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Abstract 

Air Traffic Control (ATC) is a safety-critical system which places high demands on air traffic 

controllers’ (ATCO) multitasking abilities. Having the requisite information for well-

informed decision making is central, and as new technologies such as remote towers demand 

an increase in capacity, efficiency, and safety there is a need for research that informs system 

development. Adopting a systems perspective, Distributed Cognition is an approach for 

investigating system functioning, and Resilience Engineering is a way of observing safety 

factors in everyday work. The purpose of this study is to understand how air traffic controllers 

work from a distributed cognition perspective, and manage safety in everyday tasks from a 

resilience perspective. Six observations and six interviews were conducted in a Swedish 

control tower. The data was analyzed using Distributed Cognition for Teamwork (DiCoT) and 

Resilience markers (REM), which both focus on the transformation and propagation of 

information. The results of DiCoT show how cognitive processes in ATCO work are 

supported in models of physical layout, artefacts, information flow, social organization, and 

evolutionary design. The results of REM show potential for resilience enhancing behavior in 

several episodes of ATCO work. Moreover, the results suggest that methods such as DiCoT 

and REM may work well in the ATC domain, as well as complementary to each other. The 

results may be used for informing system development, and enable a before-and-after study as 

the control tower of study will be transformed into a remote tower. 
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1. Introduction 

Air traffic control (ATC) is a service to promote the safe, orderly and expeditious flow of air 

traffic, operated by the appropriate authority (FAA, 2014). ATC is a safety-critical system 

where the work of traffic controllers is highly demanding, involving multitasking at a fast 

tempo in an environment where unusual situations and emergencies may be commonplace 

(Malakis, Kontogiannis, & Kirwan, 2010). Fields, Wright, Marti, and Palmonari (1998) 

describe the control and direction of air traffic as a knowledge and information-intense 

activity, where the provision of information or resources that support decision making 

therefore should be a critical focus in design. ATCOs enforce traffic separation rules mainly 

by radio, communicating with pilots and ground vehicle operators, traditionally from a control 

tower at the airport.  

Increasing demands of capacity, efficiency, and safety have resulted in the International 

Civil Aviation Organization (ICAO) aiming to create a global Air Traffic Management 

(ATM) system in the year of 2025 (ICAO, 2005). NextGen (Next Generation Air 

Transportation System) and SESAR (Single European Sky ATM Research) are two major 

projects to achieve this goal, and they investigate how efficiency and safety may be 

maintained with the increase in capacity (Malakis & Kontogiannis, 2013). Vadaszffy (2015) 

writes that the cost of managing an ATC is high, which may result in small regional airports 

being forced to close down. One solution for this in the SESAR project is described as the 

Remote Towers (RT) concept, where air traffic may be conducted remotely from a distant 

location. The Civil Aviation Authority of Sweden, Luftfartsverket (LFV), launched a pre-

study for this in 2005, and in April 2014 they presented a fully operational Remote Tower 

Service, serving another airport over 150 km away (Remote Tower Services, 2015). 

Continuously examining operators’ cognitive strategies and the resources they employ is 

critical in maintaining and advancing safety (Isaac & Ruitenberg, 1999).  

By adopting system theory, one way of understanding the use of information is Distributed 

Cognition (DCog) (Hutchins, 1995a), which considers cognition as a property of a system of 

individuals and external representational artefacts carrying out some activity and centers on 

the notion that all cognition is inherently distributed. Identifying critical interactions between 

the system’s constitutive parts is therefore described as a way of understanding how the 

system functions, with an emphasis on the propagation and transformation of information. 
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Several studies have previously investigated ATC from a DCog perspective; Walker et al. 

(2010) have investigated command and control through the event analysis for systemic 

teamwork method, resulting in a systems level description of the ATC scenario; Fields, 

Wright, Marti and Palmonari (1998) have analyzed the distribution, manipulation, and 

propagation of representations in the ATC system, developing design recommendations for 

the digitalization of paper flight progress strips; Cox, Sharples, Stedmon and Wilson (2007) 

have investigated the impact of changing technologies and responsibilities such as the 

datalink, by developing and evaluating an observational tool for information propagation; 

Inoue et al. (2012) have analyzed air traffic controllers’ tasks and modeled their cognitive 

processes in en-route ATC systems, identifying certain problems and considered a way in 

how to address them; and Soraji et al. (2012) have reconstructed controller teams’ cognitive 

processes, finding that the mutual belief model may be used in team cooperation processes. 

However, to the author’s knowledge, no DCog study has previously purposely investigated 

the ATC system in order to inform the Remote Towers design. Moreover, Distributed 

Cognition for Teamwork (DiCoT) is a semi-structured method for applying the DCog theory 

in practice, supporting the reasoning of existing or future system designs (Blandford & 

Furniss, 2006). DiCoT has not been used in the ATC context before. 

Considering safety, the traditional approaches have considered humans as degrading 

otherwise flawless systems, aiming to protect them from unreliable and erratic human 

components. However, after a reexamination of accidents attributed to human error it was 

found that the people in the organizations rather contributed to safety because of their ability 

to adapt to changes, gaps in system design, and unplanned actions (Woods & Hollnagel, 

2006). Moreover, The SESAR project described above “could be the most complex ”IT + 

human agent-based” safety-critical system in the world” (Brooker, 2010:842), where 

traditional safety approaches may be inadequate. One solution for coping with this complexity 

is suggested as the concept of resilience. Resilience generally refers to the ability to recover 

from some unexpected event, or to prevent accidents from happening despite the persistence 

of poor circumstances (Furniss, Back, Blandford, Hildebrandt, & Broberg, 2011). Moreover, 

Resilience Engineering (RE) seems to give an optimistic perspective on the ability of 

operators to guarantee system safety and success, at the sharp end, through their abilities to 

adapt to risks in their environment (Bergström, van Winsen, & Henriqson, 2015). A system 

may have resilient performance during routine work, and one of the few frameworks for 

studying this is Resilience Markers (REM), which just as DiCoT puts an emphasis on the 
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propagation and transformation of information throughout the system (Furniss et al., 2011). 

Previous studies include Malakis and Kontogiannis (2014), which has investigated team 

sensemaking and how it helps air traffic controllers coordinate efforts and anticipate events in 

uncertain situations; Malakis et al. (2010) explored how cognitive strategies enabled 

controllers to become more resilient decision-makers. REM has not been used in the ATC 

context before; and Malakis and Kontogiannis (2008) examined and found several individual 

and joint failure-sensitive strategies during simulations of abnormal situations in ATC.  

Both DiCoT and REM originate with the same authors (Blandford & Furniss, 2006; 

Furniss et al., 2011), and place emphasis on the propagation and transformation of 

information. DiCoT may provide a general understanding of a system, and REM focuses on 

safety in everyday work.  

1.1. Purpose 

The purpose of this study is to understand how the ATC system manages work and safety in 

everyday work routines. The results may be used to inform system design and to highlight 

safety-promoting work practices to further enhance the capabilities of the system. 

1.2. Research Questions 

The research questions to be answered are: 

1. How do air traffic controllers work from a distributed cognition perspective? 

2. How is safety managed in air traffic control from a resilience perspective? 

These questions will be answered by overt observations at a control tower and interviews with 

air traffic controllers. The air traffic controllers’ work activity will be filmed during the 

observations and eye-tracking equipment will be used for understanding information handling 

strategies in more detail. 

The DiCoT framework will be used to explore the system’s use of information from a 

Distributed Cognition perspective, and the REM framework may give a complementary 

approach to safety from a resilience perspective. Both frameworks emphasize the propagation 

and transformation of information and originate with the same authors. 
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1.3. Delimitations 

The study will focus on everyday routine work rather than emergency procedures. 

Observations will only take place at one control tower due to time and resource limitations. 

The DiCoT framework and Resilience Markers method will only be discussed in the 

discussion of the methodological approach. 
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2. Air Traffic Control 

Air Traffic Control (in this case air traffic control towers) is a ground-based service that 

directs incoming and outgoing traffic from the airport. The Air Traffic Controllers (ATCO) 

enforce traffic separation rules mainly by radio communication with pilots and ground vehicle 

operators. The purpose of Air Traffic Control (ATC) is to promote the safe, orderly and 

expeditious flow of air traffic, operated by the appropriate authority (FAA, 2014), and it 

places high demands on multitasking at a fast tempo in an environment when unusual 

situations and emergencies may be commonplace (Malakis et al., 2010). Malakis, 

Kontogiannis and Kirwan (2010) write that the work requires the ability to manage multiple 

goals at a fast tempo where emergencies and unusual situations may be commonplace. 

Furthermore, ATC is a safety-critical system where: 

 dangerous situations may escalate rapidly, such as when an aircraft experiencing a 

decompression; 

 the available time for decision making and coordination may be sparse; 

 errors may lead to disasters; 

 decisions and goals may conflict with other goals; 

 goals may shift. 

These work characteristics (Corradini & Cacciari, 2002) are described as posing threats to the 

stability of the system and as potentially stretching the boundaries of safety, which is a core 

value in the organization. The new concept of Remote Towers may enable ATCOs to conduct 

traffic from a distant location, rather than at the airport (Remote Tower Services, 2015). This 

development has several advantages, but demands research for informing system design. 
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3. Theoretical Approach 

This section will describe the system view and how systemic units of analysis may be studied 

through Distributed Cognition (DCog) and Resilience Engineering (RE). DCog is a theory 

that considers emergent cognitive properties of cognitive systems, whereas RE describes 

safety as an emergent property of systems, where potential for resilient performance may be 

visible in everyday work.  

3.1. The System View 

In the early 1950’s, technological advances in the mining industry, where humans were 

considered an add on, resulted in loss of control and errors (Trist, 1981). The idea of socio-

technical systems emerged to counter this problem by adopting a holistic view of technology 

and humans’ work in unison. Trist describes the thoughts behind this as “work organizations 

exist to do work – which involves people using technological artifacts (whether hard or soft) 

to carry out sets of tasks related to specified overall purposes” (Trist, 1981:10). When 

studying socio-technical systems, a primary work system carries out sets of activities in 

identifiable and bounded subsystems of a whole organization, consisting of for example a 

group(s) of people, equipment, resources and a recognized purpose that unifies them. One 

example of this could be the control tower in the ATC. 

Moreover, Von Bertalanffy (1968) developed the idea of a general system theory in which 

systems may be identifiable and studied everywhere. He writes that “there exists models, 

principles, and laws that apply to generalized systems or their subclasses, irrespective of their 

particular kind, the nature of their component elements, and the relations or ‘forces’ between 

them” and argues that it is therefore “legitimate to ask for a theory, not of systems of a more 

or less special kind, but of universal principles applying to systems in general” (p. 32). 

3.1.1. Emergence 

When the properties of a system exceed the size and level of complexity that can be 

intellectually understood at once it is referred to as emergence (Pariés, 2006). A reductionist 

approach for decomposing phenomena and describing systems’ interacting parts at a micro-

level may therefore be less feasible than a macro-level description.  

Pariés (2006) explains that when a system has no emergence, macro-level properties of a 

system may be derived from assembling micro-level properties, such as when describing the 
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atomic structure of metal. When there is a weak level of emergence, micro-level properties 

may in principle predict macro-level properties, such as in insect swarms, but it may not be a 

feasible approach. In strong emergence, however, macro-level properties cannot be explained 

or predicted by micro-levels due to the sheer complexity of the system.  

One way to define emergence is as a failure of aggregativity (Wimsatt, 1986). This 

argument is based on the concept of an organism being more than the sum of its aggregative 

parts, whereas a heap of stones is nothing more than the sum of its aggregative parts. Noting 

failures of aggregativity may therefore be a way to identify if a system property may be 

reducible to properties of the system’s separate parts and their relations. 

3.2. Distributed Cognition 

The field of Distributed Cognition (DCog) investigates the cognitive properties of systems 

that emerge through the interactions of the system’s constitutive parts (Hutchins, 1995a). 

Cognition has traditionally been regarded as happening inside the head, but the concept of 

DCog (Hutchins, 1995a; Norman, 1993; Salomon, 1993) widens the unit of analysis to 

encompass cognitive processes based on the functional relationships between elements that 

together participate in the process (Hollan, Hutchins, & Kirsh, 2000; Zhang & Patel, 2008, p. 

143). Moreover, Hutchins (1995b) describes cognition as a property of a system of individuals 

and external representational artefacts carrying out some activity, and the field is not about 

studying a kind of cognition, but is a perspective of all cognition as cognition in itself is 

inherently distributed (Hutchins, 1995a).  

Furthermore, Nardi (1996) emphasizes the importance of the system’s transformation of 

internal and external representations – structures – and the coordination among these as to 

align agents and artefacts within a distributed process, which begins with the positioning of a 

common goal. The DCog perspective is considered valuable as it may pose questions in new 

ways, leading to new insights (Hutchins, 2006, p. 377).   

3.2.1. The Notion of Distribution 

Poirier and Chicoisne (2008) describe how cognitive processes are distributed by first 

pointing out that neurons are, in fact, distributed inside the head – thinking would not be a 

cognitive property attributable to single neurons. It is from the interactions between the 

neurons that the systemic cognitive properties of thinking may emerge. Ants, which 
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themselves may be more advanced and more distributed than separate neurons, act together to 

find the shortest path from the stack to food. The separate ants are guided by the instinct to 

find food, and by leaving pheromone trails when they search, they may find their way back 

once they have retrieved it. This pheromone trail guides other ants to the food, optimizing 

their food-seeking behavior through collaborative interactions. Students, who are even more 

advanced cognitively and may act more independently, show systemic properties when they 

for example begin to tread on the grass of campuses to quicker get to classes. When one 

student starts to stomp down the grass, others may follow based on the visible trail, creating 

faster pathways similar to the ants’ pheromone trails. The elements in these examples are 

distributed in space, but through their interaction with each other they may create new 

cognitive properties if seen from a systemic point of view.  

Gureckis and Goldstone argue that “to the extent that a person’s functioning depends on 

their computer, desk, books, car, colleagues, and staff, their status as an independent 

information processing unit diminishes” (2008, p. 101). The neurons, ants, and students 

depend on each other in order for the cognitive properties to emerge in the examples above. In 

that sense, the unit of analysis in DCog is the interactions of the systems’ constitutive parts, 

where cognitive properties may emerge (Poirier & Chicoisne, 2008), and thus delimited by 

the participating element’s functional relationship (Hollan et al., 2000).  

3.2.2. Social Distribution 

Hollan et al. (2000) describes the idea of social organization as a form of cognitive 

architecture in itself. They argue that cognitive processes involve patterns of transmitting and 

transforming information that, if stable, may reflect some underlying cognitive architecture. 

Social organization, and the contextual structures of its activities, largely determine the flow 

of information, which may therefore also reflect such an architecture. Cognitive processes 

may therefore not only be socially distributed across the members of a group, but include the 

phenomena that emerge from social interactions and the interactions between people and the 

structure of the environments as well. 

3.2.3. Cognitive Empathy 

In cooperation, cognitive empathy refers to the ability to understand why and how another 

person needs help, and to know when routine task distribution should be employed. Artman 
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and Waern (1998) describe how this ability is used in emergency call centers as a way for call 

operators to manage incoming calls collaboratively.  

In case of a priority one call, call operators are urged to have a colleague co-listening to the 

conversation who can manage for example call to rescue services while the other manages the 

interview. The call operator may ask a co-listener for a second opinion on whether the caller 

may be faking the emergency, and co-listeners often monitor other operators and their voice 

to be prepared to give support. The operators can make joint decisions in coordinating 

resources, remind each other of actions to take or information to request, and afterwards give 

each other feedback and support related to the call.  

Artman and Waern explain that these practices are cases of cognitive empathy, which let 

call operators understand each other’s problematic situations and in what way he/she needs 

assistance. A loss of this ability may sometimes result in less favorable outcomes. The 

operators’ preparedness to watch for each other’s needs and the need of help from others seem 

important in collaboration, and even small acknowledgements of each other’s problematic 

situations may give enough to perform the task properly.  

3.2.4. Cultural Distribution 

In systems, culture is a process that accumulates solutions to repeatedly encountered problems 

(Hutchins, 1995a). These solutions may be crystallized and saved into material, tools of the 

trade, and the social organization of work. Such development takes place over long periods of 

time, and the processes that conduct activities and produce individual changes also change the 

setting’s social, material, and conceptual structure. This cultural process is described as taking 

place both inside and outside people’s minds.  

Moreover, Hutchins (1995a) views culture as mostly a cognitive process in itself, where 

cognition in turn is a cultural process. As the microgenesis of the system’s cultural elements 

may be visible in the details of ongoing practice, studying them ethnographically may 

therefore be a way of studying cognition, which Hutchins (1995a) refers to as cognition in the 

wild.  

3.3. Resilience  

During the 1980s, a paradigm shift was taking place in system safety (Woods & Hollnagel, 

2006). Humans had previously been considered to degrade otherwise flawless systems, and 



 

 

10 

 

 

safety approaches had aimed to protect the system from unreliable and erratic human 

components. This approach unfortunately led to problems such as system rigidity, where 

operators place too much trust in strict procedures and system design in situations where 

adaptive capabilities would be needed to avoid or prevent errors. After a reexamination of 

accidents attributed to human-error, it was found that the people in organizations actually 

provided positive contributions to safety by their ability to adapt to changes, gaps in system 

design, and unplanned situations.  

Woods and Hollnagel (2006) summarize a series of studies by stating that failures were 

rather due to breakdowns in the adaptive capability to cope with complexity, while success on 

the other hand was achieved by people who adapted quickly and learned to create safety in 

complex situations. Both simple and complex linear accident models, which aimed to describe 

accidents from sequential events, were found incapable of properly explaining why failures 

occur (Hollnagel, 2006). This led to the systemic view, in which failures are not attributed to 

separate parts of the system, but to the system’s emergent behavior.  

Resilience engineering (RE) (Woods & Hollnagel, 2006) is an approach to safety that aims 

to counteract the problems of the earlier paradigm, adapting the systemic view. Hollnagel, 

Woods, and Leveson (2006) describe safety as something a system does rather than 

something it has, emerging from the system aggregative parts. In RE, failures are not viewed 

as breakdowns or malfunctions, but rather as signs of there not being enough adaptive 

capacities to cope with the complexity of the real world. Success is described as the ability to 

anticipate how risk factors may change before they occur. Focus therefore lies on helping 

people cope with complexity under difficult circumstances in order to achieve success.  

Generally, resilience refers to the ability to recover from some unexpected event, or to 

avoid accidents despite the persistence of poor circumstances (Furniss et al., 2011). Woods 

(2006) describes resilience as a system’s ability to handle disruptions and variations that fall 

outside the adaptive base mechanisms defined in that system. Resilience then concerns the 

ability to recognize and adapt to unanticipated perturbations that question the model of 

competence. The model of competence refers to how strategies are matched to demands, and 

perturbations that questions this model demand a shift of processes, strategies, and 

coordination. Therefore, it is important to monitor the boundary conditions of the competence 

model in order to adjust or expand it to meet changing demands and opportunities.  

Moreover, the complacency trap describes how difficult it is for organizations to realize 

that they are becoming complacent to risk as less incidents occur, and the Iceberg Theory 
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states that the most serious accidents cannot be anticipated in system design, as small 

incidents are not necessarily predicative to them (Sheridan, 2008). Safety is therefore 

something an organization does rather than something it is – proactively avoiding setting up 

conditions in which failure may occur. Hollnagel (2006, p. 9) writes that “safety research 

should focus on the accidents that did not occur and try to understand why”. In resilient 

organizations, safety is considered a core value in which it only reveals itself in the events that 

do not occur, and the system’s intrinsic ability to maintain or regain a dynamically stable state 

is therefore considered essential to resilience. 

Bergström, Winsen and Henriqson (2015) offer a comprehensive literature review of peer-

reviewed journals concerning resilience. The results show that the resilience literature is more 

or less unified in its optimistic perspective on the ability of operators in the sharp end to 

guarantee system safety and success based on their abilities to adapt to the risks of their 

environment. 

Furthermore, Lundberg and Johansson (2015) point out that the concept of resilience 

includes contradictory definitions, such as both viewing resilience as an agile adjustment, and 

as robust resistance to situations. However, it is argued that it may be possible to maintain 

these definitions without contradictions in a systemic resilience model. The model outlines six 

functions: anticipation, monitoring, response, recovery, learning, self-monitoring; while 

consisting of four areas: constraints, functional dependencies, adaptive capacity and strategy. 

The systemic resilience model may be useful for envisioning new methods and metrics for 

resilience, as well as for engineering and evaluating resilient systems. 

3.4. Section Summary 

This section has discussed system theory, emergence and how they may be studied from a 

DCog and RE perspective by the use of DiCoT and RE markers. DCog considers the system’s 

propagation and transformation of information, and Resilience considers system safety in 

everyday work with an emphasis on information propagation and transformation.  
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4. Method 

Six observations and six interviews were conducted in a Swedish control tower. The 

researcher took an observer-participant role to the field-site in overt observations and 

interviews. When traffic was present, two video cameras recorded work activity while the 

researcher took field-notes. One of the observations included an eye tracking session to 

examine the work from the ATCO’s perspective, and was analyzed the same way as the other 

video recordings. When there was no traffic, interviews were conducted with idle controllers 

with concurrent field-notes.  

4.1. Methodological Approach 

The data collection methodology of this study stems from DCog (cognitive ethnography), 

with a focus on observation and interviewing. Distributed Cognition for Teamwork (DiCoT) 

was used as a structured framework for applying the DCog theory in the analysis, and 

Resilience Markers (REM) was used as a method for studying resilience in systems. Both 

DiCoT and REM emphasize the transformation and propagation of information and originate 

from the same authors, which might suggest that they work well together. DiCoT is in this 

thesis used for a general description of the ATC domain, whereas REM is used for giving a 

specific account of resilience. 

4.1.1. Cognitive Ethnography 

As cognitive activity is constructed from internal and external resources in which actions’ 

meanings are grounded in the context of activities, cognitive ethnography seeks to understand 

how information is processed and arranged in the individual mind, material and social world 

(Hollan et al., 2000). Here, the approach differs from traditional cognitive anthropology in the 

sense that it adds a focus on how action and meaning are constructed by material and social 

means. In addition, cognitive ethnography brings together several disciplines and techniques, 

such as observations and interviews, dependent on the context of the activity.  

The aim of the approach is to identify the critical interactions between the system’s 

constitutive parts in order to understand the workings of the system. This makes cognitive 

ethnography event-centered, focusing on what the systems’ constitutive parts know, and how 

they use that knowledge in their work.  
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4.1.2. Observation 

The skill of observing may begin at the moment the researcher enters a field-site by taking in 

and recording as much details of it as possible without too much interpretation. Noting a 

phenomenon may be done with instruments and recorded in different ways. Observation is 

described as “the act of perceiving the activities and interrelationships of people in the field 

setting through the five senses of the researcher” (Angrosino, 2007, p. 37). 

The researcher’s role while observing may impact the data collection (Angrosino, 2007). 

Being an observer-as-participant refers to the researcher as being recognized solely as a 

researcher. Here, the researcher may observe for brief periods while taking notes, and conduct 

interviews when needed. Being a complete observer means that the researcher is as detached 

as possible from the field-site, left neither seen nor noticed. Participant-as-observer refers to 

the researcher participating in activities and engaging with the people of study, while still 

being recognized as a researcher. Being a complete participant means not being recognized as 

a researcher – going native – and being fully engaged with the community. Research in which 

participants find it evident that they are being studied is called overt, while research in which 

is evident is referred to as covert (Howitt, 2013). 

Observations are used for recognizing patterns, and taking field-notes is described as a 

minimum in which there are several points to consider (Angrosino, 2007). First, it is 

important to keep the notes structured and organized throughout the observations. The notes 

should be headed with the date, place and time of observation. Pseudonyms could be used for 

the participants in order to maintain anonymity, verbal exchanges should be recorded as much 

as possible, events and actions should be recorded in sequence, and the notes should be kept 

on a more objective level. 

4.1.3. Interviewing 

When the researcher begins to see patterns from the gathered data in field-research, there is a 

need to understand what they actually mean in more detail. Interviewing may be used for 

understanding why these patterns occur and what they achieve by probing questions of them 

to participants. However, Angrosino describes interviewing widely as “a process of directing 

a conversation so as to collect information” (Angrosino, 2007, p. 42). 

Kvale and Brinkmann describe seven stages of an interview project: thematisation, 

planning, interviewing, transcription, analysis, verification, and reporting.  
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(1) Thematisation concerns the formulation of the research questions and the theme to be 

investigated. Key questions are why (the purpose of the study), what (to gather prior 

knowledge of the subject), and how (techniques and theories of interview and analysis). 

Interviews may have an explorative or hypothesis-testing purpose, where the former may be 

more open and less structured, and the latter may be more standardized and structured.  

(2) The planning concerns how the interviews are to be done. In standardized experimental 

studies, the structure of the interviews needs to be known beforehand. In open and non-

standardized studies, the choice of method may be done during the study, and in some cases it 

will be too late to make the right decisions. The amount of interviews depends on how many 

are needed for finding the answers to what is sought to be known, depending on the purpose 

of the study. Informed consent is needed from the participants, securing confidentiality and to 

deliberate on possible ethical consequences for them.  

(3) During the interview the researcher needs to establish good contact with the participant 

in order for him/her to be comfortable with speaking freely. This may be done by showing 

interest, listening attentively, showing respect and understanding for what is being said, and 

about what knowledge is sought from the interviews. There are no clear-cut criteria for 

qualitative interviewing; a well-performed interview depends on the researcher’s skills as an 

interviewer –questioning skills, knowledge of the domain, and attentiveness to the social 

relation of interviewee and interviewer, and consciousness about epistemological and ethical 

considerations. Personal consequences for the participant, such as stress during the interview, 

or factors that may affect self-esteem are some of the necessary ethical considerations.  

(4) The transcription of the interview often turns verbal interaction into a written account, 

which in itself is a matter of interpretation. This transformation of the information builds on a 

range of assumptions and decisions as it is recreated in another narrative form, without the 

context of the socially interactive process.  

(5) In analysis, the most common method is to code or to categorize statements from the 

interview data. Coding links segments of text to key words that make them easily accessible, 

and categorization is a systematic conception of ideas around a statement that allows for 

quantification. Analysis may be done from different kinds of theoretical perspectives. The 

researcher may reread the transcriptions over and over, theoretically reflecting on specific 

themes of interest, and writing down interpretations with or without following a specific 

method or technique.  
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(6) Verification. In the verification stage, the results from the interviews’ reliability, 

validity, and generalizability need to be considered. Reliability refers to the consistency of the 

results, and validity refers to whether the result mirrors the intended results. 

(7) The reporting of the study’s methodological approach and results needs to meet the 

scientific, as well as ethical criteria, written in a readable way. The confidentiality of the 

participants should be considered, as well as the possible consequences the result may have 

for the participants. 

Klave and Brinkemann describe how this idealized sequence may be a guide for novice 

interviewers, but point out that some researchers advocate a more flexible approach to the 

interviewing process. The interviewer may for example adjust the interview to the context, 

choose new interview subjects, or reformulate the research questions as the project develops. 

Some interviews, as described by Angrosino (2007), may be more conversational and 

open-ended, leading to a conversational flow that allows for new inquiries not originally 

considered, filling in gray areas and bringing new issues to the surface. Typically, interviews 

are audio recorded to ensure the accuracy of what has been said, and then transcribed into a 

written account. Video recordings may also be used for this, but it should be noted that the 

anonymity of the participant may thus be harder to maintain. 

4.1.4. Eye Tracking 

Eye tracking is a method that tracks the user’s gaze, which may be useful for a more detailed 

account of how they interact with their environment. Head-mounted glasses, as described by 

Holmqvist et al (2011), usually allow for better mobility than stationary trackers as they are 

mounted directly on the user’s head. If the device remains steady, users may wear them in 

real-life activities such as driving a car. However, the fact that the glasses are mounted on the 

user’s head might have some effect on his/her behavior.  

A common way for these glasses to register eye movements is to use video-based pupil-to-

corneal reflection measurements, registering the dark parts of the eye using dark pupil 

illumination (Holmqvist et al., 2011). The glasses include a forward-pointing camera, which 

records the scene through the user’s point of view. The video is then used for viewing where 

the user looks, which is referred to as gaze-overlaid video.  

Eye tracking has been used in the air traffic control domain, for example to explore 

whether different eye movements metrics discriminate between different air traffic control 

tasks (Imants & de Greef, 2011), to examine how air traffic controllers work with their tools 
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(Lundberg, Forsell, Johansson, & Josefsson, 2013), and for aiming to explain loss of 

separation events in 2011-2012 (Lundberg, Johansson, Forsell, & Josefsson, 2014). 

One way in which detailed visuals play a part in spatial computation is in the cockpit, 

where Hutchins (1995b) showed that pilots uses the width of speed bugs as a perimeter for the 

speed dial to represent the appropriate landing speed in the airspeed indicator. This might 

suggest that eye tracking can be a potential method for exploring distributed cognitive 

processes. 

4.1.5. DiCoT 

Distributed Cognition for Teamwork (DiCoT) is a framework for applying DCog principles to 

teamwork settings (Blandford & Furniss, 2006). DiCoT considers the coordination of 

knowledge, goals and flow of information in a system of people and artefacts, by drawing on 

concepts from conceptual inquiry and DCog. Besides bridging the gap between analysis and 

design, DiCoT uses five models where model 1-3 contain sets of principles to guide data 

gathering and analysis: Physical Layout (Table 1:1-7), Information Flow (Table 1:8-14), 

Artefact Model (Table 1:15-18), Social Model, and the Evolutionary model (Blandford & 

Furniss, 2005).  

The physical layout model considers how the environment’s layout supports 

communication among actors and access to artefacts. The information flow model concerns 

how information is processed (i.e. by whom and by what) from one stage to another. The 

artefact model considers the artefacts, tools, and representations that are used to store, 

transform, and communicate information. The social model considers the roles and 

responsibilities of the people in the system. The system’s historical evolution is considered 

the evolutionary model in order to understand the reasons why certain aspects work as they 

do.  

Table 1. Principles of DiCoT. Adopted from Blandford & Furniss (2006). 

The principles of DiCoT  

1. Space and cognition Space can be used for supporting cognition, such as for 

choice and problem solving.  

2. Perceptual principle If there is a clear mapping between a spatial 

representation and the spatial representation of what it 
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represents, spatial representations may provide more 

support for cognition than non-spatial ones.  

3. Naturalness principle Cognition may be supported if a representation matches 

the properties of what it represents, as it requires less 

mental transformations.   

4. Subtle bodily supports Individuals may use their body for supporting cognition, 

such as pointing to a place in a book while responding to 

an interruption as a way of remembering where they are 

in the book at that time. 

5. Situation awareness When performing shared tasks there is a need for the 

people to be informed of what is going on and what is 

planned to be done. This awareness may be influenced by 

the accessibility of the work, the proximity of the person, 

as well as what can be observed and what conversations 

may be overheard. 

6. Horizon of observation The horizon of observation is what a person can see or 

hear. This depends on their physical location, what 

activities they are close to, what they can see, and the 

way in which activities are conducted. 

7. Arrangement of equipment The physical layout of the equipment affects access to 

information, and therefore what computations are 

possible. Access to people, conversations, work, as well 

as physical representations and artefacts also play a role. 

8. Information movement The movement of information has functional 

consequences for information processing, and may differ 

in representation and physical representation form. 

Mechanisms include the passing of physical artefacts; 

text; graphic representation; verbal; facial expression; 

telephone; electronic mail; and alarms. Inaction is 

furthermore described as possibly communicating 

information. 
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9. Information transformation Information is transformed as representations of 

information changes, such as in mediated communication 

between two people. Filtering is described as one 

important transformation where information is gathered, 

sifted and structured. 

10. Information hubs Centers for where different information channels meet 

and are processed together may be where decisions are 

made based on various sources of information. These 

hubs may be accompanied by buffers to control the 

information flow. 

11. Buffering As information propagates through the system, there may 

be times in which some information needs to be delayed 

in order to avoid conflicts. This way, information can be 

buffered until there is appropriate time. 

12. Communication bandwidth Communication face-to-face may convey more 

information than for example communication by radio 

and telephone. 

13. Informal communication Propagation of information and the transfer of knowledge 

in the system may be done informally, such as through 

stories. This is described as possibly having important 

consequences for system behavior. 

14. Behavioral trigger factors Operations may be done without a plan as individuals or 

groups may know automatically how to respond to 

certain local factors. Such factors may be referred to as 

triggers as they trigger behavior. 

15. Mediating artefacts Mediating artefacts may be used for supporting activities, 

and includes any artefact that is brought into coordination 

for completing a task. 

16. Creating scaffolding People may use their environment to simplify cognitive 

tasks, such as creating reminders of where one is in a 

task. 
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17. Representation goal parity Cognition may be supported by external artefacts 

representing a relationship between the current state and a 

goal state. 

18. Resources model Abstract internal and external information structures such 

as plans, goals, affordances, history, action-effect, and 

current state may be coordinated to support cognition. 

 

4.1.6. Resilience Markers 

The Resilience Markers (REM) framework (Furniss et al., 2011) aims to explore systems’ 

everyday work routines and assess and reason about its potential for resilient performance. 

The approach focuses on aspects of resilience that emphasize a system’s propagation and 

transformation of information, acknowledging the importance of interactions that happen 

inside, as well as outside the head. Because of this, REM observes interaction across tools, 

artefacts, people and representations.  

REM consists three levels of abstractions: markers, strategies, and observations. The 

markers refer to resilient scenarios that may be generalizable across domains. The strategy 

level consists of four elements that helps shape the manifestations of resilience: (1) resilient 

repertoire, (2) mode of operation, (3) resources and enabling conditions, and (4) 

vulnerabilities and opportunities. The observation level refers to observations of resilience in 

the system, referring to the behavior that happens in practice. Furniss et al. (2011) describes 

the elements in the strategy level as: 

(1) The resilient repertoire refers to a system’s strategies, skills and competencies that 

enable it to respond to threats and vulnerabilities beyond the system design. The inability to 

handle a large threat, or having the insufficient or a misapplication of resilient repertoire, 

leads to performance degradation or failure. 

(2) The mode of operation considers how the system has organized itself in different 

situations. Different ways of acting may be used in different contexts, which may have an 

effect on which resources and enabling conditions may be available for resilient strategies. 

(3) Resources and enabling conditions refers to the hard and soft constraints that influence 

which strategies can be used. Firefighters might for example head out to put out a fire with 

certain equipment based on the information given from the location. A large fire may demand 
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different equipment than a small one, and depending on what may be used, different strategies 

are possible. 

(4) Vulnerabilities and opportunities refers to what factors the system may respond to, and 

responding to such that are outside design-basis are central to resilience. Responding to 

vulnerabilities has traditionally been the way of working for safety, but responding to 

opportunities may also be done by positive interactions. These may improve performance, 

helping to find better strategies and possibly adopt them. 

Furniss et al. (2011) describes an application of the method in a nuclear power plant. First, the 

researchers familiarized themselves with the context and data from the area of study. Second, 

identification for evidence of resilient episodes was done, and third, they were categorized 

into the analytic structure of the framework. The results presented resilient episodes that link 

together the parts of the data using the framework. An example of such an episode is “sharing 

workload” during high workload. Here, an operator delegated a task to another operator, 

which (Furniss et al., 2011) then discussed using the analytic framework. 

4.2. Procedure 

Each of the six sessions at the tower was two to four hours long depending on the rate of 

traffic. Before each session, observation schedules (Appendix 1 – Observation Schedules) and 

interview questions (Appendix 2 – Interview Guide) were prepared. After each session, the 

data was digitalized and analyzed using the Distributed Cognition for Teamwork (DiCoT) and 

Resilience Markers (REM) frameworks.  

4.2.1. Introductory Meeting at the Control Tower 

At an introductory meeting at the control tower, the researcher became familiarized with the 

environment. The observation schedule was discussed, and an interview was conducted with 

an idle controller in order to get an initial understanding of the system. It was found that, as 

the planning of the traffic would not be known prior to the observations, it would probably be 

some time at the tower when no traffic would be present. During this waiting period, the 

ATCOs would often be available for answering questions.  

Pictures were taken of the instruments and layout of the control room with regards to the 

physical layout model of DiCoT. It was not possible to take pictures of the surrounding 

environment due to the safety regulations for military traffic. The researcher took an observer-
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participant role in observing the controllers at work and interacted with them when available 

for questions, while taking field-notes. 

4.2.2. Pilot Study 

A pilot study was conducted in order to mount and test the recording equipment. Two video 

cameras on stands were placed on either side of the Aerodrome Assistant (ADA) and 

Aerodrome Controller (ADC), filming both positions and their instruments, while also taking 

in the other ATCO from the opposite angle. The cameras avoided filming out through the 

windows due to safety regulations and confidentiality. Observations were made during traffic 

and an interview was conducted when there was no traffic, and field-notes were taken in a 

journal.  

4.2.3. Observations 

Four further observations (six in total) were conducted with note-taking and video recording, 

one of which made use of eye tracking equipment. Video recording equipment was used when 

there was traffic. The observations at the tower were conducted approximately one every two 

weeks, scheduled so as to fit the schedule of the controllers.  

SMI Eye tracking glasses (EYETRACKING INC, 2011) were used to track the workflow 

of the ADC in more detail (Figure 1). The eye tracking was done in an instructor-apprentice 

position, meaning that the ATCO who wore the glasses worked in position while another 

ATCO was responsible for his/her actions. This was a safety precaution to minimize possible 

effects of wearing such glasses while working. As the eye tracking inevitably would film the 

outside environment, the use of the glasses was discussed and cleared with the manager. 

 

Figure 1. SMI Eye Tracking Glasses 1.0. 
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4.2.4. Interviews 

Four further interviews (six in total) were conducted with the use of field-notes. The 

interviews were conducted in a conversational manner when no traffic was present, and once 

completed, the researcher asked spontaneous questions in order to understand further 

observations during the session. The names of the participants were jotted down with 

pseudonyms. 

It was only the last interview that was deemed possible to record due to the absence of 

traffic as well as the fact that questions were more or less designed to verify previous 

findings. Prior interviews were not audio recorded so as to maintain an easy-going 

conversational style of questioning, aiming at allowing the ATCOs to quickly address other 

work tasks when needed. Interview questions aimed at eliciting information about system 

efficiency and safety, and were prepared before each session at the tower.  

4.2.5. Data Modelling 

After each session at the tower, observational and interview field-notes were entered into a 

computer document according to date, usually with a comment. Field-notes that appeared to 

fit into DiCoT principles or the REM were copied to the respective analysis section 

accordingly, and notes that seemed to fit into other theories were copied and commented on in 

another analysis section. DiCoT models and REM evolved iteratively based on the data 

gathered, which also directed the preparation of interview questions and observational 

schemas.  

Video recordings were synchronized and rendered into one film in order to view the same 

scene from two perspectives (either from two cameras or one camera and one eye tracker). 

This enabled viewing both controllers from two perspectives when re-observing the material 

away from the field-site. First the researcher observed the material, and the parts that 

appeared to possibly fit into any of the theoretical concepts, or the ones which the researcher 

did not understand, was transcribed roughly in the qualitative research software NVivo (v.11). 

The transcription level depended on the complexity of the interactions and the knowledge of 

the researcher. Early in the project, transcriptions were made on very basic procedures so as to 

understand what the ATCOs were doing. The transcriptions included actions such as “making 

a note” or ”changing the position of a strip” and tone of voice, but not pauses or overlapping 

speech. As the project progressed, transcriptions enabled the researcher to comprehend more 
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complex procedures, and more basic tasks were transcribed in less detail unless they appeared 

different from earlier ones.  

Video transcriptions in the data document is referred to as ”V”, and interview 

transcriptions as ”I”.  Each utterance or note were given a separate numbered line and placed 

in order of the time of the observation. For example, an excerpt of the interview line 22 in the 

report would be illustrated as ”I:22” (Table 2), and a video excerpt as ”V:22” (Table 11). 

Field-notes from the interviews that were not audio recorded are placed in an observation 

section.  

4.3. Section Summary 

Based on a cognitive ethnographic approach to the field-site, and resilience theory, data was 

collected using six observations and six interviews at the control tower of study. Video of 

work was recorded during work activity, and one eye tracking session examined the ADC 

position in more detail. Data was iteratively analyzed after each session at the tower through 

DiCoT and REM. 
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5. Results 

The results of this study will begin with an overview of the research setting, followed by the 

DiCoT models, and finally the Resilience Markers analysis. Moreover, each part will end with 

a summary. 

5.1. Research Setting 

The research setting was a small to medium-sized Swedish control tower managing seasonal 

traffic. The tower coordinates arriving, departing, bouncing, and transferring (across the 

control zone) air traffic, as well as ground traffic at the airport.  

The air traffic is characterized by its diversity in pilot experience and type of aircraft – 

hobby airplanes, commercial airplanes, helicopters and military fighters. The military also 

uses the airport as a testing ground for new technology and operations. Furthermore, the 

airport’s control zone (Figure 2:Twr)  is contiguous with the control zone of a military airbase 

(Figure 2:Mtry), which has two runways – one which may create conflicts with the tower of 

study. Above these two control zones, at a height of 1600ft, lies the control zone of a third 

control center (Figure 2:Ctrl2)  

 

Figure 2. Control zones around the control tower of study. 

During the day, there is either one or two Air Traffic Controllers (ATCO) working. One 

always has to occupy the Aerodrome Controller (ADC) position, and another may work in the 

Aerodrome Assistant (ADA) position under certain circumstances. An ATCO in the ADA 

position is required during military traffic, and often present at times when a high rate of 
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traffic is expected. The ATCOs in both positions are certified and may thus shift positions 

when needed. 

Important artefacts have been identified as the radio system for communication, bays and 

strips for representing the current airspace in a physical form, as well as the radar screen, 

ground traffic screen (ITV) and weather system. These artefacts are described further in 

section “0. Mediating Artefacts”. 

The tower of study is small to medium-sized and is characterized by the diversity of 

aircraft, pilot experience, military, and the two contiguous control zones. There is always one 

ATCO in the aerodrome controller position (ADC), and one ATCO in the aerodrome assistant 

position (ADA) whenever there is military traffic or an expected high rate of traffic. Both 

positions use licensed ATCOs. Important artefacts are identified as for communication, 

planning, and interpretation of traffic. 
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5.2. DiCoT 

The results of the DiCoT is comprised of the Physical Layout, Information Flow, Artefact 

model, Social Model, and Evolutionary model. Important types of ATCOs work are identified 

as communication, planning, and interpretation. 

5.2.1. Physical Layout 

The physical layout of the tower (Figure 3) is built up around a semicircle shaped desk, onto 

which instruments and tools are placed according to the ADA (left) and ADC (right) position. 

Panoramic windows around the room provide visuals of the runway and environment. A 

round spin table is located at the center of the room full of binders with checklists, as well as a 

place for coffee breaks. 

 

Figure 3. Layout of the control tower and artefacts 

Space and Cognition 

Storing strips. Strips that are more frequently used are placed in closer range to the ADC bay 

for easy access (Figure 4). A range of vehicle strips are placed on the left side on the bay, and 

block strips are placed directly behind the bay and used whenever a separate vehicle moves on 

the runway or service roads. Control zone strips, and strips concerning less frequent 

phenomena, such as ice in an engine, are placed in a drawer on the left side of the ADC 

(Figure 4:2). 
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Figure 4. Strip storage 

Jigging the bay. The ADC tries to clear the bay from unnecessary information that may 

clutter the sensemaking process. Therefore, traffic that will not be controlled in about 30 

minutes will most likely not be moved from the ADA’s bay to the ADC’s bay. An excerpt of 

the data is shown below (Table 2). 

Table 2. Removing clutter in the bay. 

I:20 

Swedish 

(original) 

[...] Man har ingen nytta av att fylla upp hela dagens verksamhet här ( ADC 

bay), för där kan ju ligga 15 strippar där borta (ADA bay). [...] det är lite så att 

man håller det (ADC bay) så rent som möjligt. Det är mindre stressande [...]. 

English  [...] It is not useful to place all the day’s work here (the bay), as there may be 15 

strips over there (ADA bay) [...] you usually try to keep it (ADC bay) as clean 

as possible. It is less stressful [...]. 

Perceptual Principle 

Rail positioning. The strips’ positioning and order in the bay’s rail system correspond to the 

aircraft’s position in its flight plan. The closer the strip is to the center of the bay (Figure 

5:2&3) and towards the ADC (Figure 5:B&C), the closer the aircraft is to either land or 

depart. This creates a conceptual understanding of the time frame for the aircraft to perform 

certain tasks or when it is time to give it clearance. 
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Figure 5. Bay organization 

Placement of screens. The placement of the radar screen and ITV screen supports 

perception. Aircraft mostly land from the ADC’s right side, which makes the ADC’s gaze 

naturally follow the plane from this perspective. The radar screen is placed at the ADC’s right 

side, which makes it easy to gaze between the represented aircraft on the screen to the real 

aircraft (Figure 6). This may be especially useful when there is low visibility (e.g. fog), as the 

radar screen may tell the ADC where to expect the aircraft to be in order to spot it outside.  

 

Figure 6. Eye tracking data showing ADC gaze pattern over the radar screen during arrival. 

Correspondingly, the ITV is placed at the ADC’s left side, where the ground vehicles usually 

drive. This way, the ADC may both search for unwarranted vehicles on bad locations by gaze 

or by the controllable video camera for the ITV (Figure 7). In both of these conditions the 

ADC may use binoculars to enhance his/her perceptive capabilities.  
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Figure 7. Eye tracking data showing ADC gaze pattern over the ITV screen. 

However, it should be noted that this placement of the screens creates a long gaze movement 

between looking at air and ground traffic. This was observed in the eye tracking video (Figure 

8) as the ADC continuously gazed between the screens. This may be mostly due to incoming 

traffic mostly arriving from the right, while ground traffic is mostly on the left.  

 

Figure 8. Distance between the ITV screen and the Radar screen. 

Naturalness Principle 

Maps over the surrounding environment are available in the tower, and one example is a map 

table placed behind the spin table, which is used rather infrequently. Other maps include an 

overview of the runway and the service roads, which may be helpful for new ATCOs in order 

to familiarize with, and create a better mental map of, the environment. Moreover, the Radar 

Screen provides an overview of the surroundings, routes of aircraft, and a representation of 

the control zones.  
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Subtle Bodily Supports 

Pen holding. One strategy that the operators may use for supporting their prospective memory 

is to always hold a pen whenever they take a call (Table 3). By holding the pen, they have the 

opportunity for concurrent note taking, jotting down important information about aircraft on 

its corresponding strip, or other information on separate paper.  

Table 3. Pen Holding Habit 

I:2 

Swedish 

(original) 

[...] Jag tror att de flesta här är såna att du lyfter inte på luren utan att hålla i en 

penna [...] Svarar man i telefonen så är det ju nåt viktigt som antingen jag ska 

komma ihåg eller som jag ska föra vidare till nån annan [...] Utan penna har 

man ingen koll. 

English  [...] I think most of us here do not pick up the receiver without holding a pen 

[...] If you answer the phone there is probably something important that I should 

remember or pass on to someone else [...] You are not aware if you do not have 

a pen. 

 

Strip attention. The ADA may place strips in the ADC bay when it gets closer to handling. 

However, the ADA is only allowed to place the strip in rail one or four. This is due to the 

ADC needing to have knowledge about the strips that are in the bay rails two and three, as 

they represent traffic that is currently being coordinated. By placing the strip into rails two 

and four, the ADC has paid attention to the strip, and may therefore have a better mental 

picture of the traffic (Table 4). 

Table 4. Noticing Strip Placement 

I:22 

Swedish 

(original) 

[...] att lägga in strippar där och där (pekar på bay-spår ett och fyra) får man 

göra som ADA, men inte där (pekar på bay-spår två och tre) [...] Om jag tittar 

bort, och ADA lägger in en där (pekar på bay-spår två och tre), så är det inte 

hundra att jag uppmärksammat det. 

English  [...] the ADA may put strips there and there (points to bay rail one and four) but 

not there (points to rail two and three) [...] If I look away, and the ADA puts a 

strip there (points to rail two and three), it is not certain that I have noticed it. 



 

 

31 

 

 

Situation Awareness 

Mental models. An ADC discussed the importance of constantly having a mental 

representation of the spatial locations of aircraft. When air traffic may be conducted with 

visual flight rules, the creation of the mental model is done through a combination of 

environment visuals and the radar screen, which means that both tasks are needed for a more 

complete spatial understanding of the traffic state. When the visuals outside are low, the 

mental model is more dependent on the radar screen. By having the mental model, the 

controller can simulate aircrafts’ possible trajectories, both in order to understand where to 

expect aircraft to appear on the sky, and to maintain an awareness of the situation as long as 

possible in case of technological failure. The mental model may help the controller to better 

understand the pilots’ needs and therefore create better communicative recipient design. 

Overhearing. Both ATCOs work in close proximity to each other, enabling them to 

overhear each other. This makes them both able to know what the other is doing, and 

understand if the other needs support. The ADA may for example hear on the ADC’s voice 

that a calling aircraft perhaps does not have a corresponding strip, which the ADA may take 

as an opportunity to create one and give it to the ADC. The ATCOs often listens to calls 

between the second control center and aircraft, as well as between vehicle operators. This 

way, the ATCOs of different control centers, pilots and ground personnel can both get a 

mutual situation awareness on a larger scale and act on messages that concern themselves 

before they have been told of it directly. One example, mentioned by an ADC, could be 

overhearing a conversation between an ambulance aircraft and the second control center, 

where the ambulance aircraft asked for a ground ambulance at the control tower. The ATCOs 

may therefore recognize the need and take the opportunity of calling for an ambulance 

without the other control center needing to ask for it, saving time and resources. 

Suspicious of the runway. The ATCOs often look suspiciously towards the runway in case 

any misunderstandings have resulted in vehicles being there when they should not. In an 

interview it came up that vehicle operators sometimes forget to call the tower when they have 

reached the end of one of the service roads, where the ADC then do not remove the vehicle 

block strip from the bay until they contact the vehicle by themselves. This habit of scanning 

the environment makes the ATCOs more aware of the actual situation, and may be a way of 

minimizing the risk of runway incursions.  
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Horizon of Observation 

Panoramic windows. The position of aircraft may be visible on the radio. However, the 

ground vehicles and incoming aircraft are also visible to the naked eye through the panoramic 

windows, conveying information about where they are and where they are going. Seeing 

aircraft approach allows for visual flight rules – where aircraft may land without the use of 

external landing mechanisms. By seeing aircraft visually, the ATCOs may let aircraft fly 

closer to each other as the distance between them is more visible than from just the radar 

screen. This creates an efficiency in the work, which may be further enhanced by the ATCO’s 

use of binoculars. 

Air and ground traffic. The ADA position enables easy monitoring of ground traffic, has 

direct access to the flight plan computer, strip printer, ADA bay, and fax machine, which 

facilitates the initial planning of flight plans. The ADC position enables easy monitoring of 

the runway and arriving traffic and direct access to the radar screen, which supports the ADC 

executing arrivals and departures.  

Arrangement of Equipment 

Some artefacts are shared by both positions, but all artefacts vital to aerodrome control are 

available for the ADC as the ADA are not always present. The ITV and AWOS monitors are 

placed in between the controllers and both positions have a set of ground and air radios and 

telephones. The spatial placement of the speakers’ plays a role in how its messages are 

perceived as the ATCOs gets more experience with them. 

Sharing the ITV and AWOS. The ITV and AWOS screens are used by both ATCOs and is 

therefore placed in between them. This makes it possible for both ATCOs to glimpse quickly 

at them for information and also to easily discuss it if needed. With this access, and given the 

fact that the ADC has a remote control of the ITV camera just above the bay, they can both be 

used easily at night when no ADA is present. 

Multiple sets of radio and telephone. Both ATCOs have access to the ground radio, a 

ground radio backup, and the telephone system. This makes it possible for the ATCOs to take 

two calls of a higher priority at the same time, possibly off-loading the workload of the other.  

The spatial source of sound. The operators learn not only to recognize several different 

sound signals, but the location of where the sound comes from also plays an important role in 

comprehending its meaning. For example, the speaker which relays party line chatter for the 

ADC is placed on his/her right side, while the air traffic speaker is placed on his/her left side. 
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This spatial knowledge makes it easier to perceive and comprehend who is calling, what it 

may concern, and its priority (Figure 9). The recognition of sound is further described as a 

trigger factor in section “Information Flow”. 

 

Figure 9. Left speaker: transmission, right speaker: receiver. 

Physical Layout Summary 

The most important aspects of the physical layout are summarized in “Table 5”. 

Table 5. Physical Layout Summary. 

There are two seats (ADA and ADC) placed next to each other on a semicircle shaped desk 

spanning around half the room. Panoramic windows allow for visuals in every direction. 

The ADC views the runway and radar screen, and the ADA views the terminal weather 

screen and flight plan computer. 
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Details 

Interpretation 

The ADC has easy access to the radar screen, ITV controller, and a front visual of the 

runway, whereas the ADA has a front visual towards the ground vehicle terminal. Both 

have visuals of the ITV screen and the AWOS. 

Planning 

The ADC has access to the air traffic bay. The ADA has access to the planning bay and the 

construction of new strips. 

Communication 

Both positions have access to ground and air radio, telephone, and speakers. The ADA 

position also has an e-mail computer 

Issues 

 In an interview it became apparent that vehicle operators who drive on one of the 

service roads often forget to call back to the tower when finished. This may be 

problematic as its strip constrains the conductance of air traffic in the bay. 

 The ADC’s head movement is very long when turning from the radar screen to the 

ITV screen. 

5.2.2. Information Flow 

The flow of information is important to consider as the ATCOs need to have requisite 

information available at different situations to make well-founded decisions.  

Information Movement 

The propagation of information throughout the ATC system is shown in “Figure 10”. The 

tower enforces traffic separation rules through radio communication with aircraft, and ground 

vehicles at the airport. Telephone calls are sometimes made to other control centers for 

additional coordination. The overhearing of conversations between ground vehicles, and other 

control centers to aircraft, is often done through the receiver speaker when the workload is 

low to manageable. When the workload is high, however, such overhearing may be turned 

down in favor of tasks with higher priority. 
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Figure 10. Information Flow. 

The information flow within the control tower is shown in “Figure 11” and its connections in 

“Table 6. ATCOs information flow.Table 6”. The ADA communicates with external 

telephone callers and ground personnel (e.g. vehicle operators and maintenance personnel). 

Before the ADA can give clearance to a ground vehicle the ADC needs to approve it, as the 

traffic situation needs to be checked in the bay. The ADC communicates and coordinates 

aircraft, and the ADC and ADA may support each other and discuss problems. 
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Figure 11. ATCOs Information flow. 

Table 6. ATCOs information flow. 

I Telephone communication with other control centers and external callers. 

II Radio communication and coordination of ground traffic. 

III Discussions, support, error correction (face-to-face or verbal). 

IV Radio communication and coordination of air traffic. 

A Bay, AWOS, Strip printer, flight plan computer, Email, ITV screen, Radio display. 

B Bay, Radar Screen, ITV screen & controller, Radio display, AWOS, Strips. 

 

Radio and telephone communication. Talking in the radio sends information to the receiver, 

but also propagates it throughout the system with the use of overhearing. Conversations with 

pilots elicit information each party is in need of, such as plans, state, weather conditions, etc. 

Communication with vehicle operators gives valuable information about for example the 

presence of vehicles on the runway, taxiways or service roads, and communication with other 

control centers and external callers provides an opportunity for more elaborate coordination. 

Transferring strips. When the ADA gives a strip to the ADC it means that an aircraft is 

expected to arrive, depart, make touch-and-go landings or for example fly across the control 

zone in about one hour, at most, as it may be beneficial keeping the bay clear of unnecessary 

information (Table 7). The strip tells the ADC what aircraft to expect and its call sign, 
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connected to the aircraft’s transponder signal through the radar system and represented on the 

radar screen. 

Table 7. When to expect aircraft. 

I:20 

Swedish 

(original) 

[...] Ja högst en timme kan man ju säga. Man har ingen nytta av att fylla upp 

hela dagens verksamhet här (ADC bay), för där kan ju ligga 15 strippar där 

borta (ADA bay). 

English  [...] Yes you could say an hour at most. There is no use of filling up all the 

day’s work here (ADC bay), as there may be around 15 strips over there (ADA 

bay). 

 

Information Transformation 

Phraseology. Radio messages are often shorter than 10 seconds long and construed according 

to a set of rules in order to be clear and concise. This filtering of important information 

creates efficiency in the system that lowers the risk of misunderstandings. Shorter messages 

may for example be easier to comprehend and read back than long messages as there is 

generally less information to process. An excerpt of radio communication is shown in the 

“Social Model”. 

Call signs. Each aircraft receives a transponder code when it enters the road map system, 

which is then converted by a process of where its corresponding call sign is set. This way, the 

aircraft’s call sign may be viewed on the radar screen, enabling the ADC to easily connect the 

dot on the screen to the calling pilot’s aircraft. This call sign is the aircraft’s signature which 

is always what is said first in the radio communication to establish who the message concerns. 

Weather System. Weather reports are sent to the tower every 30 minutes where the ADA is 

expected to adjust it according to what is perceived from the close environment. The ADA 

may for example open the door and go outside to feel what kind of rain or snow that is falling. 

Sight distance may be important to convey when it is foggy, just as it is crucial to note what 

kinds of clouds are present, or the wind. The information is transformed into the Met report 

and the Metar, and the texts are filtered in order to remove unnecessary words and symbols 

that are automatically generated by the system. This way, the most important information for 

the pilot is made more prominent. Pilots may further ask for specific weather information at 
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certain times, for example wind speed and wind direction where the ADA and ADC may 

cooperate to sift out and convey relevant information at a quicker and more reliable pace.  

Radar and visuals. The gaze pattern in “Information Flow” illustrates a transformation 

between the aircraft’s 2D radar representation and its physical position in 3D space. This 

information is iteratively transformed by the ATCO constructs a deeper understanding of 

were to expect the aircraft when it appears through the fog.  

Information Hubs 

The control tower can be considered as one central unit in the ATC system where different 

information channels meet and are processed in order to inform well-founded coordination of 

traffic. The ADA and ADC collaborate and manage the information necessary for decision 

making. Both bays of the ADA and the ADC convey the current state of the aircraft in the 

flight plan system, which is essential for coordinating both air and ground traffic as vehicle 

strips, aircraft strips, and control zone strips may enter the system. A central information hub 

in the tower is the ADC position, where the radio, telephone, weather reports, flight plans, and 

radar provide the ATCO with information from a series of sources, which may be further 

represented in the bay or in notes. Moreover, the ADC needs to listen to ground vehicles so as 

to give approval for the ADA’s actions, as giving an aircraft the clearance to land is not 

possible if a vehicle strip is placed in the ADC’s bay, as it may risk a runway incursion. 

Moreover, the ADC position becomes the central information hub whenever the ADA 

position is vacant. 

Buffering 

Buffering capabilities. The ADA may have buffering capabilities of around 30 minutes as for 

example the planning of flight plans and managing of weather data is not as immediate as the 

ADC’s work tasks (Table 8).  

Table 8. ADA Buffering capabilities 

I:26 

Swedish 

(original) 

[...] det kan ju va upp emot 30 minuter skulle jag säga. [...] det kan ju hända att 

vi får in den (färdplan) 1 1/2 timme i förväg, då behöver du inte direkt skriva in 

färdplan, utan då, får du nåt annat att göra, ja men då lägger du den åt sidan [...]. 
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English  [...] I would say that it could be up to 30 minutes [...] we may receive it (a flight 

plan) an hour and a half in advance, and then you do not have to write the flight 

plan into the system directly, as, if you have something else to do, you may put 

it aside [...]. 

 

The ADC may have around 5-8 minutes, but it depends in what stage the aircraft’s strip is in 

the bay, and the level of workload (Table 9). An example is if an aircraft A is positioned at 

run-up, and there may be time to give it clearance before an arriving aircraft B and one 

departing aircraft C. A may then be moved from run-up to a holding point closer to the 

runway, as it then would take less time to get ready for departure. If a gap in time emerges as 

A is positioned at the holding point, it may just be large enough for a departure. The buffering 

time for the ADC is described as more about reprioritizations. Because of this, the ADA often 

supports the ADC with relevant information and managing of tasks. 

Table 9. ADC Buffering capabilities 

I:26 

Swedish 

(original) 

[...] här (ADC) är det ju mycket kortare tidsspann man jobbar inom. Du kan 

skjuta upp, men det är mer att man gör omprioriteringar. [...] Är det mycket 

trafik så handlar det mycket om att spara tid, spara tid, för att bygga ihop till en 

tidslucka där du kan släppa en start eller göra nåt annat. 

English  [...] Here (ADC) the work has a much shorter time span. You can hold off 

work, but it is more about making reprioritizations. If there is a lot of traffic it is 

all about saving time, saving time, to construct a time slot in which you can 

have a departure or something else [...]. 

 

Prioritized calls. Both ATCOs have some tasks that are more prioritized than others. Air 

traffic is the highest prioritized call for the ADC, and ground traffic has the highest priority 

for the ADA. Telephone calls have a higher priority if they are made from inside the 

transmission switch than outside of it, but always a lower priority than the air and ground 

radio. 
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Communication Bandwidth 

Radio communication. Most of the communication is conducted via radio, which means that 

only voice is mediated to the receiving party. This means that there are less possibilities for 

efficient communication and perhaps a greater risk for misunderstandings.  

Face-to-face discussions. The ATCOs may discuss problems with each other or convey 

information to each other, either face-to-face or by voice. In situations with less workload, it 

may be easier to turn the chair and talk face-to-face, than in situations with a high workload, 

where for example the ADC may need to focus on the radar screen or look out the window.  

Informal Communication 

Expected performance. The way pilots and vehicle operators talk to the ATCOs conveys information 

about what can be expected of them. Some of the pilots from the hobby club may for example only 
have around 10 active flight hours per year, which is very different from military pilots who fly on a 

daily basis. Perceiving a pilot’s level of experience and workload may give an understanding of what 

to expect of the pilot under different circumstances (Table 10). An example of perceiving workload or 

stress is show in “ 

Table 11”. 

Table 10. Anticipating behavior. 

I:8                

Swedish 

(original) 

[...] Om någon ringer in och låter väldigt osäker, då vet man att ja då det är 

sannolikt så att, asså du kan redan på rösten bedöma vad kan jag förvänta mig 

om honom när han kommer upp i luften [...]. 

English  [...] If someone calls and sounds uncertain, then you know that it is very 

probable that, you may based on the voice make a judgment of what is to be 

expected from him when he is up in the air [...]. 

 

Table 11. Perceived concern. 

V:216 

Swedish (Original) English 

10:49:43 ADC “talking to the room”  

Dom var väldigt oroliga. They were very worried. 

 

Recognizing verbal irregularities. If some problem occurs for either controller or the 

workload gets too high, the other controller may hear it in the way the person talks on the 
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radio. For example, the ADC may get a call from an airplane which is not represented in any 

strip. The ADA may hear confusion in the ADC’s voice, recognize the problem, and support 

the ADC by creating a local flight plan and giving the flight strip to the ADC. 

Storytelling. Some stories were told during the observations; what was done when 

something went wrong, unexpected events, and other experiences. This was mostly observed 

during coffee breaks at the spin table, but also from the ATCOs’ separate positions. An 

excerpt from a story is shown in the REM analysis section (Table 23). 

Behavioral Trigger Factors 

Signal recognition. The ATCOs learns to identify the sound and physical source of a range of 

different sounding. This enables anticipation of what information is to come after specific 

signals and triggers behavior (Table 12). 

Table 12. Recognizing sounds. 

I:24 

Swedish 

(original) 

[...] Klangen i ljudet bestämmer direkt vad är det för nånting och var kommer 

det ifrån [...] det är ju också sånt man inte är medveten om det, men man agerar 

på mycket ljud.  

English  [...] the tone of the sound conveys what information it will bring and where it 

comes from [...] you are not conscious about things like that, but you act a lot 

based on sounds. 

 

Perceived experience level. As described in “Information Flow”, dependent on how the radio caller 

talks in the radio, experience and stress level may be perceived and used for anticipating behavior 

(Table 10,  

Table 11). Here, the ATCOs respond in very different ways. A pilot or vehicle operator 

perceived to be more experienced can for example be expected to handle more difficult 

situations than a novice, and based on workload or road map constraints, the ATCOs talk to 

them in ways to better suit their needs. If an ADC for example notices two aircraft violating 

the minimum separation distance, and needs to instruct one of them to turn away from its 

path, the pilot that is perceived to have more experience is more likely to be called (Table 13). 

Table 13. Choosing experienced pilots for action. 

I:8   
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Swedish 

(original) 

[...] om jag skulle ha ett läge där jag behöver svänga en utav dom, så väljer jag 

ju den som som jag vet är mest erfaren, för han kommer svara SÅ, den andra 

kommer svara  ”Ööoouum tornet maartin Helge... Repetera?” [...]. 

English  [...] if I have a situation in which I need to turn one of them away, then I will 

choose the one which I know to be more experiences, as he will act directly, 

and the other will respond ”uhhm… tower martin helge… Repeat?” [...]. 

 

Back-reading. The system has rules for always reading messages back to the speaker in order 

to be sure that the message has been understood correctly by the listener. This trigger may 

also ensure that the speaker knows that his/her message and actions have been understood 

(Table 14). 

Table 14. Back reading. 

V:130-131 

Swedish (Original)  English 

10:35:49 - ADA to Vehicle Operator - Ground Radio 

Tankbil 5 Kör David servicevägen. Fuel truck 5 drive David service road. 

10:35:50 - Vehicle Operator to tower - Ground Radio 

Kör servicevägen Tankbil 5. Drive service road fuel truck 5. 

Information Flow Summary 

The most important aspects of the information flow are summarized in “Table 15”. 

Table 15. Information Flow Summary. 

Process Summary 

I  

Information Movement. 

Information is propagated through the 

system with the use of radio and strips. 

II 

Information Transformation. 

 

The phraseology filters out the most 

important information in radio 

communication, call signs are used for easy 

reference to aircraft, and weather reports are 

adjusted and refined. 
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III 

Information Hubs. 

The ADC position is a hub in which several 

information channels meet and most of the 

critical decisions are being made. 

IV 

Buffering. 

The ADA may potentially buffer tasks for 

30 minutes while the ADC more relies on 

managing reprioritizations. 

V 

Communication Bandwidth. 

Most communication is only verbal through 

the radio system. Discussions between the 

ATCOs may however be face-to-face, 

possibly enabling a richer communication. 

VI 

Informal Communication. 

The way in which callers/receivers and other 

ATCOs talk conveys information about their 

experience and stress level. Stories are 

sometimes shared between ATCOs during 

breaks. 

VI 

Behavioral Trigger Factors. 

The ATCOs learn to act on the sound of a 

signal and according to how experienced 

and stressed the caller/receiver seems to be, 

and always reads back radio messages. 

5.2.3. Artefacts 

Maintaining a safe separation of traffic requires the use of a range of mediating artefacts. 

Central use cases for the artefacts are identified as for communication, planning, and 

interpretation. 

 Mediating Artefacts 

Communication is critical in the domain for providing information about the intentions, state 

and actions of different actors. The main artefacts for communication are the air and ground 

radio. Both the ADA and ADC position is equipped with an air radio/telephone ground radio, 

and a radio display (Figure 12Error! Reference source not found.). The air radio mediates 

communication with aircraft, and the telephone is used for contacting other control centers 

and callers. The ground radio is used for contact with ground traffic. The radio display is used 
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to present where calls come from and for changing the settings of speakers and receivers. 

There are also several speed dial buttons for colleagues, the police, etc. 

 

Figure 12. Radio display (left), Air radio/Telephone (middle), and Ground Radio (right). 

 

Planning is essential as a way of avoiding too much traffic at once, as well as for providing a 

representation of the traffic state. 

The bay is an artefact which represents the current state of traffic. It visualizes the 

roadmaps of air and ground traffic by the location of strips (described below), in a set of eight 

aligned rails creating four rectangular spaces. The ADA bay (Figure 13) holds flight plan 

strips until air traffic needs to be directed, at which point the ADA passes the strip to the ADC 

bay. 

 

Figure 13. ADA Bay. 

In the ADC bay (Figure 14), the strip placement depends on the state and plan of the 

aircraft in its flight plan. If the strip is placed in rail one it is a planned departure, and if it is 

placed in rail four it is a planned arrival. When a runway is selected for a departing aircraft 

soon on the move, its strip is placed in the second rail, on top of the blue strip above. It is 

placed between the blue strips when it starts to taxi, and when it departs the strip is placed 

below the two blue strips. When the time for landing is set for an arriving aircraft its strip is 
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placed in the third rail on top of the above yellow strip. The strip is placed in between the 

yellow strips when the pilot of the aircraft has called, and placed below the yellow strips when 

clearance for landing has been issued. 

 

Figure 14. ADC Bay. 

Strips represent the state of air and ground traffic and control zones by location in the rails 

of the bays or by the controller taking notes on the strip itself. There are four different kinds 

of strips: flight plan strips (Figure 15), vehicle strips, vehicle block strips, and control zone 

strips. The flight plan strips represent the state of an aircraft in its flight plan. The vehicle 

strips are used for signaling that a vehicle is moving on a road, where a vehicle block strip is 

placed concurrently in the bay, and the control zone strips display if a part of the airspace is 

borrowed by another control center.  

 

Figure 15. Flight Plan Strip. 

Interpretation of the state of traffic and the environment is essential for creating situation 

awareness in the work. Artefacts central to this task are the radar screen, ITV screen, and 

weather system. 

Radar Screen. The radar screen visualizes the location and projected trajectory of aircraft 

and control zones on a map (Figure 16). The screen gives the ADC an overview of the 

airspace and each aircraft with its corresponding call sign. The radar screen enables an 

awareness of the airspace beyond the visual scope of the tower as well as projected 

trajectories of the aircraft. The call sign is assigned to the aircraft by a process of conversion 

of the aircraft’s transponder signal. A Short Term Conflict Alert (STCA, also referred to as a 

”Watchdog”) automatically warns about possible collisions, calculated by the system, as a last 

safety resort if it has been missed by the controller.  
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Figure 16. Radar Screen. 

ITV screen. A camera is placed at the terminal, towards service roads and runway, to give a 

visual of the ground traffic in the ITV screen, and a control stick is placed at the ADC 

position (Figure 17). The latter enables rotation and zooming of the camera for better visuals.  

 

Figure 17. The ITV screen (Left, blurred for confidentiality) and the ITV controller (Right). 

The Automated Weather Observation System (AWOS) (Figure 18) displays the latest 

meteorological weather reports (every 30 minutes), information from local instruments on the 

runway, and information from instruments such as the height of clouds, wind speed, and air 

pressure. 
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Figure 18. Automated Weather Observation System (AWOS) 

Moreover, the contiguous military airbase has a recurrent weather briefing every day at 

lunch time. This report is rather detailed as it is used for military activities and may therefore 

prove useful for understanding weather behavior, but it also provides an awareness of military 

activities during the day.  

Creating Scaffolding 

Vertical Strips. In order avoid runway incursions – airplanes and vehicles colliding on the 

runway – the ADC may place a vehicle’s strip vertically on the bay while it is present at the 

runway (Figure 19). Ordinarily, strips are placed horizontally, and this irregularity creates a 

mental constraint in which the strip has to be moved before further bay interaction (i.e. the 

vehicle must leave the runway before an aircraft may get clearance to land). 

 

Figure 19. Vertical placement of a vehicle strip 

Leaning Strips. Another strategy for supporting cognition is placing a strip leaning to one 

of the rails in the bay (Figure 20). This placement is used as a prospective memory task where 

a task, such as giving the pilot another air pressure reading at a certain time, needs to be 

performed before the strip can be placed correctly on the rails. 
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Figure 20. Leaning placement of a strip (only flight strips where observed leaning) 

Prospective note taking. During calls, the ATCOs often take notes as a prospective 

memory task. This way, the ATCOs may remember that there is something that needs to be 

done at a later time. A piece of paper is therefore often laid out next to the bay, and if 

information is taken about an aircraft (whose strip is in the bay), there is a square on the strip 

onto which notes can be scribbled down. 

Representation – Goal Parity 

The Bay System represents the current state of traffic and its goals with the use of rails and 

strips. Aircraft’s goals may be updated continuously through communication with the pilot, 

and its corresponding strip reaches its goal at the bottom center part of the ADC bay, where it 

is passed to the ADA and dismantled. Vehicle strips are placed in the bay as a constraint for 

the conduct of air traffic, where the goal is to remove them as soon as possible to avoid 

runway incursions. 

The Radar displays representations of aircraft and their call signs on a map, indicating their 

position and projected trajectory. As the runway may be the represented goal of an arriving 

aircraft, the relationship between them may be perceived visually. 

Coordination of Resources 

When the ADC controls an arriving aircraft he/she aims to create and maintain a mental map 

over the present state of traffic through the combination of the radar screen, the environment, 

and the bay. The goal of the ATCO is to maintain a safe and expeditious separation of traffic, 

and the aircraft’s and vehicle’s goals are represented in the bay system and may be 

continuously updated through communication. The bay system makes up an external plan for 

the control of the aircraft through the strips’ positioning on the rails. In the bay, other strips 
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may have an effect on the coordination of the arriving aircraft, and make up affordances for 

what actions are possible. One example of this is when the vehicle block strip is placed in the 

bay, which means that the arriving aircraft cannot land as it would risk a runway incursion. 

The history of previous encounters with pilots and ground vehicle operators affect the way in 

which they are coordinated. A pilot who has previously been coordinated smoothly and 

perceived to be more experienced may for example be told to perform a more difficult 

maneuver than a pilot who has previously been perceived as troublesome, as it probably 

would be the safest and most efficient option. Typical action-effect relations govern the 

practices of back-reading in radio communication, holding a pen while talking in the radio so 

as to be ready to take notes, and the ADC needing to accept the ADA’s chosen action before 

ground vehicles are conducted. 

Artefacts Summary 

The most important aspects of the artefacts model are summarized in “Table 16”. 

Table 16. Artefacts summary. 

Mediating artefacts in the tower may be described as those used for the interpretation, 

communication, and planning of traffic. 

Details 

Communication 

The ATCOs communicate with air traffic through the air radio, with ground traffic through 

the ground radio, and with each other verbally. The radio screen displays callers, enables 

speed dial, and the setting of speakers. Control centers and others are called with the 

telephone. 

Interpretation 

The ITV, Radar screen and weather screen supports interpreting the state of air traffic, 

ground traffic, and environment.  

Planning 

The two bays and their strips take in information from the flight plan computer, fax, and 

ATCOs talking on the radio.  The system represents traffic in approximate time and in 

stages, allowing for coordination and control. 

Issues 
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 The keyboard buttons for projecting aircraft’s trajectories are not signaling their 

function clearly, but learned instead. 

 Some auto-generated text in the weather reports is often removed by the ADA as it 

may clutter the presentation of information for the pilot. 

5.2.4. Social Model 

The two positions in the tower are responsible for different areas of work. However, the work 

roles are flexible so that the ATCOs may support each other when needed. 

Aerodrome Controller 

The ADC manages the airport’s air traffic and conducts arrivals under 4500ft in the tower’s 

control zone when control center two is closed. Before the ADA gives a ground vehicle 

clearance to move, the ADC needs to approve the action by scanning the bay for potentially 

conflicting traffic (Table 17). Furthermore, the ADC is responsible for the ADA position 

when it is vacant. 

Table 17. ADC Clearance. 

V:138-145 

Swedish (Original) English 

11:42:04 - Vehicle Operator (VO) to tower – Ground Radio 

SAAB-tornet 46 vill köra David. SAAB tower 46 wants to drive David. 

11:42:06 - ADA to ADC 

David. David. 

11:42:07 - ADC to ADA 

Kör då. Drive. 

11:42:08 - ADA to VO – Ground Radio 

46 kör David. 46 drive David. 

11:42:09 - VO to tower – Ground Radio 

46 klart för o köra David. 46 clear to drive David. 

11:42:33 - VO to tower – Ground Radio 

46 har lämnat. 46 has left. 

11:42:34 - ADC to ADA – Tower 

Tackar. Thanks. 
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11:42:35 - ADA to VO – Ground Radio 

Tack. Thank you. 

Aerodrome Assistant 

The ADA communicates with ground traffic, assists the ADC, manages the weather reporting, 

prepares strips, and a series of other smaller tasks. Flight plan strips are printed from the strip 

printer and mounted onto plastic cases and placed them in the bay. Whenever new 

information about the aircraft is received the strip may be adjusted, and when the flight plan is 

finished, the strip is disassembled. The vehicle strips are located on the left of the ADC’s bay 

or above it for easy access and removal. The control zone strips are either placed on the left 

side of the ADC or in a left side drawer.  

The two weather reports – Metroport and the Metar – that are received at the AWOS are 

adjusted by the ADA. The ADA makes situated observations of the weather from the tower to 

adjust the data of the report, such as sight distance, clouds, type of rain/snow, etc. Markings 

for visual range and cloud coverage are taped to the bottom of the screen. An excerpt is 

shown below where the ADA has identified incoming rain and notifies the ADC (Table 18). 

Table 18. Weather briefing. 

V:125-126 

Swedish (Original) English 

11:35:30 - ADA to ADC 

Det kommer en jätteskur därborta (pekar). There is a big rainfall coming from over there 

(points). 

11:35:31 - ADC to ADA 

Mm (tittar dit ADA pekar).  Mm (looks to where ADA is pointing). 

Teamwork 

When both positions are occupied, many of the tasks are performed more or less 

interchangeably by both ATCOs based on their own and the other’s level of workload and 

which tasks they do. Exceptions include the placement of strips (Physical Layout), and 

approval for the ADA to give clearances to ground traffic (Information Flow).  
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Social Model Summary 

The ADC is responsible for air traffic and clearances for ground traffic, as well as the ADA 

position when it is vacant. Moreover, the ADA communicates with the ground traffic, 

supports the ADC, and minor tasks such as the weather reporting. Furthermore, the ATCOs 

give support to each other based on the level of workload and interchangeability of the tasks.  

5.2.5. Evolutionary Model 

The control tower’s instruments, layout, and organization have been identified as evolving 

through time with standards from the flight community, in which some considerations behind 

them have been found in the data. 

Positioning the Radar and ITV screens. There have been several revisions of the system in 

order to place the equipment in positions that make it easier for the ATCOs to do their work. 

The radar and ITV screens constitute one example of placing screens in the line of vision 

aligned with the information conveyed. As described earlier in section “Physical Layout”, the 

radar screen is placed in the same direction as incoming traffic, and the ITV is placed in the 

direction of the ground traffic and buildings. This makes it easy for the ADC to turn towards 

either direction and gaze to relevant information in close proximity. 

Data Link Removal. A Data Link system has previously been tested in the tower as a way 

of making communication with callers more efficient. This had not proven to work 

satisfactorily due to the inflexibility as regards how the messages were construed, in 

comparison to the flexibility of regular ATCOs. 

Mitigation of double meanings. Earlier coordination of ground traffic could involve the 

phrase “go to C11”, which is the name of a certain road. However, the “11” could be 

misinterpreted as meaning the runway - called 11 or 29 - which prompted the change of 

calling the road by “Ceasar” instead, referring only to the “C” of “C11”. 

Position of sound sources. The position of sound sources plays a role in identifying where 

the message comes from (aircraft, ground vehicle) and what to anticipate. The speaker that 

sounds receiving calls is for example placed to the right of the ADC, and the speaker for 

transmission is placed to the left. 

More efficient landing system. Today, the ADC may contact an arriving aircraft and say 

“turn 50º”, and then “turn right and into the runway” because the radar screen allows the ADC 

to follow the aircraft visually. The old way for landing was to let the pilot steer towards a 

lighthouse and turn direction when flying over it. Based on the speed and direction, the pilot 
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would then calculate the time to continue flying on that path. The new way is more efficient 

as aircraft may choose to fly a shorter path to the runway, not depending on the position of 

lighthouses.  

Color coding. Traditionally, there were red strip holders for hobby club airplanes flying 

locally, while military strips were colored black. Nowadays, red is only used for a few things 

to make them more prominent, such as the vehicle block strip. The front of the vehicle block 

strip is furthermore turned away from the ADC when not used so as to hide the red color. By 

using the color red for less objects, it becomes a prominent signal for a constraint in the bay. 

The vehicle block strip has to be placed in the bay whenever a vehicle is active on the runway 

and constrains any other action in the bay until the vehicle strip has been removed, so as to 

avoid runway incursions. 

Evolutionary Model Summary 

Several design iterations have previously considered the physical layout ATCO work in the 

positioning of the radar and ITV screens, positioning of sound sources, and color coding. 

Moreover, the mitigation of double meanings such as for service road “C11”, and the 

improved landing system supports the radio communication. Furthermore, the datalink 

removal suggests that the ATCOs need to be flexible in their radio communication. 
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5.3. Resilience Markers 

Six cognitive strategies from the literature have been observed in the tower as having 

potential for resilient performance (Table 19). Eight episodes are described in more detail in 

sections 5.3.1-5.3.8, and two overarching concepts in 5.3.9 and 5.3.10. 

Table 19. Cognitive strategies with potential for resilient performance. 

Nr Observation Strategy Marker 

1 The ADA examines and adjusts 

incoming weather reports by 

making situated observations at 

the tower, such as feeling the type 

of rain or snow, and assessing the 

amount of clouds and sight 

distance (Social Model). 

Verifies the accuracy 

and reliability of 

information 

(Kontogiannis & 

Malakis, 2009). 

Error Detection. 

2 Vehicle operators may sometimes 

forget to call back to the tower 

once they have finished driving 

on one of the service roads. The 

ADC may detect this as the 

vehicle’s strip has been in the bay 

for a longer time than usual, 

calling the operator if to check if 

he/she just has forgotten to call 

back (Physical Layout). 

Tests the plausibility 

of assumptions 

(Kontogiannis & 

Malakis, 2009). 

Error Detection. 

3 The ADC may aim to clear the 

bay as clear as much as possible 

from unnecessary information to 

make important information more 

prominent (Physical Layout). 

Maximize 

information 

extraction from 

available data 

(Mumaw, Roth, 

Vicente, & Burns, 

2000). 

Off-load Cognitive 

Demands. 
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4 The ADA removes less important 

information and auto-generated 

symbols in the weather reports, 

which makes the important 

information more prominent 

(Social Model). 

Maximize 

information 

extraction from 

available data 

(Mumaw et al., 

2000). 

Off-load Cognitive 

Demands. 

5 When the ATCOs shift positions 

they may already have an 

awareness of the state of traffic as 

they up until then may have 

worked in the in the other 

position (Physical Layout). 

Managing 

anticipation 

(Malakis & 

Kontogiannis, 2008). 

Creating Awareness. 

6 The ATCO aims to create a good 

mental map over the state of 

traffic as it creates, beyond a 

better understanding of the 

current situation, an opportunity 

to maintain the awareness for 

some time despite of technical 

failures (Physical Layout). 

Managing 

anticipation 

(Malakis & 

Kontogiannis, 2008). 

Creating Awareness. 

5.3.1. Episode 1: Questioning Vehicle Presence 

Both ATCOs have been observed to often check if the runway really is clear from traffic as to 

be sure to avoid risking a runway incursion (Physical Layout). One reason for this may be the 

fact that vehicle operators have been found to sometimes forget to call back to the tower once 

he/she has finished driving on the service road David. In the case below the ADC asks the 

instructor (eye tracking scenario) if a vehicle has left the service road David or not (Table 20). 

Table 20. Questioning Vehicle Presence. 

V:205-210 

Swedish (Original) English 
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10:45:38 - ADC to instructor 

David sju frågas? Questioning David seven? 

10:45:41 - Instructor to Vehicle Operator 

45 har lämnat. 45 has left. 

10:45:45 - Vehicle Operator to tower 

Har lämnat. Has left. 

10:45:46 - Instructor to ADC 

Japp. Yes. 

10:45:47 - ADC to instructor 

Tack. Thanks. 

 

I recognize this observation of resilience enhancing behavior as a strategy of “making an 

effort to find ‘hidden assumptions’”, and relate it to the marker ”Error Detection” 

(Kontogiannis & Malakis, 2009). Vulnerabilities include vehicle operators forgetting to call 

back to the tower, a high level of workload that draws attention from the runway, and the 

ADA position being vacant (as both ATCOs watches the runway). The mode of having both 

positions filled increases the towers capacity to watch for unwanted traffic at the runway, 

making the ADA position an extra resource. Moreover, the ADC in the excerpt above takes 

an opportunity to question the presence of the vehicle as to be able to direct incoming traffic.  

I judged this episode of resilience enhancing behavior as significant due to the importance 

of avoiding runway incursions, and that some call backs may be missed. By acting 

suspiciously towards the runway, the ATCOs continuously questions their mental map of the 

situation, which makes it more up to date and may lower the risk of errors. 

5.3.2. Episode 2: Transponder Support 

As discussed in the “Social Model” section, the ATCOs support each other in several ways. 

One example of this teamwork is when an ADA listens to a conversation between an ADC 

and a pilot, and asks if the former needs assistance with the transponder settings (Table 21). 

Table 21. Transponder settings. 

V:115-118 

Swedish (Original) English 

07:42:23 – ADC to pilot 
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Starcraft 214 line up runway 11. Starcraft 214 line up runway 11. 

07:42:25 – Pilot to tower 

Line up 11 starcraft 214. Line up 11 starcraft 214. 

07:42:29 – ADA to ADC 

Ska du ha en transponder på den? Do you want a transponder on that? 

07:42:30 – ADC to ADA 

Mm 326. Mm 326. 

 

I recognize this as an observation of resilience enhancing behavior, which I label ”giving 

transponder support”, and relate it to a strategy of ”employing workload distribution 

management”, and the marker ”managing workload” (Malakis & Kontogiannis, 2008). 

Vulnerabilities include the ADA being vacant, which might be due to an error of anticipating 

higher rates of traffic and planning in an ADA. The act of task distribution acknowledges a 

vulnerability in the system’s workload capacity and takes the opportunity to enhance it 

through collaboration. However, it depends on the ADA being present as a resource, making 

it an enabling condition that mostly is available at the mode of controlling military traffic 

and situations that are expected to have a high rate of traffic. 

I judged this episode of resilience enhancing behaviors significant as an ADA enhances the 

capabilities of the tower by enabling the ability of teamwork. Moreover, both ATCOs are 

licensed and have experience of each position and a mutual understanding of the tasks to be 

performed. Furthermore, as the ADC position’s low buffering capabilities results in 

reprioritizations, this may risk errors when workload gets too high. The ADA position lowers 

this risk by task distribution as well as creating the opportunity to shift positions, which 

allows for periods of recovery. 

5.3.3. Episode 3: Off-load Cognitive Demands 

It has been observed that as ATCOs process a lot of information through radio that is to be 

used later on, they write down notes on a piece of paper, directly on the strip, or lean a strip 

on a single rail as a prospective memory task (Artefacts).  

I recognize this as an observation of resilience enhancing behavior, which I label ”creating 

an external cue to remember to do something later on”, related it to the strategy of: ”Creating 

an external reminder for monitoring”, and placed it under the marker of ”Off-load Cognitive 
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Demands” (Mumaw et al., 2000). Vulnerabilities include the ATCOs failing to write the 

message down, missing a pen, paper, strip, or that the other ATCO did not overhear and was 

unable remember the message. An enabling condition would be the presence of a pen and 

paper, or the possibility to take notes on a strip. An additional resource would be the presence 

of an ADA who could overhear the conversation and remember the message. By creating an 

external reminder, the ATCO takes an opportunity to off-load his/her cognitive demands. 

I judged this resilience enhancing behavior as significant as the act may prevent future 

errors in a simple but effective way. The information-intense workload of ATCOs may limit 

their ability to hold several objects in their memory, and an external memory cue may 

therefore increase the likelihood of recollecting the information at the proper moment. If the 

information is forgotten, tasks may pile up later on and accumulate higher demands of action 

and workload and stretch the boundaries of safety. This is an example of taking steps to 

anticipate performance issues and proactively manage the correct execution of actions as 

events unfold. 

5.3.4. Episode 4: Perceiving Work Capacity 

By being attentive to a caller’s tone of voice and what he/she says, the ATCOs create an 

understanding of how that person will behave in the air (Table 10). This knowledge may 

affect how the traffic is conducted, as shown in Table 13 where an ATCO explains that a 

more experienced pilot is more often chosen for avoiding maneuvers than a less experienced 

pilot, due to fact that the more experienced pilot probably would respond faster and more 

accurate.  

I recognize this as an observation of resilience enhancing behavior, which I label 

”perceiving work capacity of pilots by listening to what they say”, and relate it to the strategy 

of ”managing anticipation”, and the marker of ”creating awareness” (Malakis & 

Kontogiannis, 2008). A vulnerability includes an ATCO which does not yet have enough 

experience to perceive these details in conversation. An experienced ATCO, however, may 

take the opportunity to be attentive to what the caller says, and how he/she says it. An ADA 

makes up an extra resource for this interpretation, as the information may be shared through 

tales as discussed in “Episode 5: Sharing Cues for Monitoring”.  

I judged this episode of resilience enhancing behavior as significant due to the frequency 

of calls and the potential for creating a more detailed awareness of the situation that may 

enable more efficiency in the work.  
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5.3.5. Episode 5: Sharing Cues for Monitoring 

As discussed above, the ATCOs may perceive work capacity and act accordingly. Moreover, 

these perceptions are also shared between ATCOs as to make the other more aware. An 

example of this is shown when an ADA informs the ADC about a pilot being in a worried 

state ( 

Table 11), or a pilot is perceived to have little experience (Table 22).  

Table 22. Informing about Level of Experience 

V:184 

Swedish (Original) English 

11:34:08 – ADA to ADC 

Väldigt oerfaren elev. Very unexperienced student. 

 

I recognize this as an observation of resilience enhancing behavior, which I label ”sharing 

perceptions of workload capacity”, and relate it to the strategy of ”creating an external 

reminder for monitoring”, and to the marker ”off-load cognitive demands” (Mumaw et al., 

2000). The presence of an ADA makes up an enabling condition in which the opportunity 

to make the other ADC collaboratively monitor the pilot, which makes the ADA an additional 

resource for monitoring. Vulnerabilities include a too high or too low level of workload, 

which may affect vigilance.  

I judged this episode of resilience enhancing behavior as significant as ATCOs 

collaboratively may be more attentive to less experienced pilots than by themselves. This may 

make the tower respond faster in case of difficulties, which may result in less accumulation of 

problems and thus heightening the efficiency and safety of the tower. 

5.3.6. Episode 6: Sharing Experiences 

The ATCOs often share work experiences with each other when there is time in between 

calls, traffic, and at breaks. One example is when the ADC tells the ADA about an early 

ambulance plane that was missing a flight plan. An excerpt of the beginning of the story is 

shown below (Table 23). 

Table 23. Transponder settings 

V:110-112 
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Swedish (Original)  English 

07:48:50 – ADC to ADA 

Igår när jag kom upp fanns det ingen färdplan på 

ambulansflyget. 0, 3, 4, 5 fram, ja jävlar det där 

är ju en på radion! 

Yesterday when I came here the 

ambulance plane didn’t have any flight 

plan. 0, 3, 4, 5 fram, oh damn, that’s one 

on the radio! 

07:49:02 – ADA to ADC 

Det är tidigt, ingen som hade sagt nånting. That is early, and no one had said 

anything. 

07:49:04 – ADC to ADA 

[…] Så det var ju liksom att snacka med BK o 

sådär… få koll på dom där… kommer en 

ambulans där. Det sista jag gjorde var att ringa 

till Stockholm. 

[…] So I talked to BK and such, to 

perceive those… there comes an 

ambulance there… The last thing I did 

was to call to Stockholm. 

 

I recognize this as an observation of resilience enhancing behavior, which I label “recall a 

problematic event and explain how it was solved”, and relate it broadly to the strategy 

“Managing anticipation”, and the marker ”creating awareness” (Malakis & Kontogiannis, 

2008). The ADA position makes up an enabling condition for storytelling between ATCOs, 

however, as the maintenance personnel often visits the tower it makes up an extra resource 

where knowledge and experiences can be shared. Telling a tale is taking an opportunity to 

interact with the other, which makes more people aware of what can happen at work. 

Moreover, modes of operations when traffic is low enable more discussions between the 

interactants. 

I judged this resilience enhancing behavior as significant due to its frequency in everyday 

work, and that it enables the people involved to share knowledge, institutional memory, 

culture at the tower, etc. Sharing experiences in workplaces has been shown to be a key 

coping mechanism that enables the transmission of memories, knowledge, culture, 
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sensemaking, verbal play, etc. (Yang, 2013). Storytelling makes the interactants more aware 

of what can happen at work, how people have responded, and the results of an event. 

5.3.7. Episode 7: Frame Creation 

The ATCOs have been observed to collaboratively make sense of situations by framing them. 

One example is when the ATCOs discuss how some birds on the runway should be chased 

away. Here, they use small gas cannons at different positions at the runway to drive away 

birds (Table 24), referring to the cannons as bubbles, and argue of which cannons should be 

activated. 

Table 24. Chasing away birds. 

V:222-227 

Swedish (Original) English 

07:39:35 - ADC to ADA 

Ah (pekar på ett par fåglar). Ah (points to some birds). 

07:39:36 - ADA to ADC 

Det är ju den där bubblan du ska fortsätta 

skjuta med den 3an då va? 

It is that bubble you should continue to 

shoot with, the third right? 

07:39:43 - ADC to ADA 

Och så vill jag ta driva dom där så jag tar 5, 

4, 3 istället. 

And I want to force them over there so I 

will take 5, 4, 3 instead. 

07:39:47 - ADA to ADC 

Det är nog ditåt. It is probably that way. 

07:39:48 - ADC to ADA 

Du menar hitåt? You mean this way? 

07:39:49 - ADA to ADC 
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Asså söderut. Well, south. 

07:39:50 - ADC to ADA 

ja det är ditåt. Yes, it is that way. 

 

I recognize this as an observation of resilience enhancing behavior, which I label 

”collaboratively creating a mental map of the birds on the runway”, and relate it to the 

strategy of ”managing anticipation”, and the marker of ”creating awareness” (Malakis & 

Kontogiannis, 2008). The ADA makes up an enabling condition and vulnerabilities include 

a high level of workload and inexperience. Resources can be considered as artefacts that help 

shape the ATCOs’ mental map of the situation, if the situation is based on spatial direction 

and positioning as in the example above. 

I judged this observation of resilience enhancing behavior as significant due to the 

importance of having an accurate awareness of the situation. The teamwork between the 

ATCOs enables them to frame situations in a collaborative way 

5.3.8. Episode 8: Frame Questioning 

As the ATCOs work together collaboratively, they may question each other’s mental maps of 

the situation. One example is when an ADC points out that the ADA’s understanding of the 

situation is false (Table 25) 

Table 25. Error Correction. 

V:188-192 

Swedish (Original) English 

11:44:51 - ADA to ADC 

Bra att du sa plats 1, för det kommer 

nämligen en till som ska stå ännu längre. 

It was good that you said position 1 as it 

comes another one that will stay even longer. 

11:44:57 - ADC to ADA 

Men det är ju samma. But it is the same. 
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11:45:02 - ADA to ADC 

är det? Is it? 

11:45:03 - ADC to ADA 

var det inte 05? Was it not 05? 

11:45:04 - ADA to ADC 

jaja, gör konflikter med sig själv. Yes, yes, i create conflicts for myself. 

 

I recognize this as an observation of resilience enhancing behavior, which I label 

“questioning others’ mental maps”, and relate it to the strategy ”tests the plausibility of 

assumptions”, and the marker of ”error detection” (Kontogiannis & Malakis, 2009). 

The ADA makes up an enabling condition in which ATCOs can take the opportunity to 

correct each other. Vulnerabilities include a high level of workload which may lower the 

chance of noticing errors. The overhearing of other radio conversation adds an additional 

resource as things may be questioned out from the tower as well. 

I judged this episode of resilience enhancing behavior as significant due to the teamwork 

may result in an increased accurate understanding of the situation. This may in turn avoid 

errors from accumulating and increase the efficiency and safety in the work 

5.3.9. Cognitive Empathy 

In the control tower, the ATCOs communicates with pilots, vehicle operators, control centers, 

and each other. Overhearing results in an awareness of others, and employing task distribution 

lets them support each other. I would argue that the observations of resilience enhancing 

behaviors in:  

 “Episode 5: Sharing Cues for Monitoring” (perceiving cognitive capabilities); 

 “Episode 4: Perceiving Work Capacity” (recognizing a need for support); and  

 “Episode 2: Transponder Support” (knowing when to perform task distribution);  

suggest cognitive empathy to play a role in ATCO work. Cognitive empathy enables the 

ATCOs to understand why and how someone needs support, and how to perform task 

distribution.  
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I recognize this behavior as potentially resilient enhancing behavior, and consider it as a 

marker of “cognitive empathy”. The ATCOs may create an understanding of speaker’s and 

anticipate their behavior and work capacity, recognize why someone has a problem both in 

regular communication and overhearing, realize how it is possible to give support, and take 

the opportunity to perform task distribution. Vulnerabilities include inexperienced ATCOs 

and new pilots as time may be needed for effective teamwork to emerge, as well as a mode of 

operation that demands a higher workload, such as during low visibility or a complicated 

military flight operation. The ADA makes up an enabling condition for cognitive empathy 

between ATCOs, and when supporting other control centers, task distribution provides an 

additional work resource. 

I judged this phenomenon as a resilience enhancing behavior as significant due to the 

understanding of why and how another person needs help, and how task distribution should be 

deployed. This is arguably one important aspect of how the system performs its work 

efficiently and safely, as the ATCOs may anticipate, monitor, and respond to perceived 

behavior. As both ATCOs are licensed and know how the other position works, it is easy for 

them to support the other in new and challenging situations. Moreover, as the ATCOs get 

more experience in the tower, they learn to recognize the voice of different speakers in the 

radio, which gives a deeper understanding of the caller’s behavior. 

5.3.10. Team Sensemaking 

As described in “Physical Layout”, it is important for the ATCOs to have an awareness of the 

present situation. This awareness may be construed through a continuous team sensemaking 

process (Malakis & Kontogiannis, 2013), in which frames are identified, created, questioned 

and elaborated: 

 Identifying a frame may be illustrated in “Episode 2: Transponder Support”, as the 

ADA recognizes an opportunity for task distribution;  

 Creating a frame may be seen in “Episode 7: Frame Creation”, in which the ATCOs 

makes sense of the situation collaboratively;;  

 Questioning a frame may be illustrated in “Episode 8: Frame Questioning”, in which 

an ADC points out to an ADA that his/her understanding of the situation is false, and 

in “Episode 1: Questioning Vehicle Presence”, where an ADC questions whether a 

vehicle is present on the runway or not;  
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 Elaborating a frame may be illustrated is by the ATCOs gather information and 

creating external prospective memory tasks, as in “Episode 3: Off-load Cognitive 

Demands”, or by sharing a perception of a caller so as to manage monitoring more 

efficiently, as in “Episode 5: Sharing Cues for Monitoring”.  

I relate these resilience enhancing behaviors above to the concept of ‘team sensemaking’, 

which may be viewed as a marker on its own. Vulnerabilities include the ADA position 

being vacant or a high level of workload. The ADA makes up an enabling condition for 

sensemaking in the tower, and other parties may be considered an additional resource, such 

as the military weather briefing providing valuable information. 

I judged this resilience enhancing behavior as significant due to the importance of 

managing a well-functioning assessment of the situation, in which the ATCOs may come to 

understand what is going on. By making sense of situations collaboratively there may be a 

higher chance of understanding the situation correctly, and thus avoiding errors that may 

otherwise escalate quickly. Thus, this sensemaking behavior may be important for resilient 

performance. 

Resilience Markers Summary 

A summary of each resilience enhancing behavior is summarized in “Table 26”. 

Table 26. Summary of Resilience Enhancing Behavior. 

Episode Summary 

I  

Questioning Vehicle Presence. 

Acting suspiciously towards the idea of the 

runway really being empty may lower the 

risk of runway incursions. 

II 

Transponder Support. 

The flexible work roles of ADA and ADC 

and both ATCOs being licensed enables 

them to handle unexpected situations. 

III 

Off-load Cognitive Demands. 

Prospective memory cues enable ATCOs to 

remember things in the future, which may 

prevent problems from accumulating. 

IV 

Perceiving Work Capacity. 

Perceiving pilots’ and other ATCOs’ 

capacity and workload gives an idea of what 

is to be expected from them. 
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V 

Sharing Cues for Monitoring. 

By sharing cues for monitoring the ATCOs 

may respond quicker. 

VI 

Sharing Experiences. 

Experiences and events may be shared by 

telling tales to one another, which may give 

an idea of things that can happen and 

prepare the ATCOs for such scenarios. 

VII 

Frame Creation. 

The ATCOs may create an understanding of 

the present situation by framing it 

collaboratively. 

VIII 

Frame Questioning. 

The ATCOs may correct each other when 

one is noticed to have a false idea of the 

present state of traffic. 

IX  

Cognitive Empathy. 

Cognitive Empathy enables ATCOs to 

recognize why and how callers and other 

ATCOs need help and how to allocate task 

distribution. 

X 

Team Sensemaking. 

Team sensemaking enables the ATCOs to 

share their thoughts and experiences to 

make sense of events collaboratively. 
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6. Discussion 

This thesis has studied ATCO work through the use of DCog (research question one) and 

ATCO safety management through the use of Resilience (research question two). The DCog 

analysis were done through the use of DiCoT, and the Resilience analysis were done by the 

use of REM. 

The results of the DiCoT analysis, considering the work of ATCOs, show that ATCOs’ 

work is supported by the tower’s physical layout, information flow, use of artefacts, social 

structure, and furthermore how the system evolved through time.  

The results of the REM analysis, considering the safety management of ATCOs, show six 

examples with potential for resilience enhancing behavior corresponding to the safety 

literature, as well as eight further examples illustrated in more detailed episodes. Two 

overarching phenomena (Cognitive Empathy and Team Sensemaking) have been observed as 

possibly important for ATCO safety management, and argued to have relevance for the 

analysis as markers on their own. However, no observational or strategic level has been found 

for either of them. 

6.1. Results discussion 

The results of DiCoT show how cognition is supported in everyday work, whilst resilience 

markers highlight some observations as showing potential for resilience. 

6.1.1. Physical Layout 

The physical layout of the tower has been observed to support work through the intelligent 

use of space, perceptional cues, naturalness of representations, subtle bodily supports, 

situation awareness, horizon of observation, and the arrangement of equipment. Moreover, the 

physical model illustrates how the equipment is positioned according to each ATCO position. 

Space and Cognition. By storing based on their frequency of use, the vehicle strips used 

the most become more prominent and easier to access than the ones farther away. This is 

similar to the jigging of the flight strips in the bay, as the strips that will be used soon are the 

ones closest to the ADC. These actions may be important to consider in system development 

so as to emphasize the need to keep the most important artefacts close by, and avoid cluttering 

the space. 
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Perceptual Principle. To further understand the strips’ relations to each other, their 

placement enables the ADC to compare the state of departing and arriving aircraft as a 

perceptual task. This computation makes it easier for the ADC as he/she does not have to 

represent the aircraft mentally in the same detail. The placement of screens may enable a 

more accurate mental map as less time is used for saccadic scan patterns and more time in 

focus. Furthermore, the placement may be more ergonomic for the ADC by reducing head 

movements. 

Naturalness Principle. The maps have not been observed to be often used. However, they 

may contribute to the creation of a mental map, as well as to help the inexperienced ATCO to 

get to know the surroundings.  

Subtle Bodily Supports. Holding a pen while calling, may possibly make the ATCOs more 

attentive to the important parts of messages that should be written down, which may also 

make the ATCOs more aware of them as they have physically paid attention to them. This is 

similar to paying attention to the strips in the center of the bay as the ADC needs to know 

what traffic is planned close in time. 

Situation Awareness. By creating a mental map, listening to other conversations, and being 

suspicious of the runway being empty, the ATCOs become more aware of the current 

situation. This may possibly enable them to make better decisions, which in turn makes the 

system in turn more efficient. Furthermore, it may create a better ground for cognitive 

empathy (Cognitive Empathy) and team sensemaking (Team Sensemaking). 

Horizon of observation. Being able to look out the windows and through binoculars 

enables the use of visual flight rules, which may make the flow of traffic more efficient. This 

also enables the collocated placement of the screens (Physical Layout), which makes the ADC 

position able to make easier transformations of information (Information Flow). However, 

something to counter the fact that the ITV screen and Radar screen are placed so far apart (big 

head movements) might be beneficial, such as if arriving aircraft and ground traffic were 

placed in the same direction.  

Arrangement of equipment. The redundancy of some equipment enables the ADC to 

conduct traffic alone, as well as create a backup system in case of technical failure. The 

AWOS is placed closer to the ADA than the ADC as it is he/she who is responsible for the 

system, but the ADC may read it if the right information is present on the screen. Otherwise, 

the ADA may support the ADC by reading up information. 
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6.1.2. Information Flow 

Information movement. Information is transferred within the tower verbally or for example 

through strips; and outside the tower in mediation of radio, telephone, and equipment such as 

the AWOS and radar. The fact that a datalink system had been tried but not adopted 

(Evolutionary Model) suggests that the system is rather dependent on the ATCOs conversing 

with the callers, which may take time. However, as the traffic and pilot experience is so 

diverse, this may be an efficient strategy at the present time. 

Information Transformation. Information is continuously transformed through the 

interactions between ATCOs, ATCOs and radio/telephone; radar screen to ATCO, Bay and 

ATCOs, weather system etc. Moreover, the ATCOs filters out what information is important 

by recognizing different signals and the sound of the caller, and messages are filtered through 

the phraseology system, based on conventions and rules. The filtering seems to be dependent 

on the ATCOs’ experience, which may be important to consider. 

Information Hubs. The ADC position is a central part of the system as it is here most 

important decisions are made, and also where the ADA may provide support. I would 

consider the ADA position to be one effective way of distributing the workload of the ADC 

position, which seems to work well, but is dependent on the ATCOs planning the presence of 

an ADA at the tower whenever there is a higher rate of traffic. 

Buffering. As discussed above, the ADA plays a supportive role for the ADC. This enables 

the former to have a larger buffering capability than the latter, in order to be able to provide 

support when the ADC’s workload gets too high. 

Communication Bandwidth. As most of the communication is dependent on radio 

communication, the phraseology system has been developed. This takes the lesser bandwidth 

into account and avoids cluttering the messages with unimportant information.  

Informal Communication. As the ATCOs gets more experience in the tower, they learn to 

differentiate between others tone of voice, and what behavior could be expected from them. 

By telling each other stories and commenting on callers, they propagate this knowledge to 

their colleagues.  

Behavioral Trigger Factors. Learning to differentiate between the sounds and tone of 

voice discussed above, the ATCOs also learn to act on them. This may create efficiency in 

their work as less time is spent on planning what is to be done. This is also dependent on the 

experience of the ATCO. Reading back messages seems to be an effective strategy for 

informing the interactants that it has been understood. 
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6.1.3.  Artefacts 

Mediating Artefacts. From the results, the artefacts for communication, planning, and 

interpretation seem to be critical in managing the separation of traffic.  

Creating Scaffolding. The bay seems to be an important representational tool in which the 

strips may be placed in different ways to achieve different things. The creation of prospective 

memory cues on strips may be considered in the design, but the paper and pen would perhaps 

benefit from a stationary location in which they are always there, avoiding the potential 

problem of missing them when needed. 

Representation – Goal Parity. The ATC system is very goal-centered so as to separate 

traffic in a safe and efficient way. This is supported through the bay system, radar, and 

communication system. However, it seems that some aircraft may be missed in the flight plan 

system, which might suggest that something could be changed in the way aircraft plan their 

routes. 

Coordination of Resources. It seems that the system has evolved over a long period of time 

and therefore managed to create both internal and external resources that support the conduct 

of traffic. The external artefacts (e.g. bay and radar) and internal artefacts (e.g. phraseology 

system) provide an off-load of cognition though information structures. 

6.1.4. Social Model 

The social organization of the two ATCO seem to work well as the roles and tasks are 

flexible, which allows them to support each other in several ways. Moreover, the buffering 

capability of the ADA (Information Flow) seems to enable supporting the ADC flexible ways. 

Furthermore, the ATCOs are both licensed and experienced in each position, which makes 

them aware of the other’s tasks, which is also enhanced by the overhearing of their 

conversations. 

6.1.5. Evolutionary Model 

The results suggest that several design iterations have considered the design of the tower 

before, and taken the thoughts of the ATCOs into account. Due to the global use of control 

towers and developments in other areas, conventions evolve the design of the system from 

other parts of the world as well. The mitigation of double meanings and color coding would 

probably be beneficial to take into account in system development. Moreover, the removal of 
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the data link system suggests that the communication needs to be very flexible at this tower 

due to factors such as the diversity of traffic types and pilot experience.  

6.2. Resilience Markers 

Cognitive Empathy, the sharing of workload, and team sensemaking may support the 

teamwork in the tower. The results suggest that expertise and the fact that both ATCOs are 

licensed play a part in managing the unexpected, such as military tests, difference in pilot 

knowledge and capability, weather conditions, etc. Creating situation awareness may play a 

vital part in the work as for example the ATCOs are aware of, and make use of, their ability to 

anticipate how pilots are going to act, which may be shown by the fact that the datalink 

system did not work as intended. The ATCOs make use of their cognitive empathy for 

individual recipient design of messages (Information Flow) and awareness of the current state 

of traffic such as the experience of two pilots whereas one needs to turn (Information Flow). 

6.3. Method discussion 

REM seems to benefit from being used with DiCoT as a majority of the findings provided 

episodes that could be considered as having potential for resilience. If DiCoT were structured 

around episodes, the two methods could possibly be combined by first illustrating the 

cognitive phenomena, and then possible potential for resilience. However, episodes with 

potential for resilience may also possibly be considered after an observation of the DiCoT 

principles. For example, when discussing prospective memory tasks in “Artefacts”, the REM 

episode of “Episode 3: Off-load Cognitive Demands” could possibly have given a deeper 

understanding of the phenomena. 

6.3.1. Observations 

As the level of traffic each day was not available the days before, there were some times at the 

tower when the traffic rate was very low. However, the time in which the ATCOs were idle 

was used for discussions and spontaneous questions of how the system worked. The field-

notes did not initially contain the basic information of time, but it was noticed and corrected 

later on.  
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6.3.2. Interviews 

The interviews were prepared beforehand and conducted when ATCOs were idle. As the 

ATCOs are focused on their tasks when directing traffic, they may need time to recover in 

between. Because of this, the interviews were not initially audio recorded so as to avoid 

affecting their work. The last interview was deemed possible to record due to the absence of 

traffic and the questions being less open-ended so as to verify earlier findings of the study. 

Furthermore, both ATCOs were often present during the interviews, which may have affected 

the quality of the data as ATCOs were less anonymous. As there were two controllers present, 

perhaps an inclusive focus group methodology would have been beneficial as it would have 

possibly turned this into a positive factor. 

6.3.1. DiCoT 

Data was found for every DiCoT principle, which might suggest that it applies well to the 

ATC domain. Moreover, the method offered a semi-structured analysis process that was 

flexible in the way each model was created. The principles offered the researcher some cues 

for observation during the sessions at the tower and field-notes and transcriptions were copied 

into them lined as headings in a computer document. However, in this thesis it would possibly 

have been beneficial to rearrange the order of the models in the report. When the physical 

model is laid out first, there has not been a thorough explanation of important artefacts, such 

as the bay and strips. The description of the bay in the “Physical Layout” is for example rather 

detailed, which might benefit from an initial description of the considered artefacts. The 

physical layout does provide a good introduction to the layout of the tower, however, which 

the artefact model does not do. 

6.3.2. Resilience Markers 

The resilience markers framework found a range of episodes with potential for resilience, 

which might suggest that the method works well in the ATC domain. The findings were 

mostly found through the DiCoT data, which may prove that a DCog approach is useful for 

data collection. This finding suggests that previous research may be reconsidered from a 

resilience perspective to highlight safety aspects of the work.  

The analysis was perceived by the researcher as reasonably straightforward with the 

episode examples in the original article. However, there were some difficulties in considering 
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titles for the different levels of the framework (observations, strategies, and markers). For 

example, strategies and markers were sometimes very similar and problematic to draw a clear 

line between the two, such as the strategy ”managing anticipation” and the marker ”creating 

awareness”. Moreover, the researcher did not analyze the REM findings into the framework 

of the systemic resilience model, which may have provided a more holistic view. 

6.3.3. Eye Tracking 

There is a lack of literature for using eye tracking glasses in observational research. However, 

some studies have used glasses successfully for studying behavior, and as ATC work activity 

is fast, complex, and contains a lot of visual information it was deemed appropriate for an 

understanding of the ADC position.  

The data did generate some observations such as the placement of the radar screen towards 

incoming traffic and the ITV screen towards the ground traffic, and the wide head movements 

needed when moving between these. I would argue that, even though small, this finding 

shows potential for understanding the physical layout in DiCoT in more detail. Perhaps 

ergonomic factors such as wide head movements or poor arrangement of equipment may be 

such spots of weaknesses that may be illustrated. Moreover, the researcher may get a better 

idea of what the user is actually doing at times when he/she acts quickly as it provides a first-

person perspective, as well as recording audio. 

The use of an instructor-apprentice position with an experienced ATCO as the apprentice 

lowered the risk of possible problems with using the glasses during the work. This change in 

work organization might have affected the ADC’s behavior, and the ATCO did perceive the 

frames of the SMI-glasses to partially obscure his/her vision when quickly glimpsing at the 

focal perimeters. This suggests that the SMI-glasses should not be used in the sharp-end 

without an instructor responsible. 

Moreover, the eye tracking data may enable a more anonymous reporting of “behavior” as 

the eye movements provide a behavioral imprint in the gaze-overlaid video, which is not 

found in regular video recordings, as shown in “Physical Layout”. The data may furthermore 

be used for quantitative comparisons of visual scan patterns in the ADC position. 
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6.4. Future studies 

During the work, there has been several aspects that has been identified as possibly interesting 

for future studies. The tower of study will be turned into a remote tower, which would allow 

for a comparison study. Observing the use of cognitive empathy may perhaps benefit the 

development of the datalink, and an understanding of how the vehicle operators work may 

possibly create an understanding of why they sometimes forget to call back to the tower after 

travelling on one of the service roads. 

6.4.1. Remote Towers 

In May of 2017, the SAAB-tower will be transformed into a remote tower. This means that 

the control tower will be replaced by a camera, streaming visuals to another airport at a distant 

location, enabling the traffic to be controlled remotely. Remote tower is a new concept which 

is still in an early stage, but offers new opportunities for smaller airports, for example. 

The results of this study may be used for a more comprehensive understanding of how the 

system manages the safe and efficient control of air traffic and may be considered in the 

design of the remote tower. The method of this study may be used in the remote-tower context 

for a comparison of how the two systems manage the traffic at the same airport. The eye 

tracking data collected in this study may be used for comparing visual scan patterns of the old 

and the new system.  

6.4.2. Cognitive Empathy and the Datalink  

The use of cognitive empathy may be one factor that increases the efficiency and safety of the 

system. It would be interesting to investigate how it may be preserved when introducing new 

technology such as the datalink, which is a system that creates automatic radio messages 

instead of the ATCOs having to talk on the radio. In the tower of study, the datalink had been 

tested but removed since it did not support the variety of information exchanges. Perhaps an 

understanding of cognitive empathy in the ATC context may give an explanation to why it did 

not work satisfactorily before. If it is then possible to take the properties of cognitive empathy 

into consideration during development of a similar system, it would perhaps take more of the 

context into account, possibly creating more ecological and satisfactory functionality. 
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6.4.3. Awareness of the Tower 

One way to get a more holistic understanding of the ATC system would be to explore how 

other groups of people, such as vehicle operators, maintenance personnel and pilots, view the 

tower and how aware they are about how ATCOs work. As it was noted that some vehicle 

operators often forgot to call the tower back once they moved on one of the service roads, it 

would be interesting to investigate how they view the importance of the task. As this is 

important knowledge for the ATCOs, perhaps an awareness of how ATCOs work could 

explain the importance of doing the task. An external prospective memory cue could also be 

developed, or an automated monitoring system that signals to the ATCOs whenever a vehicle 

is present on the service roads and runway. 
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7. Conclusions 

In this thesis on the work of ATCOs, it was found that ascribed distributed cognitive 

processes are supported by the physical layout, informational flow, artefacts, social structure, 

as well as the way the system has evolved over time. The use of a DCog perspective and the 

appliance of DiCoT enabled the researcher to observe strategies in the ATCO’s work, which 

may be used for informing system development. This result answers the first research 

question. 

Considering ATCOs’ management of safety, there has been observed potential for 

resilience in the everyday work of ATCOs. The use of a RE perspective and the appliance of 

REM enabled the researcher to observe resilience enhancing behavior that correspond to the 

safety literature. The results may be highlighted to inform ATCOs of positive work strategies 

and inform system development. This answers research question two. 

The work reported has furthermore shown that DiCoT is suitable for understanding 

interactions and work in ATC, and that Resilience Markers are useful for recognizing 

strategies with resilient performance in ATC. REM have also been shown to work 

complementary to DiCoT in the ATC setting, but with the need for taking both distributed 

cognition and resilience into account. 
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Appendix 1 – Observation Schedules 

The observation schedules for each session at the tower is presented below.  

Introductory meeting at the control tower (Session 1) 

Ask how you are expected to behave during observations and examine the physical layout and 

social organization. 

 Take pictures of the workplace such as arrangement of equipment and layout. 

 Ask about the tower in general. 

 Examine if there are different work roles and what artefacts they have access to. 

Observation and testing the equipment (Session 2) 

Test the camera equipment and observe the physical layout and use of artefacts. 

 Investigate how the bay works in more detail. 

 How does the ATCOs know when to give clearance to aircraft?  

 How are the strips passed from one ATCO to another?  

 Take a panoramic picture and a more detailed picture of the bay. 

Observation (Session 3) 

Examine how the information flows throughout the system, and which artefacts that are used 

for that purpose. 

 Which artefacts provide important information? 

 How does the ATCOs use the radio and telephone system? 

 How do the ATCO use the AWOS computer?  

 How do the ATCO use the radar screen? 

Observation (Session 4) 

Examine how information flows within and out from the tower, how the ATCOs share 

information and note if some equipment looks like it has been adjusted by the ATCOs so that 

you can ask questions about the evolution of the design. 

 How does the ATCOs collaborate with each other? 

 How does the ATCOs talk to pilots/operators and each other?  
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 Examine equipment that seems to have been adjusted by ATCOs and ask how the 

design of artefacts have been considered. 

Observation (Session 5) 

Use the eye tracking glasses to record eye movements during a procedure with low traffic, 

one that is deemed O.K. By the manager.  

 Observe if the ATCOs seem to act outside their work roles  

 How does the ATCOs collaborate with each other? 

 How does the ATCOs talk to pilots/operators and each other?  

 Examine equipment that seems to have been adjusted by ATCOs and ask how the 

design of artefacts have been considered. 

Observation (Session 6) 

Observe factors that may be resilience enhancing and verify earlier DiCoT observations. 

 Observe if the ATCOs seem to act outside their work roles. 

 Observe the “pen holding rule”. 

 Make not of earlier findings. 
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Appendix 2 – Interview Guide 

General questions used in the interviews are shown in “Table 27” below.  

Table 27. Interview Guide. 

Swedish (Original) English 

Hur brukar en vanlig arbetsdag se ut? What could an ordinary day at work look 

like? 

Beter ni er på olika sätt beroende på typen 

av trafik? 

Do you act differently based on the kind of 

traffic? 

Vilka instrument och vilken utrustning 

upplever du som viktigast? 

What are the instruments and equipment do 

you experience as the most important? 

Vad för information behöver du för att ge 

klartecken till flygtrafik att landa eller avgå? 

What information is needed to give 

clearances for aircraft to land or depart? 

 

Hur vet du vart flyg- och marktrafik 

befinner sig och hur upprätthåller du ett 

säkert avstånd mellan dem? 

How do you know where aircraft and 

ground vehicles are? 

 

Hur planeras trafiken? How do you manage the planning of traffic? 

Hur skiljer sig era arbetspositioner åt? What does the ATCO in the ADA position 

do? 

Behöver du ibland göra saker som inte ingår 

i dina arbetsuppgifter? 

Do you sometimes need to act outside the 

scope of your work position? 

Vet du något om hur designen av tornets 

arbetsplats och utrustning gått till? 

Do you know anything about how the 

tower’s layout and its artefacts have been 

designed? 

 

 


