abstract 
The aviation industry evolves all the time in every possible sphere with new the technology that is 

advancing and the increasing amount of traffic on the airports. The air traffic control services has 

come a long way with automated systems and more advanced technology and the work of the air 

traffic controller (ATCO) has become more efficient to meet the higher demands for more traffic. But 

along with highly automated systems and work efficiency there can be a lack of safety instead if 

there is too much to do for the controller. A new concept in the aviation industry is developing; 

multiple remote towers, which means that one ATCO can be several miles away from the airports 

and handle two or more airports at the same time from the same work station. The air traffic 

controllers has to monitor the aircrafts, direct the traffic, make decisions and make sure that the 

pilots follows the instructions. At the same time the ATCO need to monitor the systems as well, 

making sure that everything is working as it is supposed to. To be able to maintain a safe 

environment for the controllers and the aircrafts, on and surrounding the runways, the controllers 

need to have situation awareness and the system they are working within need to be resilient to be 

able to cope with the different kind of situations that might occur. This study has focused on the role 

of the ATCO in air traffic control towers and by eye-tracking mapped what the controllers are looking 

at while handling arrivals in two different air traffic control towers. An episode analysis was made on 

several episodes that took place during different kinds of conditions in the two different air traffic 

control tower simulators, one single tower simulator and one multiple remote tower simulator. 

Patterns in the controllers’ way of handling arrivals were identified and the results from the 

controllers’ eye-movements shows that the ATCOs have a habitual behaviour pattern and that for 

almost every arrival they will act in the same way. The ATCO in the single tower simulator used the 

air radar several times during the episodes while in the multiple remote tower simulator the ATCOs 

almost never looked at the air radar. The radio was used more by the controllers in the multiple 

remote tower than in the single tower and it is discussed if this is something that can take too much 

time from an ATCO in a multiple remote tower. The results also highlights the importance of the 

strip-table, a tool used by the controllers during every step of the arrival process. The conclusions are 

that the system (controllers and non-human agents) has situation awareness and that the air traffic 

controllers have a clear frame of the situation. The results from this study can be seen as a guideline 

and a start for further research in this field and for the development of multiple remote towers. 

Further research should investigate in the controllers’ ability of reframing in situations of runway 

incursions and other unexpected events and the usage of the radio in multiple remote towers. 
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1. Introduction 
The aviation industry is a very complex domain with many actors and highly automated systems, 

which needs to work together and rely on each other. Every actor has so assume that the others 

knows what they are doing and that everyone is trying to make the right decisions. Still, there is 

sometimes air traffic accidents, missed communication, misunderstandings and wrong decisions and 

the consequences from this can be catastrophic. The air traffic controller (ATCO) must rely on the 

pilots’ knowledge to handle an aircraft and know that the pilots will follow the instructions given to 

them from the tower, ground services, the terminal control area (TMA) or from the air traffic control 

centre. The pilots on the other hand must rely on the ATCO and that they will receive the right 

information. A third part in this process is the systems itself, the computers, which, among a lot a 

things, calculates the distance between aircraft, presenting the weather and wind information, 

presents the aircrafts on the electronic flight strips-tables and alarms about conflicts.  

 

The aviation industry evolves all the time in every possible sphere. The technology is advancing and 

the amount of traffic is increasing. The air traffic services has come a long way with automated 

systems and more advanced technology and the work of the air traffic controller has become more 

efficient. But along with highly automated systems and work efficiency there can be a lack of safety. 

The controllers has to monitor the aircrafts and make sure the pilots follows the instructions. At the 

same time the controllers needs to monitor the systems as well, making sure that everything is 

working as it should.  

 

While the technology is advancing the ATCO need to keep up with the pace and are assumed to 

follow the development. This means that the controllers need the right education to be able to 

handle the new technology and everything that it entails. Essential for learning and adapting to the 

new environment and the new technology is to know the basic information, the foundation in the air 

traffic services. Without the basic information and some routines in the daily work the assignments 

will get harder and it is important for the controllers to know how to handle the situations that will 

occur, both known and unexpected events. The controllers must have knowledge of their work tasks 

and how to solve the different kind of situations that may occur but the controllers also need 

knowledge about the tools they are using, this so they know that everything is working the way it 

should. To be able to maintain a safe environment for the controllers and the aircrafts, on and 

surrounding the runways, the controllers need to have situation awareness and the system they are 

working within need to be resilient to be able to cope with the different kind of situations that might 

occur.   

 

This study has focused on the role of the air traffic controller in air traffic control towers and by eye-

tracking mapped what the controllers are looking at while handling arrivals during different kinds of 

scenarios in one single tower simulator and in one multiple remote tower simulator.  
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1.1 Purpose 
The purpose of this study is to identify and map how the air traffic controllers in two different air 

traffic control towers handles arrivals of aircrafts. With the development of new multiple remote 

towers it is important that the controllers have the right focus and can handle the situation and 

therefore this study has chosen to investigate the arrivals of aircraft. The focus is on what the 

controllers are looking at before, during and straight after they clear aircrafts to land. The arrivals 

took place during several different conditions and in two different kinds of air traffic control towers, 

one single tower simulator and one multiple remote tower simulator.  

 

1.2 Research questions  
For this study three research questions were developed and investigated: 

1. Are there any patterns in the air traffic controllers’ eye-movements when the controller work 

with arrivals? (except from the communication) 

2. Does the patterns differ between the two different air traffic control towers? 

3. How does the controller in an air traffic control tower work with the strip-table? 

 

1.3 Limitations  
There are some limitations of studying the job of an air traffic controller, both when it comes to the 

controllers in an air traffic control centre and the controllers in an air traffic control tower. Given that 

the controllers must handle a large amount of traffic at the same time and be able to both supervise, 

monitor, make decisions and take action about the different aircrafts in the surroundings there is a 

lot of pressure on the controllers. Because the study could not monitor the job of the controllers in 

an actual tower the study focused on tower simulators instead.  

 

Another limitation for the study were the use of two different eye-tracking glasses and this led to 

two different analyse programs which had different kind of features and functions. Therefore there 

could not be any statistical results for how much the controllers looked at the different tools in the 

different towers (for example number of fixations). 
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2. Background 
There are some significant changes in the aviation industry at the time and the requirement of more 

traffic and more efficient work in the air traffic towers are increasing. Air traffic control (and in this 

case air traffic control towers) are a ground based service and the purpose of the air traffic control 

tower is to direct and conduct the incoming and outgoing traffic from the airport. The purpose of the 

air traffic control tower is also to maintain a safe environment and to prevent collisions and incidents 

on and around the airport. To meet the demands for more traffic and more efficient work 

Luftfartsverket, the air navigation services of Sweden, has developed a new kind of air traffic control 

tower for one airport; a remote tower and it was launched 2014 in Sweden. The air traffic controller 

(ATCO) is sitting in a centre several miles away; monitoring, handle all the air traffic and making 

decisions on distance for that airport. The ATCO has the same information and tools as used in a 

normal air traffic tower at an airport such as radar, radio, flight strips and so on to be able to handle 

and direct the traffic, but the main difference is that the controller has screens projecting the 

runways in the remote tower instead of windows. 

 

Luftfartsverket is also developing a new concept; multiple remote towers and this means that an 

ATCO is sitting in an air traffic control centre and handles two or more airports at the same time at 

the same work station.  A remote tower (only one airport/ATCO) is in use today in Sweden but the 

multiple remote tower is still under development. This new kind of towers benefits mainly for 

smaller airports and will hopefully make the work of the controller more efficient and reduce costs. 

Now the controller handle one airport in the remote tower but the developers of this new 

technology strives for the controllers to maneuverer several remote airports at once. However, there 

is always a negative side of making shortcuts and to try to make the work more efficient, there is a 

risk that there must be a trade-off with safety. With the remote towers the controllers must still 

monitor, handle all the traffic and make decisions about that airport without cut back on the safety. 

The controller must trust the new technology and feel a form of control over their own work and 

over the situation. To maintain safety the controllers must have something that is called situation 

awareness and be aware of the system and the functions of the systems. If there is a lack in situation 

awareness or if the controller do not know how the system works there will be problems, and these 

problems can lead to catastrophic situations. The controllers need to have the ability to change their 

view of the situations and be able to change their behaviour for unexpected events. They should be 

able to cope with unexpected situation and still feel the control over the situation. The idea with the 

new technology is, among other things, to make the work of the controllers more efficient and the 

controllers need to have situation awareness and be able to maintain resilient. Because the work of 

the air traffic controller can be so complex with different kind of tasks and that the ATCO needs to 

keep a lot of information in mind at the same time and it can be hard to really understand their work 

and how they think.  

 

To understand the work of ATCOs in air traffic control centres (for area control) Lundberg et al. 

(2014) used an eye-tracker in their study to see for what and for how long the controllers were 

looking at the air traffic management tools. The results showed that a controller in an air traffic 

control centre had normally 3 fixations per second. Another eye-tracking study made by Bruder, 

Maschke and Eissfeldt (2013) presented that it was a difference between air traffic controllers when 

it comes to fixations and gaze duration for novices and experts. To perform as well as the experts, on 

the monitoring tasks, the novices needed more fixations and longer gaze durations. There are results 

that shows for as if the number of fixations with a controller increases the number of errors 

decreases and this indicates that more fixations may lead to more distributed attention (Russel, 

Saleem, & Haggstrom, 2010).  
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For the remote towers to be as accurate and safe as possible the resolution on the screens they use 

in the remote tower must be very high and if the resolution is so low it can be hard for the 

controllers to detect and identify objects (van Schaik, Lindqvist, & Rössingh, 2010). This can be the 

same for simulators, the screens they use in the simulator must be as realistic as possible and 

therefore the resolution must be very high to be able to detect objects and see whether the object 

need further attention or not.  

 

2.1 Situation awareness  
For the air traffic controllers to have the control, be able to make the right decisions and guide the 

aircrafts in the right direction the controllers need to have situation awareness (SA). Situation 

awareness can be describe in many ways but the most common definition and the one which gained 

most attention is “The perception of the elements in the environment within a volume of time and 

space, the comprehension of their meaning and the projection of their status in the near future” 

(Endsley, 1988, s. 97). This means that a person takes in information about the environment, 

understands that information and make a meaning of it, and based on that can the person act and 

predict the future. The person has a mental model over the environment and the situation and this 

model are a foundation to decision making. With wrong information about the situation wrong 

decisions can be made. 

 

Endsley is however focusing on the traditional terms from cognition as attention, perception and 

memory but situation awareness is also a part of distributed cognition (Artman & Garbis, 1998). 

Situation awareness is rather today a process for both human and non-human agents, a SA system 

(Lundberg, in press), which works together as a system and all individuals and artefacts should be 

seen as important parts of that system. Stanton et al. (2006) writes that even though the humans 

and the system has the same goal and both have situation awareness they can be at different levels 

of SA, in Endsley’s three level model, but still working together. Different agents in the same 

situation can be on different levels of SA, and they can all benefit from this by compensating each 

other. The focus is no longer at the humans and the human situation awareness only but rather a 

focus on the system within human factors and shift the focus from looking at a person and the 

information processing in a specific situation to look at the interactions that takes place between 

several actors within a system (Stanton, Salmon, & Walker, 2015).  

 

Human-machine systems are constantly becoming more and more complex and the component 

within the system need to be aware of the surroundings. Situation awareness is a promising but yet 

developing field and while the systems is getting more complex the awareness about the dynamic 

environment must keep up with the same pace (Millot, 2015). Today situation awareness is seen as 

something held by both human and machines, a distributed situation awareness, and that involves 

processes to maintain the awareness of the situation even though the environment is dynamic and 

changes (Stanton, o.a., 2006; Artman & Garbis, 1998). Lundberg (in press) has developed a holistic 

framework over situation awareness systems, states and processes. This framework takes into 

account all parts of a system and the processes and not only the comprehension from the humans. 

The SA states describes the state that the system are in, the frames the system has, objects that are 

counted for, the implications for the situation and an event horizon. The processes are the things the 

system has to update SA and to update the information the system has about the situation.  
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Situation awareness revolves around schematas and these are used to understand and comprehend 

the environment to be able to achieve and maintain situation awareness (Stanton N. , Salmon, 

Walker, & Jenkins, 2009; Smith & Hancock, 1995). The schematas are models over the situation and 

are one process of maintaining awareness over situation. Other types of processes to achieve SA and 

use it are workload, decision-making and coordinating. Schematas are the process of modelling the 

situation and can be relate to the concept of frames. Lundberg (in press) discuss in his article that 

situation awareness involves frames that are fitting around the environment so the person or the 

system can understand the situation. The frame is the information and knowledge about the 

environment and the frame is necessary to understand the situation and to be able to make the right 

decisions in that specific moment. The variety in frames and the capacity the person or the system 

have to work with frames indicates how much threats it can make sense of, understand and handle. 

Lundberg (in press) writes that frames and the use of frames resemble to the resilience engineering 

term “buffering effect” (Woods D. , 2006) which will be explained in next section. 

 

An extension of situation awareness is mode awareness which is the ability for humans, in their role 

as supervisors, to follow and to anticipate the behaviour of automated systems (Woods & Sarter, 

1995). The ATCOs need to understand the systems used in their work to be able to predict the future 

and future arrivals/departures. The controllers needs to know what the systems are for, the meaning 

of them, to be able to see abnormalities or errors in the systems. However, the controller normally 

do not need to know every technical part of the system, only the functions needed in the controller’s 

work. The ATCO needs to have awareness of the system and its state to be able to know when they 

need to intervene or not. SA is not just about awareness, it is about the understanding of the 

situation and the context. Therefore it is very important to build system designs that support this 

very important need (Endsley, 2015). This can also be connected to what Endsley (1995) meant with 

the situation awareness model; that SA is very affected by the person’s goals and expectations which 

can and will influence where the attention is directed, but also how the information is perceived and 

how it is understood. Therefore the systems must be built with the understanding of the importance 

of how SA affects us and how to intervene with the system. 

 

The ATCO must have situation awareness to be able to do a safe job, although the pilots also needs 

to have situation awareness in their environment. The controller and the pilot works together 

towards a shared goal, the controller gives directions and the pilot confirms and follow the directions 

for the aircraft to have a safe flight route. When the ATCO has given the directions to the pilot, the 

controller still need to have attention on that aircraft making sure the pilot is following the orders 

correctly. The controller and the pilot needs to have the same information for the specific event and 

they will have a shared SA. It does not mean that they need to share everything they know, only the 

information they have in common as a function of their same goals (Endsley & Jones, 2001). The 

controller and the pilot might experience the same situation in different ways but still has situation 

awareness. Stanton el al. (2009) argues that because two or more persons are in the same situation 

but may experience it differently their situation awareness would be compatible rather than shared.  

This presumes however that, for example, shared SA for the weather, the controller has looked at 

the weather screen and then communicated this to the pilot and that the pilot understand and 

confirms this information. The controller and the pilot might have shared SA in this case even though 

they experience the situation differently. The same goes for example the aircraft’s altitude, the 

controller and the pilot does not have to speak about it, but they both need to have looked at the 

altitude information during the same interval to be able to share situation awareness about the 

altitude (Endsley, 2015).  
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It is very important for the controllers in the aviation industry to not lose situation awareness even 

though there are variations in the environment in any way, or if sometimes there is not that much to 

do. Sometimes there is not that much of traffic for the controllers to handle but it is really important 

that the controller maintains SA to be able to detect new traffic or conflicts. Even though the 

controller is focusing on a specific part on the runway, on the radar or are looking at the strip-table, 

the ATCO must continue to have a high level of SA for what is happening around his visual spectrum.  

 

2.2 Resilience 
Resilience engineering is a term developed by Hollnagel, Woods and Leveson (2006) and resilience is 

the ability to perform in a robust manner. Hollnagel et al. (2006) defined resilience as “The essence 

of resilience is therefore the intrinsic ability of an organisation (system) to maintain or regain a 

dynamically stable state, which allows it to continue operations after a major mishap and/or in the 

presence of a continuous stress” (Hollnagel, Woods, & Leveson, 2006, s. 16). The definition of 

resilience has developed through the years and 2010 Hollnagel, Woods and Wreathall wrote a new 

definition of resilience; “The intrinsic ability of a system to adjust its functioning prior to, during, or 

following changes and disturbances, so that it can sustain required operations under both expected 

and unexpected conditions” (Hollnagel, Woods , & Wreathall, 2010, s. 275). 

 

To describe “system” this study adopted Lundberg’s and Johansson’s (2015) definition as “an open 

socio-technical system working towards one or more meaningful, safety critical, goal(s) in an 

environment that holds the potential of presenting threats towards either the system in itself or the 

goal(s) it pursues” (Lundberg & Johansson, Systemic resilience model, 2015, s. 2). A “socio-technical 

system” is the constellation of both humans and the technology which the humans use. That article 

also suggest that every system has a core goal and should protect that goal, this means that some of 

these goals can be more important than others and it’s about prioritizing the right goal. This way of 

looking at a resilient systems has been adopted here and that the system has to preserve the core 

goal even though the system is exposed to threats or negative events.  

 

Going back to Hollnagel, Woods and Wreathall (2010); the citation means that a system has the 

ability to change while maintaining a healthy state over time, even though the system are exposed to 

negative events or threats. It also means that the system can change the way of working and be able 

to find new solutions to unexpected situations. This can be very important in dynamic domains, like 

in the aviation industry where the controllers need to know how to act in every situation when the 

situation is changing.  

 

When talking about resilience the terms negative events or threats are very common and Westrum 

(2006) defined three types of threats. The regular threats are the ones that occur so often that the 

system has developed a standard response to that specific threat. The second type is the irregular 

threats that are rare but still possible to imagine so only little preparation is made. The third threat is 

the unexampled event that are so rare that they could not even be imagine and therefore there are 

no mechanism for coping with them.    

 

In resilience engineering it is very common to talk about four cornerstones when it comes to how to 

achieve resilience and that is through anticipating, monitoring, responding and learning. Anticipating 

is a systems ability to knowing what to expect, meaning how to anticipate different changes, threats 

that may occur and the opportunities later into the future. The ability to monitor is the knowledge of 

what to look for, to detect threats. It is important to monitor both what happens in the environment 

and also what happens within the system. The third cornerstone is the ability to respond, the 

knowledge of what to do and how to act to regular and irregular disruptions. The last cornerstone is 
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the ability to learn, to know what has happened. It is important to learn the right lesson from the 

right experience, and both from positive and negative events. (Hollnagel, Woods , & Wreathall, 

2010).  

 

The four cornerstones from the resilience engineering can be in contrast to the four abilities found in 

crisis response which are mitigation, preparedness, response and recovery (McLoughlin, 1985) (this 

report won’t go further into these abilities since it’s not a report about crisis management). Lundberg 

and Johansson (2015) suggest a new model about resilience and how it can be achieved; the systemic 

resilience model which includes both ideas from the resilience engineering point of view and the 

crisis management. The systemic resilience model consists of four sections; event-based constraints, 

functional dependencies, adaptive capacity and strategy. Event-based constraints is about the 

constraints every event can bring. When the system tries to protect a core goal the system may have 

to unfold potential or past events which can lead to constraints. As sooner the system detect the 

constraints the earlier the system can deal with it. This can be connected to Dekkers “drifting into 

failure” (2011) which it about a system’s adaption to the complexity of the structure and the 

environment.  There are several event-based constraints which all take different amount of time to 

detect and solve. If the threat is identified in an early stage the system has more time to handle the 

threat compared to if the threat is identified later which will lead to less time to adapt to the new 

situation. Functional dependencies is the next section in the systemic resilience model which 

describes several functions that the system can use to deal with events. The functions in the model 

are; anticipate event, monitor, respond, recover, learn and self-monitoring. These six functions can 

be directly traced back to the cornerstone model and the crisis response model mentioned earlier. 

Self-monitoring is however a function added in the systemic resilience model and it means that the 

system needs to be able to monitor itself. If the way of operating is not good enough the system can 

choose to change the inner processes to be able to maintain success, but only if the system has an 

understanding of the situation. According to Lundberg and Johansson (2015) the self-monitoring is 

necessary to maintain resilience during unexpected events and that the functions of maintaining 

resilience does not weaken during the adaption. Adaptive capacity is a part of the functional 

dependencies and it is important for the system to be able to change, the system needs to know 

when and where the responses should take place. Some responses can be introduced directly but 

some responses must be planned for and maybe mobilized. The system needs to understand what 

goes on, what will happened and what to do and for this adaptive capacity is an important aspect.  

The fourth and last section of the systemic resilience model is the strategies; the implementation of 

the resilience functions. Lundberg and Johansson (2015) describes five different strategies which are 

immunization, avoidance, control, rebuilding and knowledge. All systems does not need to have the 

same strategies, different systems may use different strategies and the strategies can be combined. 

At the same time it is important to take into account that all strategies are not achievable in all 

situations, the right strategy must be applied to the right event to be able to maintain a safe and 

resilient situation.  

 

The systemic resilience model is a complex model over resilience which consists of four sections and 

the model is presented in figure 1 below. 
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Figure 1. Systemic resilience model (Lundberg & Johansson, Systemic resilience model, 2015, p. 23) 

Figure 1 is the systemic resilience model from Lundberg and Johansson (2015) and shows for the 

different sections and levels. It is important to have in mind that the model spins both inwards and 

outwards and that this can form both feedback and feedforward loops.  

In an air traffic control tower there can be many different kind of situations and the ATCO needs to 

keep focus and always try to maintain safety no matter what happens. The systemic resilience model, 

as shown in figure 1, has different kinds of event-based constraints and just like in an air traffic 

control tower the amount of time there is to solve an event can differ. Depending on what kind of 

event that has occurred (or will occur) and if the system (controller and technology) is resilient there 

are several strategies that can be applied to handle the situation and to maintain resilience. An event 

can occur at any time and the system needs to monitor the environment and the situation to be able 

to detect the events (known and unknown) and respond to it. The system has different levels of time 

to handle the situation and as seen in figure 1 the system can have unknown time, time to effects, 

time to damage and restoration time. And during the event the system can apply a suitable strategy 

and use the functional dependencies to handle the situation. To be resilient and safe the air traffic 

control system must have the five different functional dependencies; the system must monitor, 

respond to the situation, be able to recover from it, learn from both positive and negative events and 

to some level be able to anticipate events. 

 

Buffering capacity is one of many concepts in resilience engineering and the most common definition 

is “the size or kinds of disruptions the system can absorb or adapt to without a fundamental 

breakdown in performance or in the system’s structure” (Woods, 2006, p. 23). This mean that every 

system has a limit of how much it can take without breaking down, the higher this limit is the more 

buffering capacity and with buffering capacity the system can be more prepared and be able to 

handle unexpected situations better, compared to a system who does not have buffering capacity. As 

Lundberg writes (in press) a distinction can be made between the capacity of making sense of 



13 
 

different anticipated situations and the capacity of making sense of unexpected situations. A system 

can have high buffering capacity when it comes to known and prepared situations but very low 

capacity when it comes to unknown situations and situations the system has not taken into account 

might happened. As mentioned before Lundberg (in press) wrote that buffering capacity and frames 

(in SA) might resemble to each other in that sense that to be able to cope with new and unknown 

situations the system has to be prepared, be able to make changes in the system and be able to 

make new frames to adapt and adjust to the new development. Buffering capacity can be the 

capacity of reframing and framing a new and unknown situation. The system should also be able to 

adjust the buffering capacity this to able for the system to make new frames during an event 

(Lundberg, in press). 

 

If the controller in an air traffic control tower has the right tools and elements, understands the 

situation and are able to in some way predict the future (that the ATCO can understand that more 

aircrafts will arrive and departure and how to handle several aircrafts at the same time without any 

conflicts), and also maintains the attention for what is happening around, the ATCO has situation 

awareness. If the controller at the same time has the ability to adjust the decisions, make new 

predictions, handle unexpected events and re-evaluate the situation the controller also has a good 

variety in frames. The more frames the controller has, the more flexibility in his way of thinking, the 

higher can the buffering capacity be. And finally, if the ATCO have a good situation awareness with 

variety in frames and with an adaptive buffering capacity and a well-functioning work station the 

system has the possibility to be resilient. 

 

2.3 Automation 
The air traffic management systems have a lot of automated tools to make the job of the air traffic 

controller easier and more efficient. Automation can be defined as “the execution of a task, function, 

service or subtask by a machine agent” (Mouloua, Hancock, Jones, & Vincenzi, 2010, ss. 8-2). There 

are several levels of automation levels and Endsley (1996) presents five of them and which kind of 

role the human has when working with the automation. The levels of automation from Endsley are 

shown in table 1.  

 
Table 1. Levels of automation (modified from Endsley, 1996, p 7) 

Levels of Automation Human System 

1. None  Decide - Act - 

2. Decision Support Decide - Act Suggest 

3. Consensual AI Assist Decide – Act 

4. Monitored AI Veto Decide – Act 

5. Full Automation -  Decide – Act  

 

Table 1 shows the five levels of automation from Endsley were level 1 has no automation and the 

human are in full control and makes all the decisions and act on them. The fifth level is instead full 

automation where the human has no part at all. Even though the model is from 1996 and the 

technology has developed the model still works to explain the different kinds of automation. When 

the technology is becoming more advanced it can also get more automated and the level of 

automation will get higher, making the human to a more (or complete) monitoring role. When that 

happens, if the operator’s job is only to monitor and not has a role of a performer, there is a change 

of complacency which can be describe as over-reliance on automation (Endsley, 1996). Risk of losing 

situation awareness when the automation is being more and more introduced is something that the 

aviation industry must have in mind. Endsley and Kiris (1995) has found that during fully and semi-
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automated conditions peoples’ situation awareness can be lower compared to manual performances 

in an automobile navigation task. This shows for that situation awareness can be effected negatively 

if a person has to be an observer than instead of a performer, because people are more suited to 

work as the performer (Endsley, 1996). As the technology develop the human part in the industries 

changes from a performer to more of an observer and it is the same for the aviation industry and this 

can cause problems. The controllers’ jobs are becoming to be even more complex since the towers 

can become remote towers and the controller has to observe more than one airport at once.  

  

When people work with monitoring automated systems they tend to be frequently slow in detecting 

that a problem has occurred and this is called out of the loop performance (Endsley, 1996). According 

to Endsley and Kiris (1995) there are three distinct factors that can contribute to the out of the loop 

performance. The first thing is changes in vigilance and complacency associated with monitoring. The 

second thing is assumption of a passive role instead of an active role in controlling the system and 

the last is changes in the quality or form of feedback provided to the operator. 

 

Mouloua et al. (2010) writes that in the aviation industry automation has often been referred to the 

autopilot and other cockpit-related systems but the technology has advanced and automated tools 

can now also assist the air traffic controller in planning, monitoring and executing. A couple of years 

ago the radar display used by an ATCO could identify an aircraft’s position but the controller had to 

calculate flight approximations to be able to predict where the aircraft would be in a near future 

(Lindeis, 2010). Nowadays the technology can automatically compute that information making the 

controller focus on more important things. Many air traffic management tools are now automated 

and another examples are the medium term conflict detection and the short term conflict alert 

which alert the controller for pending or existing conflicts between aircrafts. Another tool that has 

developed recently in the air traffic control towers is the strips, from paper-strips (figure 2) with 

strip-holders to electronic flight strips (e-strips) (figure 3). The paper-strips is however still in use at 

some airports and when the pilot announce for arrival the ATCO has to manually take a strip-paper 

and write down the aircraft’s information. But in some towers e-strips has been introduced which 

means that the controller not has to type in all the information manually, most of the information 

about the aircrafts updates automatically on a screen when new aircrafts are about to arrive to the 

sector.  

 

 
Figure 2. Paper-strips from a TMA 
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The figure 2 is a picture of the paper-strips that are in use in most TMAs in Sweden today. The picture 

are from a TMA in Sweden but paper-strips are also in use in many air traffic control towers. There 

are no automation in this air traffic management tool except the fact that the paper-strips are 

printed out. The ATCO needs to manually update the strips, reprinting or write on them. This means 

that the controller has some responsibility for that the information on the strips are correct. This 

makes the job of the controller to more of a performer role and the controller need to manually 

make sure that the right information is available. 

 

 
Figure 3. Strip-table for a multiple remote tower 

Figure 3 is a picture of a strip-table, this kind of e-strips are in use in the tower simulators in Sweden 

and at some airports. The controller can and must however integrate with the strip-table, making 

settings and changes for every aircraft’s information if the aircraft for example have to change in 

altitude. The automation makes some updates on the e-strips for the controller and the controller 

can choose to get a new e-strip if necessary of write on existing one. However this type of digitalized 

table makes the job of the controller to a more monitoring role. The controller still has the 

information in front of him, making adjustments on the strips but the controller has to monitor the 

technic making sure it updates the way it should. Most automated systems, used in any domain, does 

not require any intervention from an operator, some automated systems does not even permit an 

operator to intervene. This leads to the fact that the operator only see the products of the 

automation and not the actual processes (Hopkin, 2010). In the strip-tables in the air traffic control 

towers the ATCO sees the product of the automation but the controller can also interact with the 

table, making adjustments for the tables and trips.  

 

An air traffic controller must rely on the information that is given, both from the pilots, the other 

operators and from the systems (the computers, the radars, other automated systems etc.). The 

controllers must have in mind that the computers might be wrong and that systems can break down, 

the screens can turn black, the strip-table can freeze and not be able to interact with and so forth. 

This means that the controller need both situation awareness and mode awareness to be able to see 

when things are going right and when things are going wrong and when to intervene. At the same 

time the controllers have to rely on the information that is given because if the controllers must 

double check every piece of information this would take too much valuable time. It cannot therefore 

be overemphasized the importance of understanding and monitoring the automated systems. Much 

of the technology in the air traffic towers are automated and there is a collaboration between the air 
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traffic controller and the technology. The computers must present the right information for the 

controllers to make the right decisions and the controllers has to rely on that the information they 

base their decisions on are correct. Everything in an air traffic control centre is not automated but it 

is important to understand what the automation does and what kind of role the human have when 

working with automation.  

 

Even though the controllers both are observers and performers they need to be aware of the 

situation. The controllers in the multiple remote towers has more than one airport to monitor and 

make decisions for which can lead to an out of the loop performance problem. There can be little to 

do for the controllers, the airports are small with not so much traffic (that is why the airports has 

been combined to multiple remote towers), which can lead to a very passive role and when there is 

more to do there can be variations in vigilance and awareness for the controller. It is very important 

that the controller maintain situation awareness and are resilient even though the technology are 

advancing and more tools being automated. The ATCO still has a performing role even though the 

controller also has to monitor the situation and the automated system to make sure that everything 

goes right and works correctly. Mouloua et al. (2010) had some considerations about the automation 

in the aviation industry and that automation can cause problems. They said that there can be a lack 

in SA when more and more tools are being automated and the controller gets a more monitoring 

role. As Woods (1996) writes mode error often occurs when there is a lack in the design and 

insufficient feedback from the system to the operator. 
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3. Method 
The work of an air traffic controller is very complex and there is a lot going on at the same time, 

therefore it can be very hard to only observe their job to understand everything of it. To understand 

the controllers’ work an eye-tracker is a very good tool to use. By using an eye-tracker the eye-

movements of the controller becomes visible and can show for what and how long the ATCO looks at 

something on the different screens they are using. 

 

We move our eyes in a particular direction of interest to make a part of the visual field in high 

resolution, this so we can see in fine detail on the object we want to look at. The eyes almost always 

goes to the point that we think are the most interesting and if there is possible to track the eye-

movements this means that maybe we can track the path of the person’s attention. This can give us 

information about what the person focus the attention on and what the person thinks is interesting. 

(Duchowski, 2007). The eye-movements can give the researcher clues about were the participant has 

the attention and this is a measuring of situation awareness processes, that the participant sees clues 

in the environment and comprehend it to maintain the situation awareness.  

 

According to Duchowski (2007) there are at least three research domains that stand to benefit from 

eye-tracking; visual perception, human-computer interaction and computer graphics. By using eye-

tracking we can get an understanding of what the participant is focusing the visual attention on and 

which objects that draws the most attention from the participant. The results in a study by Lundberg 

et al. (2014), in which they used an eye-tracker, showed for that a controller in an air traffic control 

centre has the average visual scan speed for 3 fixations per second. The same study also showed that 

there is small different in the controller’s visual attention on the different screens they are looking at, 

dependent on what position the controller had, if the controller were a planner or an executive. It is 

very important for the controllers, both the controllers in an air traffic centre and the controllers in 

towers, to have their visual attention on the right objects so they can monitor and handle all the air 

traffic and be able to detect and solve pending or potential conflicts. Therefore this study has used 

an eye-tracker to be able to see where the controllers in air traffic control towers focused their eyes 

and be able to follow the path of the participants’ attention.  

 

This study has used two data sets; one from a single tower simulator and one from a multiple remote 

tower simulator. Below is the data collection described followed by a description of the participants, 

the observation and method used to analyse the data. The data set from the multiple remote tower 

was recorded for another study before this study took place and was therefore added to this study. 

The description of the data collection from the multiple remote tower simulator is therefore not in 

detail though it was not recorded for this study. The data set from the single remote tower was 

recorded for this study and will be described in detail.   
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3.1 Data collection 
This chapter will explain the data collections; how the simulators worked, which eye-tracking glasses 

were used, the pilots who ran the simulators and the videos that were recorded. 

 

3.1.1 Simulators 
The data collection in the single tower took place in a tower simulator in Sweden during two days. 

The simulator was designed to look like the airport where the simulator was placed and are one of 

the biggest airports in Sweden. The simulated airport had three runways but just like the real airport 

only two of these were used in the simulation, one runway for departure and one runway for take-

offs. Both airplanes and helicopters could be simulated and different kind of weather and other 

conditions.  

 

The simulator for the single tower (figure 4) had 12 screens of 48” each and contained of two work 

places but only one was used (the left) because there was only one controller. All the equipment 

necessary for the controller to do a correct job was activated, such as the strip-table, the radar, the 

ground radar, weather information, radio communication with the pilots (who played both the role 

as pilots, ground centre, and other necessary roles). 

 

 
Figure 4. Single tower simulator with the pilots' workstation in the front of the picture 

Picture 4 is a view of the single tower simulator with the two operator seats in the front with the 12 

screens and the pilots in the back. The air traffic control participant were sitting to the left in front of 

the screens and the right position was empty. Behind was a small room with glass windows were the 

two pilots where sited (one pilot to the right in the picture), they had three work positions but only 

two were in use for this study. The workstation for the ATCO in the single tower simulator is enlarged 

in figure 5. 
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Figure 5. Strip-table in the single tower simulator 

Figure 5 is showing the strip-table in the single tower simulator and above the strip-table are the air 

radar (the screen to the left) and the ground radar (the screen to the right). Weather information is 

on the air radar screen. The strip-table has three columns; the column to the left is for inbound 

traffic, the column in the middle is for departure and the column to the right is for arrivals.  

 

The data collection for the multiple remote tower took place in a simulator which had 12 screens of 

48” each and contained of one work place (figure 6). Three airports at the same time on the screens 

were simulated. The screens were split into four screens per airport but the controller could zoom 

into the airports, making the view of one specific airport bigger when necessary. 

 

 
Figure 6.  The multiple remote tower simulator 
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Figure 6 is a picture over the work station for the ATCO in the multiple remote tower. There are 12 

screens showing the three airports, one radio screen, one strip-table and one air radar screen. 

Important to notice is that the controllers in the multiple remote tower did not had ground radar. 

Weather information for each airport are from the left on screen number 4, 5 and 9 but the place for 

the weather information can be change to another screen if needed by the controller.  

The airports in the multiple remote tower simulator was designed to look like the real airports that 

were simulated. Every airport had one runway each and both aircrafts and ground vehicles could be 

simulated. In figure 7 the workstation for the multiple remote tower simulator is enlarged.  

 

 
Figure 7. Radio screen (left), strip-table (right) and radar screen (above strip-table) in the multiple remote simulator 

Figure 7 shows the air traffic management tools in the multiple remote tower simulator. The screen 

to the right is the radio screen, the screen to the left is the strip-table and the screen on top of the 

strip-table is the air radar screen. The strip-table in the multiple remote tower simulator consisted of 

three columns, each column represented one airport (figure 8).  

 

 
Figure 8. The strip-table in the multiple remote tower simulator 
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The controller could integrate with the strip-table, write on it and drag the e-strips between different 

sections. Every column were divided into several sections (“arr”, “ctr”, “runway”, “taxiway” and 

“departure”). If an aircraft was arriving the ATCO moved the e-strip from the top to the bottom of 

the table and if an aircraft was departing the e-strip would go from the bottom to the top of the 

table. The e-strip is role-based which makes is possible to split and combine positions depending on 

the amount of traffic and workload. In both tower simulations the strip-table was for arrivals and 

departures (in the multiple remote tower simulator also ground vehicles were shown as e-strips). 

 

In both of the tower simulations the controllers handled arrivals and departures at the same time but 

the ATCO in the single tower simulator had access to a ground radar, this because the tower that was 

simulated use ground radar. The controllers in the multiple remote tower simulator had no ground 

radar, this because smaller airports (and the ones that were simulated in the multiple remote tower) 

does not have ground radar. Although the focus for this study was only on arrivals of aircrafts the 

controller handled departures as well during the simulations to make the scenarios more real like.  

 

3.1.2 Glasses 
To be able to see exactly what the ATCO looked at during the two simulations the study used eye-

tracking glasses from Tobii. The eye-tracking glasses for the multiple remote tower was Tobii Glasses 

1 and the glasses used for the single tower was the Tobii Glasses 2. Both glasses records what the 

participant are looking at in real time and the glasses also allows the participant to move around the 

head without the risk to loose contact with the eye-tracker. Before every recording the glasses had to 

be synced with the participant’s eye-movements which only took a few seconds.  

 

Important to mention is that the two types of glasses requires different types of analysis programs. 

This is because Glasses 1 had IR-markers placed on the air traffic management tools and simulation 

screens used by the controllers and for Glasses 2 this kind of markers were not necessary. For the 

Tobii Glasses 1 the analysis program Tobii Studio was used and for Tobii Glasses 2 the Tobii Glasses 

Analysis Software was used.  

 

A reason for the different recording devices was that Glasses 2 were under preproduction and Tobii 

(the company which develops the glasses) wanted the glasses tested, therefore this study became 

subject for that. 

 

3.1.3. Pilots 
Two pilots controlled the aircrafts in the single airport simulator and around the tower, making the 

aircrafts land and departure from the airport with clearances from the ATCO in the simulation tower. 

The pilots also controlled the other vehicles on the airport and acted as the ground service if needed. 

All of the traffic was predetermined and the pilots followed a scheme that the ATCO was not allowed 

to see but the controller knew the weather conditions in advanced. The pilots were sitting in a room 

behind the controller and this room had a glass window so that the pilots could see the controller 

and the screens of the airport.  

 

For the multiple remote tower two pilots were controlling the vehicles on and around the three 

airports and they had the role of all kinds of operators that the controller had to speak to. The pilots 

was sitting in another room and were not able to see the controller or the screens used by the 

controller. The scenarios used in the multiple remote tower simulator were predetermined and the 

controllers got to know the weather conditions and if they had ground service or not. The controller 

did not know how many vehicles there would be in the scenarios or any other details about the 

sessions. 
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3.1.4 Recordings 
Everything of relevance was recorded during the two days in the single tower simulator. The eye-

movements were recorded with Tobii Glasses 2 to be able to follow the participants’ eyes and 

attention. Radio communication was recorded with both the glasses and with an external audio 

recorder to be able to hear the comments from the controller and the pilots. The glasses also 

contained a small microphone so the communication from the controller to the pilots was recorded 

in two ways. The pilots’ communication in the single tower was highlighted with a speaker beside the 

controller so their voices would be recorded as well by the glasses. The pilots had also a separate 

recorder for their communication. A camera where placed at the back of the simulator room to 

record the whole scene (the ATCO and the simulator) and several pictures were taken.   

 

Three different kind of sessions were recorded in the single tower simulator and the simulator was 

supposed to look like a real air traffic control tower in Sweden which as several work stations and 

controller positions. In the real tower which was simulated the ground service are handled by either 

the ATCO or a ground service controller, depending on the amount of traffic, and in the simulation 

the controller handled either just the control zone or the control zone and the ground service.  

 

The first session recorded was a normal work day for the ATCO, it was normal traffic and the weather 

was fine with sun and clear sky. In this session the controller only handled the control zone and the 

controllers who played the pilots took care of the ground service. The second session was the same 

as the first one but here the air traffic controller also handled the ground service. The last session 

was about runway incursions. The conditions during the runway incursions with the amount of traffic 

and weather was the same as the other sessions and the controller only needed to handle the 

control zone, but in this sessions there were four runway incursions that the controller needed to 

handle. The controller knew in advanced if the traffic would be normal or intense or if there would 

be runway incursions during that particular session but the controller did not know the exact events 

for each session. In total there were seven session recorded in the single tower simulator. Four 

sessions were the controller had both the control zone and the ground. This four sessions was split 

between two participants, two each. The other two sessions were only with the control zone and the 

participants had one session each. The last session was with the runway incursions and only one 

participant ran this session. For this study two of the seven videos were used from the single tower, 

one session were the controller only had the control zone with normal amount of traffic and the 

other session was with the runway incursions. The same participant was the controller in both of 

these sessions and the number of sessions analysed depended on the time aspect for this study. 

 

In the multiple remote tower simulator everything of relevance was recorded such as eye-

movements and communication. The eye-movements were recorded with Glasses 2 which also 

contained a microphone so the communication from the controller was recorded. The pilots’ 

communication was recorded separately and could not be heard in the analysis program, because of 

this the pilots’ communication could not be used in this study. A camera where placed at the back of 

the simulator room to record the whole scene (the ATCO and the simulator) and several pictures 

were taken. Several videos were recorded with different kinds of scenarios and amount of traffic, 

both during daylight and darkness, and six videos from the data collection were used in this study. In 

those six videos the ATCO had both the control zone and the ground services for all three airports.  
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3.2 Participants 
The participant in the single tower was a male tower controller, 35 years old. The participant had 7 

years of experience of being an air traffic controller in an air traffic control tower in Sweden. Further 

on this participant is referred to as participant 1. 

 

For the multiple remote tower simulation there were two participants (participant 2 and participant 

3); both male with long experience of working as tower controllers. They have both worked in three 

different towers. Participant 2 had constructed the scenarios used in the multiple remote tower 

recordings so the environment was familiar to him. Participant 3 had been in the simulator before 

and ran different kind of scenarios (but not the exact scenarios as in this study) so he was as well 

familiar with the situation. Below is a list with the participants in this study with age, years of 

experience and gender.  

 
Table 2. Information about the participants 

Participant Age Years of 

experience 

Gender 

1 35 7 Male 

2 36 11 Male 

3 60 39 Male 

 

Table 2 is a list of the three participants in this study. Participant 1 was participated in the single 

tower and participant 2 and 3 participated in the multiple remote tower.  

 

3.3 Observations 
To collect data for this study a tower simulator at an airport in Sweden was visited and sessions were 

recorded. This visit was also as an observation because of the opportunity to see how the controllers 

work (even though it was in a simulator) and if there were any differences between a simulator and a 

real tower. Between the recordings there was time to ask questions about the simulator, the airport, 

the controllers’ work, the tower and so forth. The recordings were observed so after a session 

questions about specific actions or decisions the ATCO made during the session were asked. This 

helped for the analysis and to understand the data a little bit more than just by watching the videos 

that was recorded. The questions were spontaneous and asked when it was suitable, not interfering 

with the controller’s task in the simulator.  

 

An observation in a real air traffic control tower was also made to be able to see the differences 

between the simulators were the recordings took place and a real air traffic control tower. The 

controllers in the study were during the recordings discussing the differences between a simulator 

and a real tower and this was investigated further with this observation. The air traffic tower that 

was visited was the tower simulated in the single tower simulator. The observation lasted for two 

work shifts, one shift in the afternoon and one work shift the morning after, both shifts were eight 

hours. The observation took place beside an ATCO in the tower and with a headset to be able to hear 

both the ATCO and the person the controller talked to (the pilots, the TMA, the ground service and 

so on). The position of the controller depended on the amount of traffic and the other colleagues, on 

which position who was on turn to shift. Therefore the observation was able to be on all the 

controller’s positions (arrival, departures and ground service).  

 

Because of the demanding work effort in the towers the controller only work for one hour straight 

and then have a break for about 30 to 60 minutes. During the first shift, which was with a female 

tower controller who had worked in the tower for a few year, four hours in the tower was observed 
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and all the positions were covered that shift. The next day a male controller was followed for the 

observation and when he was on a break the opportunity came up to observe beside the other 

controllers in the tower that day, which lead to five hours of observations and all the positions in the 

tower were observed.  

 

Questions were asked during the observation in the tower when the ATCO had time, this so the 

controller could show for the answer on the different tools and screens. On the breaks more 

extended questions were asked about the tools and how the controller handled landings. Many of 

the questions were then extended in the tower and added in time when they seemed appropriate. 

Because the controllers need to focus in the tower the observation was completely on their terms.  

 

3.4 Episode Analysis 
This study has used the method episode analysis which is a method used to investigate episodes and 

parts of a bigger data set. Episode analysis is made on video or audio and from the data set are 

episodes taken out to thoroughly investigate and analyse. Episodes can also be divided into sub-

episodes to make a more distinct display of the data. When the episodes has been taken out a 

transcription can be made on the audio and/or video and be compared to each other.  

This kind of analysis had not been used so frequently in the research of the aviation industry. 

Lundberg (in press) wrote about situation awareness and his study is based on episode analysis for 

air traffic control towers. In that article Lundberg wanted to create a holistic framework over 

situation awareness and used examples from air traffic control towers with episode analysis. Another 

study by Rankin et al. (2011) used episode analysis as method regarding communication in the 

Swedish Response Team. The method was used to understand the processes taking place during 

improvised work ‘‘as it happens’’ in the response team. By using episodes and sub-episodes they 

could provide a map of how information was transmitted through the organisation. A third study, 

made by Svensson (2014), used an eye-tracker and the episode analysis to map how the air traffic 

controllers used the different air traffic management tools. The method episode analysis turned out 

to be successful in mapping the controllers’ eye-movements and to understand how the controllers 

used the different tools. Therefore, this method was considered as the most suitable for this study.  

 

The sessions picked out from the single tower simulator and the multiple remote tower simulator 

recordings were separately opened with the analyse program Tobii Studio Analysis Software and 

Tobii Studio, the two different glasses required different analyse programs. The sessions were 

watched from the beginning to the end in the analysis software with the eye-gaze data activated to 

be able to follow the participants’ eye-movements. During this time interesting episodes were 

marked. Interesting episodes were all steps of arrivals. 

 

Every event of interest was named with an episode number and to be able to compare the different 

sessions it was decided that from the single tower simulation two arrivals would be analysed from 

the session with normal traffic and two arrivals from the session when the participant knew there 

would be runway incursions. From the multiple remote tower simulation eight arrivals were analysed 

(six episodes from daylight and two episodes during darkness).  

 

The episodes for the single tower were defined as from when the pilot contacted the controller for 

the first time (access to both communication from the controller and the pilot) for an arrival until the 

last time the controller had contact with that specific aircraft. For the multiple remote tower the 

episodes were defined from that the controller spoke to the aircraft for the first time (since there 

were no data for the communication from the pilots) for an arrival until the last time the controller 
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had contact with that specific aircraft. What the controller was looking right after before the contact 

with the pilot and right after the contact with the pilot was also documented. 

 

In total 12 episodes were identified and analysed for this study and below is a list with all the 

episodes used in this study with the necessary information for every episode such as type of tower, 

which participant, if it were daylight or darkness and so on.  

 
Table 3. List of all the episodes with episode number, type of tower, which participant, type of traffic, number of vehicles and 
if it were daylight or darkness 

Episode 

number 

Type of tower Participant Type of traffic Number of 

ground vehicles  

Daylight / 

Darkness  

Episode 1 Single tower 1 Normal traffic 0 Daylight 

Episode 2 Single tower 1 Normal traffic 0 Daylight 

Episode 3 Single tower 1 Runway incursions 0 Daylight 

Episode 4 Single tower 1 Runway incursions 0 Daylight 

Episode 5 Multiple tower 2 30 AFCT IFR/VFR 7 Daylight 

Episode 6 Multiple tower 2 30 AFCT IFR/VFR 7 Daylight 

Episode 7 Multiple tower 3 30 AFCT IFR/VFR 7 Daylight 

Episode 8 Multiple tower 3 30 AFCT IFR/VFR 7 Daylight 

Episode 9 Multiple tower 2 12-14 AFCT IFR/VFR 4-6 Daylight 

Episode 10 Multiple tower 3 12-14 AFCT IFR/VFR 4-6 Daylight 

Episode 11 Multiple tower 3 12-14 AFCT IFR/VFR 7 Darkness 

Episode 12 Multiple tower 2 12-14 AFCT IFR/VFR 7 Darkness 

 

Table 3 is a list of all the episodes that were identified and investigated further. The table shows for 

which type of tower, which participant, the type of traffic in that session, number of ground vehicles 

for that session and if the episode were during daylight or darkness. All this information is for the 

session from which the episode was taken (note; number of vehicles is not just in the number of 

vehicles for the episode, it is for the entire session to be able to get an understanding of how much 

there was for the controller to do during the session in total). In type of traffic AFCT stands for 

aircrafts, IFR for instrument flight rules (the aircraft is flown by the pilot without outer references, 

only with instruments in the aircraft) and VFR stands for visual flight rules (the aircraft is flown by 

references from outside visual cues). So 30 aircrafts with both instrument flight rules and visual flight 

rules were in episode 5-8. And 12-14 aircrafts with both instrument flight rules and visual flight rules 

were in episode 9-12. The type of traffic and number of vehicles are documented here to get an 

understanding on how much the controller had to do during the entire session. Since the episodes 

are so short and the focus are on arrivals the number of vehicles in the specific episode are not 

relevant. For the single tower simulator there were no specifics for exactly how much traffic there 

would be in every session, only that there would be so much traffic as a regular day at that airport. 

Therefore, in the table for type of traffic in the single tower, it states “normal traffic”. In episode 3 

and 4 the controller had normal traffic but the pilots in the simulator had planned for runway 

incursions as well, which the controller knew of.  

 

After identifying the interesting events from the two different towers each episode was carefully 

investigated by watching each episode several times and information about the events were typed 

down. Interesting information was every comment from the ATCO and what the controller was 

looking at during the whole event. Other types of information were also typed down if it seemed 

relevant for the event. Below, in table 4, is an example from the single tower for how the analysis is 

presented and what kind of information that were relevant. 
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Table 4. Example of an episode table from the analysis 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

1 26.38 B Air radar Pilot JAT898: Arlanda 

JAT898  2 26.41 C, D JAT898’s e-strip 

3 26.41  JAT898’s e-strip ATCO to JAT898: 

JAT898 continue 

approach wind 070 

degrees 8 knots 

4 26.43  Air radar 

5 26.44  Wind information on the air radar screen 

6 26.45  Strip-table right (undefined focus) 

7 26.46 J Drags down JAT898’s e-strip from 

“controlzone arrival” to “runway arrival” 

8 26.47  Ground radar Pilot JAT898: continue 

approach JAT898 

 

Table 4 is an example for how the episode analysis turned out in this study. It is important to take 

into account that episode analysis is a relative new analyse method and therefore there are no 

guidelines for how the analysis should be presented. In the analysis every episode were represented 

with an episode number and then the information in the episodes were typed down in tables. Every 

table consists with an event number, result letter, time for the event, what the ATCO were looking at 

and what the ATCO and the pilot were saying. Even though the controllers’ comments were written 

down as a part of the analysis it is important to have in mind that the participants’ work 

performances were not in focus for this study and the individual work performances were not 

analysed. In the data from the multiple remote tower it was hard to hear what the pilots were saying 

and therefore the pilots’ comments were not documented in the episode tables. The result letter are 

referred to specific events that are presented in a list in the result chapter. Sometimes the eye-

tracker did not really catch the exact fixation or the participant moved the head really fast so there 

were hard to see on exactly what the ATCO was looking at, this is noticed in the episode tables with 

“undefined focus”. Every session that were recorded (videos the episodes were taken from) were 

around 40 minutes long, the time in the episode tables therefore represent the time in the video. So 

if the controller looks at the air radar at time 26.38 it means it was 26.38 minutes into the session.  

 

When every episode was mapped with all relevant information a subjective comparison were made 

between the different episodes to see if there were any patterns in the controllers’ way of working 

with arrivals. The comparison consisted of what the controllers were looking at and what they were 

saying, also in which order they looked at the different screens and at the air traffic management 

tools. The information gathering about the episodes continued during the analysis and the 

comparison of the episodes, to double check the results and to double check some of the 

information. A comparison between the episodes for the same tower was first made. The episodes 

for the single tower were compared to each other, to see if there were any similarities or differences 

in the way the controller looked at the different tools. The comparisons were made subjectively by 

the researcher by comparing the events in the episodes. First the episodes with same amount of 

traffic and the same conditions was compared (episode 1 and episode 2 were compared and episode 

3 and episode 4 were compared). After that a comparison between the different conditions were 

made. Then a similar comparison were made for the episodes for the multiple remote tower. After 

the two towers were compared a comparison between the towers was made to see if there were any 

differences between the single tower and the multiple remote tower in the controllers’ way of 

handling arrivals. 
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4. Results 
This chapter will present the result from the episode analysis and it is divided into several sections, 

splitting the results from the single tower and the multiple remote tower, to make it more 

understandable and to be able to see the differences between the two air traffic towers and the 

different scenarios. 

 

The ATCO’s work and eye-movements are at focus for this study so it is only the controller’s 

comments that are fully written in the table. All of the pilots’ communication are not relevant for this 

study, since there were no abnormities in the episodes and the ATCOs were not affected by the 

comments from the pilots, so therefore are only the controller’s communication fully reported and 

only the significant comments from the pilots. The ATCO’s or the pilots’ comments itself are not 

relevant for this study but some of the communication are reported in the tables below to get an 

understanding of what is going on during the different episodes.  

 

It is important to have in mind that the start and the end for every episode is quite diffuse, exactly 

when an episode starts and ends it hard to say because the ATCO are handling many tasks at the 

same time and to draw a line for when an arrival start and end by looking at the eye-movements is a 

difficult task, this means that the time every episode lasted can differ from time to time. The events 

after the pilot has finished speaking are to see what the ATCOs were looking at right after they spoke 

to the pilot about the arrival and this is including in the time calculations.  

 

4.1 Single tower simulator episodes 
This section will present the results from the single tower simulator during normal traffic and during 

the session when the ATCO knew there would be runway incursions.  For episodes 1, 2, 3 and 4 the 

same participant is the controller (participant 1). Episode 1 and episode 2 took place in the single 

tower simulator during the session were the ATCO only had the tower service and the amount of 

traffic was supposed to be like a normal work day in the tower which the simulator was designed to 

look like. Episode 3 and 4 took place in the single tower simulator during a session when the ATCO 

knew there could be runway incursions. All of the episodes are only about arrivals for aircrafts. The 

results present where the ATCO has looked during the episode and what the controller and the pilot 

communicated to each other during the aircraft’s arrival.  

 

The episodes are broken into three main events; continue approach, clear to land and contact 

ground. For all of the episodes when an aircraft wants to land the pilot first contacts the ATCO about 

the aircraft’s presences. The ATCO then gives information about the wind and weather around the 

airport and normally the pilot can continue approach towards the airport. The aircraft’s approach 

may take a few minutes and during this time the ATCO direct other aircrafts that needs attention. 

The ATCO also monitors the runways, the air radar and the ground radar. When the aircraft is closer 

to the airport the controller contacts the pilot about which runway to land on and that it is clear to 

land. Once again this will take a few minutes and during this time the ATCO handles the other 

aircrafts if needed, the controller also monitors the runways and the two radars. Finally when the 

aircraft is on the ground the controller contacts the pilot and direct him to contact ground services 

for more information about the taxiway. While the ATCO directs the aircraft about the arrival the 

ATCO makes adjustments on the strip-table and updates the aircraft’s information on it, the 

controller moves the information about the aircraft to the appropriate line of the strip-table when 

the aircraft is advancing. For the single tower there were two runways and they are named runway 

01 and runway 08. Runway 01 was for arrivals and runway 08 was for departures and this is the same 

for all the episodes from the single tower in this study.  
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4.1.1 Summarized results for the single tower: 
A. For every episode the ATCO first clears the aircraft to continue approach. The second thing is 

to clear the aircraft to land and the last contact with the aircraft is about contacting ground 

services.  

B. For every episode the first thing the ATCO does when a pilot is contacting the tower for the 

first time is to look at the air radar (figure 9).  

C. For every episode the second thing the ATCO are looking at when been contacted by a pilot 

for the first time is the aircraft’s e-strip (figure 9).  

 

 
Figure 9. The ATCO first looked at the air radar screen (1) and then on the strip-table (2) 

D. The ATCO looks at the e-strip for the specific aircraft on the strip-table in every episode 

before answering the pilot for the first time.   

E. In every episode except episode 2 the ATCO looks at the ground radar before or while he 

clears the aircraft to land (figure 10). In episode 2 the ATCO looks at the ground radar just 

after he finished speaking. 
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Figure 10. The ground radar in the single tower 

F. In episode 1 and 3 the ATCO first looks at the ground radar before he asks the pilot to 

contact the ground service.  
G. In 9 of 12 times the ATCO finish the contact with the pilot by looking at the air radar.  
H. In every episode the ATCO manually moves the e-strip to right section of the arrival column 

on the strip-table.  
I. In every episode when given clearance to continue approach the ATCO moves the e-strip 

from “inbound tmc” to “controlzone arrival” on the strip-table. 
J. In every episode when given clearance to land the controller moves the e-strip from 

“controlzone arrival” to “runway arrival” on the strip-table. 
K. For episode 1 and 2 the ATCO looked at the runway 01 twice, for episode 3 once and for 

episode 4 four times.  
L. The events “continue approach” has a mean of 15.25 seconds. 
M. The events “clear to land” has a mean of 10.25 seconds. 
N. The events “contact ground” has a mean of 11 seconds. 
O. The mean time for the entire episodes for the single tower is 38.25 seconds.  
P. The ATCO looks at the wind information for every event “continue approach”. 
Q. The ATCO looks at the ground radar at least once in the event “continue approach”. 
R. For every episode the ATCO starts the event “contact ground” by looking at the aircraft on 

the runway.   
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Episode 1 (Single tower, normal traffic, daylight) 

In this episode the pilot for aircraft with call sign NTJ2293 contacts the ATCO for the airport to notice 

the ATCO about the aircraft’s presences. The ATCO acknowledge the aircraft and give the pilot 

weather information while the ATCO at the same time looks at the strip-table and moves the 

aircraft’s information to the right part of the strip-table. This takes 14 seconds and are shown in table 

5. 

 
Table 5. Episode 1, continue approach, 14 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

1 04.05 B Air radar Pilot NTJ2293: tower 

NTJ2293 2 04.07 C, D Strip-table on NTJ2293 

3 04.08 H, I Drags NTJ2293’s e-strip from “inbound 

tmc” to “controlzone arrival” 

ATCO to NTJ2293: 

NTJ2293 continue 

approach, wind 070 

degrees 7 knots 
4 04.09 P Wind information on air radar screen 

5 04.12 Q Ground radar 

6 04.13  Air radar  Pilot NTJ2293: 

NTJ2293 continue 

approach 

7 04.17  NTJ2293’s e-strip  

8 04.19 G Air radar  

 

While the aircraft approach the runway for arrival the ATCO shift attention to the other aircrafts 

surrounding the airport. 

 

When the ATCO sees that it is clear for NTJ2293 to land the controller contacts the aircraft to give 

clearance and information about the landing. This takes 8 seconds and are shown in table 6. 

 
Table 6. Episode 1, clear to land, 8 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

9 04.43 E Ground radar  

10 04.44  Air radar  

11 04.45  NTJ2293’s e-strip ATCO to NTJ2293: 

NTJ2293 runway 01 

left clear to land 
12 04.46 H, J Drags NTJ2293’s e-strip from “controlzone 

arrival” to “runway arrival” 

13 04.48  Ground radar Pilot NTJ2293: clear 

to land NTJ2293 

14 04.51  Strip-table on departure list  

 

When the ATCO has looked at the ground radar, the air radar and cleared the aircraft to land the 

controller moves on to the next aircraft that need attention.  
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When the aircraft with call sign NTJ2293 has landed and the aircraft is about to taxi from the runway 

the ATCO first looks at the aircraft, then the radar screen and then the ATCO contact the aircraft. The 

ATCO tells the pilot to contact the ground services for the airport and while the pilot confirms the 

information the ATCO closes that event on the strip-table and moves on to the next event. All this 

takes 9 seconds and are shown in table 7. 

 
Table 7. Episode 1, contact ground, 9 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

15 06.54 K, R NTJ2293 on runway  

16 06.56 F Ground radar  

17 06.57  NTJ2293’s e-strip ATCO to NTJ2293: 

NTJ2293 contact 

ground 1217 

18 07.00 H Drags NTJ2293’s e-strip from “runway 

arrival” 

 

19 07.01 K Runway 01  Pilot NTJ2293: 1217 

NTJ2293 

20 07.03 G Air radar  

 

When the pilot had confirmed the information about contacting ground service the ATCO shifts 

attention to the next task. The amount of time the ATCO had focus on the aircraft for this landing 

was 31 seconds. 

 

Episode 2 (Single tower, normal traffic, daylight) 

When the pilot announce himself to the ATCO the controller are looking at the air radar to identify 

the aircraft and then the controller looks at the aircraft’s e-strip. During the time when the controller 

informs the aircraft about the wind the controller looks at the air radar, the wind information and the 

aircraft’s e-strip and moves the e-strip. When the pilot confirms the information the ATCO looks 

again on the air radar and the ground radar. This event takes 24 seconds (table 8). 

 
Table 8. Episode 2, continue approach, 24 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

1 26.38 B Air radar Pilot JAT898: Arlanda 

JAT898  2 26.41 C, D JAT898’s e-strip 

3 26.41  JAT898’s e-strip ATCO to JAT898: 

JAT898 continue 

approach wind 070 

degrees 8 knots 

4 26.43  Air radar 

5 26.44 P Wind information on the air radar screen 

6 26.45  JAT898’s e-strip 

7 26.46 H, I Drags down JAT898’s e-strip from “inbound 

tmc” to “controlzone arrival” 

8 26.47 Q Ground radar Pilot JAT898: 

continue approach 

JAT898 
9 26.48  Air radar 

10 26.50  Ground radar  

11 26.52 G Air radar  
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The aircrafts was announcing itself to the tower to let the controller know that the aircraft is in the 

control zone, though the aircraft was too far away from the runway to be able to land at once. The 

controller gives clearance for continue approach instead. While waiting on the aircraft to approach 

the controller monitor and give directions to the other aircrafts that need attention.  

 

Before the controller contacts the aircrafts again to clear it for landing the controller looks at the air 

radar screen to see where the aircraft is. When the controller contact the aircraft to make the 

clearance the controller moves the aircraft’s e-strip to the next phase. While the pilot confirms the 

information about the landing the controller looks at the ground radar. The event takes 15 seconds 

and are shown in table 9. 

 
Table 9. Episode 2, clear to land, 15 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

12 29.05  Air radar  

13 29.06  Tries to find JAT898 in the sky ATCO to JAT898: 

JAT898 runway 01 

left clear to land 
14 29.07 H, J Drags JAT898’s e-strip from “controlzone 

arrival” to “runway arrival” 

15 29.09 Q Ground radar  

16 29.10  Ground radar Pilot JAT898: clear to 

land JAT898 

17 29.20 G Air radar  

 

When the ATCO has cleared the pilot to land the ATCO moves on to the next aircrafts while he is 

waiting for the aircraft to land.  

  

When the aircraft with call sign JAT898 has landed the ATCO contacts the pilot to give directions 

about contacting the ground service. After that the ATCO follows JAT898 on the runway before he 

moves on to the next aircraft that needs attention. This event takes 10 seconds and are shown in 

table 10. 

Table 10. Episode 2, contact ground, 10 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

18 30.32 K, R JAT898 on the runway  

19 30.33  JAT898’s e-strip  

20 30.34 H Drags JAT898’s e-strip from “runway arrival” 

to “taxiway arrival” 

ATCO to JAT898: 

JAT898 contact 

ground 121,925 21 30.36 K JAT898 on the runway 01 

22 30.39  JAT898 on the runway 01 Pilot JAT898: JAT898 

contact ground 

121,925 

23 30.41  Sky above runway 01 (undefined focus)  

24 30.42 G Air radar  

 

While the pilot confirms the information the ATCO looks at JAT898 on the runway 01 and then the 

controller shift attention to the next aircraft. The entire episode took 49 seconds. 
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Episode 3 (Single tower, runway incursion, daylight) 

An aircraft with call sign FDX5082 who wants to land contacts the controller and the ATCO gives 

information about wind. This takes 13 seconds and are shown in table 11 below. 

 
Table 11. Episode 3, continue approach, 13 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

1 12.25 B Air radar Pilot FDX5082: 

arlanda tower 

FDX5082 on final 

runway 01 left 

2 12.27 C, D, H, I Drags FDX5082’s e-strip from “inbound tmc” 

to “controlzone arrival” 

3 12.29 P Wind information ATCO to FDX5082: 

FDX5082 continue 

approach number 

two wind 010 

degrees 7 knots  

4 12.34  FDX5082’s e-strip, in the arrival list  

5 12.35  Strip-table, the departure list Pilot FDX5082: 

continue approach 

FDX5082  
6 12.36 Q Ground radar 

7 12.27  Air radar 

8 12.38  Ground radar  

 

The ATCO gives information about the weather for the landing to the pilot and then moves on to the 

other aircrafts while waiting FDX5082 to approach the runway for landing. This takes 10 seconds 

(table 12). 

 
Table 12. Episode 3, clear to land, 10 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

9 15.11 E Ground radar  

10 15.12  Air radar  

11 15.13  Air radar ATCO to FDX5082: 

FDX5082 runway 01 

left clear to land 
12 15.14 H, J Drags FDX5082’s e-strip from “controlzone 

arrival” to “runway arrival” 

13 15.17  Ground radar Pilot FDX5082: clear 

to land FDX5082 

14 15.21  Ground radar  

 

The ATCO has to wait for FDX5082 to land before instructing the aircraft to contact ground service 

for further instructions. In the mean while the ATCO handles the other air traffic by giving weather 

information to inbound traffic, clears one aircraft to line up for take-off and looks around on the air 

radar, ground radar, the strip-table and the runways.   
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The ATCO sees the aircraft with call sign FDX5082 on the runway and contacts the aircraft with 

further information about contacting ground services. This takes 10 seconds and are shown in table 

13. 

 
Table 13. Episode 3, contact ground, 10 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

15 16.54 K, R FDX5082 on runway 01  

16 16.56 F Ground radar ATCO to FDX5082: 

FDX5082 contact 

ground 121,925  
17 16.58  FDX5082’s e-strip 

18 17.00  Points and make some adjustments on 

FDX5082’s e-strip 

19 17.01  FDX5082’s e-strip Pilot FDX5082: 

ground on 121 925 

FDX5082 
20 17.03  Ground radar 

21 17.04 G Air radar  

 

When the pilot has confirmed the information about contacting ground service the ATCO shift focus 

to the other aircrafts. The entire episode took 33 seconds. 

 

Episode 4 (Single tower, runway incursions, daylight) 

This episode is about an aircraft with call sign NTJ2203 who contacts the ATCO for an upcoming 

arrival. The episode begins with the pilot who contacts the ATCO, the controller reply with weather 

information which the pilot confirms. This takes 17 seconds and are shown in table 14. 

 
Table 14. Episode 4, continue approach, 17 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

1 01.57 B Air radar Pilot NTJ2203: tower 

NTJ2203 on final 01 

left 
2 01.59 C, D NTJ2203’s e-strip, the arrival list 

3 02.00  Ground radar 

4 02.01  Air radar 

5 02.02  Air radar ATCO to NTJ2203: 

NTJ2203 continue 

approach wind 060 

degrees 8 knots 

 02.03 H, I Drags down NTJ2203’s e-strip from “inbound 

tmc” to “controlzone arrival” 

6 02.04 P Wind information  

7 02.05  Runway 08 (undefined focus)  

8 02.06  Runway 08 (undefined focus)  Pilot NTJ2203: 

continue approach 

NTJ2203 
9 02.10  Runway 08 (undefined focus) 

10 02.12  Ground radar  

11 02.14 G Air radar  
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When the aircraft is approaching the airport the ATCO looks at the air radar and the runway, the 

controller then contacts the aircraft and gives clearance to land. This takes 8 seconds and are in table 

15. 

 
Table 15. Episode 4, clear to land, 8 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

12 03.55  Air radar  

13 03.56 K Aircraft on runway 01  

14 03.57  Air radar ATCO to NTJ2203: 

NTJ2203 runway 01 

left clear to land 
15 03.58 E Ground radar 

16 03.59 K Beginning of Runway 01 (nothing there) 

17 04.01 H, J Drags NTJ2203’s e-strip from “controlzone 

arrival” to “runway arrival” 

Pilot NTJ2203: clear 

to land NTJ2203 

18 04.02  Strip-table, departure list 

19 04.03 G Air radar  

 

When the pilot has confirm the information about the arrival the ATCO shifts attention from that 

aircraft to other aircrafts that need attention while the controller waits for NTJ2203 to land. When 

NTJ2203 has landed the ATCO contact the pilot about contacting ground services. This event takes 15 

seconds and are shown in table 16 below. 

 
Table 16. Episode 4, contact ground, 15 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO/pilot speaks 

20 06.08 K, R NTJ2203 on Runway 01  

21 06.09  NTJ2203 on Runway 01 ATCO to NTJ2203: 

NTJ2203 contact 

ground 121,7 
22 06.10  NTJ2203’s e-strip 

23 06.10  Points on NTJ2203’s e-strip 

24 06.13  Points on NTJ2203’s e-strip on “term” 

25 06.14  Air radar Pilot NTJ2203: 

ground on 121 7 

NTJ2203 
26 06.16  Ground radar 

27 06.18 K NTJ2203 on ground on runway 01   

28 06.23 G Air radar  

 

The ATCO moves on to the net aircraft when the pilot for NTJ2203 has confirmed the information 

about contacting ground. The entire episode 4 took 40 seconds. 
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4.2 Multiple remote tower simulator episodes 
Below is the results presented from the eight episodes from the multiple remote tower simulator. 

During all these episodes the ATCOs had both the tower service and the ground service for three 

airports at the same time. In the tables below are the airports named “left”, “middle” and “right” 

which refers to the simulator screens where the airports were showed. Participant 2 and participant 

3 are the ATCOs in the following eight episodes.  

 

The column “result letter” in the episode tables below refers to the summarized results. For example 

in episode 5, event number 1, the letter A refers to the result that the ATCO looks at the information 

for the specific aircraft just before or while speaking to the pilot.  

 

The following eight episodes are divided into two or three main event (depending on what is 

happening in the episodes); continue approach, clear to land and taxi. The eight episodes below 

describes landings of aircrafts and when an aircraft is close to the airport the ATCO contacts the pilot 

about weather and wind information, which runway to land on and whether it is clear to land or not. 

It will take a few minutes for the aircraft to land and during this time the ATCO handles the other 

aircrafts if needed, the ATCO also monitors the three runways and the radar. Finally when the aircraft 

is on the ground the ATCO contacts the pilot and gives the pilot information about the taxi off the 

runway. While the ATCO direct the aircraft about the arrival the ATCO makes adjustments on the 

strip-table and updates the aircraft’s information on it, the controller moves the information about 

the aircraft to the appropriate line of the strip-table when the aircraft is proceeding. The first six 

episodes are in daylight and the controllers has full vision over the runways. Episode 11 and episode 

12 are episodes from two different session where nigh time was simulated and therefore the airports 

lies in darkness. 

 

The results from the multiple remote tower is first presented and then followed by the episode 

tables.  

 

4.2.1 Summarized results from the multiple remote tower 
A. In all episode the ATCO looks at the information for the specific aircraft just before or while 

speaking to the pilot. 

B. In every episode the ATCO looks at the radio screen before contacting an aircraft.  

C. The ATCO gives permission to land in four episodes (5, 6, 8 and 12) as the first contact with 

the pilot (events “clear to land)”.  
D. For every event “clear to land” the ATCO looks at the wind information (except from episode 

7 and episode 9). 
E. Episode 11 and episode 12 has 27 and 22 episode events compared to the other six episodes 

for the multiple remote tower which has between 12 and 23 event numbers.  

F. Only four episodes (7, 9, 10 and 11) had the event “continue approach”. 
G. For episode 5, 6, 8, 9 and 10 for the event “clear to land” the ATCOs look at the same order 

at the tools: strip (G1) – radio (G2) – strip (G3) – wind information (G4) – strip (G5) (figure 

11). In episode 7 the ATCO does not look at the wind information. Episode 8 does not have 

G1. Episode 9 does not have G1, G4 and G5, but 9 has G4 in the event “continue approach” 

instead. 
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Figure 11. For the event “clear to land” the ATCO looked at the strip-table (1), the radio screen (2), the strip-table (3), the 
wind information (4) and then the strip-table (5) 

 
Figure 12. For the event “taxi” the ATCO looked at the radio screen (1), the strip-table (2), the runway (3) and then the strip-
table (4).  

H. For episode 5, 6, 7, 8, 9 and 10 when the ATCO gives directions about the taxi: radio (H1) – 

strip (H2) – runway (H3) – strip (H4) (figure 12).  

I. For episode 11 and episode 12 when the ATCO gives directions about the taxi: radio (I1) – 

strip (I2) – runway (I3) – strip (I4). This is with some fixations in between in episode 11. 

J. In every event the ATCO looks at the aircraft’s strip information at least once.  

K. The mean time for the events “continue approach” was 8.75 seconds. 

L. The mean time for the events “clear to land” was 12.5 seconds. 

M. The mean time for the event “taxi” was 11.63 seconds.  

N. The mean time for all of the episodes for the multiple remote tower simulator was 29.62 

seconds.  

O. The shortest episode was episode 8 which took 18 seconds (this episode did not have the 

event “continue approach”). 

P. The longest episode was episode 10 which took 39 seconds (this episode had all of the three 

events).  

Q. In the episodes with the event “continue approach” the ATCO clicks on “assume” on 

aircraft’s e-strip so it goes from “arr” to “ctr” on the strip-table (not in episode 7). 
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R. ATCO clicks on the e-strip so it goes from “arr” to “ctr” (episode 6, 7 9 and 11). 

S. ATCO clicks on the e-strip so it goes from “ctr” to “runway” (episode 5, 6, 7, 8, 9, 10, 11 and 

12). 

T. ATCO clicks on the e-strip so it goes from “runway” to “taxiway” (episode 5, 8, 10 and 11). 

U. For episode 11 and episode 12 the ATCO looked at the runway or aircraft above runway for 

the arrival 5 and 3 times. For the other episodes the ATCO looked at the specific runway or 

aircraft above runway between 1 and 6 times. For most episodes it was only once or twice. 

 

Episode 5 (Multiple remote tower, 30 AFCT IFR/VFR, daylight) 

For this episode the ATCO will clear an aircraft with call sign SEIDS to land on the airport to the right. 

The ATCO clears the aircraft to land. This takes 11 seconds (table 17).  

 
Table 17. Episode 5, clear to land, 11 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

1 08.56 A, G1 SEIDS’s e-strip  

2 08.57 B, G2 Radio screen   

3 08.58 A, G3 SEIDS’s e-strip SEIDS vind 150 grader 

3 knop bana 19 klart 

landa 

(eng. SEIDS wind 150 

knots runway 19 clear 

to land) 

4 09.00 D, G4 Wind information right 

5 09.04 A, G5 SEIDS’s e-strip 

6 09.06  Radio screen   

7 09.05 S Clicks on SEIDS’s e-strip so it goes from “ctr” 

to “runway” 

 

8 09.07  SAS178 on strip-table middle  

 

When the ATCO has given information about the wind to the pilot the ATCO has to wait for the 

aircraft to land before he gives new directions about the taxiway. In the meanwhile the ATCO clears 

other aircrafts to land on the other two airports, the ATCO also swipe with his gaze over the three 

runways, the radar and the strip-table.  

 

The ATCO looks at the runway to his right, where the aircraft SEIDS arrived, and contacted the pilot 

with instructions about the taxiway. This takes 9 seconds and are shown in table 18. 

 
Table 18. Episode 5, taxi, 9 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

9 13.04  SEIDS on runway right   

10 13.05 B, H1 Radio screen  

11 13.04 H2 SEIDS’s e-strip SEIDS kan ta adam in 

till plattan 

(eng. SEIDS can take 

adam to the apron) 

12 13.07 H3 SEIDS on runway right 

13 13.09 H4 SEIDS’s e-strip  

14 13.11 T Clicks at SEIDS’s e-strip and it goes from 

“runway” “taxiway” 

 

15 13.13  Aircraft above runway middle  
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When the ATCO has given the instructions about the taxiway to SEIDS the ATCO continues with other 

aircrafts that need directions. The entire episode took 20 seconds. 

 

Episode 6 (Multiple remote tower, 30 AFCT IFR/VFR, daylight) 

The ATCO contacted SAS181 with weather and wind information and that the aircraft is clear to land 

at airport in the middle. This takes 17 seconds (table 19).  

Table 19. Episode 6, clear to land, 17 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at  ATCO speaks 

1 23.49 A, G1 SAS181’s e-strip   

2 23.50 D Wind information middle  

3 23.51 B, G2 Radio screen  

4 23.52 A, G3 SAS181’s e-strip SAS181 wind 140 

degrees 3 knots 

runway 1 4 clear to 

land 

5 23.53  Aircraft above runway left 

6 23.54 G4 Wind information middle  

7 23.55 G5 SAS181’s e-strip 

8 23.59  Runway middle (it is empty) 

9 24.02  SAS181’s e-strip 

10 24.03  Radio screen   

11 24.04 R Drags SAS181’s e-strip from “arrival” to “ctr”  

12 24.06  Makes adjustments on an aircraft’s 

information on strip-table middle 

 

 

While waiting for SAS181 to land the ATCO looks at the three runways, the radar and the strip-table 

to monitor the situation and to guide the other aircrafts.  

 

When SAS181 has landed the ATCO contacts the pilot with instructions about the taxi. The sound in 

this episode was not good and therefore all of the communication from the ATCO could not been 

typed down. This takes 11 seconds (table 20).  

 
Table 20. Episode 6, taxi, 11 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

13 26.44 B, H1 Radio screen  

14 26.54 H2 SAS181’s e-strip SAS181 ängelholm 

*** and taxi to *** 

report at stand  
15 26.48 S Clicks at SAS181’s e-strip and it goes from 

“ctr” to “runway” 

16 26.49  H3 SAS181 on runway middle 

17 26.50 H4 SAS181’s e-strip 

18 26.55  Aircraft above runway middle  

 

When the ATCO has directed the aircraft the ATCO moves on to the next aircraft in line. The entire 

episode took 28 seconds.  
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Episode 7 (Multiple remote tower, 30 AFCT IFR/VFR, daylight) 

For this episode the ATCO has first contact with the aircraft SAS181 about SAS181’s arrival into the 

sector and that the aircraft is number one to land for the airport in the middle. This part of the 

episode took 6 seconds and are shown in table 21.  

 
Table 21. Episode 7, continue approach, 6 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

1 21.00 A SAS181’s e-strip  

2 21.01 B Radio screen  

3 21.02 R Clicks at SAS181’s e-strip it goes from 

“arrival” to “ctr” 

SAS181 continue 

approach 1 4 as 

number one 4 21.04  SAS181’s e-strip 

5 21.06  Strip-table left in row “arrival”   

 

When the ATCO has given the pilot approval to continue approach the controller looks at the three 

runways, the radar and the strip-table to monitor the situation and direct aircrafts. The ATCO then 

contacts SAS181 and clears the aircraft to land and this takes 6 seconds (table 22). 

 
Table 22. Episode 7, clear to land, 6 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

6 23.14  SAS181’s e-strip  

7 23.15  SAS181’s e-strip SAS181 one clear to 

land 8 23.17  The beginning of runway middle 

9 23.18  SAS181’s e-strip  

10 23.20  Strip-table middle and points at another 

aircraft’s e-strip 

 

 

While the aircraft SAS181 arrives the ATCO again looks at the three runways, the radar and the strip-

table to monitor the situation and direct aircrafts. When SAS181 has landed the ATCO contacts the 

pilot about the taxiway. This part of the episode takes 25 seconds and are shown in table 23. 

 
Table 23. Episode 7, taxi, 25 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

11 23.54 B, H1 Radio screen  

12 23.55 H2 SAS181’s e-strip  

13 23.57  SAS181’s e-strip SAS181 taxi  *** 

foxtrot 

14 24.03 S Drags SAS181’s e-strip from “ctr” to 

“runway” (some trouble with the strip-table 

and the ATCO has to reorganize two aircrafts 

on the table) 

 

15 24.19  Radio screen  

 

When the pilot has received the directions the ATCO moves on and shifts attention to next aircraft. 

The entire episode took 37 seconds but the ATCO had some trouble with the strip-table.  
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Episode 8 (Multiple remote tower, 30 AFCT IFR/VFR, daylight) 

In this episode the ATCO gives BRX551 clearance to land and gives the pilot information about the 

wind and which runway to land on for the airport in the middle. This part of the episode takes 12 

seconds and are shown in table 24.  

 
Table 24. Episode 8, clear to land, 12 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

1 29.40 B, G2 Radio screen  

2 29.41 A, G3 BRX551’s e-strip  

3 29.42 A, BRX551’s e-strip BRX551 ängelholm 

147 degrees 3 knots 

runway 1 4 clear to 

land  

4 29.43 D, G4 Wind information middle 

5 29.47 G5, S Clicks at BRX551’s e-strip and it goes from 

“ctr” to “runway” 

 

6 29.52  Strip-table left in row “arrival”  

 

The ATCO monitor the information or BRX551 and when the clearance about the arrival is done the 

ATCO moves on to next aircraft. 

 

The ATCO looks at BRX551 on the runway for the airport in the middle of the screens and then he 

contacts the pilot for the taxi. This part of the episode takes 6 seconds and are shown in table 25. 

 
Table 25. Episode 8, taxi, 6 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

7 31.41  BRX551 on runway middle  

8 31.42 B, H1 Radio screen  

9 31.43 H2 BRX551’s e-strip BRX551 taxiway *** 

foxtrot  10 31.44 H3 BRX551 on runway middle 

11 31.46 H4 BRX551’s e-strip  

12 31.47 T Clicks at BRX551’s e-strip so it goes from 

“runway” to “taxiway” 

 

 

When the pilot has received the new directions the ATCO shift focus to another aircraft. The entire 

episode took 18 seconds.  
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Episode 9 (Multiple remote tower, 12-14 AFCT IFR/VFR, daylight) 

In this episode the ATCO has contact with an aircraft with call sign NTJ208 for the airport to the left. 

The ATCO gives information about the weather and that the pilot can continue the approach. This 

takes 13 seconds and are shown in table 26 below. 

 
Table 26. Episode 9, continue approach, 13 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

1 16.37 A, R Clicks at “assume” on NTJ208’s e-strip and 

the strip goes from “arr” to “ctr” 

 

2 16.40 B Radio screen NTJ208 halmstad go 

förmiddag wind 150 

degrees 10 knots 

continue approach  

3 16.42  Radar screen 

4 16.44   Wind information left 

5 16.49  Aircraft above runway left  

6 16.50  Radio screen  

 

By the time NTJ208 is more close to the airport and are ready to land the ATCO gives clearance to 

land and on which runway. This takes 9 seconds and are shown in table 27.  

 
Table 27. Episode 9, clear to land, 9 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

7 18.36  Runway left (undefined focus)  

8 18.37 B, G2 Radio screen  

9 18.38 G3 NTJ208’s e-strip NTJ208 halmstad 

runway 0 9 clear to 

land 
10 18.41 S Clicks at NTJ208’s e-strip and the strip goes 

from “ctr” to “runway” 

11 18.44  NTJ208’s e-strip 

12 18.45  Radar screen   

 

When the ATCO has given the pilot approval to land the ATCO looks at the three runways, the radar 

and the strip-table to monitor the situation and direct other aircrafts. When NTJ208 has landed the 

ATCO contacts the pilot to give information about how to taxi. This takes 15 seconds and are shown 

in table 28.  

 
Table 28. Episode 9, taxi, 15 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

13 20.38  NTJ208 on runway left  

14 20.40 B, H1 Radio screen  

15 20.42 H2 NTJ208’s e-strip NTJ208 halmstad 

vacated and *** 

report runway 

vacated  

16 20.43 H3 NTJ208 on runway left 

17 20.44  Radio screen 

18 20.45 H4 NTJ208’s e-strip 

19 20.48  Runway left (undefined focus) 

20 20.49  NTJ208’s e-strip 

21 20.50  Strip-table left  

22 20.52  Runway left (undefined focus)  

23 20.53  Vehicle’s e-strip on strip-table right  
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When the pilot has received the information the ATCO shifts focus to another aircraft. The entire 

episode took 27 seconds.  

 

Episode 10 (Multiple remote tower, 12-14 AFCT IFR/VFR, daylight) 

The ATCO has contact with NTJ208 who want to land at Halmstad’s airport, the runway on the 

screens to the left. The ATCO clear the pilot to continue approach as number one which takes 8 

seconds and are shown in table 29.  

 
Table 29. Episode 10, continue approach, 8 seconds 

Event 

number 

Time  Result 

letter 

ATCO looks at ATCO speaks 

1 11.32 B Radio screen  

2 11.33  Strip-table left (undefined focus)  

3 11.34 A NTJ208’s e-strip NTJ208 halmstad 

continue approach as 

number one for 

runway 1 9  

4 11.38  NTJ208’s e-strip 

5 11.39  Points at something on NTJ208’s e-strip  

6 11.40  Radar screen  

 

When the ATCO has cleared the pilot to continue approach as number one the ATCO shifts focus to 

another aircraft. When NTJ208 is closer to the airport the ATCO gives the pilot information about the 

wind and clear the aircraft to land on runway 1 9 (table 30). This takes 15 seconds. 

 
Table 30. Episode 10, clear to land, 15 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

7 12.37  Runway right (undefined focus)  

8 12.39 G1 NTJ208’s e-strip  

9 12.41 B, G2 Radio screen  

10 12.42 G2 Strip-table right  NTJ208 halmstad 

wind 150 degrees 5 

knots runway 1 9 

clear to land 

11 12.44 D, G3 Wind information left 

12 12.47  Aircraft above runway left 

13 12.49 G4 NTJ208’s e-strip 

14 12.50 S Clicks at NTJ208’s e-strip so it goes from 

“ctr” to “runway” 

15 12.51  Radio screen  

16 12.52  Aircraft above runway middle  

 

During the time the aircraft is about to land the ATCO looks at the three runways, the radar screen 

and direct other aircrafts. When NTJ208 is on the ground the ATCO sees the aircraft and contacts the 

pilot for taxi which takes 6 seconds (table 31).  

 
Table 31. Episode 10, taxi, 6 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

17 15.17  NTJ208 on runway left  

18 15.18 B, H1 Radio screen  
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19 15.19 H2 NTJ208’s e-strip left NTJ208 halmstad taxi 

*** charlie 20 15.20 H3 NTJ208 on runway left 

21 15.21 H4, T Clicks at NTJ208’s e-strip so it goes from 

“runway” to “taxiway” 

22 15.23  An aircraft’s information on strip-table 

middle 

 

 

When the pilot has received the information the ATCO shifts attention to next task. The entire 

episode took 39 seconds.  

 

Episode 11 (Multiple remote tower, 12-14 AFCT IFR/VFR, darkness) 

During this episode the screens that represents the runways are dark, this because the scenario was 

supposed to resemble night time. The ATCO can see aircrafts on the runway because they are lit. The 

ATCO has contact with aircraft BRX551A which wants to land at Ängelsholm’s airport, the airport in 

the middle. The ATCO contacts BRX551A and clears the aircraft to continue approach as number one. 

This part of the episode took 7 seconds and are shown in table 32.  

 
Table 32. Episode 11, continue approach, 7 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

1 11.26 B Radio screen  

2 11.27 A BRX551A’s e-strip BRX551A ängelholm 

continue approach 1 

4 as number one  
3 11.28 R Clicks on “assume” on BRX551A’s e-strip so it 

goes from “arr” to “ctr” on the strip-table  

4 11.29  N454LJ’s e-strip, above BRX551A’s 

information 

5 11.30  BRX551A’s e-strip 

6 11.32  Radio screen  

7 11.33  Sweeps across the three runways  

 

When the ATCO has given the instructions to the pilot the ATCO sweeps over the three runways with 

his gaze. Then he continues to direct other aircrafts. The ATCO contacts BRX551A to clear the aircraft 

to land and give information about the weather which takes 13 seconds (table 33). 

 
Table 33. Episode 11, clear to land, 13 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

8 12.46  Wind information left  

9 12.47 B Radio screen  

10 12.48   BRX551A’s e-strip  

11 12.49  BRX551A’s e-strip BRX551A ängelholm 

runway 1 4 clear to 

land and wind is 150 

degrees and 10 knots 

12 12.52 S Clicks on BRX551A’s e-strip so it goes from 

“ctr” to “runway” on the strip-table 

13 12.53  Wind information left 

14 12.54 D Wind information middle 

15 12.57  BRX551A’s e-strip 

16 12.59  Runway left (undefined focus)  
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While BRX551A lands the ATCO direct other aircrafts, looks at the strip-table, the radar screen and 

sweeps across the three runways with his gaze. When BRX551A has landed the ATCO contacts he 

pilot about the taxi (table 34). This part of the episode took 12 seconds. 

 
Table 34. Episode 11, taxi, 12 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

17 12.15  BRX551A on runway middle  

18 12.16 B, I1 Radio screen  

19 15.17  BRX551A on runway middle  

20 15.18 I2 BRX551A’s e-strip  BRX551A taxiway 

*** foxtrot report on 

apron 
21 15.19 I3 BRX551A on runway middle 

22 15.20  To the right on the runway middle 

23 15.21  Radio screen 

24 15.22  BRX551A on runway middle 

25 15.23 I4 BRX551A’s information 

26 15.24 T Clicks on BRX551A’s e-strip so it goes from 

“runway” to “taxiway” on the strip-table 

 

27 15.27  Runway left (undefined focus)  

 

When the ATCO has informed the pilot about the arrival and taxiway the ATCO shifts focus to the 

next aircraft. The entire episode took 32 seconds.  

 

Episode 12 (Multiple remote tower, 12-14 AFCT IFR/VFR, darkness) 

During this episode the screen showing the runways are dark, this because the scenario was 

supposed to resemble night time. The ATCO can see aircrafts on the runway because they are lit. The 

ATCO has contact with an aircraft with call sign SEKVT which wants to land at the airport to the left. 

The ATCO gives information about the weather and clears the aircraft to land which takes 17 seconds 

(table 35).  

 
Table 35. Episode 12, clear to land, 17 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

1 22.28 B Radio screen  

2 22.39  Strip-table left (undefined focus)  

3 22.30  Radio screen  

4 22.31  SEKVT’s e-strip  

5 22.32  Strip-table right (undefined focus)  

6 22.33  Runway left (undefined focus)  

7 22.34 B Radio screen  

8 22.35  Radar screen SEKVT halmstad 

vind 170 grader 9 

knop bana 1 9 klart 

landa 

(eng. SEKVT 

halmstad wind 170 

degrees 9 knots 

clear to land) 

9 22.36 A SEKVT’s e-strip 

10 22.37 D Wind information left 

11 22.39  SEKVT’s e-strip 

12 22.43 S Drags SEKVT’s e-strip from “ctr” to ”runway” 

on the strip-table 

13 22.45  Radio screen  
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Before the ATCO gives information for the arrival he looks around on the radio screen and strip-table 

and seems confusing on what to do. When he has cleared the aircraft to land and the controller shifts 

attention to next aircraft. When SEKVT is on the ground the ATCO contacts the pilot about the taxi 

(table 36). This part of the episode took 9 seconds.  

 
Table 36. Episode 12, taxi, 9 seconds 

Event 

number 

Time Result 

letter 

ATCO looks at ATCO speaks 

14 24.40  SEKVT’s e-strip  

15 24.41 T Drags SEKVT’s e-strip from ”runway” to 

“taxiway” on the strip-table 

 

16 24.42 B, I1 Radio screen  

17 24.43 I2 SEKVT’s e-strip SEKVT halmstad 

lämna banslut anmäl 

fri från banan 

(eng. SEKVT 

halmstad clear 

runway report 

vacated) 

18 24.44 I3 SEKVT on runway left 

19 24.46 I4 SEKVT’s e-strip 

20 24.47  SEKVT on runway left 

21 24.48  Radio screen  

22 24.49  Strip-table left (undefined focus)  

 

The ATCO gives directions to SEKVT and then the ATCO continues with the next task. The entire 

episode took 26 seconds.  
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5. Discussion 
Following chapter will begin by discussing the method used for this study, why the method was 

chosen and what could have done differently. After that follows a discussion about the results found 

in this study from the single tower simulator and the multiple remote tower simulator and what 

assumptions that can be drawn from the results. This chapter will also discuss future research, what 

should be done further in this domain and potential research questions based on this study.  

 

5.1 Method 
The method used in this study was the episode analysis which not have been used so frequently in 

the aviation industry before. As described in chapter 3.4 episode analysis has been used by Svensson 

(2014) when investigating in the use of the air traffic management tools with eye-tracking. The 

episode analysis were a successful analyse method for that study and combined with the knowledge 

of the use of the method in other studies mentioned in chapter 3.4 the method was considered 

suitable for this study. The weaknesses with episode analysis is that the method requires a great data 

set with as much information available as possible. Episode analysis can be done on different kind of 

data sets (audio, video, text or a combination) and sub-episodes can be made but to be able to make 

a deeper analysis many episodes should be investigated and analysed. Every episode should only 

contain typical information for the occasion and strip down the information that is not in focus for 

the situation. The positives with the episode analysis is that there is no need in the beginning of the 

analysis to know where an episode will start and where it will end, the episodes can be as long as 

needed and can be cut down to sub-episodes if necessary. This was used when identifying the 

arrivals and by transcribing the episodes only the relevant information for the arrivals were left and 

analysed.  

 

This study has used two different data sets, which were recorded in two different simulators with 

two different eye-tracking glasses. The data set that was recorded especially for this study (the single 

tower) used the Tobii Glasses 2 and the second data set (multiple remote tower) used the Tobii 

Glasses 1. The decisions to use two different kind of recording glasses was based on the fact that 

Tobii (the company which develops the glasses) wanted the Glasses 2 tested and this study was an 

opportunity for that. The different kind of data sets and different kinds of recording devices (and 

therefore the different analysis programs) complicated the analysis and took more time from the 

analysis than expected. Glasses 2 were under preproduction and was not on the market when this 

study took place and therefore Tobii wanted the glasses tested. The glasses were not finished 

developed and the analyse program, that was needed for the data from the glasses, was not 

complete. The features and functions in Tobii Glasses Analysis Software were not full developed and 

there were several bugs in the program, making the analysis work take much longer time than 

expected. The program was not tested before and reports about bugs were made during the analysis 

process since the program did not always worked.  

 

The two different analysis programs had different features and functions and therefore there could 

not be any statistical results. Glasses 1 had IR-markers and the analysis program for these glasses 

could therefore calculate number of fixations for every video recorded. Glasses 2 had no function like 

that. The option was to manually count the fixations for each episode for the multiple remote tower 

but as Lundberg et al. (2014) showed an ATCO can has up to 3 fixations/second. Based on that it was 

decided that manually count the fixations would take too long and was not possible for this study. To 

only count the fixations for the single tower would not be meaningful because it would not be able to 

compare results like that with the multiple remote tower.  
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Even though the use of two different glasses would complicated things the use of the Glasses 2 were 

based on the new technology that the glasses brought, they were much lighter and the spectacle 

frames were thinner compared to the frames on Glasses 1. Glasses 1 needed bigger head movements 

to be able to capture the participant’s eye-movements to the sides and for Glasses 2 this was not 

needed.  

 

As a part of this project the Glasses 2 were used and even though the glasses needed two different 

analyse programs Glasses 2 are much better for recordings in environments were the participant has 

to move or just move the head. For further research where recording glasses are necessary the 

Glasses 2 are recommended since they are lighter and easier for the participant to use. The analysis 

program for Glasses 2 are under development and are expected to work in a near future with similar 

functions as in Tobii Studio with calculations of number of fixations and doing heat maps to see were 

the participant has looked and so on.  

 

The participant in the single tower simulator had a test run with the eye-tracking glasses before the 

data collection. The purpose with the test run was for the participant to get a feeling of what the 

glasses were like and how it felt to use the glasses before the actual scenarios. After the participant 

had used the glasses in the test run the participant were asked what he thought of the use of the 

glasses, if the work was bothered or if he felt that he could not do his job correctly. The participant 

said that he had to move his head more than normal when he had the glasses on, this because the 

frame of the glasses was in the way when the participant looked down on for example the strip-

table. The fact that participant may not be familiar with glasses and that the glasses can make the 

participant move the head more than usual is something that must be taking into account for when 

doing eye-tracking studies.  

 

When doing studies like this one it is very important that the participant feel that their own work 

performance not are at focus. If they would feel that there may be a chance they would perform 

differently compared to a normal workday. Even though the participants’ own work were not in 

focus for this study there is still a chance that the situation made then perform differently and more 

accurate than normal. The equipment (recording glasses and video recorders in the room) could also 

have affected the participants because of the unusual situation. The glasses used to record the eye-

movements could be distraction for the controllers because the glasses are big and limits the visual 

field, making the participant turn the head more than normal. This is something that needs to be 

considered if doing eye-tracking studied in a real tower, the equipment cannot be in the way of the 

controllers’ job. The participants in this study has however participated in other air traffic simulation 

studies before and therefore worked in the simulators used in this study before. The things that were 

new to them were the eye-tracking glasses and one of the participants in the multiple remote tower 

thought the glasses were limited his sight and that he had to turn his head more than usual to see 

the side screens and down on the strip-table.  

 

When analysing the data and the results it is important to have in mind that the accuracy for the 

simulators are not taken into account. During the data collections the participants were not 

complaining about the simulators or made any negative comment about it more than the differences 

between the simulators and a real tower. There are some differences between a real tower and the 

tower simulators used in this study. In a real tower the ATCO has a visual filed of 360°, being able to 

look in all directions from the tower if they stand. In the simulators the ATCO only has 12 screens in 

front of him, a visual field of 180°, and need to make adjustments on the screens to be able to see in 

other directions. The runways are bended in the simulators to be able to fit into the screens and be 

more realistic. In the tower simulators the strips are now digital but the difference between a real 
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tower and a simulator e-strip is that the strips has to be updated manually by the ATCO in the 

simulator, something that is done automatically by the system in the real towers which have the 

digital strip-tables. In the simulators used in this study the ATCO has to manually update the strips 

which leads to more clicks on the strip-table and therefore takes more time from the ATCO. This 

could have affected the results in that way that it seems like the controller looked more at the strip-

table in the simulators than in a normal towers but since there are no comparison made in a real 

tower for this case there can be no statements about that. 

 

The observation that took place in the tower which the single tower simulator simulated was to 

create a picture of what it was like in a real tower and to be able to see the differences between the 

simulator and the tower. The controllers that were followed during the observations has both been 

in the simulator and could confirm the differences between the simulator and a real tower that was 

noticed in this study. The controllers pointed out that the strip-table in the simulator was an exact 

copy of the strip-tables used in the real tower so when they were in the simulator they knew how to 

interact with the e-strips. Another thing the controllers pointed out during the observation was the 

lack of sight in the simulator. Because the simulator only has 12 screens the sight is limited, just a 

small streak of the horizon can be simulated and the simulators vision stops at the runways which 

mean that the ATCO cannot see the aprons and the terminals. In the real tower the controllers can 

see all of the runways and the terminals if the ATCO stands and turn the head. If they want to look 

closer at something on the runways or in the air they have binoculars. In the simulator the ATCO can 

only see two runways and if they want to see the third one they have to make adjustments on the 

screens so they can turn the pictures and they have a zoom function. For the most times in the 

simulator they use the runways that are closest to each other, making the simulation easier for the 

ATCOs. In the real tower this is not always the case because which runway to use for departures and 

arrivals depends on the weather.  

 

By comparing the episodes to each other from a clear subjective point of view, as this study, the risk 

of bias from the researcher might be an obstacle in finding results. However, as the method were laid 

out before the analyse process began there were no pre ideas for how the results would look like or 

what findings that might appeared, only that arrivals would be compared. The number of times the 

ATCO looked at certain things during the episodes are manually calculated for each episode. The 

results and the analysis of the results undertakes the interpretation of the researcher for this study 

and with support from the theoretical background conclusions can be drawn.   

 

Alternative methods or additional methods to the one used in this study could have been a longer 

interview with more ATCOs. Interviews could be of interest to see if the ATCOs would answer the 

question of how they handling arrivals compared to their actions, if the ATCOs are self-aware of their 

actions. Eye-tracking together with a think-aloud protocol would also capture the controllers self-

awareness of their actions. To capture the importance of the communication between the ATCO and 

the pilot a content analysis (Krippendorff, 2004) could have been made. There could have been more 

focus on the communication between the two actors to see if the communication affects the 

controllers’ eye-movements or attention in any way during the arrivals. Since the audio from the 

pilots in the multiple remote tower simulator could not be used such an analysis was not possible. To 

really highlight the pattern from the eye-movements a thematic analyse (Braun & Clarke, 2006) could 

have been made on the episodes. This could have supplemented the episode analysis in this study 

since the episode analysis focus on the entire episodes and takes into account the importance of all 

events in the episode. With a thematic analysis on some of the events the analysis could have been 

deeper and maybe identified more crucial events during an arrival.  
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5.2 Results 
This section will explain and discuss the results found in this study from the two tower simulators. 

First the results from each tower till be discussed separately and after that follows a general 

discussion about the results from the towers. 

 

5.2.1 Single tower 
For the single tower there are some clear patterns in the controller’s way of working. For every 

episode the ATCO first clears the aircraft to continue approach. When the pilot contacts the ATCO 

about the arrival the ATCO first looks at the radar screen to locate the aircraft. The eyes then moves 

to the strip-table and the strip for the specific aircraft and this is done before the ATCO answers the 

pilot. These two steps are the same for all of the episodes in the single tower. The following steps 

(after the first two) takes place in every episode for the single tower but not in the same order. After 

looking at the strip for the specific aircraft the ATCO clears the aircraft to continue approach and 

gives information about the weather. During this time the ATCO looks at the weather and wind 

information and drags the e-strip on the strip-table from the row “inbound tmc” to the row below 

“controlzone arrival”. When this is done the ATCO looks at the ground radar and gets a confirmation 

from the pilot. The ATCO finish the event by looking at the air radar. The events “continue approach” 

has a mean time of 15.25 seconds. 

 

The second thing the ATCO does is to clear the aircraft to land. When the aircraft is closer to the 

airport the ATCO first looks at the ground radar (except from episode 2 and episode 4), then he gives 

information to the pilot about which runway to land on and that it is clear to land. In every episode 

except episode 2 the ATCO looks at the ground radar before or while he clears the aircraft to land. In 

episode 2 the ATCO looks at the ground radar just after he finished speaking.  The ATCO also moves 

the e-strip for the specific aircraft from “controlzone arrival” to “runway arrival” while speaking to 

the pilot. When the contact with the pilot is done the ATCO finish the event by looking at the air 

radar. The events “clear to land” has a mean time of 10.25 seconds. 

 

The last contact the ATCO has with the aircraft is about the pilot contacting ground services. The first 

thing the ATCO does before contacting the aircraft is to look at the specific aircraft on the runway. 

The ATCO then contact the aircraft and gives the pilot information about which frequency to contact 

the ground service on. While speaking to the pilot the ATCO points at something on the strip for the 

specific aircraft or drags the strip from “runway arrival” to “taxiway arrival”. When the contact with 

the pilot is done the ATCO moves on to the next task by looking at the air radar. The event “contact 

ground” has a mean time of 11 seconds.  

 
The mean time for the entire episodes for the single tower is 38.25 seconds and this includes all 

three events and all four episodes. There were no specific differences between the four episodes in 

time. For the event “continue approach” episode 2 had the longest event with 24 seconds and 

episode 3 had the shortest event with 13 seconds. For the event “clear to land” episode 2 had the 

longest event with 15 seconds and both episode 1 and 4 were the shortest with 8 seconds. For the 

event “continue approach” episode 4 was the longest with 15 seconds, the shortest was episode 1 

with 9 seconds. The episodes differed in time with 31, 49, 33 and 40 seconds but this depends on 

how slow or fast the ATCO and the pilot talks, on how long it takes for the ATCO or the pilot to 

answer and when exactly to draw the line for when the episodes starts and ends. 

 

There are no direct differences between the episodes were the ATCO had normal traffic and when 

the ATCO knew there would be runway incursions. In episode 4 in the event “continue approach” the 

ATCO are looking at runway 8 (the runway for departure) and it is not clear on what he is looking on 
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but since the ATCO is handling both arrivals and departures in both of the towers there is a change 

the ATCO looks at an aircraft on the runway for departure or while he clears the aircraft to continue 

approach he also checks runway 8 that it is clear. Since episode 3 and episode 4 were during a 

session when the ATCO knew there could be runway incursions there was a chance that the ATCO 

would look more at the tools or scan the runway more. This was however not the case and judging 

by the results the ATCO acted the same way during normal traffic and when he knew runway 

incursions could appear. This results shows for that the controller monitors the situation and is 

anticipating and has control as a strategy, since he know when to look where even though he know 

there could be runway incursions. ATCOs in real tower never know when or if there will be runway 

incursions. They must however act and have the control necessary that if a runway incursion will 

happened the controller will detect it in time and response to it. 

 

During the observation in the single tower questions were asked to the two ATCOs who were 

followed for the two shifts. The ATCOs were among other things asked to with words describe how 

they handle arrivals. Both of the ATCOs said that it is hard to describe something that they are so use 

to do, that it has become an automated process for them and that they don’t think about the 

different steps they take in the process of clear an aircraft to land. When compiled the two ATCOs’ 

answers to the question it is clear that when an aircraft is approaching the airport the ATCO has 

already seen the aircraft on the air radar. The ATCO can have seen the aircraft on the strip-table as 

well in the column “inbound tmc”. When the pilot is calling the tower for clearance to continue 

approach the ATCO looks at the air radar and the e-strip to make sure the information in correct. The 

male ATCO who was followed during the observation said that he normally inform the pilot about the 

wind in this stage, this so the clearance to land later will go faster. When the ATCOs later on will clear 

the aircraft to land they look at the runway and/or the ground radar to see that the runway is clear 

and that previous aircraft has left the runway. It depends on the situation and how much the ATCO 

has to do if they look direct at the runway or if they use the ground radar (if there is much to do they 

will probably use the ground radar). The same goes for when the ATCO will contact the pilot for 

contacting ground service, they look at the runway and/or the ground radar to make sure the aircraft 

has landed and on the way of the runway. The answers from the two ATCOs, which were observed in 

the real tower, correspond to the eye-patterns found in the single tower simulator.  

 

5.2.2 Multiple remote tower 
The results from the multiple remote tower simulator are clear and points on the fact that the ATCOs 

has a special way of working when handling arrivals. In the multiple remote tower when the 

controllers clears an aircraft to land they always looks at the same order at the tools: Strip – radio – 

strip – wind information – strip. For the same type of tower when the ATCO gives directions about 

the taxi: Strip – radio – strip - runway – strip. This pattern is clear for most of the episodes with the 

exception of some fixations on other tools in between this pattern. It is clear that for every episode 

the ATCO looks at the information for the specific aircraft at least one time during every event and 

always before or while speaking to the pilot. The most interesting finding is however that the 

controller almost never looked at the air radar in the multiple remote tower simulator, only in 

episode 9, 10 and 12. In between the event the controller however looks at the air radar but not 

during the three different events. Why this behaviour is hard to say but the ATCO could have already 

seen the incoming aircraft on the radar screen during other tasks and in between the events and 

therefore did not care to look again during the events, which can indicate for a good and proactive 

monitoring and anticipating skill. Another reason for this behaviour could be the eye-tracking glasses, 

that the glasses did not catch the eye-movement on the air radar. But since the eye-tracker could 

catch the rest of the environment and the screens above the air radar this is not likely.  
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For the 12 episodes in the multiple remote tower only four of these had the event “continue 

approach” (episodes 7, 9, 10 and 11). Two things does the ATCO always do in the beginning of these 

events are looking at the radio screen and looking at the strip for the specific aircraft before 

contacting the aircraft. After this the ATCO clicks on assume on the strip so the strip goes from “arr” 

to “ctr” on the strip-table. This cannot be confirmed in episode 7 because the ATCO clicks on 

something on the strip-table but moves the head at the same time so the eye-tracker could not 

record what happened. It can however be assumed that it was “assume” on the e-strip the ATCO 

clicked on.  

 

The mean time for the events “continue approach” was 8.75 seconds, though it is important to have 

in mind that only four of eight episodes had this event. The next event (and the beginning of 

episodes 5, 6, 8 and 12) the ATCO clears the aircraft to land. Before contacting the aircraft the 

controller looks at the e-strip for the specific aircraft and on the radio screen. The ATCO then clears 

the aircraft to land and on which runway. In every episode (expect from episode 7 and 9) the ATCO 

looks at the wind information during this event. During some of these events (in episode 5, 8, 9, 10, 

11 and 2) the ATCO clicks on the strip so it goes from “ctr” to “runway”. The mean time for the 

events “clear to land” was 12.5 seconds. The last contact the ATCO has with the aircraft is about the 

taxi of the runway. Before contacting the aircraft the ATCO looks at the radio screen.  In episodes 5, 

8, 10, 11 and 12 for the event “taxi” the controller clicks on the strip so it goes from “runway” to 

“taxiway”. The mean time for the event “taxi” was 11.63 seconds. The mean time for all of the 

episodes for the multiple remote tower simulator was 29.62 seconds with a shortest episode of 18 

seconds (episode 8 which not had the event “continue approach”). The longest episode was episode 

10 which took 39 seconds (this episode had all of the three events). 

 

Even though the ATCOs both had daylight and darkness at the airport the eye-moments were about 

the same for both conditions and the procedure for handling arrivals were the same. For all the 

episodes in the multiple remote tower when the ATCO cleared an aircraft to land the order of looking 

at the tools were: radio – strip – weather information – strip. Even though the ATCO looks at other 

things between this still remains this order in both daylight and darkness. For the sessions in 

darkness (episode 11 and episode 12) in the multiple remote tower the ATCOs had about the same 

patterns when looking at the different tools when the ATCO gives directions about the taxi: radio – 

strip – runway strip. This is with some fixations in between in episode 11. For episode 5, 6, 7, 8, 9 and 

10 when the ATCO gives directions about the taxi the pattern was the same: radio – strip – runway – 

strip. There were no differences in the order of looking at the tools between darkness and daylight in 

the multiple remote tower. The results shows for this specific pattern with the fact that the ATCOs 

sometimes looked at other tools between the things that are listed. This results shows that this order 

of looking a tools (the radio, the strip-table, the runway and the strip-table again) are very important 

for the ATCOs. Even though the ATCOs in some episodes looked at other things between these tools 

there is still the fact that this order is repetitive. 

 

For episode 11 and episode 12 the ATCO looked at the runway or aircraft above runway for the 

arrival 5 and 3 times. For the other episodes the ATCO looked at the specific runway or aircraft above 

runway between 1 and 6 times. For most episodes it was only once or twice. This indicates that even 

though it was dark at the airports the ATCO still looked at the runways. The ATCOs in the multiple 

remote tower did not had ground radar (as most of the smaller airports) which make them look at 

the runways if they wanted to see if there were any aircrafts on it. In the single tower simulator (as in 

the real tower) the controllers has a ground radar which they can use instead of looking direct at the 

runway.  
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The fact that the pilots’ communication not was documented are not effecting the results since there 

were no abnormalities in the episodes that were analysed and there were no sign for that the 

controller acted differently when the pilot spoke. If any abnormal situation would had occurred 

during the episodes the pilots’ communication would have been interesting to listen to, this to see 

how the ATCO would react to the comments and if the comments in some way effected the work of 

the ATCO and the eye-movements.  

 

5.2.3 General discussion 
The number of participants (one in the single tower simulator and two in the multiple remote tower 

simulator) are too few to make a generalization of the results but can give a picture of how the 

controllers work in the different simulators and which tools they look at during arrivals. It is 

important to have in mind that different controllers can act in different ways but the essence is that 

they can maintain situation awareness and handle the traffic without cutting back of safety.  

 

The results from the two towers shows for a clear pattern in the ATCOs’ eye-movements and this 

corresponds to the observations and answers to the questions of how the controllers work in the real 

tower during the observation. From the patterns of the ATCOs’ eye-movements it is clear that the 

controllers are used to the situation and that they have a habitual behaviour pattern and that for 

almost every arrival they will act in the same way. The question is if the ATCOs has situation 

awareness even though it looks like they have the situations under control. The controller, the 

computers and the tools they use are together a system which collaborates and exchange situation 

awareness. The ATCOs know what to do and know where to look during the arrivals, due their eye-

moments are almost the same and looks at the different tools in the same order and this is a 

situation awareness process to know where to look when. However, this pattern does not state that 

the controllers have situation awareness, only that they know how to act in situations they are 

familiar with. Situation awareness is the ability, for the system (ATCO, air traffic management tools 

and computers), to take in information about the environment, comprehend that information and be 

able to in some way predict the future with the help from clues in the environment. The system helps 

with the situation awareness and different agents/parts of the system can have a different level of 

situation awareness but the parts can gain information from the others and compensate each other. 

The controller gets information from the e-strips, radars and runways which helps the controller to 

maintain SA and update the understanding of the situation. From the theory of situation awareness 

states the controller would have individual SA and with the three levels maintained SA. But with SA 

system view the system (human and non-human agents) as a whole will have SA and by 

compensating each other SA can be achieved by framing, reframing and have enough buffering 

capacity to cope with unexpected events.  

 

The ATCOs in the episodes know that each and every arrival will probably look the same; the pilot 

will contact the tower about the arrival and if the runway is clear the controller will clear the aircraft 

to land and finally the controller will contact the pilot about the taxi. This means that the controller 

by both education, training and situation awareness can predict the different stages of an arrival and 

now how to act in the three different events. The ATCO has information about the aircraft in the e-

strip (if not he’ll ask the pilot about the necessary information), he has the tools to see where the 

aircraft is (air radar and ground radar) and the strip-table helps the ATCO to remember important 

information about existing and pending traffic on and around the airport. If the ATCO uses the 

information about the environment and the situation and are able to understand and make use of 

that information the ATCO has situation awareness. It is however very important that even though 

the ATCO know where to look when directing an aircraft to land the ATCO need to know what is 

going on around the arrival. The controller always needs to be updated of the situation to be able to 



54 
 

detect unexpected events, both events that affect the arrival and those which don’t. The knowledge 

the ATCOs has about arrivals, the pattern that they have and the fact that they know where to look 

indicates that the ATCOs has a good situation awareness and if something rare or unexpected comes 

up they will see it. Even though the ATCOs has focus at the specific aircraft while it is about to land, 

which can lead to the ATCO missing important events in the surroundings, the ATCO still looks at the 

radar screen or the ground radar just after finishing talking to the pilot. This is to see what needs to 

be done and if there is any unusual changes on the screens and this is a good sign for situation 

awareness. The air traffic management tools are an important aspect of situation awareness and 

helps the controller to have an updated model over the situation and the environment. 

 

By looking at the air traffic control towers’ design the controller seems to have a good view of the 

airport because for example the big windows and that the tower being high above the ground. This 

helps the controllers to have a view over the environment they need to have awareness of and can 

see for own eyes the changes in the environment. The airport are a dynamic domain and when the 

environment are changing with aircrafts which arrives and departures and wind and weather that 

can change the controller can see this with own eyes and follow the development. It is important to 

know that when the environment changes the SA states also changes and the controller can forget 

about important facts when this happens. The situation awareness processes in the system must 

follow the same pace as the environment and update without losing valuable information.  

 

During the observation a question was asked wheatear the ATCOs thought if there were any specific 

part of the arrival process in which the ATCO could not be bothered with another task or interrupted. 

The ATCOs said no to this questions and explained that they normally multi-tasks so when they for 

example looks at the air radar to locate one aircraft they also look at the other aircrafts on the screen 

to get an update of their positions. This means that the ATCOs do several things at the same time. An 

example of that is from episode 4, event number 7-9, where the ATCO looked at runway 8 when he 

got a read-back from the pilot who was about to land on runway 01. The ATCO was probably looking 

at runway 08 about a departure at the same time as he got the read-back from the arriving aircraft. 

The ATCO has in that episode situation awareness and are aware of the things going on in the 

surroundings even though they are handling a specific task. As the ATCOs said during the observation 

there are no specific crucial events during an arrival and the events are so short so if there would be 

anything unexpected the ATCO; 1) has already noticed the unexpected event, 2) can finish the short 

event they are handling before acting on the unexpected event or 3) tell the pilot to call them back 

and deal immediately with the unexpected event. This type of event can fit into the systemic 

resilience model for the event-based constraints, depending on when the unexpected event happens 

the ATCO has several choices of how and when to handle it and can form buffering capacity and 

strategies to deal with the new situation.  

 

The controller has schematas for arrivals, models of how the situation will look and how to handle it, 

and confirms by clues in the environment (sees the aircraft on the radar, knows the wind information 

and so on) that the situation is developing in the direction of the controller’s expectations. The ATCO 

has specific frames (from the theory situation awareness) for the different events in the air traffic 

towers and when the ATCO clears one aircraft to land the ATCO has one frame and schemata. When 

the ATCO has to change focus to the next task (for example direct vehicles on the runway) the ATCO 

has a different frame for that event. The ATCO is therefore reframing depending on the event and 

what kind of information that he needs to have to have control over the situation and be able to 

make the right decisions. As one of the ATCOs said during the observation in the air traffic control 

tower the ATCOs normally looks at the air radar to see the incoming traffic. This can be shown in the 

results from the single tower simulator where the ATCO looks at the air radar screen when being 
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contacted by a pilot for the first time. There is a big change that the ATCO has already seen the 

aircraft that is approaching and that the ATCO has reframed to be prepared to handle that aircraft. 

But when the pilot has contacted the ATCO and the controller has looked at the air radar the ATCO 

looks at the e-strip for the specific aircraft to make sure the information he receives are correct. The 

ATCO is using the frame for arrivals and this shows by the order of things the ATCO are looking at. 

This can also be applied for the multiple remote tower simulator where the controller normally had 

the same order of looking at the different screens. When a pilot is contacting the ATCO the controller 

has probably already seen the aircraft on the air radar and are prepared to adjust to the situation of 

the arrival by using the right frame.  

 

Reframing is an important skill for the controller, to be able to see the new situations and be able to 

adapt to them to understand what is going on and what needs to be done. The more frames the 

ATCO has (the more situations the ATCO can handle and has practiced for) the easier will it be for the 

ATCO to adapt to the new situation. With more frames and the knowledge of different situations the 

controller also has the ability to easier make new frames making new situations easier to handle. As 

Lundberg (in press) pointed out there are similarities between frames from situation awareness and 

buffering capacity from resilience. The ATCO in the air traffic control tower has different kind of 

frames depending on the situation and upcoming events. If the controller is facing a new kind of 

situation and have created different kind of frames for other situations the controller can be able to 

use experience from that and reframe to be able to cope with the new situation. The controller has 

therefore buffering capacity when he can use experiences from familiar events and knowledge from 

different kind of frames to build a new frame that fits into the new situation. Since the ATCOs in this 

study has a certain way of working they know when to look where and this means they have frames 

for this kind of situations. If an unexpected event would appear it is highly likely, based on the eye-

patterns found in this study that the controller monitors the situation, that the controller would see 

it and respond. From previous events and from familiar situations the controller has learned how to 

handle different kind of situations and would therefore be able to detect the new events and 

respond to them and recover from the unexpected situation. 

 

For most of the episode in the multiple remote tower simulator the ATCO gave information about 

the wind to the pilot in the event “clear to land”. The ATCO in the single tower simulator choose to 

give that information during the event “continue approach” instead. This is something that the ATCO 

can choose by himself when to give the information and it depends on how close the aircraft is. But if 

the ATCO choose to give the information during the event “continue approach” the event “clear to 

land” will be faster. As noticed during the observations the ATCOs sometimes cleared the aircraft to 

land when the aircraft was really close to the airport. If the ATCO has chosen to give the wind 

information at that point it is possible there would not be enough time. As the systemic resilience 

model shows there are events that can start further into the loop making the controller have less 

time to act. If the ATCO instead gives the wind information during the event “continue approach” the 

controller would have more time for the event “clear to land” which is a more crucial state of the 

arrival process and the time to act would be longer in the loop of the systemic resilience model. Also, 

when the controller choose to give the information sooner (during “continue approach”) it is a sign 

that the controller plans ahead and knows the risk with giving the information on a later event. The 

controller plans and anticipate the later events and know if he gives the weather information during 

“continue approach” there will be more time during the event “clear to land”. The controller 

therefore makes a buffering capacity for the later event if something unexpected would happened 

during this time.  
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The ATCO can have different kind of strategies to handle the situations that might occur in an air 

traffic control centre. One strategy that can be seen in the results is that the controller works 

proactive to prevent collisions and incidents. The controller in the single tower simulator has by 

experience learned when he thinks is the right time to give wind information to the pilots. All the 

ATCOs used the e-strips to find information about the aircrafts and know where some of that 

information can be found if the e-strip cannot be updated. The ATCOs are anticipating by constantly 

looking at the different tools and the runways to have an update of the situation, making the system 

immune to some threats and events. The ATCOs are striving to always maintain control and has 

control as one of the strategies in the systemic resilience model by staying updated and in charge of 

the situations.  

 

As shown in the results the ATCOs in the simulations monitor the situation by looking at the different 

tools they have (air radar, ground radar and e-strip) to be able to detect inbound traffic and be ready 

when the pilot will call the tower. As discussed before the ATCO has probably already seen the 

aircraft when the pilot calls the ATCO about the arrival and this would show for a good monitoring 

skill and that the ATCOs can anticipate upcoming events. When the pilot call the ATCO for 

instructions the ATCO respond to this. As the ATCO in the single tower simulator, who gives wind 

information at the event “continue approach”, prevent a fast and rough communication with the 

pilot in the event “clear to land” by instead giving the information at the first contact. The results 

shows for the patterns in the way they work and that the controllers are used to handle arrivals and 

to create a pattern like this the controller must have learned from previous experience and 

situations.  

 

The results for the multiple remote tower shows that the ATCO looks at the radio screen every time 

before contacting an aircraft (except from episode 7 event “clear to land”). This result can indicate 

that the radio takes a lot of time from the ATCO, which the controller constantly need to look at 

before contacting any aircraft. Compared to the single tower where the controller did not look at the 

radio even once the controllers in the multiple remote tower simulator looked at the radio for every 

event. The ATCO in the single tower simulator had a pedal on the floor on which he stepped his foot 

on when he needed to contact an aircraft. The aircrafts in the single tower had the same radio 

frequency for all the three airports making it easier for the ATCO to go out on the radio line. In the 

multiple remote tower simulator the ATCO had three different airports to handle and therefore three 

different frequencies, making the ATCO switch to the right one on the radio screen depending on the 

airport on which vehicle he needed to contact. This kind of design might take important time from 

the controller, time the controller could has spent on something else (such as monitoring the 

runways).  

 

Episode 7 in the results for the multiple remote tower simulator has shown for a various deviations 

compared to the other episodes. In episode 7 the ATCO has the three events but not once are the 

ATCO looking at the wind information, this means that the controller missed to give that kind of 

information to the pilot for the incoming aircraft or that the pilot informed the controller that he did 

not wanted that information. Since the audio from the pilots in the multiple remote tower simulator 

was not available for this study the fact if the pilot said something to the controller about the wind is 

not taking into account for. It is the controllers’ eye-moments that are at focus. If the ATCO has 

intentionally chosen not to give that information or it is a slip from his side is hard to say. This can 

however been seen as a lack of situation awareness and that the controller was distracted by 

something else that are not clear in the video. This can also mean that the controller had not been 

reframing for the new situation in the first event “continue approach” and further on in the later 

events thought that he already had given the information. A slip in a situation like this can be caused 
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from overlearned sequence, that the learned behaviour and how to handle the situation are so 

familiar that a new situation can lead to slips (Bainbridge & Dorneich, 2009). However, the fact that 

the controller did not give the wind information to the pilot and not event looked at the wind 

information differs remarkable from the other episodes the questions rises if the controller knew 

about this slip, chose not to give the information or if it was a lack of situation awareness and/or 

reframing.  

 

The results shown for patterns in the way the ATCO are working with arrivals, but is this the only way 

of working? During the observation questions about this pattern were asked and if the ATCO could 

find information about the aircraft at someplace else than on the e-strip (the results show for that 

they look several times at the e-strip during a landing). The information on the e-strip comes from a 

computer which has all of the information about the aircrafts and the flight routs. If the ATCO cannot 

access the information on the e-strip they can ask for a copy from the computer, but this is really 

rare. Information as altitude and speed for the aircraft are only displayed on the air radar and time to 

threshold is only displayed on the ground radar. However, call sign and flight type are available both 

on the air radar, the ground radar and the e-strip. This means that the ATCO can get access to the 

information necessary by using other tools but that they choose to look at the tools in the way the 

results showed for, that this is the easiest way to get access to the information needed. The different 

ways to get access to the same information shows for a good control strategy, the controllers know 

where to find information, but it also shows for a buffering capacity in the system. 

 

The ATCO use the strip-table a lot and see the e-strip as one of their most valuable tools, however if 

the strip-table would break down a back-up system is available consisting of paper-strips and the 

flight plan computer. This is another type of buffering capacity the ATCO has and their knowledge 

about the paper-strips and alternative ways of where to find relevant information about aircrafts 

makes it easier for them to reframe when necessary. To be able to maintain a resilient state the 

system must be able to handle all kind of threats that Westrum (2006) wrote about and the 

strategies in the the systemic resilience model can be used to cope with the new situation.  

 

The ATCOs rely on the strip-table to be correct and that it will work the way it should. The strip-table 

is automated in that sense it add new e-strips for example incoming aircrafts from the TMA. The 

ATCO do not see the automation itself but rather the product of the automation. The level of 

automation in the two air traffic control tower simulators used in this study has the level 2 of 

automation. The level 2 of automation means that the system is a decision support which give 

suggestions to the controller but the controller makes the decisions. The ATCOs are able to interact 

with the e-strips, making settings, adjustments and to write on the table but they still has to monitor 

the automation so be sure of the information that is given from the strip-table is correct and make 

the right decisions based on that information.  

 

Since the strip-table is such an important tool for the ATCOs and that the e-strips helps the ATCO to 

remember information about the aircraft and their positions it would be of interest to investigate if 

the strip-table and other technology in the system can help the ATCO in other ways as well. Since the 

ATCO interact with the strip-table continuously and have a specific pattern in their way of working 

with arrivals the automation might use this. The system could predict actions and double check the 

ATCO so the controller does the steps that are necessary when handling an arrival. For example the 

system could use automation and the eye-movements of the controller to see if the controller has 

looked at the aircraft’s e-strip or if the controller has moved the e-strip to the right section of the 

strip-table, if the ATCO has not the system could make a warning or give a reminder. This could 

maybe have helped the controller in episode 7 when he missed or choose not to give the wind 
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information. If the system had knew about where and when the controller had looked at the 

different tools the automation could have made a warning or a reminder about the lack of wind 

information to the pilot.  

 

The ATCOs works with electronic flight strips and the fact that the strip-table are to some part 

automated makes the role of the controller to a more of an observer than a performer. With the e-

strips updating automatically in some real towers (for instance the tower that was simulated in the 

single tower simulator) and in the future multiple remote towers the controller gets more time to 

focus on other things that might be more important, such as looking at the runways and radars. With 

more advanced technic the level of automation will probably get higher, making the ATCO to an even 

more observable role. Now the e-strips presents information about the aircrafts and make updates 

when the aircraft is advancing to the airport, making it easier for the controller to always have an 

update of the situation. With upcoming technology the e-strips might be able to calculate flight routs 

and give the pilot necessary information about the weather and the arrival without the controllers 

intervene. The information between the ATCO and the pilot could be all automated which can lead to 

the disappearance of the verbal communication, which now are one of the biggest tasks for the 

controller. 

 

The controller has to make decisions for the aircrafts and make sure the environment on and 

surrounding the tower are safe. But at the same time the controller must rely on the system and the 

information given from the automation that the ATCO base their actions on. The controller in an air 

traffic control tower can look directly at the runway if the sight is clear but the controllers in a 

multiple remote tower (who are placed in a centre far away from the tower) has to rely on the 

screens and the information that is given to them (they cannot look directly at the runways but have 

screens instead). The level of automation will be higher in a multiple remote tower and the 

collaboration between the controllers and the system are highly important.  

 

This study has contributed to the field of safety and situation awareness in the aviation industry by 

taken out patterns in the ATCOs’ eye-movements and documented the use of the different air traffic 

management tools during arrivals. The study has shown that air traffic controllers has situation 

awareness and are aware of the different stages in an arrival and know when and where to look 

during the different events. The controllers has frames for the different situations and would be able 

to detect unexpected event and respond to such situation.  

 

5.3 Future research  
An interesting follow up study would be a study in a real air traffic tower during real conditions. This 

can be tough to implement because of the controllers are under stress when working and need to 

focus and therefore a study in the real work environment could affect their work capacity and not be 

able to focus on the right things. It is all about safety for the people working the tower and making a 

study in a real tower depends on whether the equipment will bother the controllers or not. It is very 

important that the equipment for making a study like that would not interfere with the work of the 

controllers or in any way affect the safety. However, a study in their real work environment can lead 

to better performance of the participants because they are in their real work domain and may be 

acting by that. It would be interesting to investigate why the controllers are acting the way they do in 

the simulator, if the results only can be applied for the simulator or if the controllers act the same in 

a real tower. If the simulator are supposed to be identical to the real environment the participants 

should act the same whether it is in a simulator or in a real tower and the results would therefore be 

the same. Even so, it would be interesting to actually make a comparison and see the differences 

between a real tower and a simulator.  When doing a study in a simulator the participants have a 
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tendency to think about the situation and the knowledge of the simulator may affect their work. The 

participants’ knowledge of being analysed in a real tower would also affect them but the hope is that 

with more real looking environment the more realistic would the actions be.  

 

The results from this study shows that the ATCO did not act in a different way when he knew there 

would be runway incursions, but this study only used two episodes from a runway incursion session. 

To confirm this results it would be interesting to sessions with investigate runway incursions further 

to see if the ATCO has situation awareness at all time and if the ATCO are able to reframe when a 

runway incursion has appeared. This study has shown that the controllers in the two towers has 

frames and situation awareness when it comes to arrivals but it would be of interest to compares 

these results with results from a study where the controllers handles unexpected runway incursions 

to see if they can reframe and maintain a safe environment.  

 

The radio in the multiple remote tower has shown to take a lot of attention from the ATCO since the 

controller always looked at the radio screen before contacting an aircraft. The use of the radio in a 

multiple remote tower should be investigated further to see how much time the different 

frequencies actually takes from the air traffic controllers. The time the controllers spend on choosing 

the right frequency may the controllers use instead to something more valuable and with many 

frequencies to choose on the risk of contacting the wrong one will probably get higher.  

  



60 
 

6. Conclusions 
To highlight the results and the purpose of this study the research questions in the beginning of the 

thesis will be answered below.  

 

1. Are there any patterns in the controllers’ eye-movements when the controller work with 

arrivals? (except from the communication) 

The ATCOs have a clear way of working with landings. For the single tower simulator the first thing 

the ATCO does when a pilot is contacting the tower for the first time is to look at the air radar. The 

ATCO has probably already seen the aircraft on the air radar when he scans the environment for 

incoming traffic but when the pilot contacts the tower the ATCO check the air radar to see exactly 

where the aircraft is. The second thing the ATCO does is to look at the aircraft’s e-strip, this to make 

sure the information the ATCO received is correct and to move the e-strip to the right section of the 

strip-table. There are also some clear eye-patterns for the multiple remote tower simulator. The 

ATCOs look at the different tools in a certain order when handling arrivals. For all the events the 

ATCO looks at the radio before contacting the aircraft, then looks at the e- strip, the runway or 

weather information (depending on the event) and then the e-strip again.  

 

2. Does the patterns differ between the two different air traffic control towers? 

The ATCOs in the single tower has access to a ground radar, something the ATCOs in the multiple 

remote tower does not have. The access to a ground radar give the ATCO a change to choose 

whether to look at the radar or direct at the runway to detect and identify aircrafts. Except from the 

fact that the ATCOs had different kind of tools they handled the traffic at the same way, they looked 

at the air radar and the e-strip to locate and identify the aircraft. For most of the episode in the 

multiple remote tower simulator the ATCO gave information about the wind to the pilot in the event 

“clear to land”. The ATCO in the single tower simulator choose to give that information during the 

event “continue approach” instead. This is something that the ATCO can choose by himself when to 

give the information and it depends on how close the aircraft is. Therefore the results about when 

they gave wind information is a result that show that different ATCOs work in different ways and 

have their own procedures and not a product of which kind of tower they work in.  

 

An interesting thing that differs between the two towers is that the controllers in the multiple 

remote tower simulator hardly never looked at the air radar. Why this is can be difficult to speculate 

about but the most likely reason is that the controller had already seen the aircraft (between the 

events) on the air radar before the events began. The ATCO in the single tower simulator looked 

however several times at the air radar screen during the different events.  

 

3. How does the controller in an air traffic control tower work with the strip-table? 

The strip-table is a very important tool for the ATCOs which they use every time they communicate 

with the pilot and when they need information about a specific aircraft. In every episode and for 

every event, for both of the towers, the ATCOs looks and/or interact with the e-strip in some way. 

The e-strip contains information about the aircraft such as flight type, where it came from, where it 

will land, filed altitude, filed speed and so on. Things as flight type and call sign can be found at the 

air radar or the ground radar as well but more information about the aircraft is found on the e-strip, 

making the e-strip a very important tool for the ATCO. The e-strip is also a memory tool because the 

ATCO moves the e-strip to the right section of the strip-table when the aircraft is advancing during 

the arrival making it easier for the ATCO to see where in the arrival process the aircraft is. The ATCO 

can also type in whatever he wants on the e-strip to make notices to himself or others about the 

aircrafts. 
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As the results has shown the ATCOs has a certain way of handling traffic independent of the different 

conditions used in this study. By the results from the episode analysis there can be assumed that the 

system (controller and non-human agents) have distributed situation awareness when handling 

arrivals and that the ATCO use schematas and frames to maintain situation awareness. The 

controllers know where to look when they want to gain information about the aircraft and when they 

give directions to the pilot. By the use of the order the controllers looks at the different tools they 

should also recognize abnormalities or unexpected event and be able to reframe for such situation. 

The controllers should have the buffering capacity necessary for abnormalities since they have such 

good frames for normal situations.  

 

The strip-table the ATCO use in the air traffic control towers helps the controller to remember 

information about the aircrafts and the strip-table are an important part of the system. The strip-

table are now digitalized but there has been suggestion in this report that the automation could 

develop further by supporting the controller in remembering important steps in the event of an 

arrival. Now, when knowing there the controller normally looks during an arrival, these kind of 

patterns could develop the automation to provide the controller with updates and reminders if the 

controller for example forgets to look at something crucial. It has in this report also been suggested 

that further studies would be made on the controllers’ situation awareness when it comes to runway 

incursions and other unexpected event to compare those patterns from the eye-movements with the 

results from this study. The patterns from the eye-movements and the knowledge of the importance 

of the different air traffic management tools could also help a development of the automated 

systems with the automation tracking the controllers’ actions. This can improve and efficiency the 

situation awareness and resilience.  

 

Since the study only had three participants in the simulators and the fact that different ATCOs might 

work in different ways the results cannot be generalized. It can however give a picture of how the 

ATCOs work in air traffic control towers and how and when they use the different tools. The results 

shows that the controllers are aware of the situations given the eye-patterns from the two towers. 

The ATCOs have situation awareness and uses the environment to update the SA and make new 

frames and predict the future. The results can therefore be seen as a guideline and a start for further 

research in this field. 

 

The ATCOs in the air traffic control towers should not only be considered as individuals, rather a part 

of a whole system that works together to achieve situation awareness and resilience. This study has 

shown that even though different controllers work in different ways there are still clear patterns in 

their eye-movements. Every part of that pattern is a part of the situation awareness system and are 

necessary to update SA and to create new frames for different kind of situations.  
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