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Abstract 
The Multiple Remote Tower Center concept (mRTC) is a cutting edge project which al-

lows one air traffic control officer (ATCO) to be in charge of multiple remotely situated 

airports simultaneously. When implemented, it will revolutionise how air traffic is managed 

at smaller airports and allow for increased efficiency and decreased operational costs. Con-

sequently, at the time of writing a lot of effort is going into evaluating this new way of air 

traffic management from a safety perspective. 

Air traffic management has been defined as an issue maintaining situational awareness and 

exercising control. This thesis aims to investigate how the phenomenon target fascination 

affects the ATCOs ability to exercise control over its controlled airspace and maintain its 

situation awareness. It does so by creating a baseline scenario of work in a mRTC, and 

then comparing the ATCOs performance in the baseline scenario with its performance in 

the same corresponding scenario, but with elements of target fascination introduced. The 

differences in the scenarios are analysed using the Contextual Control Model, the Ex-

tended Control Model and a holistic framework for studying situation awareness. 

The analysis shows that target fascination does affect the ATCOs ability to maintain con-

trol, but not radically so, and only for a short period of time. The target fascination forces 

the ATCO to rely on information in the immediate environment to a higher degree than 

during regular work, as opposed to making decisions based on a holistic understanding of 

the situation and high level goals. However, once the understanding of the situation have 

been re-established, the level of control quickly returns to normal levels. 

Situation awareness is thus a key concept in maintaining control. The situation awareness 

analysis show that target fascination affects situation awareness by causing the ATCOs 

understanding of the situation to become outdated without the ATCOs knowledge. Be-

cause of this, there may be developments in the situation that the ATCO is not aware of, 

which hinders it from acting as it normally would. In some cases an intervention from an 

external actor or element may be necessary to break the fascination and re-establish the 

ATCOs understanding for the situation. As soon as the fascination is broken, the ATCO 

quickly takes steps to re-establish its situation awareness and return to normal operations. 

Keywords: Air Traffic Control (ATC), Air Traffic Management (ATM), Remote Tower 

Center, Target Fascination, Situation Awareness, Control  
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1. Introduction 
The field of Air Traffic Control (ATC) is constantly evolving to be more effective in order 

to meet the demands from increasing traffic flow while maintaining a very high degree of 

safety for all involved actors. In order to do this, the Swedish Civil Aviation Administration 

(LFV) have worked to develop a concept called multiple Remote Traffic Center (in the 

following abbreviated to mRTC). mRTC as a concept differs from regular ATC service in 

that it allows the ATCO to carry out its responsibilities towards several airports simulta-

neously, instead of just one, while being situated at a remote location instead of in an air 

traffic tower at a specific airport. Using advanced technology the ATCO has access to all 

visual and auditive information needed to carry out its responsibilities towards the airports, 

which may be located far away from each other and the ATCO itself. 

As the concept of mRTC is new it is important that it is thoroughly evaluated before it is 

implemented and operated in real life operations. One of the most important questions to 

answer that arises from this new concept is how being responsible for two airports instead 

of one affects the ATCOs ability to monitor the traffic flow  and regulate it in such a way 

that it stays within its margins of safety (Möhlenbrink & Papenfuss, 2011). This thesis 

seeks to contribute to the growing body of research on the subject. It does this by studying 

how target fascination, a phenomenon where a person becomes so preoccupied with a 

specific aspect of its work that it neglects the others, affects the system’s ability to maintain 

control and situation awareness. It also provides a baseline scenario of an ATCOs work in 

a mRTC environment, which, apart from being used to study research questions 1 and 2, 

has its own value and can be used in future research.  

In the following chapter, the aims of the thesis will be presented, followed by the delimi-

tations and a general outline of the work presented herein. 

1.1  Aim of the thesis 
The work presented in this thesis was carried out in order to: 

1. Investigate how target fascination affects the ATCOs control over the mRTC and its 

ability to maintain a high degree of situation awareness. 

2. Provide a baseline scenario for an ATCOs work in a mRTC. 

1.2 Delimitations  
The thesis does not attempt to make any predictions about the probability that target fas-

cination will occur, but looks at how it affects aspects of control and situation awareness. 

Neither does it claim to be based on observations from real mRTCs (as none exist at the 

time of writing). Rather, the data consist mainly of studies of recorded simulations of work 

in a mRTC and interview data from domain experts. 
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1.3  Outline of the thesis 
This thesis is divided into twelve chapters. Chapter 1 serves as an introduction to the thesis 

with a brief introduction, a presentation of the aims of the research and the delimitations 

of the thesis. Chapter 2 provides the background by describing the field of air traffic con-

trol, introducing the mRTC concept and accounting for some of the earlier research in the 

field. Chapter 3 accounts for the theoretical background for the analysis, while chapter 4 

describes the methodological approach, the relevant data collection methods as well as a 

description of the data collection sessions and how the baseline scenario was created. 

Chapter 5 presents the completed version of the baseline scenario that is referenced in the 

analysis. In chapter 6 the excerpts from the baseline scenario that were identified by do-

main experts as potential places where target fascination could occur is presented along 

with the corresponding moment from the target fascination scenarios (found in their en-

tirety in appendix I and II). Chapter 7 accounts for the COCOM analysis of the scenarios, 

while chapter 8 contains the ECOM analysis of said scenarios. Chapter 9 accounts for the 

situation awareness analysis of the same scenarios. In chapter 10 a discussion about the 

study and the results is presented, while chapter 11 accounts for the conclusions that can 

be drawn from the analyses in chapter 7, 8 and 9 is presented. Chapter 12 contains a list 

of all the works referenced in the thesis. Finally, Appendix I contains target fascination 

scenario 1 in its entirety, while Appendix II contains target fascination scenario 2 
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2. Background 
Ever since the Wright brothers successfully invented the world’s first airplane and made 

the first controlled heavier-than-air human flight, aviation has revolutionised the way hu-

mans travel across the planet. The International Air Transport Association (IATA) pro-

jects that by the end of 2034 7.3 billion passengers will have flown commercially during 

the year, more than doubling the projected number for 2014, and rising above the entire 

world’s population at the time of writing (IATA, 2014) 

This rapid increase in traffic flow presents new challenges for the world’s airports and 

ATCOs, which have to increase their effectiveness and capacity without drastically increas-

ing their operational costs or making sacrifices when it comes to the safety of the involved 

actors (Malakis, Kontogiannis, & Kirwan, 2010). One solution to these challenges is the 

mRTC concept, which is a new way of managing the incoming and outgoing traffic at 

airports, and will be explored in this thesis. 

The following chapter will give a brief description of the field of ATC, followed by an 

introduction to the mRTC concept as well as present some of the earlier research con-

ducted that is relevant to this thesis. 

2.1 Air Traffic Control (ATC) 
Air Traffic Control for airports is a ground-based service provided by human operators, 

traditionally located at an airport traffic control tower at an airport. The task of an ATC 

officer (ATCO) is to provide aircrafts that are entering or leaving a controlled airspace 

with information relevant to the aircrafts future movement in and around the controlled 

area. The primary purpose of an ATC service is to prevent collisions and accidents, provide 

information and support to the pilot and to facilitate smooth traffic flow. (U.S. 

Department of Transportation, 2014; Corradini & Cacciari, 2002). They achieve this pur-

pose by enforcing traffic separation rules, which makes sure that aircrafts keep separation 

minima. The purpose of the separation minima is to ensure that no active aircrafts gets 

too close to each other, thus minimising the risk of accidents due to wake turbulence and 

collisions. 

 To enforce the traffic separation rules, the ATCOs communicate with the pilots of the 

aircrafts mainly using auditive means of communication such as VHF/UHF radio and 

automatically via technical tools, but may also use mobile phones, signal lights and other 

procedures if the situation demands it.  

The work of an ATCO takes place in a complex and dynamic environment with constant 

flows of critical information that require continuous processing by the ATCO in order to 

serve as a basis for decisions. The work is characterised by a number of demanding factors: 

severe time pressures, severe error consequences, rapidly escalating situations and, multi-

component decisions and conflicting/shifting goals as well as unusually high demands on 

both visual and auditory perception (Malakis, Kontogiannis, & Kirwan, 2010; Shorrock, 

2007). Möhlenbrink and Papenfuss (2011) view the visual attention of the ATCO as a 

regulated feedback and feedforward control system, as shown in figure 1 below: 
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Figure 1. Theoretical model of the ATC monitoring task. 

As can be seen in the model, a traffic scenario services as input, which results in changes 

in the mental traffic picture, or mental model. This mental model guides the visual atten-

tion of the ATCO, subsequently resulting in a control task to remain in control. 

2.2 Multiple Remote Tower Centre (mRTC) 
A Multiple Remote Tower Centre, in the following abbreviated to mRTC, allows an oper-

ator to provide ATC services to two or more (often smaller) airports simultaneously, from 

a remote location (Möhlenbrink et al., 2009; Fürstenau, 2009). This means that the ATCO 

does not have to be present at the airport to which it is providing ATC services, which in 

turn allows it to provide its services to more than one airport at a time (Möhlenbrink & 

Papenfuss, 2011). Instead of being located in an ATC tower at a specific airport, the ATCO 

is situated at a remote location, where it is fed high definition images and has access to all 

relevant airport systems via data network (Sehlstedt, 2014). 

The view of the airport that ATCOs usually have through the windows in the tower is 

replaced by high definition images from cameras, projected on monitors, which show the 

airports in real time, as shown in figure 3 (Möhlenbrink et al., 2009). This means that even 

though the ATCO is not physically present at any of the airports under its command, they 

still have full access to the same information as if they were. These monitors are divided 

between the airports, so an ATCO responsible for two airports (which is very likely to be 

the case for the first implementation of the concept according to interviewed person in-

volved in the project) would have one airport on the monitors to its left and another air-

port on the monitors to its right.   

Figure 2 below shows the environment in which ATCOs running simulation experiments 

operate. This setup contains all the necessary equipment for operating a mRTC. It is prem-

ature to say whether the final design in real life operations will look exactly as in the picture 

below, but it is likely that it will be in some variation of it. 
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Figure 2. The equipment in a mRTC simulation environment simulating three airports. Each number 

points to a piece of equipment the ATCO uses, described in the section below. 

Apart from the monitors replacing the windows, the ATCO have access to all the equip-

ment that they would have in a regular traffic tower, such as radar images, communication 

tools and weather information.  In figure 2 above, number 1 points to the weather infor-

mation for a particular airport, number 2 points to the outside view (which substitutes the 

view an ATCO would have if he looked out the window), number 3 points to the radar 

equipment and number 4 points to the flight strips. Furthermore, they will have access to 

new features that generally aren’t available at regular towers, such as object tracking, night 

vision and image enhancement in order to enhance the ATCOs situational awareness. 

(Sehlstedt, 2014) 

 For smaller airports with low traffic the mRTC concept is likely to be financially beneficial, 

as an ATCO in a normal traffic tower would otherwise have to spend prolonged periods 

of time waiting for the next aircraft to arrive. With a mRTC, the operator can be situated 

in any building, regardless of shape as well as proximity to the airport that it provides 

services to. It could also have positive effects on the operator’s performance, as very low 

workload has been suspected to have a negative effect on situation awareness (Endsley, 

1999). In Sweden, it is expected that the concept will only be applied to airports with one 

runway. At the time of writing, the only airport in Sweden that has more than one runway 

is Stockholm-Arlanda, which has three, and these major types of airports are too busy to 

warrant an mRTC solution in its current form.  

At the time of writing there are no mRTCs operating in the world, as the concept is still 

being tested. However, the world’s first remote tower center, which is the same as an 

mRTC but the operator is only responsible for one airport, was recently implemented in 

the Swedish town of Sundsvall, controlling the airport in Örnsköldsvik  (Clark, 2014). This 

successful implementation opens the door for the even more ambitious mRTC-concept, 

and simulations with experienced ATCOs have already been initiated. In figure 3 below, 

an ATCO operating in a RTC environment is shown: 
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Figure 3. Work in progress in a RTC environment. Photo: LFV 

2.3 Earlier research 
As the concept of mRTC is fairly new and has yet to be implemented in a real situation, 

research on mRTCs in real life situations is non-existent. However, effort has gone into 

researching the concept through other means, mainly using simulations of the concept. 

One example of this is a study by Möhlenbrink et al. (2009), which, using eye tracking data, 

showed that the ATCOs spent 53% of the time watching areas of interest on their screens 

simulating the view the ATCO would have in a remote tower center.  

In another study by Möhlenbrink and Papenfuss (2011) they compared results between 

letting the ATCOs have access to the view of the two airports simultaneously (stacked on 

top of each other) and having to manually switch between the two views on the same 

screen. Using eye tracking data they found that the number of times where one of the 

airports were visually unattended for more than two minutes was five times as high when 

the ATCOs had to manually switch between the airports compared to when they had ac-

cess to both of the views simultaneously. They also found that mean number of alterations 

between the five different areas of interest (Airport 1, Airport 2, flight strips, radar for 

Airport 1 and radar for Airport 2) was 810 during the 25 minute simulation, indicating that 

it is natural for the ATCOs to alternate their visual focus. 

Using an HMO approach, a study by Sjölin (2015) identified high cognitive workload as a 

potential threat to the ability to monitor multiple airports simultaneously and a possible 

cause of target fascination. It also identified the ability to communicate with aircrafts at 

different airports as a potential source of confusion during times of high cognitive work-

load. It is therefore suggested that it is important that the ATCO proactively regulates its 

workload in order avoid becoming overburdened. 
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3. Theoretical approach 
This chapter presents the main scientific theoretical approaches that are relevant to this 

thesis. As the goal of this thesis is to investigate the effects of target fascination, the chapter 

will begin with an introduction of this concept. In the sections following target fascination, 

different approaches to studying this phenomenon will be introduced. First out is the over-

arching theoretical framework Cognitive Systems Engineering, followed by a description 

of the joint cognitive systems concept, the Contextual Control Model, the Extended Con-

trol Model and a framework for studying situation awareness. All these approaches will be 

used as different ways of and tools for studying target fascination in the following chapters. 

3.1 Target fascination 
In aviation, fascination is a condition in which a person fails to respond adequately to a 

stimulus, even though all the necessary cues for proper action are present. This means that 

target fascination (sometimes referred to as Type A fascination) is perceptual in nature, 

and refers to a situation where a person becomes so concentrated on one aspect of the 

total situation that it neglects other aspects in its perceptual field. It becomes so occupied 

with one aspect of the work that it fails to perceive other aspects. This, in turn, results in 

a flawed mental model of the current situation, which, if not corrected, can lead up to an 

accident. (Transport Canada, 2010) 

As target fascination refers to the (failed) perception of a stimulus, in the context of 

Lundbergs (2015) situation awareness framework ( introduced in section 3.6), it is the re-

sult of a failure to perceive an object which otherwise would have led to the joint cognitive 

system’s (JCS) current frame being called into question and updated. However, as the sys-

tem fails to perceive the object the frame remains unquestioned, the JCS remains ignorant 

of the implications that the object would have had in the new frame, and no action will be 

taken until something happens that alerts the JCS as to what is going on. Endsley refers to 

this type of failure as attentional narrowing, which she identifies as one of the major con-

tributing factors to failure on her first and most basic level of situation awareness: the 

perception of the elements in the environment (Endsley, 1999). 

In an ATC context, an ATCO could be so focused on an aircraft descending towards the 

runway for landing that it fails to register that another vehicle has entered the runway, 

thus creating a dangerous situation. 

3.2 Cognitive Systems Engineering (CSE) 
In modern history, when trying to understand human performance, much emphasis has 

been placed on trying to understand the cognition that goes on inside the cognitive system. 

The importance of this has been emphasised by the traditional view of humans as infor-

mation processing systems and the S-O-R paradigm (Stimulus, Organism, Response), 

which has been the more or less ruling paradigm during most of the previous century 

(Hollnagel & Woods, 2005).  

However, according to the for this thesis overarching concept of CSE, it is fairly irrelevant 

how cognition itself works when studying how humans work with machines. Rather than 

focusing on the inner workings of the cognitive system one should focus on what the 

system does, more specifically how performance is controlled (Hollnagel & Woods, 2005). 

Whereas earlier models of humans operating in complex systems have focused on the 

interaction between the cognitive system (the human) and the artefact (the machine), CSE 

focuses on what Hollnagel and Woods (2005) call human-technology coagency, meaning 
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how the JCS as a whole achieves its goals. They argue that the fact that humans are phys-

ically separated from machines should not lead to a functional separation. 

3.3 Joint Cognitive System (JCS) 
In CSE, the performance characteristics of a JCS serve as the unit of analysis (Hollnagel 

& Woods, 2005). A JCS is any system that consists of multiple cognitive systems, such as 

two or more people working together, or at least one cognitive system and an artefact, 

such as a person making use of a tool (Hollnagel & Woods, 2005). Typically, in the context 

relevant to this thesis, a JCS consists of one or more persons using a range of artefacts to 

achieve a common goal, such as an ATCO using radar, radio and multiple screens with the 

object of safely managing air traffic within the designated area.  

Depending on the level of aggregation, a JCS can often be disintegrated into several smaller 

JCS’s, where the higher levels are superordinate systems consisting of lower level JCS’s. 

For example, an employee and his computer can be considered a separate JCS, but they 

are also part of a bigger JCS; namely the company where he is employed, where several 

other like him are working together towards the same goal. This can go on virtually forever; 

the company itself might be a part of a chain, which in its turn is owned by a large con-

glomerate and so on.  

3.4 Control and the Contextual Control Model (COCOM) 
In its simplest form, the issue of control is how a cognitive agent or JCS can produce a 

desired outcome from a technical artefact, a cognitive agent or a JCS (for example an or-

ganisation). For CSE, the most vital aspects of control are the ability to direct and manage 

the development of events and to compensate for disturbances before they result in a loss 

of control. Should control be lost, it is vital that the system can recover successfully and 

effectively. 

In order to be able to compensate for any discrepancy between the desired state and the 

actual state, the system needs to be able to somehow measure the difference. In CSE, this 

happens through perception, which is regarded as an active act in which systems actively 

seek out and interpret information, guided by its current understanding of the world. 

(Hollnagel & Woods, 2015) 

The Contextual Control Model describes “the necessary steps in controlled performance, 

regardless of whether this is carried out by an artefact, a joint cognitive system, or an or-

ganisation” (Hollnagel & Woods, 2005, s. 19). As the name implies, COCOM is a contex-

tual control model, which is to say that it views actions as determined by the context rather 

than sequential relation between different actions. As such, the next action in any given 

situation is always determined by the current context and the JCS’ competence in regard 

to these circumstances.  

The JCS remains in control by constantly gathering new data, using it to alter its construct 

(which is the systems understanding of the current situation) to adapt and enable informed 

choices, based on both feedforward and feedback control. As can be seen in figure 4, 

everything from the environment to feedback from previous actions and external events 

is taken into account. Using this construct, the JCS seeks to achieve its goals by comparing 

the current construct to the desired state and thus choosing actions to bring these closer 

together (Hollnagel & Woods, 2005). As shown in the model in figure 4 below, COCOM 

views the performance of the JCS as cyclical rather than linear.  
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Figure 4. The Contextual Control Model (COCOM). The necessary steps for controlled performance in 

a JCS. 

COCOM features four different control modes, which describe the differences in the level 

of control the system exercise over its performance: scrambled, opportunistic, tactical and 

strategic (Hollnagel & Woods, 2005): 

 Scrambled control mode: In the scrambled control mode, there is very little thinking 

involved in the choice of action, to the point where it is basically random. The system 

operates on a trial-and-error level of performance, as the assessment of the situation 

is deficient or non-existent. The scrambled control mode can only be escaped when 

one of the actions succeeds and some degree of control is regained. 

 Opportunistic control mode: In the opportunistic control mode, the actions of the 

system are based on the features of the immediate current context. Because of some 

constraining factor, for example lack of understanding of the situation or lack of time, 

planning and anticipation is limited. The actions carried out in the opportunistic con-

trol mode are often inefficient, as the system will focus only on whether the action is 

associated with desired outcome, but will not consider if it has the required conditions 

for carrying it out successfully.  If the action is successful is determined solely by its 

immediate effects, not considering possible long term effects. 

 Tactical control mode: The tactical control mode applies to situations where the 

performance of the system to a high degree follows a familiar procedure. The system 

can consider long term effects of actions and go beyond the immediate needs, at least 

to some extent, unlike the scrambled and opportunistic control modes. As such, the 

success of an action is measured both by its immediate and its delayed effects. 

 Strategic control mode: When in the strategic control mode, the system has time to 

look at high-level goals as well as see to the immediate needs of the situation. Rather 

than basing decisions on the immediate surroundings decisions is based on dependen-

cies between multiple goals and goal hierarchies. The successfulness of an action is 

determined by the immediate and delayed effects, as well as its temporal placement.  
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3.5 Extended Control Model (ECOM) 
ATCOs often perform a number of different tasks at the same time, for example issuing 

clearances while monitoring a runway visually, which present different cognitive demands 

due to the nature of the tasks. Therefore it is important to be able to model how the 

performance of the mRTC takes place on multiple levels of control simultaneously.  

ECOM is an extension of COCOM which allows an analyst to do just that; it describes 

how the performance of a JCS may take place on multiple levels of control simultaneously, 

in the form of several concurrent control loops, which allows us to identify patterns in 

activities performed on parallel interacting levels (Hollnagel & Woods, 2005; Aminoff, 

2007). These loops may be reactive, proactive or a mixture of both. Traditionally, a dis-

tinction is made between four loops, although there is no absolute fixed number. The 

characteristics of the layers of ECOM are outlined below (Hollnagel & Woods, 2005; 

Hollnagel, 2015): 

Targeting 
The targeting level sets the JCSs overarching goals, which is an open-loop activity. Goals 

set at this level may effect goals on the lower levels, such as the criteria for the performance 

boundaries in the tracking loop, and give rise to sub goals and activities which may stretch 

over an extended period of time. Assessing the difference between the current state and 

desired state is based on assessments of the situation rather than direct feedback. Goal-

setting is generally not something that occurs momentarily, but often covers an extended 

period of time.  

Monitoring 
Activities at the monitoring level are mainly concerned with choosing objectives and acti-

vating plans for actions from the targeting layer.  In this way it differs from activities at the 

regulating level, which typically leads to direct actions or goals for the tracking loop. Ac-

tivities in the monitoring layer also concerns monitoring the state of the JCS, the location 

of the system or subsystems relative to reference points in the environment and indications 

of events, warnings and so on. 

Regulating 
The regulating loop provides input in terms of new goals and criteria for the tracking loop. 

It is also responsible for performing actions. Activities at this level may or may not require 

conscious attention and effort, and are generally the product of activity at the monitoring 

level. As such, it can involve both feedback and feedforward information. One example 

of activity at the tracking layer monitoring the position of the JCS or a subsystem relative 

to other moving elements in the environment. 

Tracking 
The tracking loop describes the activities required to keep the JCS within predefined per-

formance boundaries concerning, for example, safety and efficiency. Activities at this 

level are largely reactive and require very little to no conscious effort as they are often 

performed automatically.  Criteria for the activities at the tracking level are provided by 

the regulating level. 
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Figure 5. The Extended Control Model (ECOM). The relations between the four layers of control.  

As the model  in figure 5 illustrates, the performance of the four layers depend on each 

other, and the higher levels output serve as input for the lower levels.  

The functional characteristics of the different layers of control are summarised in table 1 

below (Hollnagel E. , 2015): 

 Targeting Monitoring Regulating Tracking 

Type of control involved Goal setting (feedfor-
ward) 

Condition monitor-
ing (feedback) 

Anticipatory (feedfor-
ward + feedback) 

Compensatory 
(feedback) 

Demands to attention High (concentrated) Low (intermittent) Low (intermittent) Non (pre-atten-
tive) 

Frequency of occurrence Low (preparations, 
re-targeting) 

Intermittent, but 
regular 

Medium to high (con-
text dependent) 

Continuous 

Information needs Past + (present) + 
future 

Past + present Present + future Present 

Table 1. The functional characteristics of the layers of the ECOM 
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3.6 Situation awareness (SA) 
Situation awareness can be defined as “the perception of the elements in the environment 

within a volume of time and space, the comprehension of their meaning and the projection 

of their status in the near future” (Endsley, 1999, p. 258). It is often thought of as an 

agent’s internalised mental model of the current state of affairs of the environment in 

which the agent operates. How this model looks and the state of it is the basis for all the 

decision that the agent makes. Or, in other words: our view of the world decides how we 

act. As such, it is extremely important that an ATCO can maintain a high level of SA. 

Should their mental model be flawed, outdated or simply incorrect it could have potentially 

dangerous consequences, as the decisions that it makes are based on a faulty view of the 

world. (Endsley, 1999) As searching for information in order to create SA requires visual 

attention, which is a limited resource in humans, it is likely that the size of the search area 

affects the ability to create SA (Möhlenbrink, 2011).  

A framework for studying SA in complex systems was developed by Lundberg (2015), 

arguing that, in order to obtain a holistic view of a systems SA, three aspects need to be 

considered: SA states, the SA process and the SA system. In this way, the framework dif-

fers from many previous notions of SA, which tend to focus either on SA solely in terms 

of states, process or system, but rarely all three combined. The framework views SA as a 

systems continuous process of collecting and analysing information using frames, resulting 

in different SA states. The three aspects are all interdependent and shape each other con-

tinuously. Therefore, in order to acquire a complete understanding of a systems SA, all 

three aspects need to be considered. (Lundberg, 2015) 

3.6.1 Situation awareness states 
The SA state describes the current state of the systems SA. This state can be described 

using four different aspects (Lundberg, 2015): 

 Objects: Any observed element, cue or piece of information that affects the situation, 

can help the system understand the situation, and have to be fitted into the applied 

frame. It could be anything from an aircraft or a landing strip to weather information. 

 Frames: Regards the way the system comprehends the situation. It can be thought of 

as a lens through which the situation is seen and helps guide the search for additional 

data in accordance with how the system perceives the situation. For example, a child 

with no previous experience of aircrafts might not understand what is going on if it 

sees a plane approach the ground at a steep angle in high speed, while an experienced 

former pilot will recognize it as a potential crash. The pilot then frames the situation 

as an ongoing crash, which shapes how he considers the situation. Frames are evoked 

by objects in the environment, and a system may harbour several frames simultane-

ously.  

 Implications: The conclusions that can be drawn from the observed objects given 

the applied frame. Using the plane crash example, the former pilot will recognize the 

situation as an ongoing crash and apply that as a frame, which leads him to the con-

clusion that people are in danger and that he should alert the authorities.  

 Event horizon: The timeline on which past and future events take place, as well as 

plans and expectancies for the future. All frames, implications and objects are situated 

on the event horizon. It is related to Endlseys (1999) third level of SA, “Projection of 

future status” [of the object]. 
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3.6.2 Situation awareness process 
The process of achieving SA is viewed as a cyclical process, inspired by Neisser’s percep-

tual cycle, which describes how we by using our perceptual systems, our ability to learn 

and interact with our environment create a mental model of the world around us (Neisser, 

1976; Lundberg, 2015). This model, our understanding of the world, allows us to make 

predictions about future developments based on what we currently know. As such, our 

SA guides our conscious attention and evokes scan patterns that we apply to the environ-

ment, and all new data discovered as a consequence of this may alter the model and the 

scan patterns (Lundberg, 2015). This is concurrent with the model of the ATC-monitoring 

task by Möhlenbrink and Papenfuss in figure 1, that shows how the ATCOs visual atten-

tion is guided by information from the environment which is then used to create a mental 

traffic picture which allows them to make predictions about future events.  

 

Figure 6. Situation awareness action-feedback loop. Borrowed with permission from Lundberg (2015). 

As such, SA will be continuously changing over time, affected by the new information that 

is sampled and the decisions/actions taken by the system. This process continuously re-

sults in six different systemic SA properties: 

 Task SA: The SA that is required to successfully carry out the present task of the JCS. 

 Buffering SA: The awareness of potential alternative accounts of the relevant situa-

tions. The buffering SA is dependent on the buffering capacity and the capacity for 

framing the unknown. 

 Team SA: The SA needed for members of a team to successfully carry out the tasks. 

 Meta SA: The knowledge of another person’s or systems SA. 

 Shared SA: Describes the extent to which members of a team share the same SA 

(which is important when taking over a task or monitoring a task being carried out). 

 Compatible SA: The degree to which different ways of framing a situation is com-

patible, rather than shared. 

 Transactional SA: The act of passing on aspects of SA to other parts of the JCS. 
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Finally, it must be noted that SA is not something permanent that can be achieved and 

then retained, but rather a fleeting, temporary, understanding of the situation. Therefore 

it is important that the system continually monitors the situation and updates the SA in 

accordance with new information. 

3.6.3 Situation awareness systems 
The system aspect of SA concerns “the location, distribution, and properties of SA in systems, and 

the SA-related functions of objects as parts of SA systems” (Lundberg, 2015, p. 9). Apart from 

being stored in a cognitive agent’s memory, SA can be distributed in the system, for ex-

ample by displaying information on screens. This may be beneficial, as information stored 

solely in a cognitive agents memory is subject to misrecall, memory decay and so on. If 

SA-relevant information is stored physically in the system instead, these risks are elimi-

nated and makes it accessible to other persons operating in the system. However, this 

means that the information has to be retrieved from the external world and stored in the 

memory of a cognitive agent, at least temporarily, while the information is being used to 

make decisions and so on. (Lundberg, 2015) 

Additionally, a SA system may need to integrate new system parts, temporarily or in a more 

permanent form, as the situation evolves.  As a consequence, when studying SA, it is im-

portant to consider how and where SA is stored and distributed, as the answer is seldom 

as simple as “in a person’s head”. If these things are not known, system designers may 

accidentally replace or remove SA critical elements inside the system, with potential acci-

dents as a result.   

The framework emphasises that all of these three aspects (states, process and systems) 

need to be considered if we want to get a holistic understanding of the system’s SA.  
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4. Method 
The following chapter will provide a description the overall qualitative methodological 

approach taken in this thesis, a detailed description of the data collection process and the 

analysis of said data. 

4.1  Methodological approach 
As one of the main aims of this study has been to create a better understanding of the 

challenges that may face an ATCO operating in a mRTC, the work presented in this thesis 

is based largely on the expert knowledge of skilled personnel working with and within the 

mRTC environment. In order to achieve this, a qualitative approach to the data has been 

chosen. Two main ways of collecting data was employed: observations of recorded video 

sessions and semi-structured interviews with domain experts in workshops. A description 

of this process can be found in the sections below.  

4.2 Creation of baseline scenario of ATCO operation in a mRTC 
The purpose of the baseline scenario was to provide a realistic scenario of how the work 

of an ATCO in a mRTC might look during daily operations without any disturbances. The 

goal was to depict how work was actually carried out, what Hollnagel (2012) refer to as 

work-as-done, rather than how it is described in official literature, which would be work-

as-imagined. As such, the scenario is as far as possible based on observations of work 

rather than literature. 

As there are no mRTCs in operation at the time of writing, this data comes from simula-

tions of work in a mRTC carried out and recorded by LFV for another study. Using the 

recordings of the simulations with eye tracking data projected upon the image, the author 

has studied nine different simulations of about 40-50 minutes each, using Tobii Studio 

software, where actual ATCOs work in a simulated mRTC environment carrying out the 

tasks just as they would in a real mRTC. In the scenarios, the two different ATCOs, both 

male with extensive experience as ATCOs, wore eye tracking glasses while performing the 

tasks as they would if they were in a real mRTC. They also had a microphone attached, 

which recorded their interactions with the pilots of the aircrafts. Unfortunately, recordings 

of the pilot’s interactions were unavailable. 

 

 

 

 

 

 

 

 

 



16 
 

In figure 7 below, a graphical model of the development process can be found, followed 

by a detailed description of the process: 

 

Figure 7. Graphical model of the baseline scenario development process.  

As can be seen in the model above, the analysis of the data began with the author studying 

the video recordings of the simulations and taking observation notes, as one would when 

observing a real life situation. This served to give the author an understanding of the set-

ting, the actions carried out and the meaning of these actions, which Patton (2002) con-

siders to be the main purpose of carrying out observations. By taking notes from record-

ings of the simulations and comparing them the author was able to identify a number of 

different reoccurring critical types of actions the ATCOs carried out during the sessions, 

such as giving landing clearances, takeoff clearances, communicating with ground vehicles, 

giving movement directions to pilots and providing them with weather information. The 

actions that were identified as the most common crucial actions include: 

 Checking weather information 

 Checking flight strips 

 Checking radar information 

 Checking outside view  

 Issuing landing clearances 

 Issuing takeoff clearances 

 Giving instructions to taxi 

 Communicating with ground vehicle 

 Giving driving instructions to ground vehicles 

 Giving clearances to approach 

 Setting altitude limitations 

 Requesting updates (position, progress, ready) 

 Giving instructions to line up 
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Having identified these actions, the author transcribed several scenarios in their entirety, 

which allowed him to verify that the actions identified above were commonly reoccurring 

in the transcriptions, and not just local occurrences. Using the transcriptions, the author 

then looked at with which frequency the actions occurred, how often they occurred in 

relation to each other, which actions seemed to sequentially follow each other and which 

kinds of actions could be executed in parallel. By tagging the sessions with bookmarks 

each time a certain action occurred, the author was able to appreciate how the different 

types of actions were related. For example, the author wanted to be able to introduce 

situations where the ATCO had to multitask, such as parallel landings and takeoffs, as that 

could be a situation where target fascination might occur. As can be seen in the excerpt 

from the transcription of a simulation in figure 23 below, those kinds of situations do exist 

in the data, and could thus be used in the baseline scenario. Similarly, all combinations of 

different actions and events in the baseline scenario can be observed in the simulations. 

Time Exchange 

10:10 ATCO: “SCANDINAVIAN154 good day wind 104 degrees 3 knots and continue ap-
proach” 

10:56 ATCO:”This is the tower in Kristianstad MEDIFLIGHT004 wants runway 01 instead and Ko-
town in about 5 minuts thanks” 
ATCO: “Det var Kristianstornet MEDIFLIGHT004 vill ha banan 01 istället och Kotown 5000 om 5 mi-
nuter ungefär tack” 

11:12 ATCO: “Thanks” 
ATCO: “Tack” 

11:20 ATCO: “Cera Victor Papa startup approved clearance to destination Hanoffe via run-
way 14 climb on heading 180 degrees altitude 5000 feet squawk code 0107 

11:57 ATCO: “Victor Papa correct” 

11:59 ATCO: “This is Halmstad” 

12:10 ATCO: “He is welcome” 

12:22 ATCO: “MEDIFLIGHT004 line up runway 01 via backtrack” 

12:32 ATCO: “SCANDINAVIAN154 Ängelholm clear to land” 

Figure 23. Excerpt from transcription of a simulation. The rows in bold signify the relevant interactions. 

In keeping with his, all actions and exchanges that are present in the scenario should be 

anchored in the data, as showed in figure 23 above. In some cases the ATCO spoke Swe-

dish with the pilots, in which cases the Swedish exchanges have been translated, but remain 

in Swedish and italic below the translation.  

In sections 4.2.1, 4.2.2 and 4.2.3 below, each of the major types of services that an ATCO 

performs that occur in the baseline scenario will be anchored in the data by showing ex-

cerpts from the transcriptions that demonstrate these actions. 

4.2.1 Landing and vacating runway 
In the figures below, three landing from the simulations have been transcribed. 

Time Exchange 

18:30  ATCO: “MIDSLANDS368  hello wind 347 knots continue approach” 

19:41  ATCO: “MIDLANDS368 wind 358 runway 19 clear to land” 

22:35 ATCO: “MIDLANDS368 backtrack and Alpha to apron  

Figure 9. Excerpt from transcription of a simulation of ATCO handling a landing. Please note that 

communication that took place between the first contact and the last interaction that is irrelevant for the 

example have been left out. 
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Time  Exchange 

30:32 ATCO: “SCANDINAVIAN181 wind 104 degrees 3 knots continue approach” 

31:05 ATCO: “SCANDINAVIAN181 runway 14 clear to land” 

34:26 ATCO: “SCANDINAVIAN181 vacate end fox to apron” 

Figure 10. Excerpt from transcription of a simulation of ATCO handling a landing. Please note that 

communication that took place between the first contact and the last interaction that is irrelevant for the 

example have been left out. 

Time  Exchange 

26:42 ATCO: “MIDLANDS360 continue approach runway 19er Kristianstad” 

28:07 ATCO: “BRITISHMIDLANDS360 Kristianstad wind is 15010 knots cleared to land 19er” 

30: 04 ATCO: “BRITISHMIDLANDS360 cleared in back track and Bravo vacate runway 360 
sorry vacate via Alpha 

Figure 11. Excerpt from transcription of a simulation of ATCO handling a landing. Please note that 

communication that took place between the first contact and the last interaction that is irrelevant for the 

example have been left out. 

As can be seen in figure 9, figure 10 and figure 11 above, the landing procedure follow a 

clear pattern. Upon having the aircraft enter the controlled airspace, the ATCO acknowl-

edges the aircraft and instructs it to continue its approach. Depending on the ATCOs 

workflow he will then, a few minutes later, grant it clearance to land at an assigned runway, 

and 2-3 minutes after he will instruct it to vacate the runway 

4.2.2 Startup, line up and takeoffs 
In the figures below, three startup procedures from the simulations have been transcribed. 

Time Exchange 

02:36 ATCO: “SCANDINAVIAN178 start approved clearance aralanda runway 14 via dkick alti-
tude 5000 feet squawk code 0260” 

05:35 ATCO: “SCANDINAVIAN178 to Ängelholm taxi holding point number 14” 

06:58 ATCO: ”SCANDINAVIAN178 dkick 5000 in five minutes” 
ATCO: “SKANDIAVISKA178 dkick 5000 om fem minuter” 

07:40 ATCO: “SCANDINAVIAN178 TO Ängelholm wind 127 runway 14 cleared for takeoff” 

Figure 12. Excerpt from transcription of a simulation of ATCO handling a takeoff. Please note that 

communication that took place between the startup and the takeoff that is considered irrelevant for the 

example have been left out. 

Time Exchange 

08:29 ATCO: “MEDIFLIGHT004 to Kristianstad hello start approved and clearance Bromma via 
runway 19 kotown if you prefer 01 is available for departure” 

105:56 ATCO: “This is the tower in Kristianstad MEDIFLIGHT004 wants runway 01 instad and ko-
town 5000 in about 5 minutes thanks” 
ATCO: “Det var Kristianstadtornet MEDIFLIGHT004 vill ha bana 01 istället och kotown 5000 om 5 
minuter ungefär tack” 

12:22 ATCO: “MEDIFLIGHT004 line up runway 01 via backtrack” 

15:12 ATCO: ”MEDIFLIGHT004 understood wind 250 degrees 3 knots runway 01 cleared for 
takeoff remain on frequency” 

16:50 ATCO: “MEDIFLIGHT004 contact control” 

Figure 13. Excerpt from transcription of a simulation of ATCO handling a takeoff. Please note that 

communication that took place between the startup and the takeoff that is considered irrelevant for the 

example have been left out. 
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Time Exchange 

25:18 ATCO: “NEXTJET209er startup is approved to Halmstad wind 170 degrees 5 knots and 
tune in 1024” 

25:35 ATCO: “NEXTJET209 startup approved Halmstad 150 degrees 10 knots temp 162.11 tune 
in 1024” 

25:54 ATCO: ”NEXTJET209er clearance Arlanda bedos 5000 feet squawk 0140 ” 

26:20 ATCO: “Then there’s Halmstad NEXTJET209 at time 33 thanks” 
ATCO: “Då har jag Halmstad NEXTJET209 klockan 33 tack” 

27:54 ATCO: “NEXTJET209er Halmstad taxi and line up 19er via Charlie and backtrack 

28:32 ATCO: “NEXTJET209er” report rolling at Halmstad 

31:48 ATCO: “209er cleared for takeoff” 

Figure 14. Excerpt from transcription of a simulation of ATCO handling a takeoff. Please note that 

communication that took place between the startup and the takeoff that is considered irrelevant for the 

example have been left out. 

In figure 12, 13, and 14 above, where the ATCO is handling a takeoff from one of his 

airports, there is significantly more interaction with the pilot than for the landings. The 

ATCO starts with granting a clearance for startup, assigns a runway and a clearance for 

destination. In the next step, sometimes with some communication with area control in 

between, the ATCO instructs the aircraft to taxi and line up at a specified location, fol-

lowed by a clearance for takeoff and weather information. 

4.2.3 Ground service 
In the figures below, examples from the simulations are given of an ATCO providing 

ground service to a vehicle working at the airport. 

Time Exchange 

06:12 ATCO: “387 Kristianstad drive out on runway for runway check” 
ATCO: “387 Kristianstad kör ut på banan för bankontroll” 

06:26 ATCO: “387 Kristianstad drive out on runway for runway check” 
ATCO: “387 Kristianstad kör ut på banan för bankontroll” 

09:57 ATCO: ”387 affirmative” 
ATCO: “387 uppfattat” 

15:32 ATCO: “387 Kristianstad how are you doing” 
ATCO: “387 Kristianstad hur går det för dig” 

15:47 ATCO: “387 Kristianstad” 

16:05 ATCO: ”That is understood, you will exit att Adam and report when you’re leaving 
ATCO: “Det är uppfattat, du får lämna via Adam och rapportera när du lämnar 

17:32 ATCO: “387 yes” 
ATCO: “387 ja” 

18:26 ATCO: “387 exit via Adam and report runway clear” 
ATCO: “387 lämna via Adam och rapportera banan fri” 

18:58 ATCO: “387 thanks” 
ATCO: “387 thanks” 

Figure 15. Excerpt from transcription of a simulation of ATCO providing ground service. Please note 

that communication that took place between the interactions that is considered irrelevant for the example 

have been left out. 

Time Exchange 

14:46 ATCO: “376 Ängelholm” 

14:57 ATCO: “376 Ängelholm drive out on runway for inspection” 
ATCO: “376 Ängelholmkör ut på banan för kontroll” 

17:51 ATCO: ”376 Ängelholm confirm that you have left and are situated at the taxiway” 
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ATCO: “376 Ängelholm bekräfta att du lämnat och är på taxibanan” 

18:00 ATCO: ”Affirmative, let me know when you’ve left on the apron 
ATCO: ”Uppfattat meddela när du lämnat på plattan” 

19:48 ATCO: “376 affirmative” 
ATCO: “376 uppfattat” 

Figure 16. Excerpt from transcription of a simulation of ATCO providing ground service. Please note 

that communication that took place between the interactions that is considered irrelevant for the example 

have been left out. 

As can be seen in the examples above, the amount of communication between the ATCO 

and the operator of the vehicle can differ significantly depending on the circumstances, 

and the procedure is not as fixed as it is for landings and takeoffs. However, giving driving 

directions and requesting status updates are a reoccurring theme and the actions are very 

goal-oriented.  

When the procedures for the different types of services had been established using the 

events in the data, exemplified in sections 4.2.1, 4.2.2 and 4.2.3, the author systematically 

grouped all the verbal exchanges by aircraft in order to see how much time passed between 

one action directed towards a certain aircraft and the next that tend to follow. Looking at 

the data, the time that passes between, for example, a clearance for startup and a clearance 

for takeoff does seem to have some variation, but there is definitely a pattern, as shown in 

the example below transcribed from two different simulations: 

Time Exchange 

30:05 ATCO: “MIDLANDS361 Kristianstad hello start approved and clearance to Arlanda via Ko-
town” 

37:13 ATCO: “MIDLANDS361 wind 150 degrees 3 knots runway 01 clear for takeoff” 

Figure 17. Excerpt from transcription of a simulation. Please note that communication that took 

place between the startup and the takeoff that is considered irrelevant for the example 

have been left out. 

Time Exchange 

31:50 ATCO: “NEXTJET209 Halmstad good day start approved clearance Arlanda via Bedos run-
way 19 for departure altitude 5000 feet squawk code 0140” 

38:37 ATCO: “NEXTJET209 Halmstad wind 150 degrees 10 knots runway 19 cleared for takeoff” 

Figure 18. Excerpt from transcription of a simulation. Please note that the communication that took 

place between the startup and the takeoff that is considered irrelevant have been left out. 

In the first scenario, the time between when MIDLANDS361 gets clearance for startup to 

takeoff is 07:08 minutes. In the second scenario the time between NEXTJET209s startup 

clearance and takeoff clearance is 06:47. In this specific simulation, the shortest time be-

tween startup and takeoff was 3:89 minutes, while the longest 7:08 minutes. As such, 7 

minutes was used as the approximate time for the whole takeoff procedure in the first 

instantiation of the scenario. 

Using all the collected data, a number of multiple separate scenarios were created, based 

on the events, actions and work procedures observed in the recordings and then analysed, 

described and demonstrated above. Each of these fictitious scenarios describe the work of 

an ATCO in a mRTC during a limited period of time and focus on the ATCOs work with 

one or a few aircrafts from the moment they become relevant to the ATCOs duties until 

the moment they no longer require the ATCOs attention. The scenarios were created in 

such a way that it would be possible to combine them into a longer scenario spanning an 
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extended period of time, which, when done, resulted in the baseline scenario. The whole 

combined scenario was then compared to simulated scenarios, in order to ensure that they 

shared the same basic outline. 

Once the first draft of the scenario had been completed, a workshop was held with an 

experienced simulation scenario designer and an ATCO with experience of mRTC simu-

lations at the Swedish Civil Aviation Administration, described in detail in section 4.4. The 

ATCO and the system designer was invited to read through the scenario carefully and then 

asked if they thought this was a realistic representation of an ATCOs work in a mRTC. 

They were also asked if they had any remarks, if anything seemed odd or if any crucial 

actions or elements appeared to be missing. Any feedback was then reviewed and imple-

mented into the scenario. 

After the workshop, the author received a detailed description of all the communication 

between an ATCO and an aircraft during takeoffs and landings, created by the ATCO 

during his actual work in a control tower. The author used this step-by-step description to 

create a generalised procedure which all landings and takeoffs would be modelled after, as 

it had been emphasised that these events followed a strict standardised procedure. In figure 

19 below, the generalised procedure for a startup is shown and in figure 20 the generalised 

procedure for a landing:  

Time Event 

00:00:00 Aircraft calls ATCO requesting startup and clearance 

09:00:10 ATCO gives clearance to startup, assigns a runway and provides weather information 

00:00:30 Aircraft reads back startup approved and runway in use 

00:00:40 ATCO gives clearance to destination, assigns an altitude restriction and a squawk code 

00:00:50 Aircraft reads back clearance 

00:06:00 Aircraft reports that it is ready to taxi 

00:06:05 ATCO gives clearance to taxi and instructs it to line up at assigned runway via a taxiway 

00:06:15 Aircraft reads back taxi clearance and starts taxi-ing 

00:08:45 ATCO observes Aircraft as it is lining up and gives clearance for takeoff 

00:08:55 Aircraft reads back takeoff clearance 

00:10:30 Aircraft is airborne, and ATCO instructs it to contact next controller and gives a frequency 

00:10:40 Aircraft reads back next frequency and switches to next controller 

Figure 19. Generalised communication between an ATCO and an aircraft during a startup. 

 

Time Event 

00:00:00 Aircraft calls ATCO, reporting that it has established approach towards a runway 

00:00:10 ATCO answers and instructs aircraft to continue approach 

00:02:10 ATCO reports weather information and gives clearance to land at specified runway 

00:02:20 Aircraft reads back runway and clearance to land 

00:06:50 ATCO instructs aircraft to taxi to apron via a taxiway 

Figure 20. Generalised communication between an ATCO and an aircraft during a landing. 

When comparing figure 19 and 20 above, it is once again obvious that there are consider-

ably fewer interactions between the ATCO and the pilot in a landing compared to a 

startup. Furthermore, some differences can be found in how a startup and landing is han-

dled in the simulated data (figure 12-14) and these generalised procedures (figure 19 and 

20). Both informants in the first workshop agreed that certain procedures in the first draft 

of the scenario (based solely on the simulations) did not represent the real work accurately 
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and found it hard to concentrate on the content in the scenario because of this. They 

pointed out that some actions were missing in the scenario, and that the time between 

different actions had been consciously sped up in order to put pressure on the ATCOs 

participating in the simulations. 

Because of this, the author decided to modify the scenario by adapting the landings and 

takeoffs to fit the generalised processes shown in figure 19 and figure 20. Mainly, this 

meant re-structuring the interactions slightly, for example the difference in when clearance 

to destination and altitude limitations is set in figure 12 and figure 19. It also meant altering 

the times between certain exchanges, for example the time between an instruction to con-

tinue approach and a clearance to land was given. As can be seen by comparing figure 17 

and 18 to figure 19, the entire takeoff process is several minutes shorter in the simulations, 

which is in line with the scenario designer’s remark that the simulations had been speed 

up consciously. However, caution was taken to avoid altering any events that had been 

identified as potential sources of target fascination during the workshop, as that could have 

affected the validity of the comparison between the first and the second workshop that 

was performed later. 

In figure 21 and 22 below, the difference in the startup process between the first draft of 

the baseline scenario and the revised version is illustrated. As can be seen, figure 22 con-

tains more information and the information exchange is structured slightly different than 

in figure 21. 

09:02:36 Pilot in NEXTJET 343 calls ATCO requesting clearance for startup. ATCO approves clearance for 
startup and informs that he will take off from runway 09. He gives an altitude of 5000 feet and 
the squawk code 0260. 

09:03:03 Pilot in NEXTJET343 reads information back and ATCO confirms. 

Figure 21. Startup for NEXTJET343 in first draft of the baseline scenario.  

09:02:36 NEXTJET343 calls ATCO requesting clearance and startup.  
ATCO checks weather information, outside view, radar and flight strips 

09:02:46 ATCO gives clearance for startup, provides wind information of 100 degrees and 5 knots and 
informs that he will take off from runway 09. Pilot in NEXTJET343 reads information back. 

09:03:13 ATCO gives clearance toward Arlanda. He gives an altitude of 5000 feet and the squawk code 
0260. Pilot reads back clearance, altitude and squawk code. 

Figure 22. Startup for NEXTJET343 in revised and final version of the baseline scenario. 

Using these generalised procedures in combination with and to complement the work ob-

served in the simulated scenarios, the completed baseline scenario was created. 

Once the baseline scenario had been created, the author categorised all the verbal ex-

changes between the ATCO and the pilots in accordance with theories of control and 

situation awareness. As such, all exchanges that related to control was categorised in ac-

cordance with the different levels of control described in ECOM, presented in section 3.5, 

while the exchanges that related to situation awareness was categorised in accordance with 

the different types of situation awareness outlined in Lundberg (2015) and described in 

section 3.6.2. The purpose of the categorisation was to be able to see what kinds of control 

that were exercised and which kinds of situation awareness that were generally relevant in 

this context. 
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Finally, a visual representation of the baseline scenario was created, shown in figure 23. 

The graphical representation was created by letting the horizontal axis denote the temporal 

dimension, and then placing boxes denoting the planes on this axis.  

4.2 Workshop 1 (with scenario designer and ATCO) 
In the first of the two workshops that were held to gather data, one ATCO and one sim-

ulation scenario designer, both from the Swedish Civil Aviation Administration. Both par-

ticipants were male and had several years of experience in the professions. The workshop 

began with the author introducing himself, target fascination as a phenomenon and the 

research being carried out. He then proceeded to explain that the session would be rec-

orded, but that their participation would be anonymous and that they were free to refrain 

from answering any question or to at any time choose to cancel their participation. 

He then presented them with the first draft of the baseline scenario, explained how it 

worked and asked them to read through it carefully. When both had signalled that they 

had finished reading, the author asked them if they had any remarks regarding the validity 

of the scenario, if they found anything odd or if there were any important actions missing. 

All the feedback were later reviewed and implemented in the final version of the scenario. 

However, the author was very cautious as to not change anything that could affect the 

target fascination moments that was identified later in the workshop. 

Once the scenario had been reviewed and discussed the author invited them to read 

through the scenario again, but to look for what they considered to be biggest risks for 

target fascination in the scenario. The author explained that the identified situation could 

concern one or several interactions between the ATCO and the pilots. These identified 

situations were then discussed between the participants and elaborated on at the author 

request. 

Having identified these situations where the participants identified the greatest risk for 

target fascination, the author proceeded to ask questions related to control (more specifi-

cally COCOM and ECOM) and situation awareness for each of the situations. The ques-

tions were the same for all the scenarios (for the purpose of being able to compare aspects 

of control and situation awareness in different situations), but the scenarios were handled 

one at a time in order to avoid any confusion.   

Once all the questions about the situations relating to control and situation awareness had 

been asked, the author asked them to elaborate on what they thought could bring about 

actual target fascination in the identified scenarios. The author explained that they were 

allowed to introduce new elements, not present in the scenario, in order to make a target 

fascination situation occur, for example a flock of birds distracting the ATCO.    

4.3 Creation of target fascination scenarios 
In workshop 1, described in section 4.2, the author asked the participants to identify what 

they considered to be the biggest risks for target fascination in the baseline scenario. After 

both had identified what they considered to be the biggest risk, the author encouraged 

them to elaborate on why they chose this particular event, what could cause target fasci-

nation to occur here and how such a situation could play out. 

Using this data, two new versions of the baseline scenario, called target fascination scenar-

ios, was created and target fascination was introduced into the scenario. For each of the 
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new versions some event that caused target fascination was introduced (based on the risks 

that were identified in the previous workshop), which altered the timeline from the original 

baseline scenario and created a situation that the ATCO had to deal with. It was important 

that the occurrences of target fascination in the new scenarios were based on data from 

the ATCO and the scenario designer, in order to ensure that the scenarios were plausible 

and would yield data that would be of use.  

Excerpts from the target fascination scenarios along with a description of what what 

caused them can be found in chapters 6. The target fascination scenarios in their entirety 

can be found in appendix I and appendix II. 

4.4 Workshop 2 (with ATCO)  
In the second workshop, where an ATCO participated, was the next and final step in the 

data collection process. The workshop began with the author describing the purpose of 

the workshop and the research being carried out. He then explained that the session would 

be recorded, but that participation would be anonymous and that the ATCO were free to 

at any time choose to cancel its participation or refrain from answering any question. 

The author then asked the ATCO to carefully read the revised version of the baseline 

scenario. Once the ATCO had finished, the author asked if the ATCO had any remarks 

regarding the validity of the scenario, if anything seemed odd and if the ATCO thought it 

could be a real life scenario. The ATCO replied that it had nothing to comment on and 

that the events in the scenario could have occurred in real work. 

After that, the author presented the ATCO with the first of the two target fascination 

scenarios, and asked the ATCO read it carefully, focusing particularly on the part where 

target fascination had been introduced. The author then asked the same questions regard-

ing control and situation awareness as it had asked about the baseline scenario in the first 

workshop, but this time directed towards the target fascination scenario. As the questions 

were exactly the same and directed towards the same events (but with target fascination 

introduced in the second workshop), this allowed the author to later compare the answers 

to the questions and see how target fascination affected control and situation awareness. 

Once this had been done for the first scenario, the process was then repeated for the 

second target fascination scenario.  
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5. Baseline scenario 
In this chapter the baseline scenario is presented. The scenario is first represented visually, 

in order to give the reader an appreciation of the temporal aspects of the scenario, followed 

by a detailed account of the events in the scenario. Each event in the scenario is also cat-

egorised in terms of levels of control (ECOM) and situation awareness.  

The baseline scenario of an ATCOs work in a mRTC environment presented below is 

meant to be an example of how the work of an ATCO might look under normal circum-

stances. This scenario spans a little more than thirty minutes and depicts the ATCO per-

forming several actions simultaneously, listed below: 

 Landing and startup 

 Startup, startup and ground service 

 Landing, landing and ground service 

In total there is three landings (FIN003, SAS161, NEXTJET151), three takeoffs 

(NEXTJET343, SAS132, MIDLANDS253) and one instance of ground service (Car 255). 

In figure 23 below the scenario is represented graphically. This graphical model does not 

contain all the information that the actual scenario does and cannot be used as a substitute, 

but is to be thought of as a complement to the scenario, which makes it easier for the 

reader to follow the events and their temporal relation. 

 

Figure 23. A graphical representation of the baseline scenario. Each box represents a ve-

hicle in the scenario, and the colour shows at which airport the vehicle is located. 

In figure 24 below as in figure 23 above, the yellow and turquoise colours signify two 

different airports that the ATCO is responsible for. The text written in italic signifies 
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something a pilot or driver of a vehicle does, while text written in roman signifies some-

thing the ATCO does. Furthermore, indented text preceded by a ○-bullet means that what 

follows is an action. Any text that is not indented signifies an interaction between an 

ATCO and a vehicle operator. The two far right columns in the figure contain the identi-

fied ECOM and SA properties of the scenario, which is used in the analyses. 

Time Event ECOM level Type of SA 

09:02:36 NEXTJET343 calls ATCO requesting clearance and 
startup.  

o ATCO checks weather information, out-
side view, radar and flight strips 

Monitoring 
Regulating  

Task SA 
Transactional SA 

09:02:46 ATCO gives clearance for startup, provides wind 
information of 100 degrees and 5 knots and in-
forms that he will take off from runway 09. Pilot 
in NEXTJET343 reads information back. 

Targeting TaskSA 
Transactional SA 
Shared SA 
Meta SA 

09:03:13 ATCO gives clearance toward Arlanda. He gives 
an altitude of 5000 feet and the squawk code 
0260. Pilot reads back clearance, altitude and squawk 
code. 

Targeting 
Regulating 

Task SA 

09:04:53 FIN003 calls reporting established approach towards 
runway 14.  ATCO answers and instructs FIN003 
to continue approach. 

o ATCO checks wind information, outside 
view, radar and flight strips. 

Monitoring 
Regulating 

Transactional SA 
Task SA 

09:06:51 ATCO calls FIN003, giving 100 degrees and 10 
knots and clears it for landing at runway 14. 
FIN003 reads back runway 09 clear to land. 

Targeting Transactional SA 
Shared SA 
Meta SA 

09:08:21 
 

NEXTJET343 calls reporting that it is ready to taxi. 
o ATCO checks outside view, radar and 

flight strips 

Monitoring 
Regulating 
 

Task SA 

09:08:26 ATCO gives NEXTJET343 clearance to taxi and 
lineup via Bravo. NETXTJET343 reads back clear-
ance.  

o ATCO monitors NEXTJET343 taxiing. 

Monitoring 
 

Task SA 
Transactional SA 
Meta SA 

09:09:20 o ATCO monitors FIN003s landing pro-
gress 

ATCO calls FIN003, instructing it to taxi on 
apron via Bravo. 
 

Monitoring 
Targeting 

Task SA 

09:10:57 o ATCO monitors NEXTJET343 taxiing. 
ATCO calls NEXTJET343 and gives takeoff 
clearance. NEXTJET343 reads back take off clear-
ance. 

Targeting 
Monitoring 

Task SA 
Meta SA 

09:11:32 ATCO calls NEXTJET343 instructing it to con-
tact next controller on frequency 37.3. 
NEXTJET343 reads back frequency. 

Targeting Transactional SA 
Meta SA 

09:11:48 Car 255 requests permission to cross runway to check the 
lights. ATCO grants clearance to approach via 
Caesar. 

o ATCO monitors Car 255 visually 

Monitoring 
Regulating 

 

09:12:25 SAS132 requests clearance and startup.  
o ATCO checks weather info, outside 

view, radar and flight strips 

Monitoring 
Regulating 
 

Task SA 
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09:12:36 ATCO grants SAS132 startup clearance via run-
way 09 and provides weather information. 
SAS132 reads information back.  

Targeting Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:13:08 ATCO gives SAS132 clearance to Kastrup, an al-
titude of 5000 feet and squawk code 0153. 
SAS132 reads back clearance. 

Targeting 
Regulating 

Task SA 
Shared SA 
Transactional SA 

09:14:43 Midlands253 requests clearance and startup.  
o ATCO checks weather information, out-

side view, radar and flight strips 

Monitoring 
Regulating 
 

Task SA 

09:14:53 ATCO grants clearance to startup, instructs that 
he will use runway 14 and provides weather in-
formation. Midlands253 reads back information. 

Targeting Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:15:21 ATCO gives Midlands253 clearance to destina-
tion Landvetter, assigns an altitude of 5000 feet 
and the squawk code 0503. Midlands253 reads back 
clearance. 

Targeting 
Regulating 

Task SA 
Shared SA 
Transactional SA 

09:18:11 SAS132 reports that it is ready to taxi. 
o ATCO checks outside view, flight strips 

and radar. 

Targeting 
Regulating 
 

Task SA 
 

09:18:16 ATCO gives SAS132 clearance to taxi and lineup 
runway 09 via Bravo. SAS132 reads back clearance. 

o ATCO monitors SAS132 taxi. 

Monitors Task SA 
Transactional SA 
Meta SA 

09:19:50 Car 255 calls the ATCO requesting further instructions. 
The ATCO instructs it to continue along Caesar 
and to maintain a distance of at least 50 meters 
from the runway 

o ATCO monitors visually and by radar, 
making sure that the distance is main-
tained. 

Regulating 
Monitoring 

Task SA 

09:22:33 o ATCO monitors SAS132 taxi. 
ATCO gives SAS132 clearance for takeoff. 
SAS132 reads back clearance. 

Monitoring Meta SA 
Task SA 

09:22:53 ATCO calls SAS132 instructing it to contact next 
controller on frequency 57.3. SAS132 reads back 
frequency. 

Targeting Task SA 
Meta SA 

09:23:03 Midlands253 reports that it is ready to taxi.  
o ATCO checks outside view, radar and 

flight strips 

Monitoring Task SA 

09:23:13 ATCO gives Midlands253 clearance to taxi and 
lineup runway 14. Midlands253 reads back clearance.   

Targeting Transactional SA 
Meta SA 

09:24:46 o ATCO monitors Midlands253 taxiing. 
ATCO gives Midlands253 clearance for takeoff. 
Midlands253 reads back clearance. 

Monitoring Task SA 
Meta SA 

09:25:00 ATCO instructs Midlands253 to contact next 
controller at frequency 69.8. Midlands reads back 
frequency. 

Targeting Transactional SA 
Meta SA 
 

09:25:11 SAS161 calls reporting established approach towards 
runway 09.  ATCO answers and instructs SAS161 
to continue approach. 

o ATCO checks wind information, outside 
view, radar and flight strips. 

Monitoring 
Targeting 
Regulating 
 
 

Task SA 
Meta SA 
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09:25:40 o ATCO monitors Car 255 visually. 
ATCO instructs Car 255 to repair a broken light 
at the side of the runway and to report when 
done 

Monitoring 
Targeting 

 

09:26:20 NEXTJET151 calls reporting established approach to-
wards runway 14. ATCO answers and instructs 
NETXJET151 to continue approach. 

o ATCO checks wind information, outside 
view, radar and flight strips. 

Monitoring 
Regulating 
 

Transactional SA 
Task SA 

09:26:25 o ATCO monitors Car 255s progress 
closely, as he cannot give NEXTJET151 
clearance to land until the runway is 
clear. 

Monitoring 
Regulating 
 

Task SA 

09:28:13 o ATCO checks wind information, outside 
view, radar and flight strips. 

ATCO gives SAS161 weather information of 100 
degrees, 10 knots and clearance to land at runway 
09. SAS161 reads back clearance to land. 

Monitoring 
Regulating 
 

Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:29:02 Car 255 reports that it is done repairing the broken light. 
The ATCO instructs it to follow the same path on the 
way back. 

o ATCO monitors visually until the run-
way is clear. 

Monitoring 
Regulating 
 

Transactional SA 
Task SA 

09:29:53 o ATCO checks weather information, out-
side view, flight strips and radar. 

ATCO gives NEXTJET151 weather information 
of 60 degree, 6 knots and clearance to land at 
runway 14. NEXTJET151 reads back clearance. 

Monitoring 
Regulating 
 

Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:30:01 o ATCO monitors SAS161s landing pro-
gress 

ATCO calls SAS161, instructing it to taxi on 
apron via Alpha. 

Monitoring 
Targeting 

Task SA 

09:31:15 o ATCO monitors NEXTJET151s landing 
progress 

ATCO calls NEXTJET151, instructing it to taxi 
on apron via Alpha. 

Monitoring 
Targeting 

Task SA 

Figure 24. The baseline scenario of work in a mRTC.  
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6. Target fascination in baseline and target fascination scenarios 
This chapter contains two excerpts (figure 25 and figure 27) from the baseline scenario 

(figure 24), identified by the experts in the first workshop as the most likely places for 

target fascination to occur. Each of these two excerpts is followed by an excerpt (figure 

26 and figure 28) from one of the two target fascination scenarios (found in appendix I 

and appendix II). Each of the excerpts from the target fascinations corresponds towards 

the excerpts from the baseline scenario, but has had target fascination introduced into 

them, as described in section 4.3. To the far right in the target fascination scenarios (figure 

25 and figure 25) there is a column describing when the target fascination occurs and how 

it affects the ATCOs work. 

 In the chapters following this one, these excerpts from the baseline scenario will be ana-

lysed using COCOM, ECOM and the situation awareness framework outlined in section 

3.6. The same models and framework will then be applied to the corresponding excerpts 

from the target fascination scenarios, allowing the author to analyse what effect target 

fascination has on control and situation awareness.  

6.1 Scenario 1 
In scenario 1, the first excerpt from the baseline scenario, identified by the participants in 

workshop 1 as a potential risk for target fascination, will be presented. Following this cor-

responding scenario from the first target fascination scenario (appendix I) will be pre-

sented. 

6.1.1 Identified moment in baseline scenario 
Time Event 

09:25:40 o ATCO monitors Car 255 visually. 
ATCO instructs Car 255 to repair a broken light at the side of the runway and to report 
when done 

09:26:20 NEXTJET151 calls reporting established approach towards runway 14. ATCO answers and in-
structs NETXJET151 to continue approach. 
ATCO checks wind information, outside view, radar and flight strips. 

09:26:25 ATCO monitors Car 255s progress closely, as he cannot give NEXTJET151 clearance to 
land until the runway is clear. 

09:28:13 o ATCO checks wind information, outside view, radar and flight strips. 
ATCO gives SAS161 weather information of 100 degrees, 10 knots and clearance to land at 
runway 09. SAS161 reads back clearance to land. 

09:29:02 Car 255 reports that it is done repairing the broken light. The ATCO instructs it to follow the same path 
on the way back. 
ATCO monitors visually until the runway is clear. 

09:29:53 ATCO checks weather information, outside view, flight strips and radar. 
ATCO gives NEXTJET151 weather information of 60 degree, 6 knots and clearance to 
land at runway 14. NEXTJET151 reads back clearance. 

Figure 25. Baseline scenario excerpt 1. First moment identified as risk for target fascination. 
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6.1.2 Corresponding moment in target fascination scenario 1 
Time Event Consequences of target fascination 

09:25:40 o ATCO monitors Car 255 visually. 
ATCO instructs Car 255 to repair a broken light 
at the side of the runway and to report when 
done 

 

09:26:20 NEXTJET151 calls reporting established approach to-
wards runway 14. ATCO answers and instructs 
NETXjet151 to continue approach. 

o ATCO checks wind information, outside 
view, radar and flight strips. 

 

09:26:25 ATCO monitors Car 255s progress closely, as he 
cannot give NEXTJET151 clearance to land until 
the runway is clear. 

The ATCO becomes fascinated with 
Car 255s progress, causing it to moni-
tor the situation longer than it normally 
would have. 

09:28:21 SAS161 calls ATCO asking if it is cleared to land or if 
it should begin ascent and retry the landing. It expected to 
have been given a landing clearance as it approached the 
runway for landing, as is customary. The ATCO, who 
had been fully focused on making sure Car 255 at 
the other airport was gone before NEXTJET151 
arrived had temporarily forgotten about SAS161. 

Since the ATCO is fascinated, it fails to 
monitor SAS161s progress and the 
conditions at airport 1, which is why no 
landing clearance is issued, as it is in 
the baseline scenario in figure 21. As a 
consequence, SAS161 contacts the 
ATCO, thus breaking the fascination. 

09:28:40 o ATCO checks wind information, outside 
view, radar and flight strips 

ATCO gives SAS161 weather information of 100 
degrees, 10 knots and clearance to land at runway 
09. SAS161 reads back clearance to land 

The ATCOs fascination is broken and 
it takes steps to return to normal oper-
ations. As can be seen, these exact ac-
tions are performed in figure 21, but at 
an earlier stage, as the ATCO was not 
fascinated in that case. 

09:29:02 Car 255 reports that it is done repairing the broken light. 
The ATCO instructs it to follow the same path 
on the way back. 

o ATCO monitors visually until the run-
way is clear. 

 

09:29:53 o ATCO checks weather information, out-
side view, flight strips and radar. 

ATCO gives NEXTJET151 weather information 
of 60 degree, 6 knots and clearance to land at 
runway 14. NEXTJET151 reads back clearance. 

 

Figure 26. Target fascination scenario 1 excerpt. Corresponding moment in target fascination scenario 1. 

As can be seen, figure 25 and figure 26 above depict largely the same events. However, in 

figure 26 there is an element of target fascination present, which changes the timeline 

somewhat. The major difference between them is that in figure 26, the ATCO becomes 

fascinated with Car 255s progress and consequently forgets to monitor SAS161 and give 

it clearance to land, which is why SAS161 calls the ATCO at 09:28:21. 

6.2 Scenario 2 
In scenario 2, the first excerpt from the baseline scenario, identified by the participants in 

workshop 1 as a potential risk for target fascination, will be presented. Following this, the 

corresponding scenario from the first target fascination scenario (appendix II) will be pre-

sented. 
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6.2.1 Identified moment in baseline scenario 
Time Event 

09:25:11 SAS161 calls reporting established approach towards runway 09.  ATCO answers and instructs 
SAS161 to continue approach. 
ATCO checks wind information, outside view, radar and flight strips. 

09:25:40 o ATCO monitors Car 255 visually. 
ATCO instructs Car 255 to repair a broken light at the side of the runway and to report 
when done 

09:26:20 NEXTJET151 calls reporting established approach towards runway 14. ATCO answers and in-
structs NETXJET151 to continue approach. 
ATCO checks wind information, outside view, radar and flight strips. 

09:26:25 ATCO monitors Car 255s progress closely, as he cannot give NEXTJET151 clearance to 
land until the runway is clear. 

09:28:13 o ATCO checks wind information, outside view, radar and flight strips. 
ATCO gives SAS161 weather information of 100 degrees, 10 knots and clearance to land at 
runway 09. SAS161 reads back clearance to land. 

09:29:02 Car 255 reports that it is done repairing the broken light. The ATCO instructs it to follow the same 
path on the way back. 
ATCO monitors visually until the runway is clear. 

09:29:53 o ATCO checks weather information, outside view, flight strips and radar. 
ATCO gives NEXTJET151 weather information of 60 degree, 6 knots and clearance to 
land at runway 14. NEXTJET151 reads back clearance. 

09:30:01 o ATCO monitors SAS161s landing progress 
ATCO calls SAS161, instructing it to taxi on apron via Alpha. 

09:31:15 o ATCO monitors NEXTJET151s landing progress 
ATCO calls NEXTJET151, instructing it to taxi on apron via Alpha. 

Figure 27. Baseline scenario excerpt 2. Second moment identified as risk for target fasci-

nation. 

6.2.2 Corresponding moment in target fascination scenario 2 
Time Event Consequences of target fascination 

09:25:11 SAS161 calls reporting established approach towards 
runway 09.  ATCO answers and instructs SAS161 
to continue approach. 

o ATCO checks wind information, outside 
view, radar and flight strips. 

 
 

 

09:25:40 o ATCO monitors Car 255 visually. 
ATCO instructs Car 255 to repair a broken light 
at the side of the runway and to report when 
done 

 

09:26:20 NEXTJET151 calls reporting established approach to-
wards runway 14. ATCO answers and instructs 
NETXjet151 to continue approach. 

o ATCO checks wind information, outside 
view, radar and flight strips. 

 

09:26:25 o ATCO monitors Car 255s progress 
closely, as he cannot give NEXTJET151 
clearance to land until the runway is 
clear. 

 

09:28:13 o ATCO checks wind information, outside 
view, radar and flight strips. 

ATCO gives SAS161 weather information of 100 
degrees, 10 knots and clearance to land at runway 
09. SAS161 reads back clearance to land. 
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09:29:02 Car 255 reports that it is done repairing the broken light. 
The ATCO instructs it to follow the same path 
on the way back. 

o ATCO monitors visually until the run-
way is clear. 

 

09:29:32 o ATCO looks at outside view and sees 
that SAS161 has cancelled its landing and 
is now ascending. 

ATCO repeatedly tries to contact SAS161 asking 
for a status update but gets no answer. 

ATCO becomes fascinated when 
SAS161 suddenly cancels its landing. 

09:29:54 SAS161 responds to ATCOs call, that there were tech-
nical difficulties in the cockpit that they were trying to fig-
ure out. ATCO and SAS161 continue dialogue in 
order to plan SAS161s movements. 

The ATCO’s focus remains in SAS161. 
In the baseline scenario it was monitor-
ing NEXTJET151 and giving it clear-
ance to land at this point, but the 
ATCO is so focused on SAS161 that it 
forgets about its other duties.  

09:30:53 NEXTJET151 calls ATCO asking if it is cleared to 
land or if it should begin ascent and retry the landing. It 
expected to have been given a landing clearance as it ap-
proached the runway for landing, as is customary. The 
ATCO had directed all his attention towards 
SAS161 after its unexpected ascent and forgotten 
to monitor NEXTJET151. 

NEXTJET151 wonders why it has not 
been cleared to land and contacts the 
ATCO, thus breaking the fascination. 

09:31:01 The ATCO tells SAS161 to circle the airport and 
report when progress is made. 

In order to buy time to deal with 
NEXTJET151 SAS161 are temporarily 
left unmonitored. 

09:31:14 o ATCO checks weather information, out-
side view, flight strips and radar. 

ATCO gives NEXTJET151 weather information 
of 60 degree, 6 knots and clearance to land at 
runway 14. NEXTJET151 reads back clearance. 

ATCO takes steps to return to normal 
operations. 

09:33:15 o ATCO monitors NEXTJET151s landing 
progress 

ATCO calls NEXTJET151, instructing it to taxi 
on apron via Alpha. 

 

09:34:01 SAS161 reports that the problems have been dealt with 
and that they are ready for landing. 

The cause of the target fascination has 
been dealt with. 

09:34:25 o ATCO checks wind information, outside 
view, radar and flight strips. 

ATCO gives SAS161 weather information of 100 
degrees, 10 knots and clearance to land at runway 
09. SAS161 reads back clearance to land 

Operations return to normal. 

09:37:12 o ATCO monitors SAS161s landing pro-
gress 

ATCO calls SAS161, instructing it to taxi on 
apron via Alpha. 

 

Figure 28. Target fascination scenario 2 excerpt. Corresponding moment in target fascination scenario 2. 

As can be seen, figure 27 and figure 28 above depict largely the same events. However, in 

figure 28 there is an element of target fascination present, which changes the timeline 

somewhat. The major difference between them is that in figure 28, the ATCO becomes 

fascinated when SAS161 cancels its landing and begins ascent at 09:29:32, causing it to 

forget to monitor NEXTJET151. 
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7. COCOM 
In this chapter, the COCOM aspects of the baseline scenario and the target fascination 

scenarios shown in chapter 6 will be accounted for and analysed. It is divided into two 

main sections, one for scenario 1 (section 6.1) and one for scenario 2 (section 6.2). 

First, all answers from the workshop participants to the questions relating to COCOM 

that was asked for both versions of scenario 1 will be presented. When all questions have 

been answered, the process will be repeated for scenario 2.  Once all the questions for all 

the scenarios have been answered, an analysis of how target fascination seemed to affect 

the ATCOs level of control in the scenarios, followed by the conclusions that can be drawn 

from both analyses. Please note that the answers below are not quoted verbatim; they have 

been edited by the author, with care taken not to changing their meaning, in order to make 

them easier to interpret for the reader. 

7.1 Questions and analysis of scenario 1 
In this section, the answers to and questions asked regarding scenario 1 (figure 25 and 

figure 26) will be accounted for. Following this, an analysis of the answers using the con-

textual control model (COCOM) will be presented.  

Question 1: To which degree do you think that the ATCO is aware of what will happen next and is able 
to adjust its actions accordingly? 

Baseline scenario (6.1.1) Target fascination scenario (6.1.2) 

The ATCO is largely aware of what is going to 
happen next, it can us its flight strips and radar to 
predict future events. 

It is likely that the fact that the ATCO gets fasci-
nated with Car 255 prevents it from forming a 
picture of what is going to happen next, as all at-
tention is directed towards the car. 

Question 1. 

Question 2: Is the ATCO actions previously planned or are they made in the moment? 

Baseline scenario (6.1.1) Target fascination scenario (6.1.2) 

The actions are previously planned and part of the 
ATCOs plan. When everything goes according to 
plan there should be no need to short term ac-
tions. 

The executed actions were planned ahead, but was 
not given at the planned moment as time became 
a complicating factor, forcing the ATCO to act. 
Instead of controlling the events the ATCO has to 
adapt to the situation. 

Question 2. 

Question 3: How is the ATCO understanding of the current situation? Is it sufficient or deficient?  

Baseline scenario (6.1.1) Target fascination scenario (6.1.2) 

It is very good. The ATCO has access to all neces-
sary information. 

The ATCO does not have a complete comprehen-
sion of the situation. As the ATCOs attention is 
directed towards airport 2 and the car its under-
standing of the situation at airport 1 is limited.  

Question 3. 

Question 4: To which extent does the ATCO have the capability to deal with surrounding circum-
stances outside of its control? 

Baseline scenario (6.1.1) Target fascination scenario (6.1.2) 

As the situation requires active monitoring from 
the ATCO its resources to deal with other events 
is limited. If anything else should happen, landing 
NEXTJET151 would no longer be a priority. 

As the ATCO has all its attention directed to-
wards Car 255 and is paying no attention to other 
aspects of the work the ability is very limited. 

Question 4.  
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Question 5: To which degree does time affect the ability to make decisions? 

Baseline scenario (6.1.1) Target fascination scenario (6.1.2) 

Somewhat, as time is a factor in this scenario. If 
NEXTJET151 was not approaching the runway 
for landing, the ATCO would not have to monitor 
Car 255s progress as closely. 

The decisions that are taken would probably be 
taken even if times was not a constraining factor, 
but would probably have been executed at an ear-
lier stage. The ability to make decisions is not con-
siderably affected, but rather the ability to execute 
them. 

Question 5. 

Question 6: Are the actions executed in order to achieve long term or short term goals?  

Baseline scenario (6.1.1) Target fascination scenario (6.1.2) 

The actions are executed in order to achieve long 
term goals. In this situation there is no need for 
taking any risks to achieve short term goals. 

Both. The ATCO wants to make sure that Car 
255 finishes its repairs, which is a long term goal. 
However, the actions direct towards airport 1 are 
executed with short term goals in mind. 

Question 6. 

7.1.1 COCOM analysis scenario 1 
In the baseline scenario, it seems that the ATCO operates mainly in the highest degree of 

control in COCOM: the strategic control mode. The ATCO is aware of the facts of the 

current situation and to some degree of what will happen in the immediate future, as is 

shown in question 1 and 3. Its actions are based on familiar procedures and serve to 

achieve higher level goals rather than short term goals (question 6). However, as time be-

comes somewhat of a factor when NEXTJET151 is approaching the runway where Car 

255 is repairing the lights and this, to some extent, affects the ATCOs attention span there 

are moments when the level of control descends towards the opportunistic control mode, 

as seen in question 4 and 5.  

In the target fascination scenario the level of control exercised seems to be a mix of op-

portunistic and tactical control. To some extent, the ATCO does follow a familiar proce-

dure and considers long terms effects of its actions (question 6). However, some actions 

seem to be executed based solely on short term gain (question 6). There is also a lack of 

planning and understanding of the current situation (questions 1 and 3), which are features 

of the opportunistic control mode. Taking into account the fact that the executed actions 

were planned ahead and that the actions would very likely have been the same even without 

time being such a critical factor it therefore seems like a mix of opportunistic and tactical 

control is exercised.  

Looking at the control exercised in the two scenarios it seems apparent that the level of 

control in the target fascination scenario is somewhat lower than in the baseline scenario. 

The largest difference seems to lie in the ATCOs holistic understanding of the situation at 

the airport under its control. In the baseline scenario, the ATCO is fully aware of the 

situation at both airports and accesses all available information. In the target fascination 

scenario, the fascination with Car 255 prevents the ATCO from accessing the information 

about what is going on in airport 1, even if the information is perceptually available. This 

is hardly surprising, given the nature of target fascination, but it is something that affects 

the ability to exercise control.  The awareness of the situation at airport 1 is regained when 

SAS161 contacts the ATCO, breaking its fascination with Car 255 and alerting it to devel-

opments in the rest of the JCS. 
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There also seems to be a delay in the execution of the actions that the ATCO had planned 

to carry out (question 2 and question 5). This delay, caused by the target fascination, caused 

other parts of the JCS to act (in this case the pilot of NEXTJET151), which led to the 

execution of the previously planned actions. 

Interesting to note is that although the actions are delayed, the actions that are executed 

does not seem to vary considerably between the two scenarios. Despite the fact that the 

situation is more critical in the target fascination scenario and the ability to maneuver more 

limited the actions remain the same, and more importantly the ones that were planned by 

the ATCO before the target fascination occurred.  

The fact that the ATCO was able to carry out his duties more or less in exactly the same 

manner that it would in a normal situation is likely due to the high degree of familiarity 

with the procedures involved in a landing. Updating its situation awareness and giving a 

landing clearance does not entail a high mental workload for the ATCO, which allows it 

to give SAS161 the landing clearance even though most if its attention is directed towards 

airport 2. That an ATCO acts largely in the same way in a target fascination scenario as 

during regular work is likely a good sign, and a testament to the robustness of the system. 

In conclusion, in this scenario, target fascination seems to mainly affect the ATCOs situ-

ation awareness and thus its ability to execute its previously planned actions at the appro-

priate moment. This entails a temporary decrease in control from a mainly strategic control 

mode to an opportunistic control mode. However, when made aware of the developments 

within the JCS the ATCO quickly updates its situation awareness and regains a higher level 

of control over the system, without ever completely losing control over the system. 

7.2 Questions and analysis of scenario 2 
In this section, the answers to and questions asked regarding scenario 2 (figure 27 and 

figure 28) will be accounted for. Following this, an analysis of the answers using the con-

textual control model (COCOM) will be presented.  

Question 1: To which degree do you think that the ATCO is aware of what will happen next and is able 
to adjust its actions accordingly? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

The ATCO is largely aware of what is going to 
happen in the immediate future. It has access to 
all planned movements in the area and can adjust 
its actions accordingly. 

Extremely limited. The ATCO had no way of 
foreseeing that SAS161 would cancel its landing, 
and initially does not know the reason why. 

Question 1. 

Question 2: Is the ATCO actions previously planned or are they made in the moment? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

As it is a normal situation the ATCOs actions are 
planned beforehand and follow the standard pro-
cedure. 

The ATCOs actions are adapter to the new situa-
tion and not previously planned, as it could not 
foresee SAS161s ascent. Priority is moved from 
landing the aircraft to accommodating to the pi-
lot’s needs. 

Question 2. Opportunistic 
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Question 3: How is the ATCO understanding of the current situation? Is it sufficient or deficient?  

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

The ATCO has a very good understanding of the 
current situation.  

From the moment that SAS161 begins ascent until 
the moment that they establish contact the ATCO 
has a limited understanding of the situation. The 
ATCO likely questions himself initially; if the pilot 
saw something on the runway that the ATCO 
missed and so on. Once contact has been estab-
lished, the understanding of the situation is re-
stored. 

Question 3. 

Question 4: To which extent does the ATCO have the capability to deal with surrounding circum-
stances outside of its control? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

The capability to deal with surrounding circum-
stances is fairly good. The ATCO is just monitor-
ing the developments in the JCS, leaving plenty of 
capacity to deal with anything unexpected.  

As the ATCOs attentional resources are largely 
spent the capacity to deal with further complexity 
is very limited. If the situation had been ongoing 
for an extended period of time, the ATCO would 
likely have postponed all other traffic in both air-
ports in order to deal with the situation without 
additional disturbances. 

Question 4.  

Question 5: To which degree does time affect the ability to make decisions? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

Not at all, there is no time pressure in this sce-
nario. 

Time is a limiting factor, to some degree. When 
SAS161s begins ascent and the ATCO has to fig-
ure out what is happening time passes by, limiting 
the selection of actions as time passes. 

Question 5. 

Question 6: Are the actions executed in order to achieve long term or short term goals?  

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

As there is nothing extraordinary about the situa-
tion actions are carried out with long term goals in 
mind. 

Actions are carried out with short term goals in 
mind, where the first priority is to accommodate 
to SAS161s immediate needs. However, these 
short term goals are necessary steps in achieving 
higher level goals. 

Question 6. 

7.2.1 COCOM analysis scenario 2 
The level of control in the baseline scenario is very high, fulfilling all the criteria for the 

strategic control mode. The ATCO performs actions with the goal of achieve higher level 

goals for the systems, and the decisions are based on dependencies between multiple goals 

rather than the immediate surroundings. It is not constrained by a lack of time or poor 

understanding of the situation, and it has an idea of how the situation will develop in the 

future. 

In the target fascination scenario the situation is slightly different. Initially, the ATCO has 

lack of understanding for the current situation, as it is not aware of why SAS161 cancelled 

its landing. As the situation changes rapidly, the actions required to deal with it are not 

planned in advance, and to some extent time is a limiting factor. These are all characteris-

tics of the opportunistic control mode. However, unlike systems operating fully in the 



37 
 

opportunistic mode, the actions of the JCS are not ineffective. All the actions that are 

performed lead to direct improvements of the situation, and it is resolved swiftly. Although 

the actions are mainly oriented towards achieving short term goals, they do to some ex-

tended go beyond the immediate needs, as the short term goals are contributing to achiev-

ing higher level goals. Also, although the planned actions have to be abandoned in favour 

of actions more suited to the new situation, these new actions to some extent follow a 

familiar procedure. As such, the control exercised appears to be a mix of opportunistic 

and tactical. 

Once again, there appears to be a difference in the level of control in the baseline scenario 

and target fascination scenario. While the JCS in the baseline scenario operates under the 

highest level of control, the JCS in the target fascination scenario dips towards a mix of 

tactical and opportunistic.  

One of the biggest differences lies in the ATCOs understanding of the current situation, 

and thus what is going to happen in the immediate future. In the baseline scenario every-

thing goes according to the ATCOs plans and follows the standard procedure, which 

means that the ATCO always knows what has happened and what the next step is going 

to be. In the target fascination scenario, the ATCO has no idea why SAS161 suddenly 

cancelled its landing and began an ascent. At first it therefore questions itself, checking the 

runway for obstacles it might have missed and the flight strips for vehicles on the track 

(question 3). Once contact is established between the ATCO and the pilot in SAS161, a 

large portion of the understanding of the situation, and therefore control, is regained. 

However, as it is not aware of if the technical difficulties in SAS161’s cockpit can be fixed, 

uncertainty is still a factor.  

As a consequence of the sudden change in the situation, there is also a difference in the 

degree to which the ATCOs actions are planned beforehand. In the baseline scenario eve-

rything follows the standard procedure outlined in figure 20, but in the target fascination 

scenario the ATCO has to rapidly change its plan for the immediate future and adapt to 

the new situation (questions 2).  In this situation, the ATCOs priority is changed from in 

an effective manner landing the incoming aircrafts in a safe way to making sure that the 

pilot of SAS161 can identify and handle the technical difficulties in the best possible man-

ner. 

Another difference is the capability to deal with surrounding circumstances. During regular 

work when everything follows standard procedures, as in the baseline scenario, the ATCO 

is under low mental workload and has additional resources should something occur that 

requires its attention. In the target fascination scenario, these resources are considerably 

smaller. Initially, the ATCO has target fascination and focuses all its attention towards 

SAS161 and does not sample any of the perceptually available information about the situ-

ation as a whole. Once contact has been established between SAS161 and the ATCO, 

some of these resources are freed, but it is still very focused on SAS 161. When 

NEXTJET151 calls asking if it is cleared to land the ATCO instructs SAS161 to circle the 

area, freeing the ATCOs resources further, allowing it to deal with other situations. As 

such, while the ATCOs ability to deal with other situations increase continually it is still in 

a worse position than in the baseline scenario (question 4). 

It also seems that even though some actions in the target fascination scenario are consid-

ered to be executed in order to achieve short term gain, they also play a part in achieving 
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higher level goals. Actions such as telling SAS161 to circle the area while it tries to identify 

the malfunction in the cockpit does not directly help achieve a higher level goal such as 

landing the aircraft safely, but given the situation it can be considered a necessary step in 

the process leading up to the landing. 

In conclusion, it seems that the target fascination affects most aspects of control in this 

scenario. It impacts the ATCOs understanding of the current situation, its ability to predict 

the immediate future and its buffering capacity. Despite this, the JCS never seems to lose 

control to any greater degree for any extended period of time. At worst, the ATCO has to 

make decisions based on the immediate surroundings instead of on goal based dependen-

cies. Once the ATCOs understanding of the situation is regained, however, a large portion 

of the control is regained and steps can be taken to remedy the situation. 

7.3 COCOM analysis conclusions 
A number of conclusions can be drawn from the comparative analyses in sections 7.1.1 

and 7.2.1: 

1. During regular work ATCOs operate at a very high degree of control 

2. Target fascination lowers the ATCOs control mode 

3. The biggest change between the baseline scenario and the target fascination scenarios 

lies in the ATCOs holistic understanding of the situation 

4. Control is regained relatively fast once the new situation is understood 

Comparing the two target fascination scenario excerpts with the baseline scenario excerpts, 

the first point seems fairly obvious. In both the excerpts from the baseline scenario the 

ATCO works within the strategic control mode, making decision based on high level goals 

and goal dependencies with a solid understanding of the current situation. In both the 

target fascination scenarios, the level of control drops to a mix of tactical and opportunistic 

control, with the first being the dominating but with elements of opportunistic control 

present. As such, despite the fact that the ATCO becomes fascinated and has a lowered 

level of control, there is never any real risk of losing control over the JCS as a whole and 

entering a situation where there is risk for material or personal damage. 

The fact that the level of control in both target fascination scenarios is a mix of tactical 

and opportunistic control is interesting. The opportunistic elements seem to be mainly a 

product of the loss of situation awareness that is a natural part of target fascination. This 

loss of situation awareness entails a lowered ability to predict the immediate future, which 

is important for planning. Apart from this, the work to a high degree still follow a familiar 

procedure and even though some actions seems to be executed with short term goals in 

mind these actions are still a part of the process of achieving high level goals.   

As mentioned in point two, the biggest casualty among the elements of control in both 

the scenarios seems to be the understanding of the current situation. In scenario 2 SAS161s 

sudden ascent makes the ATCO lose some of its understanding of the situation, but that 

is a natural consequence of the sudden changes outside of the ATCOs control and cannot 

be attributed to target fascination. The loss of situation awareness that occurs as a conse-

quence of this unexpected ascent and as a consequence of the action dependencies in 

scenario 2, however, definitely seem to be the direct product of target fascination. As the 

ATCO becomes so preoccupied with the target of its fascination (Car 255 in scenario 1 
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and SAS161 in scenario 2), it does not sample the rest of the information that is available, 

thus losing its understanding of the picture as a whole. 

As well as a loss of situation awareness, the target fascination also seems to entail a loss of 

the ability foresee the immediate future, and therefore to plan actions in advance. Accord-

ing to the experts in the workshops, always being “one step ahead” is an important part of 

being an ATCO, so a loss of being able to plan in advance certainly has a negative impact. 

This forces the ATCO to base decisions solely on information available in the environ-

ment at the moment, which changes the process from a mix of feedback and feedforward 

control to a strictly feedback-based process. While a mix of feedforward and feedback 

control is a characteristic of higher levels of control such as tactical and strategic, strictly 

feedback based control indicates opportunistic control (or in extreme cases scrambled 

control). However, as mentioned in the third point, these dips into strictly feedback based 

control seem to be temporary occurrences that pass quickly. 

The last implication of the loss of SA that affects the control is the capability to deal with 

surrounding circumstances. This ability is high in both excerpts from the baseline scenario 

than in the target fascination scenarios, but more so in scenario 2 than in scenario 1, as the 

ATCO is quite focused on Car 255 in scenario 1 and therefore has less resources to spare 

for other events. In these scenarios this did not have any consequences as nothing else 

happened that required the ATCOs attention apart from the target fascination elements. 

However, in an extreme scenario, if something else happened that required the ATCOs 

attention this could have complicated the situation further.  
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8. ECOM 
In this chapter, the ECOM aspects of the baseline scenario and the target fascination sce-

narios shown in chapter 6 will be accounted for and analysed. It is divided into two main 

sections, one for scenario 1 (section 8.1) and one for scenario 2 (section 8.2). 

First, all answers to the questions relating to ECOM that was asked for both versions of 

scenario 1 will be presented. When all questions have been answered, the process will be 

repeated for scenario 2.  Once all the questions for all the scenarios have been answered, 

an analysis of how target fascination seemed to affect the ATCO in each of the scenarios 

level of control will be presented, followed by the conclusions that can be drawn from 

both analyses. Please note that the answers below are not quoted verbatim; they have been 

edited by the author, with care taken not to changing their meaning, in order to make them 

easier to interpret for the reader. 

8.1 Questions and analysis of scenario 1 
In this section, the answers to and questions asked regarding scenario 1 will be accounted 

for. Following this, an analysis of the answers using the extended control model (ECOM) 

will be presented.  

Question 1: To which degree do you think that the actions of the ATCO were carried out routinely and 
to which degree do you think there was a specific intention behind them? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

The actions were carried out routinely.  It is a mixture. Until SAS161 contacts the ATCO 
the actions are carried out more or less routinely. 
Once SAS calls the actions are more calculated, as 
the ATCO decides to give it clearance to land 
while leaving Car 255 to finish its repairs even 
though NEXTJET151 is on approach, which is a 
situation it would normally monitor. 

Question 1. 

Question 2: To which extent does the ATCO assign high level goals to the pilots? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

To a high degree. From the moment the ATCO 
learns of the aircrafts upcoming arrival it starts to 
plan its movements through the controlled air-
space. When the aircraft arrives in the ATCOs air-
space the ATCO assigns goals, such as landing at 
runway X. 

To a high degree. From the moment the ATCO 
learns of the aircrafts upcoming arrival it starts to 
plan its movements through the controlled air-
space. When the aircraft arrives in the ATCOs air-
space the ATCO assigns goals, such as landing at 
runway X. 

Question 2. 

Question 3: Does a majority of the actions serve to achieve high level goals or to remain in control 
short term? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

The ATCO does not need to execute any actions 
to remain in control short term, and has time to 
devote to high level goals, such as repairing the 
broken lamp. 

It is a mixture of high level and lower level goals. 
Trying to give Car 255 time to finish the repairs 
can be considered a high level goal, while leaving 
that situation unattended to look at airport 1 
might be considered a low level goal. 

Question 3.  
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8.1.1 ECOM analysis of scenario 1 
As mentioned in section 3.5, ECOM shows how a JCS sometimes operates at several levels 

of control simultaneously, which seems to be the case in the first excerpt from the baseline 

scenario. As the answer to question 2 and 3 shows, activity definitely takes place at the 

targeting layer. The ATCO assigns overarching goals to the pilots and makes assessments 

of the difference between the desired system state and the current one. 

There are also characteristics of activity at the monitoring layer present. The ATCO rou-

tinely monitors the state of the JCS by checking the position of aircrafts relative to refer-

ence points, checking flight strips and so on. However, the fact that this happens routinely 

(question 1) without much conscious effort also indicates activities at the regulating layer. 

The mixture of feedback (data from instruments and information from pilots) and feed-

forward information (predicting the immediate future, expecting instructions to be fol-

lowed) also points to activity at the regulating layer. The activities in the baseline scenario 

therefore seem to happening at the targeting layer, the monitoring layer and the regulating 

layer. 

In the corresponding target fascination scenario the actions that are carried out seem to 

be a mixture of routine actions and more calculated actions. The work is carried out rou-

tinely until SAS161 calls and asks if it is cleared to land (question 1). After that, the ATCO 

is forced to take steps to control the situation and re-establish its situation awareness. As 

setting up new objectives (for itself and the pilot), which in this case is based on both 

feedback and feedforward information, are characteristics of the regulating layer there def-

initely seems to be activity at this layer. 

The fact that the ATCO sets up high level goals for the pilot is a clear indication of activity 

at the targeting layer (question 2). This is an ongoing process spanning an extended period 

of time, as the ATCO begins the process as soon as it learns of the aircrafts upcoming 

approach. Furthermore, some of the actions executed seems to be with low level goals in 

minds, while others serve to achieve high level goals. This is consistent with the mixture 

of targeting and regulating identified in questions 1 and 2.  

When comparing the active layers of the ECOM in the baseline scenario and the target 

fascination scenario there does not seem to be any significant difference, despite the fact 

that the scenarios differ in several ways. 

In the baseline scenarios the actions were identified as carried out routinely, but in the 

target fascination scenario there were also more calculated actions (question 1). However, 

as routine actions are present in both scenarios, and the layers characterised by calculated 

actions are identified as active in question 3 this does not change the active layers. 

Also, there is a higher degree of lower level goals in the target fascination scenario than in 

the baseline scenario. However, as goal setting, regardless of high level or low level, is a 

characteristic of targeting this means there is no difference between the baseline scenario 

and the target fascination scenario. Lastly, although not addressed in the questions, the 

elements of the monitoring layer are present in both of the scenario as well. 

The fact that activity takes places on several levels simultaneously is hardly surprising, 

given the complex nature of an ATCOs work. For scenario 1, then, the active layers of the 

ECOM appear to be regulating, monitoring and targeting, for both scenarios.  This is also 
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concurrent with the ECOM layers identified for each interaction and action by the author 

prior to the interviews (as seen in the far right columns in figure 24). 

However, even if the active layers appear to be the same this does not mean that the loop 

remains uninterrupted throughout the scenario. Since ECOM views control as a big loop 

consisting of smaller loops on different levels of control that are dependent on each other, 

if one of the loops become interrupted this will affect the others. If one compares the 

performance in the baseline scenario with the target fascination scenario, it is obvious that 

the target fascination affects the ATCOs ability to monitor the situation as a whole. As the 

name implies, this indicates that there has been a disruption at the monitoring layer. 

Once the ATCO becomes fascinated with Car 255, its ability to monitor the location of 

certain subsystems, in this case SAS161, is disabled. This, in its turn, affects the ability 

activate plans for action regarding the aircraft (giving a landing clearance) which causes the 

disruption.  This disruption at the monitoring layer remains as long as the ATCO is fasci-

nated, and activity is not resumed until NEXTJET151 contacts the ATCO asking if it has 

clearances to land. This breaks the target fascination and activates activity at the monitor-

ing layer, which allows the control loop to function as normal.  

8.2 Questions and analysis of scenario 2 
In this section, the answers to and questions asked regarding scenario 2 will be accounted 

for, followed by an analysis of the answers using the ECOM. 

Question 1: To which degree do you think that the actions of the ATCO were carried out routinely and 
to which degree do you think there was a specific intention behind them? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

The actions are carried out routinely. The actions are carried out routinely until SAS 
161s unexpected ascent, when the actions have to 
be adapted to the new situation. The focus is 
shifted to accommodating the needs of the pilot 

Question 1. 

Question 2: To which extent does the ATCO assign high level goals to the pilots? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

To a high degree. From the moment the ATCO 
learns of the aircrafts upcoming arrival it starts to 
plan its movements through the controlled air-
space. When the aircraft arrives in the ATCOs air-
space the ATCO assigns goals, such as landing at 
runway X. 

To a low extent; the goals are short term oriented, 
aimed at regaining a higher level of control over 
the situation. 

Question 2. 

Question 3: Does a majority of the actions serve to achieve high level goals or to remain in control 
short term? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

The actions serve to achieve high level goals, as 
the ATCO is fully in control of the situation. 

Until the technical difficulties are resolved, the ac-
tions serve to remain in control short term. How-
ever, even though there are no long term plan-
ning, the short term actions are a step in achieving 
high level goals, as these goals cannot be achieved 
if the ATCO does not have control. 

Question 3. 



43 
 

8.2.1 ECOM analysis of scenario 2 
In the baseline scenario, the actions are carried out routinely, as everything follows the 

ATCOs plan and standard work procedure (question 1). The ATCO assigns high level 

goals to the pilots, as shown in question 2, which is indicative of activity at the targeting 

layer, and the actions serve to achieve high level goals rather than short term goals (ques-

tion 3). There also seems to be activity at the monitoring layer, as the ATCO compared 

the location of the aircrafts to reference points in the environment. These facts indicate 

that there is activity at the targeting layer, the regulating layer and the monitoring layer.  

In the target fascination scenario, the actions are mixture of routine and more calculated 

actions (question 1), where routine actions tend to involve a lot of feedforward infor-

mation and calculated actions builds on feedback. Once SAS161 suddenly cancels its land-

ing and begins its ascent the ATCO have to take steps to regain its situation awareness and 

control over the situation. This mixture of feedback and feedforward control points to 

activities at the regulating layer, something that is strengthened by the ATCOs efforts to 

uphold separation between vehicles in the controlled airspace. The actions are short term 

oriented, aimed at regaining a higher level of control (question 2). As mentioned earlier, 

goal-setting is indicative of the targeting layer, regardless of whether it concerns high or 

low level goals. As such, the active layers in the target fascination scenario seem to be the 

regulating layer, the monitoring layer and the targeting layer. 

In scenario 2 as in scenario 1 there seems to be no difference in the active layers in the 

baseline scenario compared to the target fascination scenario. There are definitely more 

actions oriented towards short term goals in the target fascination scenario, but this does 

not seem to affect the active layers. Neither does the fact that actions are carried out less 

routinely in the target fascination scenario, for the same reasons as stated in section 8.1.1. 

In this scenario, as for scenario 1, the analysis of the answers from the workshop is con-

current with the ECOM layers identified by the author previous to the interviews, as can 

be seen in section 6.2. 

Looking at the layers of the ECOM as an interconnected loop it is obvious that there is a 

disruption somewhere in the loop. In this scenario it appears to happen at the monitoring 

layer. As soon as the ATCO sees that SAS161 has cancelled its landing (09:29:32 in figure 

28) and is now ascending the monitoring loop is disturbed for the system as a whole. It 

could be argued that the ATCO still monitors SAS161, but the analysis concerns the en-

tirety of the ATCOs responsibility, for which the monitoring loop is disrupted. As in sce-

nario 1, this disruption affects the ability to activate plans for actions, such as granting 

NEXTJET151 a landing clearance. This disruption prevails as long as the ATCO remains 

fascinated, and does not disappear until an external actor, in this case NEXTJET151, 

breaks the fascination. 

8.3 ECOM analysis conclusions 
The main conclusion that can be drawn, looking at the analyses of the two scenarios using 

ECOM, is that target fascination does not seem to have any apparent effect on which 

levels of control an ATCO works at. Despite differences in to which degree the ATCOs 

works following routine and whether its actions serves to achieve high level goals or to 

remain in control short term the active levels does not seem to change. 

The author interprets this as a statement about the nature of an ATCOs duties, more than 

anything else, and how these remain unchanged regardless of the situation. It is necessary 
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for an ATCO to monitor the locations of vehicles in relation to each other and in relation 

to reference points in the environment, regardless of the situation, in order to achieve the 

ATCOs highest priority: the safety of all involved parties. As this is the top priority, ele-

ments of monitoring and regulating will always be present, which they are in both scenar-

ios. 

Activities taking place at the targeting layer are also likely to be present regardless of the 

situation, as it is an ATCOs job to give instructions to the vehicles within its area of re-

sponsibility. Goal-setting is a natural part of the work during daily operations, and a nec-

essary activity in unusual situations, as in the target fascination scenarios, as the ATCO has 

to instruct the aircrafts to do certain manoeuvres in order to regain a higher level of control 

over the JCS as a whole. 

Activities associated with the tracking layer, however, seems to be absent in scenario 1 and 

scenario 2, for the baseline scenario as well as the target fascination scenarios. This is likely 

due to the fact that the ATCOs tasks does not typically involve the kind of low level tasks 

that can be automated, possibly because these tasks are the responsibility of the pilots. 

The fact that the layers identified for each action and interaction in the scenarios by the 

author previous to the workshops are concurrent with the answers from the workshops 

further speaks to the point that the identified layers describe the work of an ATCO. 

In the end, as the point of this thesis is to study the effects of target fascination, at which 

layer of the ECOM activities takes place is not main interest. Rather, what is interesting is 

whether there is a difference in active layers between the baseline scenario and the target 

fascination scenarios.  

The fact the layers of control that are active does not change despite the unusual situation 

in the target fascination scenarios are likely a good thing, as it means that even though the 

situation may be unfamiliar, the way the ATCO works is not. A sudden loss of, for exam-

ple, activities at the targeting layer would likely mean an increased risk, as something that 

is a normal part of the ATCOs work would now be absent. As such, the fact that the layers 

of control of the ECOM seem unaffected by the target fascination speaks to the robust-

ness of the mRTC concept. 

However, even if the active layers appear to be the same in both scenarios this does not 

mean that everything is all right. Clearly, given the decreased level of control in the target 

fascination scenarios, something unwanted happens. Out of the three identified active lay-

ers, there must be a disruption somewhere that can explain the events in the target fasci-

nation scenarios. In both cases analysed above, this disruption happens at the monitoring 

layer. In both cases, once the ATCO becomes fascinated, it ceases the monitor the location 

of the aircraft is not part of the target fascination. As a direct consequence, the ATCOs 

situation awareness grows outdated and it is not aware of the facts of the situation. Since 

the ATCO is not aware of how far the aircrafts have progressed it does not grant them the 

landing clearance that the pilots expects, neither does it monitor the conditions at that 

airport. It is not until the aircraft contacts the ATCO asking if it has clearance to land, thus 

breaking the target fascination and the disruption in the monitoring loop, that performance 

can return to normal. 
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9. Situation awareness 
In this chapter, the situation awareness aspects of the baseline scenario and the target fas-

cination scenarios shown in chapter 6 will be accounted for and analysed. It is divided into 

two main sections, one for scenario 1 (section 8.1) and one for scenario 2 (section 8.2). 

First, all answers to the questions relating to situation awareness that was asked for both 

versions of scenario 1 will be presented. When all questions have been answered, the pro-

cess will be repeated for scenario 2.  Once all the questions for all the scenarios have been 

answered, an analysis of how target fascination seemed to affect the ATCOs different 

aspects of situation awareness will be presented, followed by the conclusions that can be 

drawn from both analyses. Please note that the answers below are not quoted verbatim; 

they have been edited by the author, with care taken not to changing their meaning, in 

order to make them easier to interpret for the reader. 

9.1 Questions and analysis of scenario 1 
In this section, the answers to and questions asked regarding scenario 1 will be accounted 

for. Following this, an analysis of the answers using the situation awareness framework 

will be presented.  

Question 1: In this situation, are there any potential threats, risks or signals that the ATCO is extra 
watchful for? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

Making sure that the runway is free from any ob-
stacles. In this situation, the ATCO watches Car 
255 carefully, monitoring its progress. It wants to 
be able to give NEXTJET151 clearance to land as 
soon as Car 255 has left the runway. 

The highest priority is making sure that the run-
way is free from any obstacles. The ATCO has to 
set aside even more time for this in a mRTC than 
in a regular tower, as there are two runways to 
monitor. In this case, the ATCO watches Car 255 
very closely as it has to exit the runway to make 
way for NEXTJET151. 

Question 1. 

Question 2: How far into the future do you think the ATCO plans in this scenario? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

A couple of minutes. It is rare that ATCO plans 
more than 10-15 minutes in advance. Generally, 
smaller airports require less planning as the num-
ber of ways a situation can be handled are fewer.  

Once the target fascination occurs the planning 
stops, as the ATCO becomes so focused on Car 
255 that it forgets everything else. 

Question 2. 

Question 3: Does the ATCO seem to re-evaluate the way it sees the situation at any point during the 
event? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

No. Yes, when SAS161 calls asking if it is cleared to 
land the ATCO has to re-evaluate the situation. 
The ATCO was not aware that SAS161 was so 
close to the runway, so when it made aware of this 
it has to update its understanding of the situation. 

Question 3. 
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Question 4: Does the ATCO seem to misinterpret/ fail to notice any information or situation? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

No. Yes, there is information available to the ATCO 
that it does not sample. If the ATCO would look 
at the radar or outside view for airport 1 it would 
see that SAS161 is approaching the runway. How-
ever, as the ATCO becomes fascinated, it does 
not notice this information. 

Question 4. 

Question 5: Which information does the ATCO need to handle the situation? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

It needs to see Car 255s movements and the loca-
tion and speed of the aircrafts.  

It needs to see the aircrafts location, speed and 
type, Car 255s location and progress, the state of 
the runway, metrological information (wind, visi-
bility) and communication with vehicles. 

Question 5. 

Question 6: From where does the ATCO collect information to form its situation awareness? Which 
resources does it use? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

It uses the outside view to collect information 
about movements on the airport. It uses the radar 
to collect information about the aircrafts move-
ments, speed and positions. It uses the flight strips 
to see where vehicles are, where they are going, 
when they are planned for landing/departure and 
what type of vehicles there are.  

It uses the outside view to collect information 
about movements on the airport, in this case 
mainly about the position and progress of Car 
255. It also uses the outside view to check the 
state of the runway. It uses the radar to see the 
positions and speed of aircrafts. It uses the flight 
strips to get an oversight of the situation and to 
see the types of vehicles that are active. It uses the 
metrological display to see metrological infor-
mation such as wind, and it uses the radio to com-
municate with aircrafts and ground vehicles. 

Question 6. 

Question 7: How does the information collection process look for this scenario? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

When NEXTJET151 announces its upcoming 
landing at airport 2, the ATCO performs a status 
check using first the radar and the flight strips, 
and then the outside view and weather infor-
mation. It then takes into account how long Car 
255s reparations will take and checks its status 
through the outside view.  

When NEXTJET151 announces its upcoming 
landing at airport 2 the ATCO uses the radar to 
check the aircrafts location and speed to assess 
how long it will take for it to reach the airport. It 
then looks at the aircraft through the outside view 
to confirm the radar information. Following this, 
it looks at the flight strips to see if the runway is 
clear, and then at the weather information display 
before giving clearance to land. 
 

Question 7. 
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9.1.1 Situation awareness states 
For the baseline scenario the four aspects of SA states looks as follows: 

 Objects: NEXTJET151, SAS161, Car 255, metrological information, broken light and 

runway. 

 

 Frames: It is clear from the events that the ATCO interprets the situation as two 

approaching aircrafts with a vehicle on one of the runways where one of the aircrafts 

will approach for landing. Upon being contacted by each of the aircrafts the ATCO 

follows a script for collecting information (thus questioning the frame) which seems 

to verify the current frame rather than evoke a new unexpected frame. As shown in 

question 3 and 4, the ATCO does not seem to have to re-evaluate the situation, nor 

does it misinterpret or fail to notice any information. After having given SAS161 clear-

ance to land and had the clearance read back, the situation is reframed as an ongoing 

landing, while the other situation is unchanged. 

 

 Implications: The ATCO interprets the situation as normal but requiring extra atten-

tion (directed toward Car 255s progress) and eventually a landing clearance for each 

aircraft. 

 

 Event horizon: The ATCO is clearly aware of the temporal aspects of the situation; 

NEXTJET151 will soon want to land at the runway in airport 2 where there is cur-

rently a car, which is the reason for the close attention directed towards Car 255. As 

shown in question 2, the ATCO event horizon stretches a couple of minutes into the 

future, but no more than that. The ATCO is also aware that another aircraft, SAS161, 

will soon want to land at the runway at airport 1. Once the ATCO gives SAS161 clear 

to land this signals that the runway is clear, and is expected to remain that way until 

the aircraft touches the ground. 

In the corresponding target fascination scenario, the aspects look like this: 

 Objects: NEXTJET151, SAS161, Car 255, metrological information, broken light and 

runway. 

 

 Frames:  It is clear from the events that the ATCO initially interprets the situation as 

two approaching aircrafts, with a vehicle on one of the runways where one of the 

aircrafts will approach for landing. Upon being contacted by each of the aircrafts the 

ATCO follows a script for collecting information (questioning the frame) which seems 

to verify the current frame. However, once SAS161 contacts the ATCO asking if it 

has clearance to land, this forces the ATCO to question its current frame. Upon having 

sampled the objects the ATCO rejects its current frame and adopts a new one. The 

situation that the ATCO had framed as two ongoing approaches was now one ongoing 

approach and one ongoing landing. This forced the ATCO to re-evaluate the situation, 

as it had failed to notice the progression of SAS161 (as shown in question 3 and ques-

tion 4). 

 

 Implications: Initially, the ATCO interprets the situation as normal but requiring ex-

tra attention (directed towards Car 255s progress). However, the ATCO directs too 

much attention in that direction and becomes fascinated with Car 255. Therefore, until 
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SAS161 makes contact, the ATCO does nothing else. When SAS161 makes contact 

the ATCO feels the need to update its situation awareness by sampling the objects. It 

then interprets the situation as stable enough to give SAS161 a landing clearance, fol-

lowed by a return to the situation with Car 255 and NEXTJET151. 

 

 Event horizon: Up until the target fascination occurs, the ATCO is clearly aware of 

the temporal aspects of the situation, which is why it monitors Car 255 so closely. 

Ironically, this awareness of the temporal aspects results in the target fascination which 

causes the ATCO to lose the temporal awareness. Once the ATCO becomes fasci-

nated it forgets that SAS161 approaches the runway on the other airport. When re-

minded by SAS161s contact, however, it gives the aircraft clearance to land, thus plac-

ing the landing a few minutes in the future on the event horizon and resumes planning.  

When comparing the objects in the baseline scenario and the target fascination scenario it 

is obvious that they are identical.  As both scenarios involve the same actors and locations, 

this is to be expected. 

Regarding the frames, however, there are differences between the two scenarios. Initially, 

the frames are identical in the two scenarios; two aircrafts are approaching for landing, 

with one of the aircrafts, NEXTJET151, inbound for a runway where Car 255 is currently 

repairing a broken light. When questioning the frame by gathering further information in 

the baseline scenario, the current frame is confirmed, and stays that way until SAS161 has 

been given clearance to land and the frame is updated to fit the new situation.  

However, in the target fascination scenario, once SAS161 contacts the ATCO asking if it 

is cleared to land, the ATCO has to re-evaluate the situation. Having collected new infor-

mation about the situation and thus questioning the frame, the ATCO rejects its current 

frame and adopts a new one, where SAS 161 have begun its landing procedure. This shows 

that the fact that the situation had changed without the ATCOs knowledge in the target 

fascination scenario forced the ATCO to re-evaluate the current frame and subsequently 

to reject it. It is important to note that this re-evaluation was only made possible because 

SAS161 contacted the ATCO and broke the target fascination. 

As a consequence of the differences in the frames, there are also differences in the impli-

cations. While in the baseline scenario the implications are simply to monitor Car 255 and 

to follow routine to give the aircrafts landing clearances, the target fascination scenario 

presents different demands.  When SAS161 makes contact, the ATCO is forced to update 

its situation awareness immediately, as there seems to be a collision between the ATCOs 

understanding of the situation and the information from SAS161, which there isn’t in the 

baseline scenario. Having done this, it interprets the situation stable and gives SAS161 

clearance to land.  

9.1.2 Situation awareness process 
In the baseline scenario, the process of creating situation awareness appears to follow a 

pattern. The ATCO clearly uses the outside view to locate and monitor Car 255, in order 

to plan other movements on airport 2. Upon contacting either of the aircrafts, the ATCO 

updates the situation awareness on the relevant airport by first checking the radar and the 

flight strips (question 7). It then looks at the outside view and the weather information, in 

order to create and understanding of the circumstances. Following this, it either reports 
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the information or uses it to plan for future movements in the area. Upon hearing that Car 

255 has finished its repairs, it once again monitors Car 255 through the outside view. 

In the target fascination scenario upon hearing of NEXTJET151s upcoming arrival the 

ATCO updates its situation awareness by first looking at the radar to see the aircrafts 

location and speed (in order to assess the estimated time until arrival), followed by the 

weather display and increasingly through the outside view as the aircraft approaches (ques-

tion 7). When SAS161 makes contact the ATCO first looks at the radar, to confirm that 

the aircraft is close, and then at the outside view to confirm the radar information. Fol-

lowing this, it looks at the flight strips to see if the runway is clear. Then, it looks at the 

weather information and the outside view “simultaneously” while giving the clearance 

(question 7). 

Once SAS161 has been given clearance to land returns to following Car 255 using the 

outside view and then updating its situation awareness at airport 2 following the same 

pattern as described in the first paragraph; first it checks the radar and flight strips, then 

the outside view and weather information. 

Comparing the situation awareness process in the baseline scenario and the target fascina-

tion scenario, there appears to be a difference in how the ATCO takes in information. In 

the baseline scenario, and the target fascination scenario before the actual target fascination 

occurs, there appears to be a procedure for how the ATCO updates its situation awareness 

prior to a landing. It begins by using the radar to check the aircrafts location and speed, 

and then looks at the flight strips to check that the runway is clear. It then looks at the 

outside view, followed by the weather information. Once this is done, a landing clearance 

is given. Once the target fascination occurs this procedure changes. When the ATCO is 

contacted by SAS161 requesting clearance for landing the ATCO does not know where 

the aircraft is positioned. Therefore, it first looks at the radar to get a bearing its position 

and speed and then at the aircraft using the outside view to confirm the location from the 

radar. Having located and confirmed the aircrafts position, it looks at the flight strips to 

see if the runway is clear and then simultaneously at the weather information display while 

giving the clearance to land. 

9.1.3 Situation awareness system 
In the baseline scenario as in the target fascination scenario, most of the components of 

the situation awareness system are permanent. Unless something is temporarily dysfunc-

tional, the ATCO always has access to the radar, the flight strips, the metrological dis-

play, the outside view and the radio.  The ATCO has access to this information at all 

times and there is no considerable cognitive load involved in sampling it. However, there 

are also dynamic formations of parts of the SA system. Every time a new aircrafts enters 

the controlled air space these aircrafts becomes part of the situation awareness system, 

providing information about their position and intentions. This is information is not as 

easily available, but has to be granted by the pilot of the aircraft. 

Four different types of situation awareness, as outlined in 3.6.2, are present in both sce-

narios: 

 Task SA: Information relevant for the landings and the repairs are collected using the 

permanent elements as well as the dynamic formations of situation awareness sys-

tems. 
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 Transactional SA: the ATCO and the pilots exchange information using the radio. 

 Shared SA: the ATCO passes on information collected from the permanent elements 

of the SA system to the dynamic formations using radio.  

 Meta SA: The ATCO makes sure that the pilot’s situation awareness is the same as 

its own using readback over the radio. 

It appears no real difference can be found between the baseline scenario and the target 

fascination scenario. The ATCO gathers and has access to data from the same sources, 

and the situation awareness system does not include any new elements, nor does it elimi-

nate any previously existing parts. 

9.2 Questions and analysis of scenario 2 
In this section, the answers to and questions asked regarding scenario 2 will be accounted 

for. Following this, an analysis of the answers using the situation awareness framework 

will be presented.  

Question 1: In this situation, are there any potential threats, risks or signals that the ATCO is extra 
watchful for? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

The first priority is to make sure that the runway 
is clear and that there is nothing that can disturb 
the upcoming landing. 

The highest priority is to keep any other traffic 
away from airport 1 where SAS161 is having tech-
nical difficulties so that the situation can be re-
solved without further difficulties. No new ap-
proaches or startups are allowed. The goal is to 
minimize the workload and complexity. 

Question 1. 

Question 2: How far into the future do you think the ATCO plans in this scenario? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

Since nothing in this scenario is out of the ordi-
nary, the ATCO has plenty of time to plan for the 
next event. It is rare, however, that an ATCO 
plans more than 10-15 minutes in advance. 

Until SAS161s ascent the ATCOs planning is the 
same as in the baseline scenario. Once SAS161 be-
gins ascent, the planning stops and focused is 
placed on the current events. 

Question 2. 

Question 3: Does the ATCO seem to re-evaluate the way it sees the situation at any point during the 
event? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

No. Yes, the ATCO has to re-evaluate the situation 
when SAS161 begins its ascent. What the ATCO 
though would be a landing is suddenly turned into 
something else. It is likely that the there has to be 
further re-evaluations as more information about 
the situation unfolds. The plans for future traffic 
movements that the ATCO had also have to be 
re-evaluated. 

Question 3. 

Question 4: Does the ATCO seem to misinterpret/ fail to notice any information or situation? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

No. Yes. When SAS161 cancels its landing the ATCO 
becomes fascinated, which results in a failure to 
sample the information about NEXTJET151. 
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Therefore, even though the information is pre-
sent, it is never reaches the ATCOs conscious-
ness. 

Question 4. 

Question 5: Which information does the ATCO need to handle the situation? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

It needs to know which aircrafts are approaching, 
where they are and how fast they are moving. It 
also needs metrological information (wind, visibil-
ity) and knowledge of the pilot’s intentions. 

It needs to see the aircrafts location, speed and 
type, the state of the runway, metrological infor-
mation (wind, visibility) and have knowledge of 
the pilot’s intentions and aircraft state. 

Question 5. 

Question 6: From where does the ATCO collect information to form its situation awareness? Which 
resources does it use? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

It uses the outside view to collect information 
about movements on the airport. It also uses the 
outside view to check the state of the runway. It 
uses the radar to see the positions and speed of 
aircrafts. It uses the flight strips to get an over-
sight of the situation and to see the types of vehi-
cles that are active. It uses the metrological display 
to see metrological information such as wind, and 
it uses the radio to communicate with aircrafts. 

It uses the outside view to collect information 
about movements on the airport. It also uses the 
outside view to check the state of the runway. It 
uses the radar to see the positions and speed of 
aircrafts. It uses the flight strips to get an over-
sight of the situation and to see the types of vehi-
cles that are active. It uses the metrological display 
to see metrological information such as wind, and 
it uses the radio to communicate with aircrafts. 

Question 6. 

Question 7: How does the information collection process look for this scenario? 

Baseline scenario (6.2.1) Target fascination scenario (6.2.2) 

When SAS161 is approaching the runway, the 
ATCO first looks at the runway very quickly using 
the outside view. This is mostly a reality check, as 
it presupposes that it is clear. The gaze then falls 
on the radar, metrological display, followed by the 
flight strips. 

First the ATCO sees that SAS161 begins ascent 
through the outside view. The ATCO then ques-
tions itself, if it has missed any information, if 
there is an obstacle at the runway, and checks this 
using the outside view and the flight strips. At the 
same time, it tries to contact the pilot of the air-
craft to find out what happened. It then looks at 
the radar to see if there’s any other traffic nearby 
that can complicate the situation. 
 

Question 7. 

9.2.1 Situation awareness states 
The four aspects of situation awareness states look as follows for the baseline scenario: 

 Objects: NEXTJET151, SAS161 and Car 255 (vehicle type, location and speed), met-

rological information and runway. 

 

 Frames: The ATCO interprets the situation as two aircrafts approaching for landing 

with a vehicle on one of the runways where one of the aircrafts will approach for 

landing. It follows a script for picking up all relevant information about the objects 

upon being contacted (question 7), which seems to verify the current frame, and the 

upcoming landing is placed on the event horizon. As shown in question 3 and 4, the 

ATCO does not seem to have to re-evaluate the situation, nor does it misinterpret or 

fail to notice any information. After having given SAS161 clearance to land and had 
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the clearance read back, the situation is reframed as an ongoing landing, while the 

other situation is unchanged until it too is reframed as a landing. 

 

 Implications: The ATCO interprets the situation as normal and under control, but 

also that Car 255 requires extra monitoring and that the aircrafts will eventually need 

landing clearances. 

 

 Event horizon: The ATCO is clearly aware of the temporal aspects of the situation; 

NEXTJET151 will soon want to land at the runway in airport 2 where there is cur-

rently a car, which places both events close to each other on the event horizon, and is 

the reason for the close attention directed towards Car 255. As shown in question 2, 

the ATCO event horizon stretches into the future for up to 10-15 minutes. The ATCO 

is also aware that another aircraft, SAS161, will soon want to land at the runway at 

airport 1. Once the ATCO gives SAS161 clear to land this signals that the runway is 

clear, and is expected to remain that way until the aircraft touches the ground. 

For the target fascination scenario, the same four aspects look as below: 

 Objects: NEXTJET151, SAS161 and Car 255 (vehicle type, location and speed), met-

rological information and runway. 

 

 Frames: Initially, the ATCO interprets the situation as two aircrafts approaching for 

landing with a vehicle on one of the runways where one of the aircrafts will approach 

for landing. It follows a script for picking up information about the objects upon being 

contacted by SAS161, which seems to verify the current frame, and the upcoming 

landing is placed on the event horizon. Once SAS161 cancels the landing and begins 

its ascent, however, the ATCO is forced to question its frame and reject it (question 

3), as the examination of the objects show that it is no longer an ongoing landing. As 

the ATCO does not understand why SAS161 made an ascent until contact is estab-

lished, it has to re-evaluate its frame again (question 3) once this is understood. The 

fascination with SAS161 also causes the ATCO to lose its awareness of what is going 

on at airport 2, so when NEXTJET151 calls asking if it is cleared to land, the ATCO 

once again has to question and rejects its current frame about the situation. 

 

 Implications: Initially, the ATCO interprets the situation as normal but requiring ex-

tra attention (directed towards Car 255s progress), and eventually two landing clear-

ances. However, when SAS161 beings ascent the ATCO recognizes that something is 

wrong and that it might be because it had missed something on the runway, and there-

fore needs to check the runway for obstacles. When this does not seem to be the case 

the ATCO feels a need to contact the pilot and find out, and learns that the aircraft is 

having technical difficulties. Given its new frame, it therefore prioritises keeping the 

airport free from other traffic above all else, temporarily setting other objectives aside 

(question 1). 

 

 Event horizon: The ATCO is aware of the temporal aspects of the situation and have 

future events placed on the event horizon until SAS161s unexpected ascent. Once this 

happens, all focus is placed on the current situation and planning is suspended (ques-

tion 2). Also, since the situation changes so radically, the previous plans may no longer 
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be applicable. The planning likely does not resumes until SAS161 is instructed to circle 

the area and the ATCO has time to give NEXTJET151 clearance to land. 

If one compares the objects in the baseline scenario and the target fascination scenario, 

one will find that these are identical. This seems natural, as both scenarios involve the same 

actors and the same environment. 

Regarding the frames, there are some differences.  In the baseline scenario there is no need 

for revision of any frames until the ATCO chooses to grant landing clearances, as the 

current frame is verified when the ATCO questions it by sampling the information avail-

able. In the target fascination scenario, however, SAS161s sudden unexpected ascent 

forces the ATCO to questions its current frame and subsequently to reject it, as the new 

information is in conflict with the frame. The resulting target fascination also causes the 

ATCO to temporarily forget about NEXTJET151. Upon being contacted, the ATCO 

once again has to sample the objects and reject its current frame, as NEXTJET151 had 

progressed further than the ATCO was aware of. It therefore seems clear that target fas-

cination causes frames to grow outdated without the ATCOs knowledge, and that some-

times an external element is needed to break this fascination so that the ATCO can ques-

tion the current frame. 

As there are differences in the frames, there are also differences in the implications. Given 

the current frame when SAS161 suddenly beings its ascent, the ATCO feels a need to 

perform an extra visual check of the runway, as it does not understand why the aircraft 

cancelled its landing. Upon learning that the aircraft is having technical difficulties, the 

ATCO interprets this as a need to keep the airport free from other traffic, so that the 

situation can be resolved (question 1).  

There are also differences in the event horizon. The events on it are initially the same, but 

SAS161s ascent effectively changes it in the target fascination scenario. Once SAS161s 

landing is temporarily cancelled, all other events in the horizon must also be put on hold, 

as the ATCO makes the interpretation that it is more important to solve the situation than 

to handle other traffic (question 1). Therefore, all other events are cleared from the event 

horizon, and do not appear again until SAS161 is circling the area and NEXTJET151 is 

given clearance to land, thus placing that even a few minutes into the future. 

9.2.2 Situation awareness process 
In the baseline scenario, the process of updating the ATCOs situation awareness is a struc-

tured process. The ATCO looks at the runway using the outside view, followed by the 

radar, metrological information and flight strips. It is very interesting to note that the 

glance at the runway through the outside view is described as a reality check, and that the 

ATCO presupposes that the runway is clear. This indicates that there is an element of 

feedforward control involved in updating the situation awareness during regular work, and 

that frames are invoked in part by future expectations on the event horizon. This is some-

thing that is also found by Lundberg (2015, p. 16) in his studies of an ATCOs work in a 

regular ATC tower: “the ATCO gives the landing clearance during the scan of the airstrip […]. A 

mix of feedforward and feedback control is thus used (e.g. the ATCO would have had to take the clearance 

back if an object had been detected at the end of the scan of the airstrip)”. 

In the target fascination scenario the information collection process does not seem to fol-

low a clear sequenced pattern. When SAS161 makes its ascent the ATCO looks at the 
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runway using the outside view, and then at the landing strips. At the same time, it tries to 

contact the pilot and find out what happened this way (question 7). This shows that the 

process in the target fascination scenario is fluid: more than one thing is happening at the 

same time. Having established contact and scanned the area for other traffic, the ATCO 

then makes sure that it is updated regarding the state of the aircraft (question 5).  

Comparing the processes in the two scenarios, one finds that this need for status updates 

regarding the aircrafts internal status is not present in the baseline scenario. This is infor-

mation that is not needed during regular work, but is a critical factor in the target fascina-

tion scenario, which indicates that the ATCOs need for information may be greater as an 

effect of target fascination. Another difference is the use of feedforward control in evoking 

frames. This does not seem to be present in the target fascination scenario. This indicates 

that less activity takes place in the future on the event horizon during or shortly after target 

fascination, which is concurrent with answer to question 2.  

9.2.3 Situation awareness system 
In both the baseline scenario and the target fascination scenario the situation awareness 

system consists of permanent parts as well as dynamic formations of SA systems. The 

dynamic parts consist mainly of the outside view, the radar, the flight strips, the radio and 

the metrological display, all of which are easily accessible. When necessary, the system 

temporarily incorporates aircrafts as part of the system for as long as they are relevant for 

the ATCOs tasks, which require the pilot’s cooperation to work. In this target fascination 

scenario, there is an example of how the pilot’s actions resulted in that the ATCO did not 

access some task relevant information from SAS161. 

Although there appears to be no fundamental differences in the situation awareness sys-

tems in the two scenarios, there is a difference in the access to one of the dynamic for-

mations of the system, namely SAS161. After its ascent, the ATCO tries to reach the pi-

lot but is unable to, thus forcing it to temporarily act without it.  

9.3 Situation awareness analysis conclusions 
Given the situation awareness analyses of scenario 1 and scenario 2 in this chapter, the 

author believes the following conclusions can be made about target fascinations effect on 

situation awareness: 

 Target fascination causes the ATCOs frames to become outdated without the 

ATCOs knowledge, and sometimes an external element is needed to force the 

ATCO to question its current frame. 

 Target fascination forces the information collection process to be more adapted to 

the current situation than during regular work. 

 Target fascination does not introduce any changes to SA system components in the 

current setup. 

 Target fascination may decrease the occurrence of feedforward control. 

For the first point, in both scenario 1 and scenario 2, this holds true. As a consequence of 

target fascination the ATCOs frame grows outdated and it therefore loses its awareness 

how the situation looks at certain places in its area of responsibility. In both scenarios this 

forces the pilot in the aircrafts to contact the ATCO at their own initiative. This breaks 

the fascination and makes the ATCO question and reject the current frame in favour of 

an updated one. 
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Regarding the second point, different information collections processes are reported be-

tween the different scenarios. However, in the baseline scenario the elements that are sam-

pled are always the same. In the target fascination scenarios, the process is less structured 

and more influenced by the current scenario. Depending on what needs the situation cre-

ate, the ATCO will prioritise accessing this information over information that is consid-

ered less critical. This is why, in scenario 1, the ATCO looks first at the radar to determine 

the aircrafts location and speed to assess how long it will take for the aircraft to reach the 

airport, and then through the outside view to confirm the radar data. In scenario 2, the 

ATCO looks at SAS161 using the outside view to see what it is doing and then at the 

runway to look for objects there. Then it looks at the flight strips to double check that no 

vehicles have been cleared to enter the runway. Both these examples show that the infor-

mation collections process is heavily influenced by the current information needs, rather 

than a strict sequenced procedure. 

The third point tells us that there appears to be no difference between the SA system 

components, meaning that target fascination does not seem to affect which elements are 

part of the SA system. Access to the permanent components of the system is not lost, 

neither are new components introduced as a direct consequence of the target fascination. 

This is likely something very positive, as loss of standard components could lead to less 

informed choices, while new system components during stressed situation might lead to 

further complexity.  

The last point mentions that target fascination may affect the occurrence of feedforward 

control. In the baseline scenario of scenario 2, the ATCO uses feedforward control when 

it expects the runway to be clear and therefore only glances at it. This is something that 

does not appear in the target fascination scenarios. It is likely that this is a consequence of 

the lowered understanding of the situation in the target fascination scenarios, where the 

ATCOs uncertainty about the situation does not allow for predictions about the future. 
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10. Discussion 
As specified, the aim of this thesis has been twofold. Firstly, it aims to investigate how 

target fascination affects the ATCOs control over the mRTC and its ability to maintain 

situation awareness. Secondly, it aims to provide a baseline scenario for an ATCOs work 

in a mRTC. 

In this chapter the author’s effort to achieve these aims will be discussed. The chapter will 

feature a methodological discussion on the data collection process, the creation of the 

baseline scenario and the target fascination scenarios, and the choice of analysis tools. It 

also contains a discussion about the results of the analyses, followed by a few words on 

future research. 

10.1 Method 
The analyses and scenarios presented in this thesis is the result of mainly two data collec-

tion methods: observations and workshops where semi-structured interviews were held, 

where one of the interviews was a group interview. The participants in the workshops and 

simulations that were observed were all either active ATCOs or in one case a former 

ATCO now working as a simulation scenario designer. Both methods that are employed 

are of a qualitative nature, but they differ in a fundamental way. 

The interviews were carried out face to face by the author. This certainly is an advantage 

in many cases, as the author can choose the questions freely and dig deeper into subjects 

that are particularly interesting. However, there is always a risk that an interviewer, despite 

its efforts to remain as neutral as possible, influences an interviewee to answer in a certain 

way. For this reason it is beneficial to use at least one method of data collection that are 

not subject to the authors influence. In this thesis, this is achieved through observations 

of video recorded simulations. It could be argued that the participants are aware that they 

are being recorded and that this could alter their behaviour in order to present themselves 

in a more favourable light (Frechtling & Sharp, 1997), which is a fair point, and a risk that 

cannot be avoided when using observations. However, the advantage of observing rec-

orded work rather than live work is that the author in no way can influence the participants, 

as they are not aware of the author’s existence at the time of the recording. It should be 

mentioned, however, that it is possible that the author has its own biases which will affect 

how it interprets the observed data. Being a human, this is impossible to avoid altogether, 

and is a potential drawback of all qualitative methods. 

There is also another risk in using qualitative methods, which also is part of their strength; 

the methods rely heavily on the researcher’s interpretation of the data. This carries with it 

the risk that the researcher with its previous experience and knowledge might interpret 

what is being done or said in a different way than the informant meant it to be interpreted, 

and the meaning is thus distorted (Lützhöft, Nyce, & Styhr Petersen, 2010). However, it 

is the authors hope that collecting data from different people at different times and loca-

tions can to some extent reduce this risk. 

It should also be pointed out that since the mRTC concept has yet to be implemented in 

real life operations, finding ATCOs who have real experience of working with the concept 

is, in fact, impossible. Instead, the author has focused on ATCOs who has participated in 

simulations of the concept (or designed the simulations), held by LFV. These simulations 

seek to as closely as possible resemble a real life implementation of the concept, but sim-

ulations can seldom account for all the complexity of a real life implementation. Although 
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it is undeniable that this may affect the result of the analysis, at the time of writing, this is 

the closest to real experience that can be found. Furthermore, the fact that an ATCOs 

work in a mRTC is likely to very closely resemble work in a regular ATC tower further 

reduces the risk of any major mistakes. 

As a result, the answers to the questions or conclusions drawn here might differ from how 

they would have looked had the ATCOs had experience of real implementations of the 

concept. However, seeing as this was impossible, the author is confident that the data 

provided by the ATCOs should be sufficient for the purposes of this thesis.  

An alternative approach to interviewing the participants after reading the scenario could 

have been to simply simulate the entire scenario in a mRTC simulator, as in the recorded 

simulations, and let the participants play an active role instead of reading a scenario. How-

ever, due to the nature of target fascination, this was considered an inferior approach. 

Seeing as target fascination by its very definition occurs without the fascinated agents 

knowledge it is very hard to simulate. The conditions for it to occur have to be perfect for 

the present situation. If participants know they are part of a study it is likely that they are 

more alert than usual, as the situation is different and they know they are being watched, 

which would make the likelihood of target fascination even smaller than it is during natural 

conditions. Neither would it be effective to ask the participants to act as if they were fas-

cinated, as they would still know that something else is happening, which a truly fascinated 

person does not.  

One problem that arose when asking the same questions for different scenarios, however, 

was that the interviewees appeared to have some problem switching from answering the 

questions regarding one scenario and then switching to answering the same questions but 

this time regarding another scenario. Sometimes the answers were quite vague and general, 

and the author then had to steer the answers back to the scenario relevant at the moment. 

This confusion is highly understandable and likely common when using this approach, and 

therefore something to bear in mind when using this approach to data collection. 

Another thing that became apparent was the value of asking questions in exactly the same 

way if one is interested in comparing the answers. During the interviews, the author some-

times reformulated the previously formulated questions in order to make them easier to 

answer for the interviewee. In some cases this resulted in that the answers to what was 

supposed to be the same question differed in such a way that it was not possible to com-

pare the answers, and the answers to the question could therefore not be used. 

Finally, although several recorded simulated scenarios were observed, it should be pointed 

out that there were only two ATCOs, which each participated in several simulations. It 

would have been interesting and possibly beneficial for the study to observe even more 

different ATCOs work in the simulated mRTC, as it is possible that they work using dif-

ferent procedures or methods.  

10.2 Baseline scenario 
The baseline scenario was created using data from the observations of the recorded simu-

lations, feedback after reviews at the workshops and a generalised detailed description of 

an ATCOs communication with incoming and outgoing aircrafts. Initially the scenario was 

made entirely from the recorded simulations, but during the workshops it was revealed 
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that some of the simulation data did not correspond entirely with actual work procedures, 

as it had been simplified. 

For this reason, the scenario was somewhat modified after the first workshop, and the 

interactions were restructured to fit the generalised communications procedure shown in 

figure 19 and figure 20. This means that, apart from having had target fascination intro-

duced into the scenarios during the second workshop, the scenarios differed slightly be-

tween the first and the second workshop. 

The possibility that this modification could have had an effect on the answers for the 

questions cannot be ignored, seeing as the questions were supposed to be asked for iden-

tical scenarios (apart from the introduced target fascination) to make the answers easier to 

compare during the analysis. However, great care was taken not to change any significant 

interactions (that might affect the outcome of the analyses) in the excerpts that would be 

part of scenario 1 and scenario 2, which is the material that is used in the analysis. The 

participants in the first workshop also mentioned that it was hard concentrate on the ques-

tions when they, being domain experts, became “target fascinated” (in their own words) 

with the irregularities in the baseline scenario. 

Therefore, when there was a conflict between the observed data and the generalised pro-

cedure/feedback the choice was med to go with the latter alternatives. One of the reasons 

for this was, as mentioned above, that the participants found what they considered to be 

irregularities to make the questions harder to answer, as it was in conflict with their regular 

work. The other reason was that the goal of the scenario was to be a realistic representation 

of the work in a mRTC, and data from the real world was therefore valued above simula-

tion data. Furthermore, the scenario designer present at the first workshop had been in-

volved in the simulation scenario design and said that the scenario had been intentionally 

sped up to stress the ATCOs in the simulation. 

One question that arises is if it would not have been better to use the generalised descrip-

tions from the beginning and omit the observations of the simulated scenarios all together. 

The author believes that the answer to this questions is no. By first watching and analysing 

the simulations the author established an understanding of the work procedures and the 

work environment.  If the scenario had been constructed solely using the generalised pro-

cedures it is likely that the scenario would have felt less realistic and more like an instruc-

tion manual. Elements such as cars making repairs on the runway, for example, could have 

been lost, resulting in a loss of complexity and realism. Also, watching the simulations with 

the eye tracking data helped the author gain an understanding for how the ATCOs collect 

data from the instruments in their environment. Lastly, there is always a risk involved in 

relying solely on verbal accounts, even if they are from experts. Sometimes descriptions of 

work differs from how work is actually carried out, despite the informants desire to tell 

the truth, since there might be a discrepancy between how we perceive our work and how 

it actually looks. 

One thing that should be noted is that there is no communication with other air traffic 

controllers in the scenarios. In normal ATC towers the ATCO communicate with the 

controller that is responsible for the airspace outside of the area surrounding the aircraft, 

reporting to each other when there is incoming aircrafts and other relevant information. 

The author intentionally omitted this element from the baseline scenarios, and thus the 

target fascination scenarios. The reason for this is that during the workshops it was made 
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clear that this is likely to be an automated process in the completed mRTC towers, where 

information would simply appear in a display instead of having to be communicated ver-

bally. Furthermore, since this communication was not a prominent feature in the recorded 

simulations, they were not included in the baseline scenario in the first workshop. The 

author feared that introducing this brand new element in the baseline scenario for the 

second workshop would make the difference between the two scenarios (which, as men-

tioned, were supposed to be as similar as possible) too big and would seriously impact the 

ability to compare the answers during the analysis.  

Lastly, both the target fascination scenarios analysed in this thesis had some degree of 

stress as an influencing factor. In scenario 1, the ATCO was under pressure to make sure 

that Car 255 had vacated the runway before NEXTJET151 was ready to land. In scenario 

2 SAS161 made a sudden ascent and had initially unknown technical problem. It should 

be noted, however, that stress is not necessary for target fascination to occur. In fact, often 

target fascination can occur as a result of low workload, where the subject devotes itself 

to a fully to a task precisely because the workload is low, and then loses track of time. 

10.3 Control 
The choice of COCOM and ECOM as analysis tools for the control aspects of the sce-

narios is because of their compatibility with the thesis’ aims. Since the effect of target 

fascination is measured by comparing the results of the baseline scenarios and the target 

fascination scenarios the author wanted analysis tools that allowed for easy comparison of 

the results. COCOM and ECOM fit these criteria, as they produce results that is easily 

interpreted and therefore yields results that can be easily compared. 

The COCOM analysis showed that during regular work (in the baseline scenario) an 

ATCO in a mRTC operates under the highest possible control mode, which is the strategic 

control mode. This, of course, is something positive, and to be expected, as an ATCO 

always strives to be in total control of the system. The fact that the analysis also showed 

that the level of control decrease as a result of target fascination is hardly surprising, as 

target fascination by definition affects the subjects understanding of the situation, and thus 

the ability to control it. 

Less evident in advance was to which extent the ability to maintain control was affected. 

The COCOM analysis shows that the level of control exercised in the target fascination 

scenarios is a combination of tactical and opportunistic, where the tactical mode is the 

dominating one. This is good news for the mRTC concept, as tactical control still indicates 

a high level of control, even if it is not as high as strategic. Furthermore, given the nature 

of target fascination, where the subject loses part of its understanding of the situation, it 

seems close to impossible to avoid some degree of opportunistic control. After all, until 

the understanding of the situation as a whole has been re-established, the information in 

the immediate environment that is present at the moment is all there is. 

Situation awareness is identified as the single most important factor in returning to normal 

levels of control after target fascination. For this reason, it is extremely important that the 

ATCO has easy access to all the information it needs to understand the situation. In sce-

nario 2, the ATCOs situation awareness and thereby its control was decreased as a conse-

quence of not knowing what was going on in the cockpit of SAS161. Had it been aware 

of this the control would likely have returned to normal faster than it did in the scenario, 

but the pilots were too busy at the moment to inform the ATCO. Had the ATCO had a 
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way of finding out by itself, for example by being able to listen to the pilots’ in-cockpit 

communication, at will, or by having access to the error message in the cockpit the ATCO 

could have taken steps to facilitate a solution earlier.  

The ECOM analysis showed that the same three layers of the ECOM were active for both 

the baseline scenario excerpts and the target fascination scenario excerpts: targeting, mon-

itoring and regulating. The fact that tracking was never active is likely due to the fact that 

the ATCO is not involved in the kind of low level reactive processes that happen at the 

tracking layer, which are often performed automatically. However, by the nature of its 

work, the ATCO will always be involved in targeting, monitoring and regulating activities. 

If this had changed in any of the target fascination scenarios it would have indicated that 

the nature of the ATCOs work changed when it became fascinated. The analysis shows 

that it did not, which is a good thing, as a move from familiar routines might introduce 

further uncertainty.  

However, the ECOM analysis identifies a disruption in the control loop at the monitoring 

layer. This is concurrent with and explains why situation awareness was identified as the 

most critical factor in re-establishing control in the COCOM analysis; situation awareness 

(or loss of it) is what caused the loss of control in the first place. When the ATCOs ability 

to monitor the aircrafts movements in the environment it cannot exercise control properly.  

10.4 Situation awareness 
The choice of Lundbergs (2015) framework as a tool for analysing the situation awareness 

aspects in favour of, for example, Endsley’s view (1999) was motivated by the wish for an 

understanding on a systemic level. Apart from analysing the state of the situation aware-

ness, which both Endlsey’s and Lundberg’s approaches does, the chosen framework also 

looks at the process that creates the situation awareness as well as the system components 

that makes this possible. 

The ECOM analysis showed that target fascination causes the ATCOs interpretation of 

the current situation, its situation awareness state, to become outdated, and that sometimes 

an external element or actor is required to break the fascination and encourage the ATCO 

to update its state. This means that it is important that the ATCO is constantly updated 

on developments in the area of responsibility, not only by its own initiative (which can be 

interrupted by target fascination) but also by external elements. One way of achieving this 

could be, for example, by sending an audio based alert when an aircraft passes a certain 

reference point during an approach. In the target fascination scenarios, this would have 

broken the target fascination and alerted the ATCO that it was time to give the approach-

ing aircrafts landing clearances, thus preventing the situation. 

The fact that the components of the situation awareness system remains the same in the 

baseline scenario and the target fascination scenarios is interpreted as something positive. 

This means that even if the ATCO becomes fascinated it will still have access to all the 

system components that it has during regular work. Furthermore, it does not need to in-

clude any new components, which could potentially introduce unwanted complexity. 

Target fascination also affects the ability of the ATCO to use feedforward control. This is 

likely explained by the fact that feedforward control demands a “hypothesis of the pro-

cess” (Johansson, 2003, p. 77). This hypothesis of the ongoing process (situation) is 
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something that is severly impacted by situation awareness, as it damages the subjects 

understanding of the situation.  

10.5 General discussion 
As mentioned earlier, the data was collected mainly using observations of recorded simu-

lations and interviews. This means that at no point during the writing of this thesis did the 

author visit an actual ATC tower. As mentioned in the background, although there are no 

implementation of the mRTC concept at the time of writing, the world’s first implemen-

tation of the related RTC concept is situated in the Swedish town of Sundsvall. It would 

have been interesting for the creation of the baseline scenario to observe the ATCOs work 

there, as it is at present the closest a researcher can get to studying real mRTC work. 

It needs to be emphasised that even though this thesis studies the effects of target fasci-

nation in a mRTC, it makes no statement whatsoever about the likelihood of target fasci-

nation occurring in a mRTC. Since the concept has not been implemented in real life op-

erations yet, it would be extremely hard to make any accurate statements regarding this as 

there is no way of measuring it. Furthermore, there were no occurrences of it in the ob-

served recorded simulations that could help shed light in this matter. 

However, the thesis does show that target fascination can occur in different conditions. In 

scenario 1, although there is some degree of stress present, the reason that the target fas-

cination occur is in no way a threat to the safety of the system. The worst case scenario in 

scenario 1 would be if Car 255 for some reason could not vacate the runway, for example 

due to a vehicle dysfunction, in which case the ATCO would simply tell NEXJET151 to 

cancel its landing and standby until the vehicle had been removed. In scenario 2 however, 

the situation is potentially more critical, as the ATCO does not initially know the reason 

why SAS161 began its ascent and then found they were having technical problems, which 

(depending on the type of problem) could pose a threat to the system safety. Although 

both situations were resolved without any bigger problems, this demonstrated that target 

fascination can be caused both by seemingly trivial problems and by more serious issues. 

During the interviews, the answers to which were later used for the analyses, it would have 

been interesting to have access to more ATCOs. This would have allowed for discussion 

between the different ATCO regarding the answers to the question, which may or may 

not have illuminated differences in opinions or beliefs. 

It is the opinion of the author that this type of knowledge regarding potential threats to 

operations presented in this thesis provides valuable data that can be useful when designing 

a mTWR that is to be used in real life operations. One of the reasons the study is valuable 

is the fact that at the timing of writing, as far as the author knows, a minority research on 

the mRTC concept has come from the academic world. Having researchers from different 

backgrounds evaluate the concept is likely to be beneficial for the overall assessment of 

the concept. 

The point should be made that the analysis presented here is based entirely on data regard-

ing ATCOs. As the focus has been to research possible consequences of target fascination 

for the mRTC concept, the author has not been interested in target fascination in pilots. 

Investigating target fascination from the pilot’s point of view is certainly important, but it 

is beyond the scope of this study.     
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10.6 Future research 
COCOM and ECOM can both be used to assess a JCS’ degree of control, as demonstrated 

in this thesis. However, they are not the only methods of doing so. In a future study, it 

would have been interesting to compare the results in this study with the results of another 

way to assess control, for example Systems-Theoretic Accident Model and Processes 

(Young & Leveson, 2014). 

Depending on how the communication with other controllers in the surrounding airspace 

is handled in the final implementation of the concept, it might also be interesting to include 

the communication with them into the analysis. For reasons explained earlier it was not 

included in this thesis, but should it end up being a significant part of an ATCO in a 

mRTCs work it might be worth investigating. 
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11.  Summary and conclusions 
In the introduction, the goals of this thesis were introduced as: 

1. Investigate how target fascination affects the ATCOs control over the mRTC and its 

ability to maintain a high degree of situation awareness. 

2. Provide a baseline scenario for an ATCOs work in a mRTC 

11.1 Target fascinations effect on control 
For the first point, the analysis shows that target fascination does indeed lower the ATCOs 

control over the system. During regular work the ATCO operates within the strategic con-

trol mode, which is the highest form of control in the COCOM. However, when target 

fascination is introduced the control mode drops to a combination of tactical and oppor-

tunistic control, where tactical is the dominant one but with elements of opportunistic 

control present. This decline in control is very temporary, however, and as soon as the 

ATCO has re-established its understanding of the situation it takes steps to return to a 

higher level of control. Apart from this, the work to a high degree still follow a familiar 

procedure, and even though some actions seem to be executed with short term goals in 

mind these actions are still a part of the process of achieving high level goals.   

Given the negative impact its absence has, the most important factor in regaining a higher 

level of control is situation awareness. One of the most important aspects of an ATCOs 

work is to constantly be one step ahead and plan for the future. If the ATCO loses the 

understanding of the current situation the ability to make prediction about the future will 

be impaired, hindering the ATCO from planning and thus forcing it to rely solely on feed-

back information that is available in the environment: a characteristic of the opportunistic 

control mode. Once the ATCO understands the current situation the level of control will 

soon return to normal. 

The ECOM analysis shows that target fascination does not have an effect on which layer 

of control the activities the ATCO performs takes place on. This means that regardless of 

the situation the nature of the ATCOs work remains unchanged. This is something posi-

tive, as a sudden change in the nature of the ATCOs work would mean a higher degree of 

unfamiliarity. This, of course, is something you want to avoid when already dealing with 

an unwanted situation, as it increases the complexity further. 

However, though the active layers are the same in all scenarios, target fascination clearly 

introduces a disruption in the ECOM control loop. This disruption happens at the moni-

toring layer and prohibits the ATCO from monitoring the location of all the aircrafts inside 

the controlled area, resulting in a failure to grant landing clearances to aircrafts at the ap-

propriate time.  

11.2  Target fascinations effect on situation awareness 
In section 11.1 above, situation awareness was identified as one of the most important 

factors in maintaining control over the mRTC. The effects of target fascination has there-

fore been studied using a holistic framework that considers situation awareness in terms 

of situation awareness states, the process of creating situation awareness and the system 

that creates situation awareness. The analysis shows that target fascination causes the 

ATCOs situation awareness (state) to become outdated without the ATCO realising it. 

This may lead the ATCO to act on outdated or faulty information which may lead to 



64 
 

ineffective traffic management. In these scenarios, this fascination continues until it is in-

terrupted by external elements, in this case by pilots contacting the ATCO as a conse-

quence of absent landing clearances. 

The analysis also shows that target fascination causes the process of creating situation 

awareness to be less structured and more driven by the immediate information needs of 

the situation than it is during regular work, where higher level goals and goal interdepend-

encies take precedence. However, it does not seem to affect the components of the mRTC 

(situation awareness system). Both the permanent components and the dynamic for-

mations of the situation awareness system remain the same in the baseline scenarios and 

the target fascination scenarios. This is interpreted as something very positive, as a loss of 

the standard components might lead to less informed choices being made. Additional 

components added in an already stressful situation, on the other hand, could introduce 

further unwanted complexity.  

Target fascination may also affect the capacity for feedforward control. In the baseline 

scenario excerpt in scenario 2 the ATCO already assumes that the runway will be clear, 

and glances at it just to confirm this, something that has no equivalent action in the target 

fascination scenarios. This is likely closely associated with the reduction in future planning 

reported in the target fascination scenarios compared to the baseline scenario.                                                                                                                                                                  

11.3 Baseline scenario of work in a mRTC 
Chapter 5 provides a baseline scenario of an ATCOs work in a multiple remote tower 

center. It builds in standard work procedures observed in simulations of work in a 

mRTC as well as the documented work procedures of an ATCO in a regular tower. It 

does not include any communication between the ATCO and other air traffic controllers 

outside the ATCOs airspace, as this is likely to be an automated process when the 

mRTCs are implemented. With this in mind, the baseline scenario has been validated by 

an ATCO with experience from mRTC simulations as a realistic representation of what 

work in a mRTC might look like. 

In appendix I and II, the baseline scenario has had target fascination introduced in two 

different places, thus creating a representation of how a situation where target fascination 

occurs in the baseline scenario might look like. 
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13 Appendix I: Target fascination scenario 1 
In this chapter, the first of the two target fascination scenarios is presented. The scenario 

is largely the same as the baseline scenario, with the important difference that target fasci-

nation has been introduced in the scenario at an event that was identified in workshop 1. 

In this scenario, the ATCO becomes so preoccupied with making sure that Car 255 leaves 

the runway before NEXTJET151 is ready to land that target fascination occurs, resulting 

in that it temporarily neglects its duties towards SAS161. As a consequence, SAS161 is not 

given a clearance to land when it expected to, and therefore contacts the ATCO asking if 

it is cleared to land. The ATCO makes an assessment of the situation and decides that 

SAS161 is clear to land. Finally, Car 255 finishes its repairs and leaves the runway, and 

NEXTJET151 is given clearance to land. 

The yellow and turquoise colours signify two different airports that the ATCO is respon-

sible for. The text written in italic signifies something a pilot or driver of a vehicle does, 

while text written in roman signifies something the ATCO does. Furthermore, indented 

text preceded by a ○-bullet means that what follows is an action. Any text that is not 

indented signifies an interaction between an ATCO and a vehicle operator. 

Time Event ECOM level Type of SA 

09:02:36 NEXTJET343 calls ATCO requesting clearance and 
startup.  
ATCO checks weather information, outside 
view, radar and flight strips 

Monitoring  
Regulating 

Task SA 
Transactional SA 

09:02:46 ATCO gives clearance for startup, provides wind 
information of 100 degrees and 5 knots and in-
forms that he will take off from runway 09. Pilot 
in NEXTJET343 reads information back. 

Targeting TaskSA 
Transactional SA 
Shared SA 
Meta SA 

09:03:13 ATCO gives clearance toward Arlanda. He gives 
an altitude of 5000 feet and the squawk code 
0260. Pilot reads back clearance, altitude and squawk 
code. 

Targeting 
Regulating 

Task SA 

09:04:53 FIN003 calls reporting established approach towards 
runway 14.  ATCO answers and instructs FIN003 
to continue approach. 
ATCO checks wind information, outside view, 
radar and flight strips. 

Monitoring 
Regulating 

Transactional SA 
Task SA 

09:06:51 ATCO calls FIN003, giving 100 degrees and 10 
knots and clears it for landing at runway 14. 
FIN003 reads back runway 09 clear to land. 

Targeting Transactional SA 
Shared SA 
Meta SA 

09:08:21 
 

NEXTJET343 calls reporting that it is ready to taxi. 
ATCO checks outside view, radar and flight 
strips 

Monitoring Task SA 

09:08:26 ATCO gives NEXTJET343 clearance to taxi and 
lineup via Bravo. NETXTJET343 reads back clear-
ance.  
ATCO monitors NEXTJET343 taxiing. 

Monitoring 
 

Task SA 
Transactional SA 
Meta SA 

09:09:20 ATCO monitors FIN003s landing progress 
ATCO calls FIN003, instructing it to taxi on 
apron via Bravo. 
 

Monitoring 
Targeting 

Task SA 

09:10:57 ATCO monitors NEXTJET343 taxiing. Targeting 
Monitoring 

Task SA 
Meta SA 
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ATCO calls NEXTJET343 and gives takeoff 
clearance. NEXTJET343 reads back take off clear-
ance. 

09:11:32 ATCO calls NEXTJET343 instructing it to con-
tact next controller on frequency 37.3. 
NEXTJET343 reads back frequency. 

Targeting Transactional SA 
Meta SA 

09:11:48 Car 255 requests permission to cross runway to inspect 
the lights at the side of the runway. ATCO grants 
clearance to approach via Caesar. 
ATCO monitors Car 255 visually 

Monitoring 
Regulating 

 

09:12:25 SAS132 requests clearance and startup.  
ATCO checks weather info, outside view, radar 
and flight strips 

Monitoring 
Regulating 

Task SA 
 

09:12:36 ATCO grants SAS132 startup clearance via run-
way 09 and provides weather information. 
SAS132 reads information back.  

Targeting Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:13:08 ATCO gives SAS132 clearance to Kastrup, an al-
titude of 5000 feet and squawk code 0153. 
SAS132 reads back clearance. 

Targeting Task SA 
Shared SA 
Transactional SA 

09:14:43 Midlands253 requests clearance and startup.  
ATCO checks weather information, outside 
view, radar and flight strips 

Monitoring 
Regulating 

Task SA 

09:14:53 ATCO grants clearance to startup, instructs that 
he will use runway 14 and provides weather in-
formation. Midlands253 reads back information. 

Targeting Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:15:21 ATCO gives Midlands253 clearance to destina-
tion Landvetter, assigns an altitude of 5000 feet 
and the squawk code 0503. Midlands253 reads back 
clearance. 

Targeting 
Regulating 

Task SA 
Shared SA 
Transactional SA 

09:18:11 SAS132 reports that it is ready to taxi. 
ATCO checks outside view, flight strips and radar. 

Targeting Task SA 
 

09:18:16 ATCO gives SAS132 clearance to taxi and lineup 
runway 09 via Bravo. SAS132 reads back clearance. 
ATCO monitors SAS132 taxi. 

Monitors Task SA 
Transactional SA 
Meta SA 

09:19:50 Car 255 calls the ATCO requesting further instructions. 
The ATCO instructs it to continue along Caesar 
and to maintain a distance of at least 50 meters 
from the runway 
ATCO monitors visually and by radar, making 
sure that the distance is maintained. 

Regulating 
Monitoring 

Task SA 

09:22:33 ATCO monitors SAS132 taxi. 
ATCO gives SAS132 clearance for takeoff. 
SAS132 reads back clearance. 

Monitoring Meta SA 
Task SA 

09:22:53 ATCO calls SAS132 instructing it to contact next 
controller on frequency 57.3. SAS132 reads back 
frequency. 

Targeting Task SA 
Meta SA 

09:23:03 Midlands253 reports that it is ready to taxi.  
ATCO checks outside view, radar and flight 
strips 

Monitoring 
Regulating 

Task SA 

09:23:13 ATCO gives Midlands253 clearance to taxi and 
lineup runway 14. Midlands253 reads back clearance.   

Targeting Transactional SA 
Meta SA 

09:24:46 ATCO monitors Midlands253 taxiing. 
ATCO gives Midlands253 clearance for takeoff. 

Monitoring Task SA 
Meta SA 
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Midlands253 reads back clearance. 

09:25:00 ATCO instructs Midlands253 to contact next 
controller at frequency 69.8. Midlands reads back 
frequency. 

Targeting Transactional SA 
Meta SA 
 

09:25:11 SAS161 calls reporting established approach towards 
runway 09.  ATCO answers and instructs SAS161 
to continue approach. 
ATCO checks wind information, outside view, 
radar and flight strips. 

Monitoring 
Targeting 
Regulating 

Task SA 
Meta SA 

09:25:40 ATCO monitors Car 255 visually. 
ATCO instructs Car 255 to repair a broken light 
at the side of the runway and to report when 
done 

Monitoring 
Targeting 

 

09:26:20 NEXTJET151 calls reporting established approach to-
wards runway 14. ATCO answers and instructs 
NETXjet151 to continue approach. 
ATCO checks wind information, outside view, 
radar and flight strips. 

Monitoring 
Regulating 

Transactional SA 
Task SA 

09:26:25 ATCO monitors Car 255s progress closely, as he 
cannot give NEXTJET151 clearance to land un-
til the runway is clear. 

Monitoring 
Regulating 

Task SA 

09:28:21 SAS161 calls ATCO asking if it is cleared to land or if 
it should begin ascent and retry the landing. It expected to 
have been given a landing clearance as it approached the 
runway for landing, as is customary. The ATCO, who 
had been fully focused on making sure Car 255 at 
the other airport was gone before NEXTJET151 
arrived had temporarily forgotten about SAS161. 

 Transactional SA 
Meta SA 

09:28:40 ATCO checks wind information, outside view, 
radar and flight strips 
ATCO gives SAS161 weather information of 100 
degrees, 10 knots and clearance to land at runway 
09. SAS161 reads back clearance to land 

Monitoring 
Regulating 

Shared SA 
Transactional SA 
Meta SA 

09:29:02 Car 255 reports that it is done repairing the broken light. 
The ATCO instructs it to follow the same path on the 
way back. 
ATCO monitors visually until the runway is clear. 

Monitoring Transactional SA 
Task SA 

09:29:53 ATCO checks weather information, outside 
view, flight strips and radar. 
ATCO gives NEXTJET151 weather information 
of 60 degree, 6 knots and clearance to land at 
runway 14. NEXTJET151 reads back clearance. 

Monitoring 
Regulating 

Shared SA 
Transactional SA 
Meta SA 

09:30:01 ATCO monitors SAS161s landing progress 
ATCO calls SAS161, instructing it to taxi on 
apron via Alpha. 

Monitoring 
Targeting 

Task SA 

09:31:15 ATCO monitors NEXTJET151s landing pro-
gress 
ATCO calls NEXTJET151, instructing it to taxi 
on apron via Alpha. 

Monitoring 
Targeting 

Task SA 

Figure 29. Target fascination scenario 1.  
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14 Appendix II: Target fascination scenario 2 
In this chapter, the second of the two target fascination scenarios is presented. The sce-

nario is largely the same as the baseline scenario, with the important difference that target 

fascination has been introduced in the scenario at an event that was identified in workshop 

1. 

Due to a technical error in the cockpit aircraft SAS161 is forced to abort its already initiated 

landing and begin ascent. Initially the ATCO is unable to contact the pilot, but eventually 

they establish contact and the pilot explains that they had a technical error. As this sudden 

unexpected ascent takes up so much of the ATCOs attentional resources target fascination 

occurs, and the ATCO forgets to give the incoming NEXTJET151 its landing clearance. 

When NEXTJET151 calls asking if it is cleared to land or of it should begin ascent, the 

ATCO tells SAS161 to circle the area and report if and when their difficulties are solved. 

He then gives NEXTJET151its landing clearance. Once SAS161 gets in touch reporting 

that the problem has been solved, it too is granted clearance to land. 

The yellow and turquoise colours signify two different airports that the ATCO is respon-

sible for. The text written in italic signifies something a pilot or driver of a vehicle does, 

while text written in roman signifies something the ATCO does. Furthermore, indented 

text preceded by a ○-bullet means that what follows is an action. Any text that is not 

indented signifies an interaction between an ATCO and a vehicle operator. 

Time Event ECOM level Type of SA 

09:02:36 NEXTJET343 calls ATCO requesting clearance and 
startup.  
ATCO checks weather information, outside view, 
radar and flight strips 

Monitoring  
Regulating 

Task SA 
Transactional SA 

09:02:46 ATCO gives clearance for startup, provides wind 
information of 100 degrees and 5 knots and in-
forms that he will take off from runway 09. Pilot 
in NEXTJET343 reads information back. 

Targeting TaskSA 
Transactional SA 
Shared SA 
Meta SA 

09:03:13 ATCO gives clearance toward Arlanda. He gives 
an altitude of 5000 feet and the squawk code 
0260. Pilot reads back clearance, altitude and squawk 
code. 

Targeting 
Regulating 

Task SA 

09:04:53 FIN003 calls reporting established approach towards run-
way 14.  ATCO answers and instructs FIN003 to 
continue approach. 
ATCO checks wind information, outside view, 
radar and flight strips. 

Monitoring 
Regulating 

Transactional SA 
Task SA 

09:06:51 ATCO calls FIN003, giving 100 degrees and 10 
knots and clears it for landing at runway 14. 
FIN003 reads back runway 09 clear to land. 

Targeting Transactional SA 
Shared SA 
Meta SA 

09:08:21 
 

NEXTJET343 calls reporting that it is ready to taxi. 
ATCO checks outside view, radar and flight 
strips 

Monitoring 
Regulating 

Task SA 

09:08:26 ATCO gives NEXTJET343 clearance to taxi and 
lineup via Bravo. NETXTJET343 reads back clear-
ance.  
ATCO monitors NEXTJET343 taxiing. 

Monitoring 
 

Task SA 
Transactional SA 
Meta SA 

09:09:20 ATCO monitors FIN003s landing progress 
ATCO calls FIN003, instructing it to taxi on 
apron via Bravo. 

Monitoring 
Targeting 
Regulating 

Task SA 
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09:10:57 ATCO monitors NEXTJET343 taxiing. 
ATCO calls NEXTJET343 and gives takeoff 
clearance. NEXTJET343 reads back take off clear-
ance. 

Targeting 
Monitoring 

Task SA 
Meta SA 

09:11:32 ATCO calls NEXTJET343 instructing it to con-
tact next controller on frequency 37.3. 
NEXTJET343 reads back frequency. 

Targeting Transactional SA 
Meta SA 

09:11:48 Car 255 requests permission to cross runway to check the 
lights. ATCO grants clearance to approach via 
Caesar. 
ATCO monitors Car 255 visually 

Monitoring 
Regulating 

 

09:12:25 SAS132 requests clearance and startup.  
ATCO checks weather info, outside view, radar 
and flight strips 

Monitoring 
Regulating 

Task SA 
 

09:12:36 ATCO grants SAS132 startup clearance via run-
way 09 and provides weather information. 
SAS132 reads information back.  

Targeting Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:13:08 ATCO gives SAS132 clearance to Kastrup, an al-
titude of 5000 feet and squawk code 0153. 
SAS132 reads back clearance. 

Targeting Task SA 
Shared SA 
Transactional SA 

09:14:43 Midlands253 requests clearance and startup.  
ATCO checks weather information, outside view, 
radar and flight strips 

Monitoring 
Regulating 

Task SA 

09:14:53 ATCO grants clearance to startup, instructs that 
he will use runway 14 and provides weather infor-
mation. Midlands253 reads back information. 

Targeting Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:15:21 ATCO gives Midlands253 clearance to destina-
tion Landvetter, assigns an altitude of 5000 feet 
and the squawk code 0503. Midlands253 reads back 
clearance. 

Targeting 
Regulating 

Task SA 
Shared SA 
Transactional SA 

09:18:11 SAS132 reports that it is ready to taxi. 
ATCO checks outside view, flight strips and radar. 

Targeting 
Regulating 

Task SA 
 

09:18:16 ATCO gives SAS132 clearance to taxi and lineup 
runway 09 via Bravo. SAS132 reads back clearance. 
ATCO monitors SAS132 taxi. 

Monitors Task SA 
Transactional SA 
Meta SA 

09:19:50 Car 255 calls the ATCO requesting further instructions. 
The ATCO instructs it to continue along Caesar 
and to maintain a distance of at least 50 meters 
from the runway 
ATCO monitors visually and by radar, making 
sure that the distance is maintained. 
 
 

Regulating 
Monitoring 

Task SA 

09:22:33 ATCO monitors SAS132 taxi. 
ATCO gives SAS132 clearance for takeoff. 
SAS132 reads back clearance. 

Monitoring Meta SA 
Task SA 

09:22:53 ATCO calls SAS132 instructing it to contact next 
controller on frequency 57.3. SAS132 reads back 
frequency. 

Targeting Task SA 
Meta SA 

09:23:03 Midlands253 reports that it is ready to taxi.  
ATCO checks outside view, radar and flight 
strips 

Monitoring 
Regulating 

Task SA 
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09:23:13 ATCO gives Midlands253 clearance to taxi and 
lineup runway 14. Midlands253 reads back clearance.   

Targeting Transactional SA 
Meta SA 

09:24:46 ATCO monitors Midlands253 taxiing. 
ATCO gives Midlands253 clearance for takeoff. 
Midlands253 reads back clearance. 

Monitoring Task SA 
Meta SA 

09:25:00 ATCO instructs Midlands253 to contact next 
controller at frequency 69.8. Midlands reads back 
frequency. 

Targeting Transactional SA 
Meta SA 
 

09:25:11 SAS161 calls reporting established approach towards 
runway 09.  ATCO answers and instructs SAS161 
to continue approach. 
ATCO checks wind information, outside view, 
radar and flight strips. 

Monitoring 
Targeting 
Regulating 

Task SA 
Meta SA 

09:25:40 ATCO monitors Car 255 visually. 
ATCO instructs Car 255 to repair a broken light 
at the side of the runway and to report when 
done 

Monitoring 
Targeting 

 

09:26:20 NEXTJET151 calls reporting es-
tablished approach towards run-
way 14. ATCO answers and in-
structs NETXjet151 to continue 
approach. 

ATCO checks wind information, outside view, 
radar and flight strips. 

Monitoring 
Regulating 

Transactional SA 
Task SA 

09:26:25 ATCO monitors Car 255s progress closely, as he 
cannot give NEXTJET151 clearance to land until 
the runway is clear. 

Monitoring 
Regulating 

Task SA 

09:28:13 ATCO checks wind information, outside view, 
radar and flight strips. 
ATCO gives SAS161 weather information of 100 
degrees, 10 knots and clearance to land at runway 
09. SAS161 reads back clearance to land. 

Monitoring 
Regulating 

Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:29:02 Car 255 reports that it is done repairing the broken light. 
The ATCO instructs it to follow the same path on the 
way back. 
ATCO monitors visually until the runway is clear. 

Monitoring 
Regulating 

Transactional SA 
Task SA 

09:29:32 ATCO looks at outside view and sees that 
SAS161 has canceled its landing and is now as-
cending. 
ATCO repeatedly tries to contact SAS161 asking 
for a status update but gets no answer. 

Monitoring Task SA 

09:29:54 SAS161 responds to ATCOs call, that there were tech-
nical difficulties in the cockpit that they were trying to fig-
ure out. ATCO and SAS161 continue dialogue in 
order to plan SAS161s movements. 

Monitoring Task SA 
Transactional SA 
Shared SA 

09:30:53 NEXTJET151 calls ATCO asking if it is cleared to 
land or if it should begin ascent and retry the landing. It 
expected to have been given a landing clearance as it ap-
proached the runway for landing, as is customary. The 
ATCO had directed all his attention towards 
SAS161 after its unexpected ascent and forgotten 
to monitor NEXTJET151. 

 Transactional SA 
Meta SA 

09:31:01 The ATCO tells SAS161 to circle the airport and 
report when progress is made. 

Targeting  
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09:31:14 ATCO checks weather information, outside view, 
flight strips and radar. 
ATCO gives NEXTJET151 weather information 
of 60 degree, 6 knots and clearance to land at 
runway 14. NEXTJET151 reads back clearance. 

Monitoring 
Regulating 

Task SA 
Shared SA 
Transactional SA 
Meta SA 

09:33:15 ATCO monitors NEXTJET151s landing pro-
gress 
ATCO calls NEXTJET151, instructing it to taxi 
on apron via Alpha. 

Monitoring 
Targeting 

Task SA 

09:34:01 SAS161 reports that the problems have been dealt with 
and that they are ready for landing. 

Monitoring Task SA 
Transactional SA 

09:34:25 ATCO checks wind information, outside view, 
radar and flight strips. 
ATCO gives SAS161 weather information of 100 
degrees, 10 knots and clearance to land at runway 
09. SAS161 reads back clearance to land 

Monitoring 
Regulating 

Task SA 
Transactional SA 
Meta SA 

09:37:12 ATCO monitors SAS161s landing progress 
ATCO calls SAS161, instructing it to taxi on 
apron via Alpha. 

Monitoring 
Targeting 
Regulating 

Task SA 

Figure 30. Target fascination scenario 2 
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