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Abstract 

The Vessel Traffic Service (VTS) is a complex system tasked with ensuring the safety of 

navigation within specified areas known as VTS areas. Earlier research in the domain has 

often focused on the decision support systems and other tools employed by the VTS operators 

to provide the vessels in the area with VTS services. Consequently, less effort has gone into 

looking at the system itself and the human factors aspects of the system. 

This study uses the Functional Resonance Analysis Method (FRAM) to create a functional 

model of the VTS. It looks at how a VTS works, what the different components are and how 

these components are related. The main purpose of the FRAM model is to serve as a basis for 

future application by identifying the functions that constitute the system, and to illuminate the 

potential variability therein. To demonstrate how it might be used, an instantiation of an 

observed scenario will be presented. A structural description of the VTS is also presented, 

which aims to serve as an introduction to the domain for readers who are previously 

unfamiliar with it.  

The functional model shows that a lot of the potential variability seems to lie in the functions 

that rely heavily on human interaction, which is to be expected, as human performance is 

highly variable. It also shows that the availability and reliability of relevant information is 

crucial in order to be able to provide the VTS services, and if the information for some reason 

is unavailable or insufficient it seems likely to cause variability. 

Keywords: Vessel Traffic Service (VTS), Maritime Safety, Functional Resonance Analysis 

Method (FRAM), Cognitive Systems Engineering  
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1. Introduction 
Vessel Traffic Service (VTS) centres can be found almost anywhere on earth in ports and 

heavily trafficked coast areas where they aim to improve the safety and efficiency of 

navigation within their specified VTS area. As a majority of the world’s cargo travel through 

these areas and accidents within them can have potentially disastrous environmental 

consequences it is very important that the safety and efficiency of travel through them is 

ensured. This thesis seeks to contribute to the growing body of research on the subject, mainly 

by using the Functional Resonance Analysis Method to provide a functional model of the 

VTS. 

In the following chapter the aims and research questions will be presented, followed by the 

delimitations of the thesis. 

1.2  Aim and research questions 

The work presented in this thesis was carried out in order to answer three main research 

questions: 

 Can the Functional Resonance Analysis Method be successfully applied to the VTS 

domain? 

 What tasks (functions) must be carried out and how are they functionally related? 

 What type of variability can be expected and where can it be expected? 

As a consequence of these questions, the aim of this thesis has been two-fold. For one, it aims 

to provide a structural description of the VTS, which will serve as a basis for further research 

and as an introduction to the domain for those not familiar with VTS. 

The other aim is to provide a functional model of the VTS using the Functional Resonance 

Analysis Method (FRAM). The purpose of this is to examine how a VTS operates, how the 

different components of the system rely on each other and potentially illuminate opportunities 

for further improvement.  

1.3  Delimitations 

This thesis will attempt to study the VTS from a functional perspective. The FRAM will be 

used to provide a functional model of the VTS which can be expanded upon and used to study 

specific incidents or to make a risk assessment of a VTS system. An instantiation of the model 

will be presented to demonstrate how it can be applied, but the main focus will lie on creating 

the model and identifying the potential variability.  

The data have been collected from professionals within the VTS domain and from official 

documents; no members of vessel bridge-teams or other vessel personnel have been part of 

the data collection process.  
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1.4  Outline of the thesis 
This thesis is divided into seven chapters. Chapter 1 serves as an introduction to the thesis 

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

thesis. Chapter 2 provides the background by describing the VTS in more detail, how it 

operates, the stakeholders, the regulation influencing its behaviour and its personnel. Chapter 

3 accounts for the theoretical background for the analysis, while chapter 4 describes the 

methodological approach, the relevant data collection methods as well as a description of the 

data collection sessions. Chapter 5 contains the main result of the thesis; the FRAM model, a 

description of the potential variability and an instantiation of the model describing an 

observed scenario. Chapter 6 contains a discussion about the data collection, the choice of 

FRAM as a tool for analysis, the result of the FRAM and a few words about application and 

future research. Chapter 7 contains a review of the research questions and looks at the result 

of the thesis. 
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2. Background 

Shipping has, since man first started trading and travelling to different parts of the world, been 

a major means of transportation. In 2004, international shipping was estimated to be a 1.3 

trillion dollar industry, with 74.000 ships carrying about 90% of the world’s cargo, with an 

estimated worth of about 9 trillion dollars (Stopford, 2009; UNCTAD, 2009). Due to a series 

of accidents, perhaps most notably several oil spills in the 1960s and 1970s, public awareness 

of the potential environmental damages that could be caused by accidents within the maritime 

domain increased, and there was considerable pressure on authorities to act (IALA, 2012).  

In 1985, this resulted in the International Maritime Organization (IMO) adopting resolution 

A.857, Guidelines for Vessel Traffic Services, which laid the foundation for today’s VTS 

systems, which has since then been revised and updated several times. Today, there are over 

500 VTS operations worldwide working to ensure the safety of vessels traveling in congested 

waters and mitigate the risk of marine accidents. (IALA, 2012) 

The following chapter will introduce the reader to the VTS domain by describing the purpose 

of the Vessel Traffic Service, by providing a structural description of the components of the 

VTS and by presenting some of the earlier research conducted that is relevant to this thesis. 

2.2  Purpose of the Vessel Traffic Service (VTS) 

The purpose of a VTS system is, according to the international convention SOLAS V-12, to 

“contribute to the safety of life at sea, safety and efficiency of navigation, the protection of the 

marine environment, the adjacent shore area, worksites and offshore installations from 

possible adverse effects of maritime traffic”. It achieves this goal mainly by aiding mariners 

in the safe use of navigable waterways, by helping them afford unhindered access to pursue 

commercial as well as leisure activities and by contributing to keeping the seas and adjacent 

environments free from pollution (IALA, 2012).  

A VTS allows identification and monitoring of vessels moving within so called VTS areas, 

and aids them in the safe navigation within the area by providing them with different services 

(described in section 2.4). 
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2.3  How a VTS operates 
When a vessel enters or approaches a VTS area it is, usually, obligated to report to the local 

VTS centre using VHF (Very High Frequency) radio. When the VTS Operator (VTSO) has 

recognized the initial call, the OOW (abbreviation of Officer of the Watch, the navigating 

officer) provides the VTSO with information such as the vessels name, call sign, draught, 

ETA, planned route within the VTS area and other relevant information. Exactly which 

information a vessel has to provide to a particular VTS is defined by the national regulation of 

the country harbouring the VTS area (IALA, 2012).  

The VTSO, in turn, confirms he/she has received the information by repeating it aloud to the 

OOW, thus giving the officer a chance to correct any faulty information. This way of 

communicating is called “closed-loop communication”, and is used to make sure that the 

message is received and understood correctly. The VTSO then proceeds to provide INS 

(described in section 2.4), usually meaning relevant information about other ships in the area, 

local weather conditions and anomalies (dysfunctional buoys, construction sites, divers in the 

area) that is relevant to the vessels safe navigation within the area. Depending on which 

service levels are provided by the particular VTS the VTSO may then provide Traffic 

Organisation Service (TOS) or Navigational Assistance Service (NAS) (described in section 

2.4), should the OOW request it. 

Inside every VTS area, there are a number of checkpoints, called reporting points. These 

points are usually placed in locations where the OOW may make a choice between one route 

or another, or where ships often meet.  Upon crossing these reporting points, the OOW is 

expected to contact the VTSO and inform him/her of the progress and give the VTSO an 

opportunity to update any previously given information. Should a vessel fail to contact the 

VTS upon crossing a checkpoint or entering the VTS area, the VTSO will seek to establish 

contact with the ship. In extreme cases, where the vessel refuses to establish contact with the 

VTS, the person in charge on board the vessel may be subject to prosecution. 

 

Figure 1: VTS area. Map over the VTS area under the supervision of VTS East Coast 

(Gothenburg) (Swedish Transport Agency, 2012). 
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Upon departure from a VTS area, in for example a port, vessels are expected to contact the 

VTSO before leaving their docking place. Some VTSs, like VTS West Coast in Gothenburg, 

may approve or deny a request to leave the docking place, but usually a VTS centre which 

only provides INS has no authority when it comes to a vessel’s departure. As a rule, all parties 

are obligated to speak English and use Short Maritime Communication Phrases (SMCP), thus 

ensuring that everyone involved or in the vicinity understands what is being said. 

In order to be able to provide the vessels with information and monitor movement in the area, 

the VTSO has a range of equipment at his disposal, the most important being the VTS 

display. The VTS display consists of an electronic chart, showing the VTS area. Upon this 

chart AIS (Automatic Information System) and radar information is projected. The chart itself 

allows the VTSO to get an overview of the VTS area, the AIS provides information (name, 

call sign, speed etc.) about the vehicles moving in the area as well as their location, while the 

radar information shows in greater detail and with more reliability where movement within 

the area occurs.  

2.4  Services provided by the VTS 
Below are the three types of services, mentioned above, that a VTS can provide. All 

information is communicated using VHF radiotelephony. 

2.4.2 Information Service (INS). INS is a service where the VTSO, when 

appropriate, provides all participating vessels within the area with essential safety-relevant 

information. The information ranges from hydro-meteorological information to position, 

identity and intentions of other vessels in the area (Praetorius et al., 2012). Basically, INS 

aims to make sure that all parties are aware of the current state of the area to assist them in 

building their SA (Situation Awareness). INS is a standard service offered by all VTS centres.  

2.4.3 Traffic Organisation Service (TOS). TOS is a service that is concerned 

with traffic management within the VTS area. It organizes traffic in order to prevent 

dangerous situations, for example problems with space allocation and conflicting travel routes 

which could lead to congestions, groundings, or, in worst case scenarios, collisions (IALA, 

2012). It operates by allowing manoeuvres, blocking access to certain areas, setting speed 

limits and giving clearances. It aims to ensure the safety and efficiency of the traffic flow 

within the VTS area. 

2.4.4 Navigational Assistance Service (NAS).  NAS is a service that is 

concerned with helping vessels that are having problems navigating safely on their own, or for 

some reason think that they would benefit from VTS assistance. This may be due to decision 

makers aboard vessels having insufficient equipment for independent navigation or other 

internal or external problems (van Westrenen & Praetorius, 2012). By actively providing them 

with information about positions of other vessels, obstacles, currents and other factors that has 

to be taken into account when navigating in a limited area, the aim of the VTSO providing 

NAS is to assist the tactical navigational decision making on board (IMO, 1997). Through 

their decision support system, the VTSO monitor the effects of the advice they give. It should 
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be noted that the instructions given should be of a result-oriented nature, meaning that the 

specifics of the execution is left to the bridge-team. The service is provided almost 

exclusively on the request of the vessel. 

2.5  Types of VTS  

The services provided by a particular VTS are dependent on the type of VTS in question. 

There are two types of VTS, and these types differ in their roles. 

2.5.2 Port VTS.  A port VTS is mainly concerned with traffic to and from one 

or several ports or harbours. Their goal is to assist the vessel in the efficiency and safety of 

navigation in and around a port or harbour. A port VTS usually provides INS, NAS and/or 

TOS. Often river and estuarial VTS’s is included in this category, whose goal is to assist 

vessels travelling in rivers or restricted waters where the manoeuvring of the vessels is 

restricted. 

2.5.3 Coastal VTS.  A coastal VTS is concerned with the traffic passing through 

a coastal area, which is where most accidents occur (IALA, 2012). Coastal areas where a VTS 

is implemented are often highly trafficked, hard to navigate in or have a sensitive environment 

(Praetorius, 2012). A coastal VTS usually only provides INS.  

However, it should be noted that different types of VTSs is not mutually exclusive, a VTS 

does not have to be either a coastal or port service; it could be a combination of both. Exactly 

which services will be provided by a VTS is determined by the particular circumstances when 

it is being established and will have to be reviewed by all relevant stakeholders. (IALA, 2012) 

2.6  Regulation within the VTS domain 
Exactly what a VTS is or how it should work is a question without a definitive answer. The 

international regulation of the VTS concept is, though existent, very limited. Because the 

conditions may vary to such a high degree depending on where in the world you are trying to 

establish a VTS, most of the details on how a VTS should be organized and operated are left 

to the national authorities. 

Usually a national authority is appointed who has the responsibility for regulation and 

implementation of VTS in that country (IALA, 2012). In accordance with IALAs 

recommendations, these are usually called CAs (Competent Authority). The main purpose of 

a CA is to issue regulation governing the institutions running a VTS. These institutions, in 

turn, are usually called VTSAs (Vessel Traffic Service Authority), and can be government 

institutions (as in the case of Sweden) or private enterprises (Brödje, 2012). The legal 

framework of VTS can be illustrated as in Figure 2 below, which is an edited version of 

Brödje’s illustration Fig 2.2 (Brödje, 2012, s. 10) . 
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Figure 2: Entities with direct legislative impact on the workings of VTS. 

However, although the outright regulation comes from the parties mentioned and illustrated 

above, they are not the only ones whose work influences VTS. Below is a brief description of 

the stakeholders within the domain whose work has an impact on VTS. 

2.6.2 International Maritime Organisation (IMO). As stated earlier, 

international regulation is limited, but it does exist, and it stems from an organisation known 

as IMO. IMO is a United Nations agency responsible for developing and maintaining the 

regulatory framework within the maritime domain, and is the highest legislative body within 

the shipping domain (Praetorius, 2012). IMO has issued primarily four documents which are 

of relevance to VTS; IMO Resolution A.857(20), SOLAS, UNCLOS and MSC/Circ.1065 

(Brödje, 2012). 

An example of IMO legislation is found in UNCLOS (The United Nations Convention on the 

Law of the Sea), which is probably the most comprehensive agreement from IMO, replacing 

then U.S. President Woodrow Wilsons “freedom of the seas” concept. UNCLOS states that 

“ships of all states, whether coastal or land-locked, enjoy the right of innocent passage 

through territorial sea” (UNCLOS, 1997, s. 30). It also states that no coastal state may limit, 

restrict or claim the right of use of the High Seas, meaning the area outside its national 

territorial waters (which stretches 12 nautical miles from the shore at low tide) (UNCLOS, 

1997). In practice, this means that a VTS operation may only be established on national 

waters. 
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2.6.3. European Maritime Safety Agency (EMSA). EMSA is European Union 

agency based in Lisbon charged with reducing the risk of maritime accidents, marine 

pollution from ships and loss of human life at sea. It was founded in 2003 mainly due to 

marine accidents in 1999 and 2002 which resulted in large oil spills damaging the coastlines 

of Spain and France (EMSA, About us, 2013a). To achieve its goals, it provides technical and 

scientific advice to the European Commission regarding maritime safety by continuously 

evaluating the effectiveness of measures in place and by updating and developing new 

legislation (EMSA, 2013b). 

From a VTS perspective, the impact of EMSA’s work is fairly limited. In 2002 EMSA issued 

a directive, 2002/59/EC, establishing guidelines for a vessel traffic monitoring and 

information system, which resulted in an information platform called SafeSeaNet (SSN), 

which allows member states to access information on ship movements and cargo carried by 

ships in European waters. In 2011, directive 2002/59/EC was amended by directive 

2011/15/EU, which includes no mention of VTS. This means that EMSA’s and EU’s 

influence on VTS is very limited, and impacts mainly on the information that is accessible to 

a VTS through SSN. 

2.6.4 International Association of Marine Aids to Navigation and 

Lighthouse Authorities (IALA). IALA is an international non-governmental, non-profit 

making technical association established in 1957. It consists of representatives from marine 

institutions and authorities around the world and aims to contribute to the reduction and 

mitigation of marine accidents and to the safety of life at sea mainly by developing common 

standards for vessel traffic through publications of IALA Recommendations and Guidelines 

(IALA, 2013). 

As it has no actual authority to impose or enforce regulation, IALA’s main contribution to the 

VTS domain is their IALA VTS Manual, which is updated every fourth year and is 

acknowledged as the most comprehensive guide to Vessel Traffic Services. It includes a 

general overview of the domain as well as guidelines for the education of personnel, 

installation of technology and recommendations on how studies of VTS should be conducted 

(IALA, 2012). 

2.6.5 Competent Authority (CA). When a nation wishes to set up a VTS 

service the responsibility to assess the needs for a VTS, to determine which services should be 

provided and to implement the guidelines and regulations from higher up the hierarchy 

(international and national legislation) falls on the CA (Praetorius, 2012). It is, usually, the 

role of the CA to issue national legislation on matters such as functionalities of VTS and 

required competence of VTSOs and other personnel (Brödje, 2012). In the end, the legal 

status of the regulations issued by the CA is dependent on the legal framework of the state 

where it operates. 

In Sweden, the Swedish Transport Agency (STA) serves as CA. The STA is a government 

agency whose maritime department is responsible for matters related to the maritime domain, 

and as a consequence, the STA regulates VTS. It states, among other things, how services like 
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INS should be provided, who should provide them and how vessels should interact with VTS 

(STA, 2009).  

2.6.6 VTS Authority (VTSA). The purpose of issuing regulation from the CA is 

to govern the institution running a VTS. As mentioned earlier, this institution is called a 

VTSA and may be a government institution or a private enterprise. It is the VTSA that 

educates and employs all VTS personnel and provides the services offered by a VTS to 

vessels in the VTS area.  

In the case of Sweden, the VTSA is called the Swedish Maritime Administration (SMA), 

which is a government agency. It provides several services, among them fairway service, 

pilotage, ice breaking and maritime traffic information. It is the latter that is relevant to VTS, 

since VTS provides this service on behalf of SMA. This means that SMA is responsible for 

the establishment and running of VTS in Sweden. At the time of writing, SMA runs four VTS 

centres in Sweden: Sound VTS (Malmö), West Coast (Göteborg), VTS Marstrand 

(Marstrand) and VTS East Coast (Södertälje). (SMA 2012a). 

 

Figure 3: The legal framework of Vessel Traffic Service. The bold arrows represent entities 

with direct legislative impact on the workings of VTS, with the appointed authority in the case 

of Sweden within parenthesis. The dotted arrows represent bodies which does not have 

legislative power over VTS, but whose work influence VTS, typically through 

recommendations. Edited version of Brödje’s (2012) illustration Fig 2.2. 
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2.7 Personnel at a VTS centre  

Depending on the size, complexity and needs of a VTS centre, a number of different levels of 

VTS personnel may be employed. Exactly which levels of personnel are required is 

determined by the CA or the VTSA (IALA, 2012). Below is a description of the three most 

common levels of personnel that can be found. 

2.7.2 VTS Operator (VTSO). The VTSO is the foundation of any VTS centre. 

The VTSO is responsible for the communication with the vessels in the VTS area and for 

creating and maintaining a vessel traffic image to help them maintain their SA and facilitate 

interaction with vessels. Analysing the data from the traffic image and the input from vessels, 

they are to decide on appropriate actions to be taken in response to developing traffic 

situations in order to ensure the maritime safety in the area (IALA, 2012).  

It is the task of the VTSA to specify exactly which services a VTSO is authorized to provide, 

what his/her responsibilities are, the skills and knowledge required for the job and what goal 

he/she is working towards (IALA, 2012). Examples of responsibilities may be providing INS, 

NAS and/or TOS, taking appropriate actions should a safety critical situation arise, 

monitoring the traffic situation and communicating with allied services. 

2.7.3 VTS Supervisor. If the VTSA deems it necessary, a VTS Supervisor may 

be appointed. A supervisor holds the same qualifications as a VTSO, together with the 

“appropriate endorsements” (IALA, 2012, s. 99). Where a VTS Manager has not been 

appointed, the VTS Supervisor is responsible for the operation in a VTS centre. 

Apart from the aforementioned overall responsibility in certain situations, the responsibilities 

of the supervisor include assisting, managing and coordinating the operational activities 

carried out in the centre. As in the case of the VTSO, exactly what the job description for a 

supervisor of a specific VTS centre should include is determined by the VTSA, but it is 

generally more or less the same as for the operator, with the addition of the administrational 

responsibilities such as supervision of the VTSOs, logging of incidents and 

training/assessment of VTSOs (IALA, 2012) 

2.7.4 VTS Manager. At a VTS centre, the highest post one may hold is the role 

of the VTS Manager. Like the supervisor, the manager is appointed by the VTSA, which 

determines in more detail what the duties of the manager are. In general, the manager’s job is 

to manage and coordinate the activities in at least one VTS centre, but he/she may sometimes 

be responsible for several (IALA, 2012).  

Ideally, the VTS Manager has the same qualifications as a VTS Supervisor, as the basic 

knowledge of the activities carried out by the personnel aids in good management and in 

understanding the needs of stakeholders within the domain, but it is not a prerequisite.  In 

addition to being knowledgeable of the activities of an operator/supervisor, the manager may 

handle such responsibilities as ensuring that regulations are adhered to, developing public 

information and relations programs, being updated on developments within the VTS domain 

and managing financial, technical and human resources (IALA, 2012).  
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2.8 Earlier research 
Although it is an important mechanism in the effort to ensure the efficient and safe passage of 

vessels travelling in congested waters throughout the world, research on the VTS system itself 

is very limited. Most of the research that does exist has focused on technical aspects of the 

VTS, most notably the decision support systems, with the implicit assumption that these 

systems will decrease the workload of the VTSO, thus increasing the performance of the 

system. (Praetorius, 2012) 

Among those who have studied decision support systems is Chang (2004), who suggests that 

the use of AIS (Automatic Identification System) should be standardised due to the 

“phenomenal and statistical facts of the availability and quality of AIS information” (s. 2253). 

Kharchenko and Vasylyev (2004), on the other hand, published a paper arguing that the 

VTSOs need to have constant access to a traffic image which is to serve as the operator’s 

main source of information. In conflict with the findings of Wiersma and Van’t Padje (2005), 

who concluded that the radar information was necessary as the VTSOs did not trust the 

information provided by the AIS, Kharchenko & Vasylyev holds that their proposed traffic 

image may or may not rely on radar information.  

Less effort has gone into looking at the human factors aspects of the VTS; is the system 

design favourable for the humans working within it and does it help them in their endeavour 

to maximise system performance? When looking at an organisation like the VTS with a 

Cognitive Systems Engineering (CSE) perspective, one has to take into account what 

Hollnagel and Woods call “the substitution myth”, meaning the fact that if you introduce a 

new element into the system, it is likely that it will have unexpected consequences reaching 

far beyond the immediate area where it is introduced (Hollnagel & Woods, 2005). To avoid 

this, rather than assuming that a solution or introduction of a new artefact will work exactly as 

intended, “equipment needs to be developed in agreement with the task, for a trained operator, 

working within an organisation to realize desired system functionality” (Praetorius, 2012, s. 

24). 

However, there has been some research that has examined these aspects. Van Westrenen and 

Praetorius (2012) argue that, although the organisational structure of the VTS works well in 

situations with sufficient resources, there is a need for organised central planning when the 

resources become insufficient, for example in situations when there is not enough sailing 

space . Similar conclusions were reached by Praetorius, van Westrenen, Mitchell and 

Hollnagel (2012) when comparing VTS to ATC (Air Traffic Control). They concluded that 

VTS could profit from more standardisation, provided that it “carefully considered local 

conditions whenever procedures are stated” (Praetorius et al., 2012, s. 10). They also found 

that the implementation of what in ATC is referred to as “separation minima”, mening the 

minimum distance one aircraft has to stay from another aircraft in order to reduce the risk of 

collision, could be beneficial in trying to ensure a minimal level of safety. 
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Furthermore, a recent article investigated the cause for non-technical related 

miscommunications within VTS operations (Brödje, Lundh, Jenvald, & Dahlman, 2012). 

They found that one important factor was the existence of informal hierarchies among the 

groups working within the VTS area, which led to the anticipation of negative attitudes from 

the navigating officers on the vessels towards the VTSOs regarding their role and 

responsibilities, and concluded that since the problem was of a social nature, regulation and 

technical solutions would be of very limited use. Work has also been invested in trying to 

understand how VTSOs make use of the sensor information available to them and how they 

use it to build their situation awareness (SA) (Brödje, Lützhöft, & Dahlman, 2010). Their 

conclusion was that the VTSOs work from a holistic perspectiv, combining information and 

knowledge from several sources (nautical experience, local area knowledge and sensor 

information) to build their SA. 

In summary, most of the work within the VTS domain so far has focused on developing new 

support systems for the VTSO, with little to no concern for how the JCS actually operates and 

with little involvement of the end users (Praetorius, 2012). However, it is important to take 

into account all the components of the system and to look closely at the human factors aspects 

of the work being performed in order to gain a rich understanding of the system and thus be 

able to improve it. Recently, there has been some work conducted focusing on these aspects 

with very promising results, but there is still much room for further research. 

 

 

  



13 

 

3. Theoretical approach 

This chapter presents the main scientific theoretical approaches that are relevant to this thesis. 

First the concept of joint cognitive systems is introduced, followed by a description of the 

theoretical framework that the term joint cognitive systems is a central part of, namely 

cognitive systems engineering. 

3.2  Joint Cognitive Systems (JCS) 
A joint cognitive system – in the following abbreviated to JCS – is any system that consists of 

multiple cognitive systems, such as two or more people working together, or at least one 

cognitive system and an artefact, such as a person making use of a tool (Hollnagel & Woods, 

2005). Typically, in the context relevant to this thesis, a JCS consists of a large number of 

persons using a range of artefacts to achieve a common goal, such as VTSOs and a vessel’s 

bridge-team using VHF radio, radar and AIS to ensure the vessel’s safe passage through the 

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

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

JCS’s. For example, an employee and his computer can be considered a separate JCS, but 

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

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

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

conglomerate and so on. 

3.3 Cognitive Systems Engineering (CSE)  

In Cognitive System Engineering (CSE), the performance characteristics of a JCS serve as the 

unit of analysis. In modern history, when trying to understand human performance, much 

emphasis has been placed on trying to understand the cognition that goes on inside the 

cognitive system. The importance of this has been emphasized by the traditional view of 

humans as information processing systems and the S-O-R paradigm (Stimulus, Organism, 

Response), which has been the more or less ruling paradigm during most of the previous 

century (Hollnagel & Woods, 2005).  

However, according to CSE, it is fairly irrelevant how cognition itself works when studying 

how humans work with machines. Rather than focusing on the inner workings of the cognitive 

system one should focus on what the system does, more specifically how performance is 

controlled (Hollnagel & Woods, 2005). Whereas earlier models of humans operating in 

complex systems have focused on the interaction between the cognitive system (the human) 

and the artefact (the machine), CSE focuses on what Hollnagel and Woods (2005) call 

human-technology coagency, meaning how the JCS as a whole achieves its goals. They argue 

that the fact that humans are physically separated from machines should not lead to a 

functional separation. 

To illustrate how CSE views system performance, a cyclical model called COCOM 

(contextual control model) was developed, illustrated in Figure 4 below. The aim of the 

model, according to Hollnagel and Woods (2005), is “to describe the necessary steps in 
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controlled performance, regardless of whether this is carried out by an artefact, a joint 

cognitive system, or an organisation” (s. 19). 

 

Figure 4: Contextual control model. How a joint cognitive system maintains control. 

As the model shows, CSE views the performance of a JCS as cyclical rather than linear. It is 

constantly gathering new data, using this to alter its construct (which is the systems 

understanding of the current situation) to adapt and enable informed choices, based on both 

feedforward and feedback control. As can be seen, everything from the environment to 

feedback from previous actions and external events is taken into account. Using this construct, 

the JCS seeks to achieve its goals by comparing the current construct to the desired state and 

thus choosing actions to bring these closer together (Hollnagel & Woods, 2005). 

Looking back at the definition of a joint cognitive system, it is clear that a VTS qualifies as 

one. A VTS consist of multiple humans, working in social hierarchies, making use of a range 

of artefacts in order to achieve a common goal; the safety and efficiency of navigation within 

a VTS area. 

It is in light of these theoretical approaches that the JCS that is VTS will be examined. 

Although it is easy to look at the VTS as two sides (the vessels and the VTS centre or the 

humans and the machines) interacting with each other, it should, and will, be viewed as a 

single JCS using feedback and feedforward control to modify and improve its performance. 
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4. Methodology 

The following chapter starts with a brief description of the overall methodological research 

approach taken in this study. After that the methodological tools used for data collection is 

introduced, followed by a detail description of the data collection sessions where they were 

employed. The chapter ends with a description of the theory of the FRAM, which is applied in 

chapter 5. 

4.2 Methodological approach 
Since one of the aims of this study has been to create a functional model of the VTS and 

understand its inner workings, the data that has been used has been of a qualitative nature and, 

to the extent possible, collected in a naturalistic setting, what Hutchins (1995) called “in the 

wild”, meaning where the actual activity takes place. The goal has been to acquire as rich and 

well founded an understanding of the joint cognitive system as possible. In order to achieve 

this, a qualitative data approach has been chosen. 

To collect the data used in this study, three main ways of data collection has been employed; 

interviews, observations and literature studies, which are the three methods used within 

naturalistic inquiries (Patton, 2002).  

4.3 Interviews 
 Interviews is a way for the interviewer to gain insight into the way the interviewee 

understands the world and can thus be described as descriptive, interpretative as well as 

analytical. (Kvale, 1997). Although doing interviews is more time-consuming than, for 

example, having people fill in forms or surveys, they are preferable when you are interested in 

more complicated matters like attitudes and experience which cannot easily be explained in 

just a few words (Denscombe, 1998). It should be noted that the two variations of interviews 

described below are in no way mutually exclusive, as is demonstrated in section 4.7.3. 

4.3.2 Semi-structured interviews. A semi-structured interview means that the 

interviewer, just like in a structured interview, has prepared a list of subjects which he or she 

would like to discuss that is relevant to the research question. However, unlike in a structured 

interview, the order in which the questions are answered is of less importance. There is also 

more room for the interviewee to explain in more detail and expand on subjects they deem 

important (Denscombe, 1998). In this way, this kind of interview gives insight into the 

interviewee’s views on the subject being discussed, which is important when your goal is to 

understand the phenomenon under study in context.  

4.3.3 Group interviews. In a group interview, the interviewer interview several 

interviewees simultaneously. One of the advantages of a group interview, as opposed to a 

traditional interview, is that they encourage a discussion between the interviewees. This 

means that the interviewer may get to listen to differences of opinion, if such exist, which 

hopefully will give him/her a more balanced view of the topic in question. In this way, the 

group interview takes advantage of the dynamic of the group and aims to use the social and 

psychological aspects of group behaviour to promote the interviewees willingness to express 
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their opinions and reflect on different points of view (Denscombe, 1998). However, unlike in 

a focus group, the interviewer remains the focus of attention and thus has the ability to change 

the subject or steer it in a particular direction to a higher degree. 

4.4 Observations 

Observations gives the researcher the opportunity to observe the phenomenon under study 

directly, in the environment it takes place. Using observations, the researcher doesn’t have to 

rely on information given to them by a third party, but can use his or her own eyes to assess 

the situation (Denscombe, 1998). The main purpose of the observation is to describe the 

observed setting, the actions carried out by the community under study and the meaning for 

those actions by the studied (Patton, 2002). It should be noted that the two variations of 

observations described below are in no way mutually exclusive, as is demonstrated in section 

4.7.2. 

4.4.2 Participant observations. 

When conducting a participatory observation, the object is to gain insight into cultures and 

events that can only be understood when the observer is acting as an “insider” (Denscombe, 

1998). Participatory observations can, to a higher degree than, for example, systematic 

observations, produce data that reflects the details, complexities and connections between 

different entities in a system, which makes it suitable when you want to understand how a JCS 

works. According to Denscombe (1998), the emphasis lies on a holistic understanding, where 

the separate parts are examined and understood in relation to other parts in the system and 

always in their context. As a result of this, the validity of material collected using 

participatory observations is high. 

 4.4.3 Open observations. Open observations refer to when the researcher 

declares that a study is going to take place and participants are aware that they are being 

studied. This has the obvious disadvantage that the participants may act differently than they 

would have acted had the researcher not been there, which would distort the researcher’s 

observation (Denscombe, 1998). However, often the participants are eager to help out and 

may provide the observer with information and explain their actions in a way that they would 

not do have done had the observer been conducting a covert observation. In modern days, 

covert observations are rare due to ethical reasons (Howitt, 2010). 

4.5 Focus groups 
Focus groups exploit the interactive potential of having several participants, that often have 

expert knowledge of the topic being discussed, gathered at the same time and place (Howitt, 

2010). A focus group usually consist of a moderator and several participants discussing a 

question or a number of questions proposed by the moderator. The role of the moderator is to 

facilitate the exchange of opinions and knowledge between the participants and to steer the 

discussion in the desired direction. Apart from that, it is beneficial if the moderator attracts as 

little attention as possible, and he/she should avoid expressing any kind of personal opinions 

(Howitt, 2010). 
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Focus groups are effective when one wishes to acquire rich and nuanced data about complex 

matters. The interactive nature of the focus group enables the researcher to detect differences 

of opinions among the participants, and may elucidate aspects of opinions that would not 

come to light if several traditional interviews had been conducted instead. 

4.7 Procedure 

Below a detailed description of the two data collection sessions can be found, starting with a 

study visit at VTS West Coast followed by a focus group and group interview at Chalmers 

University. 

4.7.2 Study visit at VTS West Coast. A study visit was carried out at 

Gothenburg’s VTS centre, called VTS West Coast. The aim of the visit was to gain insight 

into how a VTS centre is organized, what equipment is used, who works there and how they 

carry out their tasks. 

The visit was set up mainly as an open participant observation with elements of contextual 

inquiries. Before the meeting was set up, the VTSO was informed by mail of the kind of 

research being conducted and what the purpose of the visit would be, and agreed to be part of 

the study. Upon arrival, the VTSO showed the researcher the working environment and 

introduced the staff. He then continued to explain how the equipment worked and what his 

tasks as a VTSO was. During the observation that followed, the researcher sat alongside the 

VTSO at his working station and observed the operator as he performed his tasks. As the tasks 

was carried out the researcher, sitting slightly behind the operator to get a full view and not to 

distract his attention, took field notes using a laptop.  

During the observation, if any questions about the work arose, the researcher would ask them 

and the operator would answer, if it did not interfere with his work. Usually this would be no 

problem given the low traffic, but a couple of times a conversation had to be postponed 

because of a ship reporting in to the operator. When this occurred, the researcher would 

instantly fall silent and simply observe until the operator was done as to not interfere with the 

work. The researcher also had prepared a couple of questions regarding the overall structure 

of VTS, local procedures and related subjects which were answered when the work flow 

allowed it. 

Since the visit, which lasted slightly longer than two hours, was carried out during a day with 

relatively low traffic, the VTSO took the time to explain why he acted in a certain way when a 

particular even occurred to help the researcher gain a better understanding for the work 

carried out, when situation allowed it. He also explained that during a day with much traffic 

there would be no time for anything else than his tasks. 

At the end of the session, the operator offered to answer any further questions by mail, should 

there be a need to clarify something once the data had been examined. The offer was accepted 

and a number of mails were sent later on, which helped the researcher get a better 

understanding of the tasks carried out by a VTSO. 



18 

 

 

Figure 5: A VTS centre. (Swedish Transport Agency, 2013) 

4.7.3 Group interview and focus group at Chalmers University. A focus 

group and a semi-structured group interview were carried out at Chalmers University’s 

Department of Shipping and Marine Technology. They were divided into two different 

sessions, but were conducted using the same participants. The participants were four in total 

and consisted of VTS operators between the ages of 30 and 60. They came from two different 

VTS centres in Sweden and everyone had a minimum of four years of experience within the 

VTS domain as well as earlier experience from the maritime domain (with posts such as sea 

captain, first mate and coast guard) . 

In the first session, a focus group was conducted by a researcher at Chalmers’ university who 

took on the role of the moderator. During this session the author served as an observer taking 

notes. The responsible moderator held a short presentation, introducing the team conducting 

the focus group/interview, and presented the aim of the study they were about to take part in. 

Before any questions were asked, the participants signed an agreement between the 

researchers and interviewees, stating amongst other that they would remain anonymous, could 

choose not to answer a question and had the right to cancel their participation and the use of 

their material at any given time. They were also given a form to fill out with questions 

regarding their experience within the domain and related questions, found in. 

Three topics of discussion were presented, and before any topic was discussed the participants 

were given five minutes to write down their thoughts on the subject. After that, they were 

given about 30 minutes to discuss the topic. All discussions were recorded using a recording 

device placed in the middle of the room as well as documented by hand by two observers. 

Mind maps were written on a white board by the moderator in collaboration with the 

participants, which was documented using cameras. The questions presented were open 

ended, and it was explained that he goal was to promote discussion between the participants 

to encourage an exchange of experience between them and elucidate any differences of 

opinion.  

When three topics had been discussed the session, which lasted roughly 90 minutes was ended 

and there was a fifteen minute break before the group interview began.  
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As stated earlier, the group interview was semi-structured and conducted with the same 

participants as in the focus group. During this session, the author and the researcher 

responsible for the focus group switched places, meaning that once again two persons were 

documenting by hand while the conversation was being recorded by a phone. 

The questions in this session were developed largely with the goal of being able to provide 

input values for the essential functions when doing the FRAM analysis. As a result of this, 

they were more subject-specific than the questions or topics in the focus group. The main 

themes of the interview were the work carried out by the operators, their routines and 

opportunities for improvements within the domain. The session lasted about 70 minutes. 

4.6 Functional Resonance Analysis Method (FRAM) 
The Functional Resonance Analysis Method (FRAM) is consistent with the CSE-line of 

thinking, described in section 3.3. FRAM is used to examine why things sometimes go wrong, 

and why they usually go right. It can be used either make a risk assessment of a JCS, as in this 

case, or to analyse an accident or event that has already occurred (Woltjer & Hollnagel, 2007; 

Sonnerfjord, 2011). 

The FRAM shifts focus from many of the earlier accident models, where focus traditionally 

have been on what Hollnagel (2012) calls “work-as-imagined” (meaning how a system should 

work). The FRAM, on the other hand, puts emphasis on “work-as-done”, meaning how the 

system works under normal conditions. In other words, the focus lies on the everyday 

activities of the system, not the nature of its failures (Hollnagel, 2012). This is preferable, as a 

search for failures carries the assumption that a system will work as intended unless 

something goes wrong; an assumption that the FRAM refutes. It does so on the basis that for 

this to be true we have to fully understand the system (which we almost never do), and if we 

do, we know by definition what went wrong and will not need to conduct an accident 

investigation (Hollnagel, 2012). 

FRAM is built on four main principles, described below (Hollnagel, 2012): 

 The principle of Equivalence of Failures and Successes: This principle holds that 

failures and successes have the same origin, and are therefore equivalent. This means 

that the fact that outcomes may be different does not mean that the underlying 

processes are different. 

 The principle of Approximate Adjustments: This principle recognizes that a JCS 

always operates under varying conditions, and that the JCS always adjusts to meet the 

existing conditions. This results in performance variability, which is the reason that 

things sometimes goes wrong, but also the reason that they normally goes right. 

 The principle of Emergence: According to this principle, accidents very rarely occur 

because of malfunctions in a single component. Rather than attributing an accident to 

the malfunctions of a single component, emergence means that certain events cannot 

be explained using the principles of decomposition and causality. Rather, accidents 

may occur because of the variability of several functions combine, creating 

unexpected events. 
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 The principle of Functional Resonance:  The last principle holds that the relations 

and dependencies between the different functions of the system must be described for 

the specific situation being studied, rather than predetermined. This is because 

variability in different functions may resonate in unexpected ways, causing the 

variability in certain functions to be unusually high. 

The purpose of FRAM, then, is to build a model of how the system under study works under 

normal conditions by identifying the central functions that the system carries out. When this is 

done, the goal is to examine the potential functional couplings between the functions and how 

variability in single functions can resonate throughout the others, causing unexpected 

outcomes. 

A complete FRAM analysis usually consists of the following steps: 

0. Recognize the purpose of the FRAM analysis   

1. Identify and describe the functions 

2. The identification of variability 

3. The aggregation of variability 

4. Consequences of the analysis 

4.6.2 Step 0: Recognize the purpose of the FRAM analysis. The first step of the FRAM is 

to simply recognize whether the purpose is to analyse a specific scenario that has occurred or 

to make a risk assessment. The FRAM can be used for both, but it is beneficial to at an early 

stage make clear what the purpose of the analysis is. 

4.6.3 Step 1: Identify and describe the functions. In step 1, the goal is to identify the main 

functions and describe them in detail, using data about how the system operates under normal 

circumstances. Each function is characterized using six aspects (Hollnagel, 2012): 

 Input: the change in the state of the environment that starts the function. 

 Output: that which the function produces; the result of the function. 

 Preconditions: conditions that must exist for the function to be carried out, but does 

not itself start the function 

 Resources: something that the function needs when it is carried out, or something that 

the function consumes to produce the output 

 Time: Temporal constraints affecting the function 

 Control: that which supervises or regulates a function 

Each function is described textually, and its six aspects represented in the form of a table, 

with the name of the function in the upper left corner. It should be noted that every function 

does not need to have all its six aspects accounted for, the important thing is that the aspects 

believed to have some significance to the model is represented (Hollnagel, 2012). The 

functions do not have to be presented in any temporal or hierarchal order.  
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4.6.4 Step 2: The identification of variability. In step 2, the variability for the identified 

functions is characterized. FRAM differentiates between potential variability (meaning 

variability that could emerge) and expected actual variability (meaning variability that seems 

likely to emerge). For the purposes of the model, it is sufficient to deal with the potential 

variability, as the expected actual variability is considered if one creates instantiations (step 

3). (Hollnagel, 2012) 

When describing the variability of a function, one looks at two kinds of variability; 

endogenous (internal) and exogenous (external). Endogenous variability refers to the 

likeliness that a function varies by itself while exogenous refers to the likeliness that it varies 

as a consequence of the working conditions. (Hollnagel, 2012) 

4.6.5 Step 3: The aggregation of variability. Instantiations are the outcome of the third 

step, where one looks at the functional couplings that may exist (in the case of a prospective 

analysis) or that did exist (in the case of a retrospective analysis, where when one looks at an 

actual scenario). In the instantiation the variability that is observed is no longer considered 

potential variability, as in the model, but actual variability. (Hollnagel, 2012) 

Instantiations, unlike the model, is represented visually. In a visual representation of an 

instantiation, each cell indicates a function, and each function has its aspects represented in 

one of the corners of the cell. 

 

Figure 6: FRAM cell. A FRAM cell represents a specific function and its six aspects, each 

represented by a letter in one of the corners. 

When the model is used to represent a real or imagined scenario, the functions will become 

coupled. The cells representing functions will then have lines drawn between them 

representing these couplings, and how these couplings look will depend on the scenario being 

modelled. 
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4.7.2 Step 4: Consequences of the analysis. The purpose of the final step is to propose 

ways to manage the unwanted variability that has been identified in the earlier steps, which is 

usually done by introducing some form of barrier. Hollnagel identifies four different types of 

barriers; material, functional, symbolic and immaterial, and the type of barrier that is suitable 

for a particular scenario depends on the type of variability (Hollnagel, 1993).  
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5. Results and analysis 

This chapter will present the result of this thesis. First the system boundaries of the system 

under study will be defined, followed by the result of the four steps of the FRAM. Step 1 and 

step 2 will be presented together, as they are closely linked and the potential variability will 

be easier to understand if it is presented together with its function. 

5.2 The system under study and system boundaries 
The system analysed below is not based on one specific existing VTS system. Rather, the goal 

has been to create a general model that can be applied as widely as possible.  

The performance of a VTS system is dependent on a range of smaller activities that all 

contribute to the overall performance. The system incorporates all involved parties, and the 

boundaries of the system have been drawn where variability seems unlikely to occur. As such, 

activities by the vessel’s bridge-teams, VTS operators and purely technological functions are 

represented. The idea is that if a function seems likely to have variability that can affect the 

performance of the system it should be part of the model. 

More specifically, the system under study has certain key components. In the VTS centre, 

which is the heart of system, one or several VTSO perform their duties. They make use of 

equipment such as VHF radio, dysfunctional equipment reporting software, decision support 

systems incorporating a nautical chart, traffic data, hydro-meteorological data as well as other 

external data. This data is provided by instruments, spread across the VTS area, which gather 

and send the data to the decision support systems. The VTSOs actions are regulated by 

existing regulation, called Standard Operating Procedures (SOP). Also included in the system 

are the vessels, their bridge-teams and their equipment, such as VHF radio. 

5.3 Step 0: Recognize the purpose of the FRAM analysis 
As mentioned earlier, FRAM can be used to either examine an event that has taken place or to 

make a risk assessment of things that may happen in the future. Since the goal of this thesis 

has been to create a FRAM model that can be used to look at possible future risks and events, 

the purpose of the analysis was the latter. However, the model can also be used to look at 

specific actual scenarios, as is demonstrated in section 5.5. 
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5.4 Step 1 & 2: Identification and description of the functions and their 

potential variability 
Below the FRAM model, which is the outcome of step 1 and step 2, can be found. Each 

function is first described textually, followed by two tables. The big tables represent the 

function with its six aspects (step 1), with the functions name found in the upper left corner. 

The potential variability (the outcome of step 2) for each function is represented in the smaller 

table below every function-table, and accounts for both the endogenous (internal) as well as 

the exogenous (external) variability. As you can see, for some of the functions the variability-

table is missing. The reason for this is that they are background functions, that is, functions 

that are represented in the model only for the sake of completeness, and are not actually of 

any greater interest to the one studying VTS. The goal of any FRAM model is to reach a set 

of functions which can be assumed to be stable (not vary significantly), and so, the 

background functions will have no specified potential variability (Hollnagel, 2012). 

In the table below the identified functions are sorted by whether they are background 

functions or foreground functions. As mentioned earlier, it is mainly the foreground functions 

that are of interest while the background functions primary function is to contribute the 

completeness of the model. 

Foreground functions (11) Background functions (5) 

Establish initial contact  

Monitor traffic flow  

Communicate vessel’s intentions  

Monitor external conditions  

Make external data available  

Report dysfunctional equipment  

Provide Information Service  

Establish contact  

Provide Navigational Assistance  

Provide Traffic Organisation  

Search for malfunctions  

 Enter VTS area 

 Pass reporting point 

 Repair dysfunctional equipment 

 Evaluate navigational process 

 Tune into correct VTS working channel 
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Establish initial contact:  Establish an initial connection between the VTSO and the bridge-

team, where the bridge-team report safety-relevant information (such as vessel name, callsign, 

draught, intended route), which is then repeated aloud by the VTSO, and subsequently 

confirmed by the bridge-team. 

 

Potential variability  

Endogenous One potential cause of variability may be a lack of fluency in English or 

unfamiliarity with SMCP on either side of the radio, which could lead to 

misunderstandings or difficulties to communicate. This could cause 

resonance that might spread, as other vessels might misunderstand what is 

being said and act upon faulty information. Another is if either the VTSO or 

bridge-team is unavailable due to physiological or psychological factors 

such as sickness, stress or lack of attention.  

Exogenous Variability may arise due to malfunctioning VHF radio, disabling 

communication. This would almost certainly lead to high functional 

resonance, as the VTSOs would be unable to communicate with the bridge-

teams. 

 

 

 

 

 

 

Establish initial 

contact  

 Comment 

Input(s): Vessel has entered VTS area 

or 

Vessel has started within VTS area 

A vessel may enter the VTS area from the 

outside or start from a docked or anchored 

position within 

Output(s): Initial contact established  

Pre-condition(s): Bridge-team on right VTS working channel The bridge-teams VHF radio has to be on 

the correct VTS working channel, 

otherwise they will not be able to 

communicate with the VTS centre 

Resource(s): Bridge-team 

VTSO 

Fluency in English 

SMCP 

It is important that both the VTSO and the 

members of the bridge-team speak fluent 

English and understand Short Maritime 

Communication Phrases (SMCP) to 

enable effective communication and avoid 

misunderstandings 

Time 

conditions/relations: 

Instantly upon arrival or start within the VTS area  

Control(s): Standard Operating Procedures Documents specifying which information 

the OOW should report to the VTSO upon 

establishing the initial contact. 
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Monitor traffic flow: Monitor the traffic flow within the VTS area using radar and AIS data 

projected on a nautical chart of the VTS area. Continuously gathers information about 

vehicles’ position, heading, speed as well as other traffic related information (such as 

construction sites and diving spots).  

 

Potential variability  

Endogenous Monitor traffic flow is a function that requires constant attention on behalf 

of the VTSO, and a lack of attention due to fatigue, physiological or 

psychological factors or other matters that require attention may result in 

variability. This variability could spread to functions like Recognize 

deviation from communicated intentions as well as INS, TOS and NAS. 

Exogenous External factors disturbing the availability, trustworthiness or amount of 

radar, AIS or nautical chart data is likely to introduce some variability. 

Variability introduced due to this is likely to spread to other functions, such 

as INS, TOS and NAS. 

 

  

Monitor traffic flow   Comment 

Input(s): Monitor traffic flow The function is recursive, continuously 

updating the system’s knowledge base and 

thus serve as input to itself 

Output(s): Traffic information updated 

and/or 

Upcoming safety-critical event observed 

or  

VTSO deems Navigational Assistance necessary 

or 

Recognize deviation from communicated intention 

If the VTSO sees something that might 

affect the traffic flow it may result in a 

necessity to provide Information Service 

or Navigational Assistance 

Pre-condition(s): External conditions known  

Resource(s): VTS operator 

Decision support system  

The VTSO makes use of decision support 

systems, which provides him/her with 

nautical chart data, radar and AIS data.  

Time 

conditions/relations: 

Carried out continuously  

Control(s): Legal frameworks 

Earlier communicated intentions 
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Communicate vessels intentions: The bridge-team communicates their intended route 

within the area to the VTSO to enable effective VTS services. 

 

Potential variability  

Endogenous Lack of fluency in English or unfamiliarity with SMCP on either side of the 

radio may introduce some variability. If this leads to misunderstandings in 

the communicated instructions it is possible that this variability may 

resonate throughout the system, possibly affecting functions such as INS, 

NAS, TOS or Monitor Traffic Flow. 

Exogenous It is conceivable that social factors may affect the way the VTSO and the 

bridge-team communicate and what is communicated. If the information 

received by the VTSO is lacking, unclear in some way or even overly 

detailed this may introduce variability. 

 

Monitor external conditions: Continuously monitor external conditions such as wind, sea 

level, line of sight, currents and other conditions that may affect a ship’s movement within the 

area. 

Communicate 

vessels intentions 

 Comment 

Input(s):   

Output(s): Vessels intentions recognized  

Pre-condition(s):   

Resource(s): Bridge-team 

VTSO 

 

Time 

conditions/relations: 

  

Control(s):   

Monitor external 

conditions 

 Comment 

Input(s): Monitor external conditions 

and/or 

Vessel reporting 

The function is recursive, continuously 

updating the systems knowledge base and 

thus serves as input to itself. 

A vessel reporting may sometimes cause 

the VTSO to double-check the 

information. 

Output(s): External conditions known 

and/or 

Provide information service 

 

If the VTSO deems it necessary it may 

choose to provide the bridge-team with 

information service. 

 

Pre-condition(s): Updated data gathered and sent to VTS centre’s 

decision support system 

It is important that the data from the 

decision support system is both available 

and updated 

Resource(s): VTS operator 

Decision support system 

 

Time 

conditions/relations: 

Carried out continuously  

Control(s):   
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Potential variability 

 

Endogenous Monitor external conditions is a function that requires constant attention on 

behalf of the VTSO, and a lack of attention due to fatigue, physiological or 

psychological factors or other matters that require attention may result in 

variability. 

Exogenous Variability may arise should there be a lack of information in the decision 

support system due to external factors. This variability seems likely to 

spread to the function Provide Information Service. 

 

Make external data available: Gather and send updated data to VTS centre regarding 

external conditions, such as wind, sea level, line of sight, currents and other conditions that 

may affect a ship’s movement within the area. This is a purely technological function and is 

performed without any human interference. 

 

Potential variability  

Endogenous As mechanical functions rarely vary due to internal factors endogenous 

variability seems unlikely.  

Exogenous External factors like rough weather conditions seem likely to disable 

instruments at times, creating considerable variability. This variability 

seems likely to spread to Monitor external conditions, which in its turn 

could affect Provide Information Service. 

 

  

Make external data 

available 

 Comment 

Input(s): Make external data available The instruments begin gathering data as 

soon as they are activated 

Output(s): Updated data gathered and sent to VTS centre’s 

decision support system 

or 

Data from instruments unavailable 

Data made accessible to the personnel at 

the VTS centre through the decision 

support system 

Pre-condition(s):   

Resource(s):   

Time 

conditions/relations: 

Continuously  

Control(s):   
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Report dysfunctional equipment: Report dysfunctional equipment, for example data 

collection instruments, buoys or other equipment that is relevant to the safety of travel within 

the VTS area. 

 

Potential variability  

Endogenous It seems reasonable to assume that reporting dysfunctional equipment is one 

of the tasks that may be delayed or forgotten when the workload is high. 

Failure to report dysfunctional equipment might lead to functional 

resonance in other functions relying on the equipment, such as Provide 

Information Service. 

Exogenous Some variability may arise due to management’s interests in having VTSOs 

report dysfunctional equipment and VTSOs wish to spend most of their time 

with traffic related duties.   

 

  

Report 

dysfunctional 

equipment 

 Comment 

Input(s): Data from instrument unavailable 

or 

Malfunction detected 

A VTSO is unable to access data from 

certain instruments or notice on its 

nautical chart that some equipment is 

dysfunctional 

Output(s): Dysfunctional equipment reported  

Pre-condition(s):   

Resource(s): Poseidon Software for reporting dysfunctional 

equipment 

Time 

conditions/relations: 

Upon detection  

Control(s): Standard Operating Procedures The Standard Operating procedures states 

that any malfunctioning equipment should 

be reported. 



30 

 

Provide information service: The VTSO provides the bridge-team with information 

service, providing information about factors such as weather conditions, surroundings and 

position of other vessels, or updates previously given information. 

 

Potential variability  

Endogenous Potential causes for variability seems to be the availability of the VTSO and 

bridge-members, information to be communicated and difficulties in 

establishing contact. 

Exogenous It is conceivable that social and organisational factors may cause some 

variability, for example misunderstandings on behalf of the bridge-team of 

what kind of services are included in INS. This might lead to a lack or 

excess of information being provided in other functions such as 

Communicate intentions. 

 

  

Provide Information 

Service 

 Comment 

Input(s): Vessel has entered VTS area 

or 

Vessel has started within VTS area 

or 

Vessel has passed reporting point 

or 

Upcoming safety-critical event observed 

Information service is provided when any 

of the four events occur, with the 

difference that in the last two cases the 

information is simply updated from the 

information given when one of the two 

former occurred 

Output(s): Information service provided  

Pre-condition(s): External conditions known 

Updated traffic data available  

[Initial contact established 

or 

Contact established] 

 

Updated external and traffic data 

available. 

Contact or initial contact (depending on if 

this is the first time the vessel gets 

information service) established 

 

Resource(s): VTSO 

Bridge-team 

Decision support system 

 

Time 

conditions/relations: 

After initial contact has been established 

or 

After contact has been established 

Contact or initial contact (depending on if 

this is the first time the vessel gets 

information service) has to be established 

first 

Control(s): Standard Operating Procedures 

Local routines 

The Standard Operating Procedures 

specify that information service should be 

provided, and the local routines specify in 

greater detail what kind of information the 

service should provide 
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Establish contact: Establish a verbal connection between the VTSO and the OOW. 

 

Potential variability  

Endogenous Psychological factors like lack of attention, confusion or insufficient 

memory may result in the VTSO not recognizing a deviation from the 

communicated intentions, resulting in variability. Failure to establish contact 

disables functions that rely on interaction between the VTSO and the 

bridge-team, and is thus likely to result in functional resonance. 

Exogenous Failure of the bridge-team to contact the VTSO upon passing a reporting 

point may be a cause for variability, forcing the VTSO to call upon the 

bridge-team. However, this variability seems unlikely to spread, provided 

the VTSO recognizes that they should have been contacted by the bridge-

team. 

 

  

Establish contact  Comment 

Input(s): Vessel passes reporting point 

or 

Recognize deviation from communicated intentions 

Contact may be established when the 

vessel passes a reporting point or when the 

VTSO recognizes a deviation from the 

intentions communicated by the bridge-

team  

Output(s): Contact established  

Pre-condition(s): Bridge-team on right VTS working channel  

Resource(s): VTSO 

Bridge-team 

 

Time 

conditions/relations: 

Instantly when a vessel passes a reporting point or 

when a deviation from communicated intentions is 

recognized. 

 

Control(s): Standard Operating Procedures The Standard Operating Procedures 

specify that contact should be established 

when a vessel passes a reporting point. 
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Provide Navigational Assistance: Continuous assistance of the on board decision making 

process by actively providing the bridge-team with information relevant to the immediate 

navigational decision making such as positions of other vessels, obstacles and currents. 

 

Potential variability  

Endogenous Since NAS is very time- and resource consuming and has to be performed 

simultaneously with monitoring functions it is conceivable that factors such 

as stress may introduce some variability. 

Exogenous It is possible that some variability may arise due to social factors between 

the bridge-team and the VTSO, as the VTSO more actively is a part of the 

navigational process than in other cases. 

 

  

Provide navigational 

assistance 

 Comment 

Input(s): Bridge-team requests Navigational Assistance 

or 

VTSO deems Navigational Assistance necessary 

Provided almost exclusively on the bridge-

team’s request, but may also be provided 

when the VTSO deems it necessary. 

Output(s): Navigational assistance provided  

Pre-condition(s): Contact established 

External conditions known 

Updated traffic data available  

 

Resource(s): VTSO 

Bridge-team 

 

Time 

conditions/relations: 

Parallel with monitoring of external conditions and 

traffic flow  

Since Navigational Assistance Service is 

provided continuously and conditions are 

constantly changing, the VTSO has to 

monitor the external conditions and the 

traffic flow parallel to providing the 

service 

Control(s): Standard Operating Procedures 

Local routines 

Mandate to provide Navigational Assistance Service 

Since not all VTS’ are authorized to 

provide Navigational Assistance Service, 

the VTSO requires a sufficient mandate 
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Provide Traffic Organisation Service: Organize traffic flow to prevent the emergence of 

potentially dangerous situations. 

 

Potential variability  

Endogenous A lack of information from the decision support systems or a  

misunderstanding of the vessels intentions might result in ineffective 

organisation of the traffic,  

Exogenous It is possible that variability may arise due to social factors when the 

vessel’s crew is no longer free to operate exactly as they please, but most 

adhere to the VTSOs instruction. 

 

  

Provide Traffic 

Organisation 

Service 

 Comment 

Input(s): Vessel has entered VTS area 

or 

Vessel has started within VTS area 

or 

Upcoming safety-critical event observed 

A vessel may enter the VTS area from the 

outside or start from a docked or anchored 

position within 

Output(s): Traffic organisation provided  The vessel is provided with instructions 

and recommendations related to its 

navigation within the VTS area 

Pre-condition(s): [Initial contact established 

or 

Contact established] 

External conditions known 

Updated traffic data available  

Vessels intentions recognized 

 

Resource(s): VTSO 

Bridge-team 

 

Time 

conditions/relations: 

  

Control(s): Standard Operating Procedures 

Local routines 

Mandate to provide Traffic Organisation Service 

Since not all VTS’ are authorized to 

provide Traffic Organisation Service, the 

VTSO requires a sufficient mandate 
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Search for malfunctions: The VTSO continuously keeps an eye open for any dysfunctional 

equipment displayed in the decision support system. 

 

Potential variability  

Endogenous A lack of attention from the VTSO due to stress, fatigue or other 

psychological factors may result in delayed or failure to detect 

malfunctioning equipment, resulting in variability that may spread to 

functions such as Report dysfunctional equipment. 

Exogenous Sista, kolla om risk för external variability. 

 

 

Enter VTS area: The vessel enters the VTS area from the outside. 

 

 

  

Search for 

malfunctions 

 Comment 

Input(s): Search for malfunctions The function is recursive and serves as 

input to itself 

Output(s): Malfunction detected 

or 

No malfunction detected 

 

Pre-condition(s):   

Resource(s): VTSO 

Decision support system 

Malfunctioning equipment (such as buoys) 

will be displayed in the decision support 

system 

Time 

conditions/relations: 

Carried out continuously  

Control(s):   

Enter VTS area  Comment 

Input(s):   

Output(s): Vessel has entered VTS area  

Pre-condition(s):   

Resource(s):   

Time 

conditions/relations: 

  

Control(s):   
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Start within VTS area: The vessel begins the journey from a docked or anchored position 

inside the VTS area. 

 

Pass reporting point: The vessel passes a reporting point on its journey within the VTS 

area. 

 

 

Repair dysfunctional equipment: Repair dysfunctional instruments. 

 

  

Start within VTS 

area 

 Comment 

Input(s):   

Output(s): Vessel has started within VTS area  

Pre-condition(s):   

Resource(s):   

Time 

conditions/relations: 

  

Control(s):   

Pass reporting point  Comment 

Input(s):   

Output(s): Vessel has passed reporting point  

Pre-condition(s):   

Resource(s):   

Time 

conditions/relations: 

  

Control(s):   

Repair dysfunctional 

equipment 

 Comment 

Input(s): Dysfunctional equipment reported  

Output(s): Dysfunctional equipment repaired  

Pre-condition(s):   

Resource(s):   

Time 

conditions/relations: 

  

Control(s):   
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Evaluate navigational progress: The bridge-team evaluates their current situation and if 

they require help from the VTS centre to navigate. 

 

Tune into correct VTS working channel: The bridge-team has to be on the correct VTS 

working channel in order to be able to contact and receive information from the VTS centre. 

 

As the model shows, the VTS is a complex system and many of the functions rely heavily on 

other functions in order to perform as intended. The functions are closely linked and the 

output of one often serves as a precondition or input to another. Should the output of one 

function vary significantly it is likely to affect the function that uses the first functions output 

as an input, precondition or any other aspect, resulting in functional resonance that might 

affect the system’s overall performance. 

A lot of the potential variability seems to lie in the functions that rely heavily on humans. This 

is to be expected, as human performance is highly variable. However, variability is often a 

good thing, which is why humans are capable of dealing with rapidly changing conditions 

(described by Hollnagel and Woods’ Law of Requisite Variety) (Hollnagel & Woods, 2005). 

Problems might occur when this variability affect the functions output which may cause 

resonance that spreads throughout the system, potentially causing trouble, which is why it is 

accounted for here. 

Evaluate 

navigational 

progress 

 Comment 

Input(s):   

Output(s): Bridge-team continues journey 

or 

Bridge-team requests Navigational Assistance 

 

Pre-condition(s):   

Resource(s):   

Time 

conditions/relations: 

  

Control(s):   

Tune into correct 

VTS working 

channel 

 Comment 

Input(s):   

Output(s): Bridge-team on correct VTS working channel  

Pre-condition(s):   

Resource(s): Bridge-team  

Time 

conditions/relations: 

  

Control(s):   
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The model also shows that in order to be able to provide the appropriate services the VTS 

centre is highly dependent on correct and updated information. Information could be said to 

be the lifeblood of VTS, and if the information is insufficient or even faulty it seems very 

likely that it will lead to variability that will resonate throughout the system. For example 

5.5 Step 3: The aggregation of variability 
As mentioned earlier, the main focus of this thesis has been to define the functions of VTS 

and their potential variability for future application. However, to illustrate how the model 

might be used to analyse specific events an instantiation using the functions identified in step 

1 will be presented below (Figure 7). 

The scenario modelled below is an actual event that occurred during the researchers study 

visit at VTS West Coast, where the object was to provide a newly arrived ship with 

Information Service.  

As is indicated by the curve in the middle of the cell, variability was identified in the function 

Establish Initial Contact. This variability is caused by one of the identified potential causes for 

variability, namely the lack of fluency in English. For some reason, the person on the bridge-

team handling the communication with the VTSO chose to communicate in Swedish rather 

than English, probably assuming the VTSO spoke Swedish. As the VTSO was fluent in 

Swedish he could understand what was being said, but the same can not necessarily be said 

for the other vessels in the area, which means that they would be unaware of the vessels 

intentions. As the variability could be handled by the VTSO, who replied in English (thus 

giving the vessels who did not understand Swedish access to the information) it did not affect 

the functions output and the variability could therefore not resonate throughout the system 

causing potentially safety-critical situations. 
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Figure 7: Instantiation of an observed event. Actual couplings and variability in a situation 

where INS was provided. The curve in Provide initial contact indicates variability in the 

function. 
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6. Discussion 

As stated in the introduction, the aim of this thesis has been two-fold. It aims to provide both 

a structural description of the VTS domain and a functional FRAM-model of the VTS as a 

joint cognitive system.. 

This chapter features a discussion on the data collection process, followed by a discussion of 

the structural description and the functional model. It also contains a general discussion about 

the thesis as well as a few words on future research and application. 

6.2 Methodological discussion 

This thesis has employed a range of data collection methods, including various forms of 

interviews, focus groups and observations. It is the author’s hope that this diversity of 

methods will have served to provide as rich and nuanced data as possible, as an analysis of 

this kind is very dependent upon the quality of the data. 

All the methods employed have been of a qualitative nature, as the object has been to gain an 

insight into the way the people working within the system understand it. Official documents 

have been reviewed and are to a certain extent represented in the thesis, but emphasis has 

been placed on the attitudes, experiences and opinions of the operators. This is important, 

since the object of FRAM is to describe work-as-done rather than work-as-imagined 

(Hollnagel, 2012). 

Of course, qualitative methods have their drawbacks. It is conceivable that the informants 

alter their behaviour or their accounts in order to depict themselves or their line of work in a 

favourable light (National Science Foundation). This, of course, would result in that the 

model presented in this thesis is not work-as-done, but rather work-as-demonstrated. 

However, as all participants have remained anonymous, have volunteered to participate and 

have had the right to decline answering questions at any time this risk is considered low.  

It should also be noted that when using qualitative methods the data is vulnerable to the 

researcher’s interpretation of it (Lützhöft, Nyce, Styhr Petersen, 2010). There is always a risk 

that the researcher with his/her experience and knowledge might interpret what is being done 

or said in a different way than the informant meant it to be interpreted, and the meaning is 

thus distorted. Hopefully the use of several different data collection methods, allowing such 

information to be displayed in different ways, can to some extent reduce this risk. 

That being said, the advantages of using qualitative methods rather than quantitative far 

outweighed the disadvantages. Qualitative methods allow the researcher to ask the informants 

to elaborate on interesting topics, which is highly beneficial when one seeks a detailed 

understanding of the issue as well as an understanding of the context where it takes place. 

Furthermore, qualitative methods are able to capture things as interactions between humans 

(and artefacts) in a way that quantitative methods are incapable of. (Creswell, 2007). As the 

data this thesis builds on to a large extent consists of domain experts’ experiences, attitudes, 
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interactions and other things that cannot easily be quantifiably measured qualitative methods 

was deemed appropriate tools for data collection. 

Lastly, it is worth pointing out that the author had no previous experience within the maritime 

domain. This has two potential implications. For one, it is possible that this lack of knowledge 

about the domain may lead to misunderstandings or that some aspects of the data that the 

informants took for granted may have been lost. On the other hand, it probably means that the 

author approached the data with an open mind, not taking anything based on previous 

(potentially faulty or irrelevant) knowledge for granted which could have distorted the data, 

which could act as a “cognitive “anchor” that constrains the imagination” (Hollnagel, 2012, 

s. 37).  This lack of previous understanding is another reason that qualitative methods were 

used, as quantitative methods, such as questionnaires, often require a deep understanding of 

the domain in order to be able to ask relevant questions.  

6.3 The structural description 

The structural description, represented in chapter 2, is intended to work as an introduction to 

the VTS domain. It begins with a brief history of the VTS and continues with a description of 

its work, the personnel and the stakeholders. The goal has been to provide a picture that is (to 

a certain extent) what is in the field of mathematics called the “lowest common denominator”, 

that is to say, something that all VTS’ have in common. Of course, this is not absolutely true. 

It is, for example, mentioned that it is common for a VTS to only provide one of the three 

services (INS) described in section 2.4, yet there is often mention of all three. The point of 

using the mathematical term is to communicate the endeavour to make the description as 

general as possible, so its value will not be restricted to people operating in Sweden, where 

the data was collected, but can be of use anywhere.  

However, much of the data was collected in Sweden, and even though operators from several 

VTS centres were represented among the informants there is always a risk that some strictly 

nationally occurring elements may be found. That being said, the majority of the information 

the description builds on are international guidelines and recommendations, such as IALA’s 

VTS Manual, which is the documents that are often consulted as a manual when actual VTS 

centres are established. 

The description shows that the VTS is a complicated system that is only loosely regulated on 

an international level. Most legislation is left to the national authorities of the country wishing 

to implement a VTS, but there are guidelines available from international organisations, such 

as IALA, for how a VTS could be organised (IALA, 2012). Furthermore, it shows that what a 

VTS actually is not easily defined. Depending on where the VTS is established and by whom 

its structure and even purpose may vary significantly, from simply providing basic 

information to organising traffic and actively aiding in the navigational process. 

6.4 The functional model (the FRAM model) 
The FRAM model of the VTS is arguably the most important part of this thesis. As mentioned 

in section 6.2 the goal was to create a model that is as general as possible, without leaving out 

any of the required components that a VTS need to work. 
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To have applied the FRAM to the VTS domain is valuable mainly because of two reasons. 

For one, the FRAM is a relatively new and untried method (compared to many other risk or 

accident analysis methods), and it is thus interesting to see if it can be successfully applied to 

the VTS domain, as it have been in, for example, the ATC (Air Traffic Control) domain 

(Sonnerfjord, 2011). This was one of the main research questions presented in the 

introduction in section 1.2, and in hindsight it is the author’s opinion that it is fair to say that 

the answer is yes. It should be noted, though, that FRAM requires at least a basic 

understanding of CSE or human factors and might seem hard to implement for someone 

unfamiliar with these concepts, regardless of their domain expertise, as the successful 

application of the FRAM requires both a familiarity with the concepts on which the method 

builds as well as sufficient domain knowledge. 

The other reason that the work presented here is valuable may sound similar, but is actually 

quite different. It is the fact that the FRAM has never before been applied to the VTS domain, 

and thus offers a new perspective on how it works and how it handles variability in its 

performance. As described in section 2.8, the bulk of the earlier research have focused on the 

decision support systems the VTSO employs, while little effort has gone into looking at the 

human and functional aspects of the domain. The model presented in this thesis can be used 

both to understand how the VTS operates under normal conditions, as well as to look at how 

functional resonance may spread throughout the system under special circumstances. 

The fact that the FRAM can be successfully applied to such a variety of domains (from 

specific medical operations to complex JCS’ such as the ATC) is likely because it is quite 

general and unspecific in exactly how it should be carried out (Hollnagel, 2012; Sonnerfjord, 

2011). This, of course, means that a lot of methodological choices are left to the researcher.  

One of the main decisions that had to be made when using the FRAM was to decide at which 

level of detail the functions should be described. Of course, one could have gone into greater 

detail about the different services that a VTS centre can provide and, for example, describe 

the different types of communication a VTSO providing information service is allowed to 

make use of; information, questions and warnings. A different approach could have been to 

describe the different services simply as “VTS-service”, refraining to discriminate between 

the different kinds of services. However, a level of detail was chosen that was considered 

sufficient to catch the complexities of the system without going into unnecessary detail, 

potentially confusing readers.  

Another important decision that is left to the researcher is to define the system boundaries.  As 

Hollnagel (2012) mentions, if you want to create a complete FRAM model that includes all 

possible factors that might influence the JCS’, regardless of which JCS you look at, the model 

would have to encompass the entire universe. Seeing as this would be quite inconvenient, you 

have to delimit the system at some point. The author  have tried to define the system 

boundaries in such a way that a point is reached where there is a set of functions that can be 

assumed to be stable; that will not vary significantly. Seeing as the author’s earlier experience 

within the domain was limited at best, the author have actively sought feedback from others 
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with more experience (and of course, built the model on data from experts) to ensure the 

validity of the model. 

6.4.2. Why FRAM? As mentioned above, one of the main contributions of this 

thesis to the domain under study is that the FRAM have never before been used to study VTS. 

Since the attempts to promote safety and efficiency of travel within the VTS areas relies 

heavily on the interaction between humans and technology it was important to use a 

framework that acknowledges the complex relations that exists within such a JCS, embodied 

by CSE. The FRAM is consistent with this line of thinking and is a new and promising 

method which offers a new way to investigate both actual accidents and possible future 

scenarios.  

Another reason FRAM was deemed appropriate is the fact that the goal never was to explain a 

certain scenario or exactly how the system operates, but rather to capture the functions needed 

for the system to operate under normal conditions and the potential couplings between the 

different functions. 

6.4.3. What did the model show? To gain as much insight from the model as possible, it 

should, of course, be viewed in its entirety. However, looking at the model, there are a 

number of conclusions that can be drawn that seems to be important. First and foremost: the 

VTS is a complex system with many components working together to achieve a common 

goal, namely the safety and efficiency of travel within the VTS area (IALA, 2012). The 

identified functions have many potential couplings between them, some of which we saw 

become actual couplings in the instantiation in section 5.6. 

We could also see that a lot of the potential variability lies in the functions that rely on human 

performance, as human performance is always highly variable. Another major source of 

variability seems to lie in the handling of information. A VTS’ most basic function could be 

said to be to provide the vessels in the VTS area with information, and when this information 

is unavailable or incorrect it is a major source of potential variability. 

6.5 General discussion 

As described in chapter 4, the data was collected through literature studies, interviews, focus 

groups and an observation. The observation was conducted fairly early during the data 

gathering phase to give an overview of how a VTS actually operated, and the VTSO 

described in detail what their tasks were. However, looking back, it would have been 

interesting to return at a later stage in the process, for mainly two reasons.  

The day the author visited it was a fairly slow day, which allowed the VTSOs to carefully 

plan their actions and perform their work the way they preferred. This, of course, is important 

to observe for anyone wanting to create a FRAM model. However, it would also have been 

interesting to be able to observe on a day when the traffic flow was heavy to see if the work 

being performed differed in any way. 
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Another reason it would have been interesting to return at a later stage would have been to see 

if the author interpreted anything differently after having gathered more data and (hopefully) 

acquired a greater understanding for the VTS. 

An alternative that would have been even more beneficial for the model would have been to 

visit another VTS centre and to be able to compare the work there with the work at VTS West 

Coast. Unfortunately, due to the circumstances it was not possible to perform either a follow 

up visit at VTS West Coast or to visit another VTS centre. 

Another major point that should be made is that the model is based entirely on data collected 

from the VTS centres personnel’s point of view or others that are somehow involved in the 

VTS domain; no members of any bridge-team have been interviewed. However, many of the 

VTSOs participating in the focus group and group interview had previous experience as part 

of bridge-teams aboard various vessels (as most VTSO have), which means that their 

perspective is not entirely left out. The reason that bridge-teams weren’t interviewed is that, 

although they’re a part of the VTS JCS, their knowledge of what happens in the VTS centre 

was expected to be very limited. The bridge-team, naturally, is a necessary component for a 

VTS to work, but what happens on board the vessel is of little interest for the purposes of this 

thesis. 

6.6 Future research 

As noted earlier, the goal has been for the model to be as broad and general as possible as to 

not limit its use to Swedish VTS’. This means that the model should be able to be expanded 

(or reduced), if need be, in order to represent any specific VTS and be used as an analysis tool 

for that system.  

For this reason, it would have been interesting to see the model used to analyse a specific 

existing system, preferably a system outside Sweden, to see if the attempt to create a model 

that could (with minor modifications) be applied anywhere was successful. 

It would also have been interesting to see the model used to analyse a specific real accident. 

The FRAM can be used either to study a specific incident or to make a risk assessment. The 

model presented in this thesis was intended to be used for risk assessments, but should equally 

well be able to be used to analyse specific incidents. It would be interesting to see if the model 

could account for the complexities and the variability that is bound to arise during an 

accident.  
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7. Conclusions 

In the introduction to this thesis, three main research questions were presented: 

 Can the FRAM be successfully applied to the VTS domain? 

 What tasks (functions) must be carried out and how are they functionally related? 

 What type of variability can be expected and where can it be expected? 

In order to answer them, a structural description (found in chapter 2) and a functional model 

(found in chapter 4) of the Vessel Traffic Service have been created. 

For the first question, it is the author’s belief that he has shown that the answer is yes. Using 

FRAM a functional model of the VTS based on data collected from official documents and 

domain experts have been created. The model has not yet been tested in its entirety, but it is 

the author’s hope and belief that it would be able to capture the complexities of an entire VTS 

system in practice, as he believes it did with the situation instantiated in section 5.6.  

Step 1 of the FRAM presents the tasks (or “functions”, in the FRAM terminology) that must 

be carried out in order for the system to function, as well as how they are functionally related, 

which, in essence, is the FRAM model. 

The answer to the third question can be found in section 5.4, which accounts for step 2 of the 

FRAM. The table below each function accounts for the potential variability for each function; 

what might introduce it, what kind of variability it might be, where it can be expected and 

where it can be expected to spread. In the end of the section the main sources of potential 

variability is briefly summarised.  
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