
ITS and traffic management 
  

249 

TRAIN TRAFFIC CONTROLLER’S TASK DEMANDS 
DURING A MAJOR RAILROAD CONSTRUCTION 

WORK 
Marja-Leena Haavisto, Kaarin Ruuhilehto and Pia Oedewald 

Technical Research Centre of Finland, P.O.Box 1000, FI-02044 VTT, Finland 
marja-leena.haavisto@vtt.fi 

 

ABSTRACT: The aims of this study were to analyse the cognitive demands of 
the train traffic controller’s task and to evaluate organisational support for 
performing their task safely during railroad construction work. The cognitive 
task analysis (CTA) and analysis of situation awareness (SA) requirements 
were conducted to elicit the cognitive demands placed on of the controllers 
during their work. A total of six train traffic controllers, three novices and three 
experts, participated in the field study. Ten others, representing regulators, 
supervisors and planning engineers were also interviewed as part of the study. 
Granting permission for railroad work includes six separate phases which are 
not completely sequential. The SA analysis indicated that at least twelve 
elements are critical for maintaining SA during the monitoring and controlling of 
train traffic and railroad work. The safety culture model utilised in study allowed 
several considerable changes to be identified, e.g. in organisational 
responsibilities, regulations and work instructions.  

1  INTRODUCTION 

In recent years, large railroad work projects have been started in Finland to 
upgrade the capacity of line sections. The train traffic controlling is a critical 
function when managing safe and efficient use of the track during extensive 
railroad work. The traffic controllers are responsible for allocating and assigning 
track use and granting permissions and notices required for train traffic. In 
addition, they are responsible for protecting the railway work areas, granting 
permission for railway work and receiving information on the completion of such 
work. Furthermore, they also inform passengers about exceptional 
circumstances in rail services through announcements and station display 
boards. This study focused on the task demands of train traffic controllers and 
analysed the support available for these demands from the organisational 
functions.    

Train traffic control centres are complex dynamic work environments with many 
interactions between different parties e.g. the railroad subcontractors, stations, 
and train drivers. The pace of events that controllers have to follow up (e.g. [1]) 
is externally determined. The sequences and demands of these dynamic tasks 
are not easy to depict, train and change [2]. While the tasks are complex and 
the main activities are not physical, it is important to analyse the controller’s 
cognitive activities i.e. how they think, what they know, how they organise and 
structure information, what information they seek and where they seek this 
information. Cognitive task analysis (CTA) methods [3] focus upon describing 
and representing the cognitive elements that underlie visible behaviour. In the 
work environment the analysis is focused on complex cognitive systems which 
involve the knowledge and reasoning of individuals, but also people interacting 
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with each other via computers in the networks of humans and technology, 
working as a member a team and working as a part of an organisation [2]. The 
results of the CTA can be applied to many areas, including equipment design, 
task design, environmental design, and the training and selection of new 
workers [4].         

In complex and dynamic railroad environments, decision making is highly 
dependent on situation awareness (SA) – what is happening around you and 
understanding what that information means to you now and in the future [5, 6]. 
Furthermore, effective performance depends on shared knowledge and 
situation awareness between the team members and co-workers in the railroad 
operations [7]. Situation awareness is based on situation assessment which 
refers to a process of constructing an explanation to account for one’s 
observations of elements in a dynamic situation [1].  

The work environment and the technology should support the demands of the 
task, in this case, for example the formation of SA and decision making [5]. If 
the critical information is not available for traffic controller at the right moment, 
he/she has very difficult to maintain accurate SA in working memory during 
traffic situations. The perception of time and the temporal dynamics of the 
situation are critical to understanding when the required action must be taken. 
The other critical temporal aspect is to understand the rate which the situation is 
changing. Some of the restrictions are related to the limitations of the human 
cognitive system, like focusing attention on only one target at time and the time 
it takes to switch attention from one information source to the other.  

This study adopted a socio-technical system safety approach to examine how 
the organisational functions support the safety-critical work of train traffic 
controllers. According to Rasmussen, a multi-level model of socio-technical 
system [8] includes several levels of actors: governmental laws, national 
regulators, company and management levels and finally team and individual 
actor levels. All the levels affect human performance in the human-machine 
system. 

Reiman and Oedewald [9] have developed a safety culture model that includes 
organisational processes or functions that can affect the personnel’s safety-
conscious behaviour and ensure safe performance. The model and the 
contents of each organisational function is presented in the method section 
(Fig. 2). Organisational functions represent critical areas that safety critical 
organisations should take into account when developing high levels of system 
safety. These functions have both direct and indirect influences on the way daily 
work activities are carried out. Thus the model was used as a framework for 
evaluating the safety challenges and development targets of the train traffic 
control work.    

The objective of this study was twofold; first, to understand the cognitive 
demands of the train traffic controller’s task during railroad construction work, 
and second, to evaluate the prerequisites established by the organisations to 
perform the task safely.  
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2  METHOD 

2.1  Analysis of train traffic controller’s tasks 

An empirical study and data collection on the task of train traffic controllers were 
conducted in the Eastern Finland Traffic Control Centre. At this Centre, seven 
traffic controllers worked at their own desks in a large room, each responsible 
for his or her assigned territory adjoining another controller’s territory. In 
addition, one of the traffic controllers was in continuous contact with the main 
traffic control centre and informed on both the nationwide and adjoining regional 
control centres. There were differences in the technical equipment at the desks 
due to the varying ages of hardware or software. The centre controlled local 
commuter trains, long-distance passenger trains and freight trains. All together, 
six professional train traffic controllers of which three of them were experts (7-
20 years experience in traffic control) and three were novices (1-3 years 
experience), participated in the field study. They worked at the three different 
desks, each of which placed different kinds of demands on controller’s 
performance. The controlled territories and the techniques used at the selected 
desks differed: at one desk the controller’s work focused on a station area 
without any centralised traffic control system; another desk controlled an area 
where there was undergoing an exceptionally large number of construction 
work and the third was responsible for some sections that were signaled, but 
without any centralised traffic control system (see Fig 1). 

 

Fig.1. Three train traffic controller desks in the traffic control centre 
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The cognitive task analysis (CTA) was conducted to identify the cognitive 
requirements involved in train traffic controlling. The analysis focused on the 
processes of granting permission for railroad work and receiving information on 
the termination of the work.  

In data collection, several methods were used. We began by video recording 
one controller as she/he was controlling rail traffic and granting permission for 
railway work in the early morning rush-hour period between 7:00 and 9:00 
hours. Three controller desks were video recorded twice, with either a novice or 
an expert at work. Afterwards, the person was asked to think aloud while she/he 
was watching the performance on video. These think-aloud sessions were also 
video recorded. Secondly, the semi-structured interviews were conducted in 
order to elicit information on the critical elements of the work, the work demands 
and the organisational support functions. In addition, the researchers took 
photographs of the various tools and equipment at the desk, and traffic 
controllers were asked to explain the use and meaning of the tools in task 
performance. Also, a document analysis was conducted of the regulations and 
the work instructions related to the tasks of the train traffic controller. 

In the data analysis, the main cognitive activity goal structure achieved was 
analysed using a hierarchical task analysis (HTA) [10]. HTA involves describing 
the activity under analysis in terms of a hierarchy of goals, sub-goals, 
operations and plans. The main result is the description of the parallel or 
sequential goals that operator have to achieve in order to complete the task. 

2.2  Analysis of situation awareness elements  

SA elements were determined based on the goal-oriented HTA. Because we 
identified a critical goal of ‘continuously monitor and control train traffic’ that 
ensures the safety of other activities, we concentrated on that goal in the 
analysis. We identified all the information the controller needed to make 
decisions in different situations in order to continuously monitor and control train 
traffic. During the semi-structured interviews, controllers were asked questions 
related to decision-making strategies in different situations i.e. required 
communication, roles of the actors, actions completed, tools used, information 
and knowledge needed and how they control complex situations. During the 
sessions, while the controller was watching his/her performance on video, 
he/she was encouraged to talk about the tools she/he used to accomplish the 
task. The SA elements were organised in terms of the controller’s task goals, 
rather than presenting it in technology-oriented information displayed on the 
different sensors or displays e.g. temperature or time. The aim of the SA 
analysis was to determine the prerequisites for maintaining situation awareness 
of the overall traffic situation. 

2.3  Analysis of organisational support functions 

In order to elicit additional information on the critical elements of the controller’s 
work, work demands and organisational support, a semi-structured interview 
was conducted with ten regulators, supervisors and planning engineers. The 
model of the organisational dimensions of safety culture [9] was used to 
evaluate the organisational support for safe work (Fig 2). The interviews 
covered themes concerning the roles of the organisations, safety management 
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plans, norms, regulations, instructions, risk management, organisational 
learning practises, procedure management, resource management, 
competence and training management, workload issues, communication, 
technologies, change management and subcontractor management.  

Management system
- Safety policy and safety management plan
- Responsibilities and organizational 
structure defined
- Job requirements
- Standards and expectations

Learning practices
- Reporting and investigation of near-misses
- Safety culture monitoring
- Increasing understanding of organizational 
vulnerabilities
- Reflecting on strengths and weaknesses
- Post-job briefings
- Operating experience

Cooperation and 
communication
- Creating patterns of communication 
and coordination 
- Identifying the bottlenecks of 
communication
- time out –sessions, pre job briefings 
and feedback
- Communication tools (three way etc)

Supervisory activity
- Management of daily work, 
resources and routines
- Feedback on and promoting of 
safety conscious behavior
- Intervening in problem situations 
or unsafe behavior

Competence management and 
training
- Selection and recruitment
- Monitoring of training and competence needs / 
gaps
- Providing refresher courses on selected topics
- Training of skills, attitudes and knowledge 
concerning e.g. hazards, safety, event 
investigations
-Development plans for work related skills of the 
personnel

Resource management
-Evaluation of the workforce size 
and minimum staffing
- Planning for special situations
- Availability of tools and PPE
- All functions (i.e. maintenance, 
HR) have sufficient resources

Change management
- Proactive evaluation of risks
- Reflection on the safety margins
- Controlling the local optimizing of 
practices

Management actions
- Investment decisions
- Management walk-arounds
- Resource allocation 
- Promotion of safety values

Safety communication
-Communicating the significance of 
nuclear safety to personnel, 
shareholders, owners, contractors
-Communicating on hazards, near-
misses and events

Procedure management
- Instructions for tasks
- Rules of conduct and safety rules
- Updating of rules
- Monitoring the gap between official 
rules and actual practice

Safety 
culture

Realistic sense of 
control

Systemic conception 
of safety

Felt safety 
responsibility

Understanding the 
organizational core task 

Task motivation

Management of 
subcontractors
-Safety evaluation and auditing
-Communication practices 
between in-house staff and 
contractors
- Joint inter-organizational 
learning 

Mindfulness

Risk management
- Hazard identification, risk 
assessments, PRA
- Independent safety reviews, 
quality assurance
- Management of safety barriers
- Radiation protection, PPE 
- Pre-job briefing, STAR

Understanding of 
hazards

Fig.2. Model of the specific contents of the organisational functions of 
safety culture        (Reiman and Oedewald 2009) 

The analysis of the organisational functions had two aims. The first was to 
establish a basis for analysing the findings from the task mentioned above and 
the SA analysis. The findings from the previous phases of the study were put 
within a wider organisational context in order to be able to evaluate the risk they 
pose to the system safety. The safety effects of some task demands cannot be 
fully evaluated unless there is knowledge on the prerequisites required to fulfil 
the demand on the long run. Thus, the challenges controllers expressed and 
observed in terms of completing the task were compared to each of the 
organisational functions. This was done to identify which organisational 
functions contribute to the perceived or observed challenges of the controllers’ 
work and to determine how this affects their work. The second aim was to 
identify safety challenges other than those identified in the task analysis.  

3  RESULTS 

The main goal in the controller’s task is to control train traffic safety and 
efficiently. Figure 3 shows the train traffic controller’s task when granting 
permission for railway work. In order to accomplish this goal, the controller has 
to monitor and control train traffic continuously. No sub-goals were studied 
because our focus was to analyse the goal decomposition in terms of railroad 
work. The controller starts to carry out the subordinate goal ‘Grant permission 
for railway work when a safety responsible for a specific railway work calls and 
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requests permission to start working. On these occasions, the controller’s 
attention is momentary switched from monitoring and controlling train traffic to 
the process that includes six sub-goals (1.2.1. – 1.2.6.) in order to grant 
permission.   

  

Fig.3.  HTA of granting permission for railway work 

However, when granting permission, the controller has to maintain an overall 
SA for monitoring and controlling train traffic. Twelve critical elements of SA 
were identified (Fig. 4). In practice, there was a continuous demand to monitor 
and anticipate track usage and upcoming events. Unanticipated events required 
dynamic re-planning, decision making and maintaining SA under time pressure. 
There were several demanding elements in the controller’s tasks: continuous 
anticipation of the future situations, time pressure in decision making based on 
uncertain information, heavy working memory load, heavy communication and 
coordination demands concerning sometimes involving more than ten 
construction work teams, unexpected changes in track usage, various 
disturbances, difficulties to reach all the recently changed regulations and work 
instructions in dynamic situations. The controllers have developed their own 
strategies to face multiple demands especially during rush-hours (Table 1). 

0. Control train traffic safely and 

1.2.1. Receive a 

request for 

starting railway 

work 

1. Continuosly monitor and control train 
traffic 

1.2. Grant permission for 
railway work  

1.2.4 Confirm 

the work site 

on track line 

and nature of 

the work 

1.2.5 

Protect 

the work 

area 

1.2.2 Confirm 

that the work is 

planned and has 

been given 

notice in 

1.2.3 Confirm 

whether the trail 

worker has a 

work ID for 

ongoing railway 

-If not, then 
1.2.3.1 give a ID 

1.2.6.Grant 

permission 

for railway 

work 

-When the maintenance work safety responsible for railway 

work is calling for request permission to start work, then 1.2. 

1.3. Terminate permission 
for railway work 
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Fig.4. Elements of the train traffic controller’s SA 

Controllers are actively monitoring various information sources. Whenever  possible, 
they also monitor information beyond their current operations in order to anticipate 
upcoming events and activities.  

Controllers provide one another with information to support such anticipation. They 
also consult with one another and with the controller’s supervisor when they 
anticipate disturbances in traffic or other events in the near future. A controller needs 
to consider various SA elements e.g. to successfully determine  the order of the trains 
in a dynamic situation. 

Controllers listen to the communication and calls of other controllers, whenever it is 
possible, to be able to anticipate the traffic situations in their own territory.  

In rush-hours or demanding situations shift changes are postponed until the  traffic is 
under control and safety is ensured.  

The information received from multiple sources is verified, time permitting. 

Controllers try to share their traffic situation awareness in advance with others, for 
example by calling the drivers of the long-distance passenger trains if traffic in 
running behind schedule. 

Table.1. Sample of work practises of train traffic controllers to 
maintain SA 

 

Traffic situation 

assessment 

Typography of 

terrain 

Train traffic signaller log  

-train positions now and in the future 

Continuous  
monitoring and 

updating of  
the situation 

Advance information of upcoming works 

in Infrastructure Restriction Database 

Ongoing valid railroad works on the work 
list - duration, position

Train punctuality 

Position of the 
train 

Tracks  

Length of the 
train Announcements concerning 

trains - schedules, train types 

Type of turnouts
- speed limits 

Currently valid 
blocked 
sections 

State of the safety 
systems 

1. Continuosly monitor and control train traffic 
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Controllers are actively monitoring various information sources. Whenever  
possible, they also monitor information beyond their current operations in order 
to anticipate upcoming events and activities.  

Controllers provide one another with information to support such anticipation. 
They also consult with one another and with the controller’s supervisor when 
they anticipate disturbances in traffic or other events in the near future. A 
controller needs to consider various SA elements e.g. to successfully determine 
the order of the trains in a dynamic situation. 

Controllers listen to the communication and calls of other controllers, whenever 
it is possible, to be able to anticipate the traffic situations in their own territory.  

In rush-hours or demanding situations shift changes are postponed until the  
traffic is under control and safety is ensured.  

The information received from multiple sources is verified, time permitting. 

Controllers try to share their traffic situation awareness in advance with others, 
for example by calling the drivers of the long-distance passenger trains if traffic 
in running behind schedule. 

In parallel with the extensive railroad work projects, considerable changes in the 
organisations have also taken place. The railway signalling and safety systems 
as well as the information technology the controllers use in their daily work have 
changed. Furthermore, the organisational structure has changed. In 1995 the 
department in charge of planning, construction, maintenance and traffic control 
on railways was separated from the state-owned railway business: the Finnish 
Rail Administration (RHK) was born. In 2006 the Finnish Rail Agency (RVI) was 
established by separating the safety departments from the Finnish Rail 
Administration. During 2006-2009 the new agency served as the top railway 
safety authority, setting safety regulations for traffic operation and railway work, 
among others. At the beginning of 2010 the Rail Agency was reorganised into 
the Finnish Transport Safety Agency (TraFi) and the Rail Administration into the 
Finnish Transport Agency. The department reshaped from the former Rail 
Agency in TraFi  establishes regulations for traffic operations, railway work and 
communications. The Rail Department (the former Rail Administration) in the 
Finnish Transport Agency provides working instructions to specify the 
regulations dealing with traffic control, traffic operation, railway work and 
communications. VR Ltd is the leading freight and passenger carrier in Finland 
and it provides the traffic control activities for the Rail Department. A large 
amount of extensive construction projects and rapid changes in the railway 
organisations and their mutual roles and responsibilities influence the 
controllers’ tasks. This has been reflected e.g. in the punctuality of train traffic 
and incident statistics.  

Due to the high task demands and the changes in the organisations, various 
development targets were identified from the organisational functions. For 
example subcontractor management and the practises of issuing work 
instructions should be developed to better support the traffic controllers’ work. 
On the other hand, organisations had initiated several developmentals and 
programs in order to offer better support for work. In the management of 
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railroad work contractors, new safety training and requirements were 
introduced. Systematic risk assessment and management were trained and 
implemented in to the railroad work processes. Co-operative coordination and 
information sharing forums were developed for better work management 
between the traffic controllers and contractors. These were also identified with 
the help of a systematic organisational analysis framework.    

4  CONCLUSIONS 

In this study, the cognitive demands of the train traffic controller’s task and the 
organisational support functions that ensure that their tasks are safely 
performed during railroad construction work were analysed. Train traffic 
controlling during railroad construction work is a complex, cognitively 
demanding task that requires well-designed technical and organisational 
support functions to be accomplished safely. The complex and frequently, 
performed task of granting permissions and coordinating railroad work has to be 
accomplished without neglecting the task of continuously monitor and control 
train traffic. However, two parallel task goals require controllers to switch and 
divide their attention between the tasks and continuously update their situation 
awareness in order to manage both tasks during rush-hour periods. 

In recent years, a new approach and concept known as resilience has emerged 
in safety management. Resilience focuses on the abilities of an organisation 
and people to cope with complexity and to recover from unexpected 
developments [11, 12]. Hollnagel [13] has argued that human performance 
must be variable as well, because of the complexity of socio-technical systems. 
The performance variability arises from the need to adapt to complexity and 
demands of the system. In train traffic controlling, workers have developed 
informal work practices that emerged in response to the task demands. These 
informal strategies enable controllers to achieve the task goals and to maintain 
safety. Recently, Roth et. al. [14] have also found that railroad workers and train 
traffic control dispatchers have developed a variety of informal work strategies 
in order to maintain system safety and to increase the resilience of work. 
According to Roth et. al. it is important to take into account the informal work 
practices in designing new technologies, because these are critical for 
maintaining system resilience. This doesn’t mean, however, that the activities of 
these social-technical systems should not be managed systematically. It is 
important to understand how different organisational support functions should 
be developed in order to ensure that the human variability is anticipated and 
managed. 
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