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Abstract
This paper describes how a graphical user interface was developed in the TRAIN
Project at the Department of Information Technology at Uppsala University.  
 
The TRAIN Project was initiated by The Board of Accident Investigation due to
the commuter train accident in Älvsjö in 1994. The Swedish National Rail
Administration was assigned to fund and manage the project, while independent
researchers where  assigned to carry out the research. 

One objective has been to investigate how the future work environment for train
drivers can be improved.  To accomplish this, requirements have been collected
using user−centred design with rapid prototyping in Java and XML.  
 
Another objective has been to introduce user−centred design as an advantageous
method for further development of the graphical user interface

The result is a prototype containing most of the requirements from the drivers in
the work group.  The prototype is interactive and simulates the real behaviour of a
train − acceleration, retardation and the train track are modelled according to
reality.  

The conclusions are that the prototype can be used by train drivers to refine the
requirements of the system even further. 
  
Furthermore, the prototype can be used to give management a deeper understanding
of what type of system the users require and an implication that the user−centred
design can be favorably employed in future work.
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Dictionary
This dictionary contains words and expressions that has to be defined or explained
more in detail to fully understand the content of the thesis.  Each expression is
marked bold the first time they occur in the text.  

Expression Explanation 

The Automatic Train
Control 

A system for automatic speed supervision to increase
security.  If the driver does not decrease speed according to
allowed speed, the ATC intervenes and automatically
brakes the train.

The Board of
Accident
Investigation

Statens Haverikommission

ETCS The European Train Control System.   A project that
established a proposition for an interface for automatic
train protection and automatic train control that can be
used in each national system.

ETCS MMI The Man−Machine Interface proposition developed by the
ETCS project.

Line Book Contains information about a specific train route − signals,
boards, allowed speeds and so on.

The Swedish Rail
Administration

Banverket.  Responsible for the Swedish rail system.

The TRAIN Project A project initiated by The Board of Accident Investigation.
The Swedish National Rail Administration was assigned to
fund and manage the project, while independent
researchers where to carry out the research. 

TRAIN with capital letters is an abbreviation for
"TRAfiksäkerhet och INformationsmiljö för tågförare",
which is equivalent to "TRAffic security and INformation
environment for train drivers".  

Train Order A document containing deviations in the usual travelling
route, for example work areas and speed restrictions.

User vs. end−user An end−user is the user that actually will use the system, as
compared to a user with a ’stake’  in the system, such as a
manager.  

User−centred vs.
human−centred

User−centred focuses on the user.  Human−centred also
includes support and maintenance personnel.  User−centred
is used throughout the report
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1.  Introduction
This work has been performed within the TRAIN Project.  The TRAIN Project was
initiated by the Board of Accident Investigation and funded by the Swedish National
Rail Administration.  Human−Computer Interaction at the Department of Information
Technology was assigned to carry out the research regarding the train driving task.
   
Today’s work environment for the train drivers is based on old technology.  The
Automatic Train Control (ATC) introduced in the early 80’s was placed on top of
technology dating back from the 60’s.  
 

Figure 1.  The work environment in the X2000−vehicle

The figure above shows the work environment in X2000 − one of the most modern
Swedish trains.  The buttons to the left gives information about brake status, door status
and so forth.  The panel in the middle, just below the window, is the ATC−panel.  To the
right are two telephones − one external and one internal.  Placed in the middle is the line
book and the train order .  
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One objective has been to investigate how the future work environment for train drivers
can be improved.  One aspect has been to integrate information from different sources
into one interface.  For instance, the line book should be a part of the user interface. To
accomplish this, the method employed was user−centred design with rapid prototyping in
Java and XML.  

Another important objective has been to introduce the user−centred design as a
favourable process for future development of the graphical user interface.

My part of the project has been to implement the train driver prototype in Java and XML.

The principal result is a prototype including most of the requirements from the drivers.  

One conclusion is that the prototype can serve as a resource of the requirements the
drivers have on the system.  Another conclusion is that the results motivates the use of
user−centred design for future development of the prototype.

Furthermore, the drivers can use the prototype to refine the requirements further and to
simulate and practice driving a train. 
 

1.1  Outline
I would first like to recommend the reader to have the table of contents as a guide
through the reading.  The reader who is interested in the technical aspects  − focus on
section 2.  If you are interested in the user−centred design − focus on section 3.

This first section includes a short introduction to the thesis, as well as this outline. 

Section 2 gives the reader a background to grasp the work performed.  Section 2 covers:
� The general concepts of user−centred design
� The overall ideas of prototyping
� Java Foundation Classes
� Java and XML

Section 3 describes how the user−centred work was carried out:  the material used,  the
participants involved and the methods employed. 

Section 4 supplies the reader with the main results of the work and section 5 comes to
some conclusions and gives a brief discussion.
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2.  Background
This chapter, and it’ s subsections provides the reader with a background to comprehend
chapter 3, where the actual work is described in more detail.  

At first the general concepts of user−centred design are explained, after that prototyping,
Java as a GUI−tool and Java and XML for object modelling are covered.
  

2.1  User−Centred Design 
One approach to system development is called user−centred design.  This technique
focuses on making the system usable [1, iv].  The formal definition of usability according
to the International Organisation for Standardisation (ISO) is:

"the extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified
context of use" [1, definition 2.3] 

This highlightens the demand for a system that is adapted to the user, and not the other
way around − the user to the system.  Instead the system should fulfil the user’s goals in
a specified context − the work environment.  Achieving these goals should also be done
effectively − accurate and complete, efficient − minimal resources  should be spent, and
this should leave the user satisfied − free from discomfort. [1, definition 2.4−2.7] 

The following sections describe the benefits, the general principles and what activities
should be involved in the user−centred design.  The outline is according to the ISO
13407 "Human−centred design processes for interactive systems" while some details
are filled in from other resources.  

2.1.1  Benefits
A few benefits of user−centred design according to the ISO 13407 are that the systems
developed are  "easier to understand and use, thus reducing training and support costs"
and that "they improve user satisfaction and reduce discomfort and stress", furthermore
these systems "improve the productivity of users and the operational efficiency of
organisations" and finally they "improve product quality, appeal to the users and can
provide a competitive advantage". [1, ch. 4] 

2.1.2  General principles
Gould and Lewis introduced three principles of usability design in 1985 [2, p. 301]:
 
� early focus on users and tasks
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� empirical measurements, for example using prototypes
� iterative design − a cycle of design, evaluation and redesign

These recommendations now constitute the foundation of the general principles in the
ISO 13407 standard [3, p. 52]:  involvement of the users, allocation of function, iterative
design and multi−disciplinary design.

2.1.2.1  Involvement of the users
One general principle of user−centred design is to involve the user in the process.  This
could mean a variety of things from observing the user’s behaviour and work
environment to actually integrate the user in the design team.  When the user participates
it is important that he or she is the end−user. The end−user wants to be sure that the
system will offer the right functionality, while the manager may give priority to cost
efficiency. [4, p. 46−47]
  

2.1.2.2 Allocation of function 
One other aspect is the appropriate allocation of function between users and technology.
It is important to specify what functions should be performed by the user, and what
should be done by the system.  The decisions should be based on reliability, financial
cost, and the users well−being and not only on what is technically possible.  The
resulting functions should constitute a meaningful number of tasks for the user.
[1, ch. 5.3]

2.1.2.3  Iterative design 
Another principle is that the process should be done iterative − a cycle of design,
evaluation and redesign repeated as often as necessary[2, p. 301].  This means that
feedback from the users becomes an essential source of information. The advantage is
that design solutions may be evaluated and refined with the user,  thus    
minimizing the risk that the system does not live up to the user and organisational
requirements. [1, ch. 5.4] According to Göransson and Gulliksen, the iterative process
includes:[3, p. 53−54]

� a consideration of including the user
� repeated user tests
� prototyping
� focus on the users and their tasks
� user oriented representations
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2.1.2.4 Multi−disciplinary design 
Moreover, a general principle is that the user−centred design should be executed in a
multi−disciplinary manner.  The design teams should for example consist of the end−
user, the purchaser, application specialist, marketer, user interface designer, human
factors expert, ergonomics expert and support personnel.[1, ch. 5.5]

2.1.3  Activities
According to the ISO−standard, the user−centred design should involve four main
activities.  The activities are inside the squares in the figure below.

Figure 2.  The User−Centred Design Activities [ ISO 13407, ch. 5.4]

Below is a short description of each of the activities.

2.1.3.1  Understand and specify the context of use.
To understand the context of use, the developer must understand the user, the work tasks,
the organisational and physical environment[1, ch. 7.2].  

2.1.3.2  Specify the user and organisational requirements.
Relevant requirements should be identified and specified.  These requirements should,
for instance, have appropriate priorities, be confirmed by the users and be sufficiently
documented.[1, ch. 7.3]
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2.1.3.3  Produce design solutions.
Possible design solutions should be produced iteratively throughout the whole process.
The multiplicinary input from all involved should be visualised using simulations, mock−
ups, prototypes and so on.  The solutions should be presented to the users and they
should be allowed to give feedback.  The design is changed according to the feedback
until the requirements are met.[1, ch. 7.4]

2.1.3.4  Evaluate design against requirements
The evaluating part of the process is a central step in the user−centred design.
Evaluations should be performed at all stages in the process.  This provides feedback to
improve the iterative design and gives an opportunity to estimate if the goals from the
users and the organisations have been achieved.[1, ch. 7.5]

Evaluations should be introduced in the process as early as possible.  In the beginning of
the process, changes are less expensive than in the end.  The longer the process have
progressed, the more expensive every modification.[ibid]
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2.2  Prototyping
According to Jenny Preece, et al. prototyping is the process of unfolding uncertainties
about how well a design agrees with the user’s actual needs.  Prototyping can be used to
extract requirements from the users.  This includes resolving the necessary functionality
of the system, operation sequences, user support needs, required representations and
look−and−feel of the interface. Prototyping is usually integrated into the user−centred
design described in 2.1.[4, p. 538]

Prototyping may start with paper prototyping to easily and quickly explore requirements
and general concepts of the system.  Paper prototyping simply means paper based
simulation of the interface.  The result is often referred to as a low−fidelity prototype.
[5, ch. 4.9]   Material that can be used is pen and paper, a white board, a video camera
and/or a paint program.

At the end of the iterative process, the prototype may either be thrown away or evolved
into the final system [4, p. 538].  The latter is called evolotionary prototyping, and the
first throw−away prototyping or rapid prototyping.  

2.2.1  Rapid Prototyping
The rapid prototyping technique means that a prototype is developed to collect the
requirements for the system and then thrown away [4, p. 542].  

The general method for rapid prototyping is that interactive prototypes are developed
which can be quickly changed according to continuos feedback.  This feedback may
come from colleagues or from experienced users.[5, ch. 4.11] When the prototype finally
has been validated it is thrown away in the sense that it is not used as the final product, it
can however constitute the specification for the real system.[4, p. 540]
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Figure 3.  Throw−away Prototyping[Dix et al, p. 206]

The figure above illustrates the rapid prototyping technique.  First, the initial
requirements are collected, after that a prototype is built and evaluated.  If it fulfils the
requirements, it is presented as the system specification, else it is rebuilt and evaluated
until it is approved.

Some benefits of this approach:  it demonstrates what the system is about, it offers a fast
development of interactive software prototypes,  and it produces a prototype with high
adherence to the final product.[5, ch. 4.11]

There are however a few drawbacks with this approach.  Rapid prototyping often uses
some high level programming language, and therefore requires more sophisticated
resources and expertise, compared to low−fidelity prototyping which rely on paper
materials.  It also takes longer time to implement a software prototype than using a pen
and paper or a paint program.[ibid] Furthermore it may not be possible to prototype
important parts, such as safety−critical functions, robustness or reliability using rapid
prototyping.[6, p. 144]

Another drawback, is that bad design decisions taken in the beginning are expensive to
overcome [7, p. 211].  This emphasises that design decisions in the beginning should be
carefully considered. 
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2.3  Java Foundation Classes
This chapter describes the general concepts of the Java Foundation Classes (JFC).
Especially the Swing components, the Pluggable look−and−feel and the Graphics2D are
covered, since they were used in the TRAIN Project.  Some examples are used from the
TRAIN Project to illustrate the concepts of JFC.

Java is considered an excellent programming language for developing Graphical User
Interfaces (GUI).  The original Abstract Window Toolkit (AWT) provides the developer
with a large library for building graphical applications.  

The AWT has however some limitations.  The AWT is considered too restrictive in
rendering and in event handling.  This can lead to difficulties to extend or override a
graphical component.  Another limitation is due to the fact that AWT components are
peer models, which means that each Java component creates a native component, a peer
model.  This native component can have different appearance depending on what
platform is used.  Shadings, colours and fonts can look totally different, in the worst case
leading to unusable components.[8]
 
Nevertheless, the AWT also has at least one important feature:  the applications are 100%
portable between platforms that supports the Java Virtual Machine (JVM).  The credo is
"Write Once, Run Anywhere".[ibid]

The JFC on the other hand, was developed as a result of feedback from developers and
users.  It is a superset of the AWT and also contains some other classes and services:
[ibid]

� Swing components 
� Pluggable look−and−feel 
� Accessibility API, support for disabled
� Java 2D API
� Drag and drop

 
Below is an overview of three of these features of the JFC:  the Swing components, the
Pluggable look−and−feel and the Java 2D Application Programming Interface (API).
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2.3.1  Swing Components
The name "Swing" was the original project name when the components were developed.
Although the components are now a part of the JFC, the name Swing is still used. [9]
The section below describes some of Swing’s features.

Figure 4.  Analogous and additional Swing components.  

[http://www.javaworld.com/javaworld/jw−09−1998/jw−09−step.html]

The Swing package contains some components that are analogous to the original AWT.
These are shown to the left in figure 4 above.  Note that for example the JPanel has
replaced the Canvas, the Panel and the Container in the previous AWT.[10, p. 9] 

In addition to these analogous components there are also some new ones.  These are
shown to the right in figure 4 above.  
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The rest of this section describes some basics of the Swing package.  Code examples
from the Train Prototype are used to illustrate.
  

Figure 5.  The Train Prototype(R. Stjernström)
 
The figure above shows the Train Prototype.  Section A is the Speed Control Window, B
is the Planning Window, C is the Driver Input Window and D is the Monitoring
Window.  

Note!  This section uses the prototype to illustrate some of Java’s features, see chapter 3
for a description of the functional features of the prototype.  
 
Sections A and B
Sections A and B extends the JComponent which is the base class to all top level Swing
components, except top level containers such as the JFrame which is described further
down.   
 
The reason for implementing section A and B as JComponents is that there is no Speed
Control Window or Planning Window in the standard Swing package.  Section A and B

−20−



User−Centred Design of a Train Driver Display

both overrides the pai nt Component ( )  method to customise the painting. 

publ i c  voi d pai nt Component ( Gr aphi cs g)  {
super . pai nt Component ( g) ;
. . .

   Gr aphi cs2D g2 = ( Gr aphi cs2D) g;
   g2. set Col or ( Theme. SPEEDCONTROL_COLOR) ;

. . .
   g2. f i l l Oval ( or i gi n. x−r adi us/ 2, or i gi n. y−

     r adi us/ 2, r adi us, r adi us) ;
. . .
}  

 
The first call above is to super . pai nt Component ( ) .  This is to keep the default
paintComponent behaviour.  The second call casts from from the original Graphics to
Graphics2D, so we can use the JFC graphical functions, described in 2.3.3.  After that, an
oval is painted using a colour defined in the Theme, described in section 2.3.2. 
 
Section C
Section C simply consist of a few JButtons added into a JPanel.  

Section D
The D section contains a JPanel, a JTextArea and a number of JLabels. The JPanel is the
container where the other components are added into.  

2.3.2  Pluggable Look and Feel
The original AWT allows the interface to be plugged into the platform where it is used.
This make it look and feel like a Mac program when run on a Mac, like UNIX, when run
on UNIX, and so on.[11, foreword]

The disadvantage is that the same application has a different appearance and somewhat
different behaviour on each platform.  This causes a demand for a look− and−feel that
looks the same on many platforms.[ibid, foreword]

The look−and−feel hierarchy in Java looks like this:
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Figure 6. The Look−and−feel hierarchy. [Zukowski, p. 747]

This implies that, for instance, the MetalLookAndFeel looks the same on Linux,
Windows and so on.  Often, however, the title bars and external border keep their
platform specific look.[11, part 1]

However, instead of implementing a totally new look−and−feel, a Theme can be defined
to customise the interface.  The theme below is from the TRAIN Project.

publ i c  c l ass Theme ext ends Def aul t Met al Theme{
. . .
pr i vat e f i nal  Col or UI Resour ce pr i mar y1 = new 

Col or UI Resour ce( 255, 255, 255) ;
   . . .

publ i c  Theme( )  {
  . . .

cont r ol Font  = new Font UI Resour ce
    ( Font . get Font ( " swi ng. pl af . met al . cont r ol Font " ,  

new Font ( " Di al og" ,  Font . PLAI N,
12) ) ) ;

. . .
}
pr ot ect ed Col or UI Resour ce get Pr i mar y1( )  {  r et ur n 

pr i mar y1;  }
  . . .
  publ i c  Font UI Resour ce get Wi ndowTi t l eFont ( )  {  r et ur n 

cont r ol Font ;  }

}

This sets the first primary colour to white − the colour of active internal borders [11, part
4].  Furthermore, it sets the cont r ol Font  to plain Dialog of size 12 − the font of the
window title.  

To use this theme, this code can be used:
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. . .
t r y  {

j avax. swi ng. pl af . met al . Met al LookAndFeel .
set Cur r ent Theme( new Theme( ) ) ;

      
UI Manager . set LookAndFeel ( " j avax. swi ng. pl af . met al .

Met al LookAndFeel " ) ;
  }  cat ch ( Except i on e)  {  e. pr i nt St ackTr ace( ) ;  }
. . .

This sets the current MetalLookAndFeel to the predefined Theme.  Next, the UIManager
is called to keep track of current look−and−feel and it’ s defaults.

One advantage of using a theme is that colours and fonts can be defined in one single
place.  If one colour or font has to be changed, the programmer only has to change in one
place, and not in every component.
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2.3.3  Java 2D API
The third part of the JFC described in this chapter is the Java 2D API.  According to Sun,
the Java 2D API is:

"...a set of classes that extend the capabilitie’s of SUN’s Abstract Windowing
Toolkit (AWT).  Java 2D handles arbitrary shapes, text, and images and
allows all of these to be rotated, scaled, skewed, and otherwise transformed in
a uniform manner"[12]

The Java 2D API extends the original AWT package and provides a number of classes  to
develop device and resolution independent graphics in Java.[13]  

The content of the table sums up the features supported by the Java 2D API.

Table 1.  Features supported by Java 2D API.
[http://java.sun.com/products/java−media/2D/whitepaper.html]

Below are some examples illustrating some characteristics of the Java 2D API.  

Basic draw− and set−functions

. . .
g2. set Col or ( Theme. TEXT_COLOR) ;
g2. dr awSt r i ng( " 0" ,  10,  y) ;   
g2. set Col or ( Theme. SCALE_COLOR) ;     
g2. set St r oke( medi um) ;
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g2. dr awLi ne( w,  y ,  get Wi dt h( ) ,  y) ;
. . .

This example shows how the colour is set using the theme described in section 2.3.2.  It
also shows how a zero is drawn in the scale, as seen in figure 5.  The line in the scale is
also drawn using a predefined stroke and colour.  

Translate
Due to the fact that the origin is at the upper left corner as default, it can sometimes be
convenient to move it.  For instance, this code shows how the origin is moved to the
lower left corner, and everything is drawn from there instead.  When done, the origin is
returned to the original position.
 

. . .
g2. t r ans l at e( 0, get Hei ght ( ) ) ;
dr awTr ack( g2) ;
dr awScal e( g2) ;
. . .
g2. t r ans l at e( 0, −get Hei ght ( ) ;
. . .

The figure below illustrates the default origin at the upper left corner, and the origin after
the translation.

Figure 7.  The origin before and after translate.
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 General Path 
A general path can be used to represent a path of several straight lines.  When painted, it
is only called once, instead of drawing each line every time.

. . .
pr i vat e s t at i c  Gener al Pat h pat hNot ToGo = new 

Gener al Pat h( ) ;
. . .
pat hNot ToGo. moveTo( 0,  −5) ;
pat hNot ToGo. l i neTo( 0,  −15) ;
pat hNot ToGo. moveTo( 0,  −12) ;
pat hNot ToGo. l i neTo( 5,  −10) ;
pat hNot ToGo. l i neTo( 5,  −7) ;
pat hNot ToGo. c l osePat h( ) ;
. . .
g2. dr aw( pat hNot ToGo) ;

The code is slightly adjusted to simplify the example.  

The code shows how a general path is defined using moveTo( )  and l i neTo( ) .  The
moveTo( )  moves to the coordinate where to start drawing and the l i neTo( )  draws a
line from the previous point to the next.  The last line in the example paints the path.
The path is shown as the thin filled grey line in the figure below.  Note that the origin at
this point has been translated to the lower middle of the figure.

Figure 8. Switch error (R. Stjernström)
 

Antialiasing
Antialiasing is a technique to make graphical lines more smooth[14].  The Java 2D API
also supports this feature.  The figure below to the left shows the speedometer rendered
without antialiasing and the figure to the right with antialiasing.  Perhaps the differences
are most visible in the circle in the middle.
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Figure 9.  Without antialiasing 

(R. Stjernström).

Figure 10.  With antialiasing

(R. Stjernström).
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2.4  Java and XML for object modelling
Extensible Markup Language (XML) is a language made up of characters where some
form data and some form markups.  A markup describes the document’s storage layout
and logical structure. [15]

XML was developed in 1996 by an XML Working Group formed within the World Wide
Web Consortium (W3C).  The goals were to develop a language that:  is usable over the
Internet, supports a large number of applications, is easy to understand for humans, and
is easy to create.[ibid]  

Since XML contains self−describing data, it can be used as a tool to encode large data
models.  Furthermore, this data can easily be exchanged between all kinds of systems, for
example between XML and Java.[16]  

There are two standard parsers to manipulate data − the Simple API for XML (SAX),
and the Document Object Model (DOM).  In addition to this, there is a non−standard
Java solution, called the JDOM, for accessing, manipulating and outputting XML from
Java code.[17]

The following subsections describes the basics of Document Type Definition (DTD), the
SAX, the DOM and the JDOM.
 

2.4.1  DTD
The DTD defines how markup tags should be interpreted by the application that uses the
document.  In HTML the DTD defines how web pages should be displayed, however, in
XML, it is possible to implement a user defined DTD.[14]  The DTD defines what
elements may exist and what attributes may be associated to each element.  The DTD
also defines in what order elements may appear.[18]

The DTD can be used to validate the XML−file; a valid document follows the rules in
the DTD, while a well−formed document follows the rules in the XML
specification.[ibid]
 

2.4.2  SAX
The SAX parser is based on events.  When parsing an XML−document, events are
generated and a program can respond to these events.  For small applications,  SAX is
intuitive, fast, easy to learn and simple to use.[19]

However, for larger programs, the complexity increases.  For instance, when the input
differs from the structure of the output, the programmer is responsible for reordering the
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data.  Furthermore, if data is used in more than one place, multiple passes must be
performed over the XML.[ibid]

2.4.3  DOM
The DOM parser is based on object modelling.  This means that a generic object model is
created that represents the contents of the XML document.  When the parsing of the
XML is done, the memory contains a tree representing the objects.[16]

Below is an example where XML code has generated an object model representing the
original structure of the XML.

Figure 11.  Document model generated from XML.

[http://www.javaworld.com/javaworld/jw−07−2000/jw−0707−xmldom_p.html, figure 2]

The DOM makes it possible to[16] :

� look at any node in the tree as many times as wished for
� access the data in random order
� pass the tree to any other program that understand the DOM interface

On the other hand, the DOM also has some disadvantages.  One is that DOM loads the
entire XML document into memory, which can be a problem for large documents. [ibid]
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Another disadvantage is that DOM creates many objects, and each will be initiated with
the expensive new operation in Java. [ibid]

Moreover, one disadvantage is that the DOM scans the XML twice.  The first pass
creates the DOM structure in memory, the second finds the data the program is interested
in.[ibid] 

2.4.4  JDOM
The JDOM is a relatively new API that was released in April 2000.  It was developed by
Jason Hunter and Brett McLaughlin.  

While SAX and DOM were developed to support many languages, such as Java and C++,
JDOM was created to support Java only.  The JDOM API enables reading, writing and
manipulating XML from within Java code.  

There are some benefits of using the JDOM over existing API’s:[20]  

� It supplies an API that comes natural for Java developers, for example it provides the
typical Java methods get  and set , such as get Chi l dr en 

� It does not require the whole document to be in memory.
� It interoperates with SAX and DOM 
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3.  User−Centred Design of a Train Driver Display
This chapter describes how the user−centred design with rapid prototyping in Java and
XML was performed in the TRAIN Project.  The first part states the material used, the
second part introduces the participants, and the third part describes the work performed.
   

3.1  Materials
The materials used in this part of the TRAIN Project were:
 
Whiteboard
The participants were encouraged to explain their ideas further on a whiteboard during
the meetings.  

Digital projector 
A digital projector was used to project images on the whiteboard.  For example, the
image of the prototype was projected on the whiteboard, and additional features were
painted by the participants.

Videocamera
The drivers’  comments and suggestions on presented design solutions were documented
by a videocamera.
 
Paint program
Paint Shop Pro version 7.0 was used to paint low−fidelity prototypes, but any other paint
program, supporting layer technique, would do.  Layer technique was used to quickly
produce possible design solutions − which were later implemented in the prototype.

Java, version 1.3.0
Java was used to develop the train driver display.  

XML, version 1.0
To develop a data model representing the real train path.
  

3.2  Participants
Six drivers were selected by the train companies, two of them came from Arlanda
Express and three from SJ and one from Citypendeln.  Beside the train drivers, four other
people participated at one or several occasions:   

� Project leader From MTO Psychology.  Worked mostly with the future
signal system.
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� HCI−experts Two Human−Computer Interaction experts from Uppsala
University, leader of some meetings, made prototypes in a
paint program, recorded with the videocamera, took notes etc. 

� M.Sc. Student From Human−Computer Interaction at Uppsala University.
The role was to develop rapid prototypes in Java and XML.

 
Two of the drivers were in their twenties, and four were about fifty years old.  The
experience was ranging from beginner to well skilled, meaning at least twenty years of
work experience.  One of the drivers was a woman.  

3.3  Methods
The work started March 30, 2001.  There were meetings with the train drivers at six
different occasions:  March 30, April 5, April 10, May 3, May 21 and June 5.  
 
The next subsections describes the user centred activities involved in the project:  

� Requirements gathering
� Design solutions
� Evaluation of the design.  

The material summarises the notes from the meetings, the video tapes and the
implementation of the prototype.

3.3.1  First meeting, March 30
The first meeting took place March 30, 2001 in Stockholm.  It was an introduction to the
work to come.  Plans for the next meeting were made up, it was stated that there was an
international interest in the work, and there were some words mentioned about the
European Train Control System Man−Machine Interface (ETCS MMI ).

It was told that the ETCS MMI would become standard for high−speed trains in Europe,
and that for example the Speed Control Window, as seen in figure 11 below,  is already
more or less admitted as a standard.  However the planning part of the interface is still
open for changes.  Hence most of the design should be performed in the Planning
Window, figure 11 and 12.

3.3.2  Requirements gathering, April 5 
The second meeting was held in Stockholm the fifth and sixth of April 2001.  The first
day, the fifth of April, was spent on making an inventory of what information the drivers
had available.  Group work would show how that information corresponded to their
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requirements and expectations.  The second day, the sixth of April, was mostly dealing
with evaluation of signs and signals and is not brought up here.

The discussions of available information dealt mostly with the time table, the line book
and the train order.  

The time table that the drivers have today, contains information of where to stop, time
for arrival, time for departure and so on.  

The line book contains information about signals, brake tables, regulations, phone
numbers, conditions at a certain station et cetera.  

The conclusion was that instead of having these as separate documents, the drivers
wanted this information to be integrated into the graphical user interface. 

3.3.3  Requirements gathering, April 10
The third meeting was the tenth of April 2001.  This day was spent talking about the
homework from the previous meeting − to consider what information the driver needs in
the cabin and how and when it should be present.  There were also comments on the
ETCS−display. 
 
The information was divided up into information needed all the time and information to
be presented upon the driver’s request.

3.3.3.1  Information needed all the time 
Table 2 below summarises the information that the train drivers brought up as  needed all
the time.

Max speed Maximum allowed speed. 

Current speed A digital representation of the speed as well as an analogue.

Restr ictive speed
information 

Maximum allowed speed in the near future.

Distance to target Distance to new speed information, stations, signals and so on.

Time A digital clock

Traffic situation Information about the train up front.

Table 2.  Information needed all the time
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Note that the current speed should be shown in the Speed Control Window with both an
analogue and digital representation.  The restrictive speed information, distance to target
and the traffic situation should be shown in the Planning Window.  

3.3.3.2  Information as an extra reminder
Beside the information needed all the time, the drivers also wanted information as an
extra reminder.  

Sound warnings For restrictive intervention of the ATC.
For speed updates.
When exceeding permitted speed.

Visual warnings For extra stops 
When exceeding permitted speed

Table 3.  Information as an extra reminder

The sound signals in the cabin today consists of different sound signals, depending on the
emergency of the signal.  The drivers experience these as annoying, and wishes more
pleasant ones in the future user interface.

If the train moves faster than the speed limit, they want a signal, either sound or visual, to
indicate that the maximum speed has been exceeded.

When an extra stop has been added to the usual route, the drivers can easily forget to stop
there.  An extra reminder would help them remember to stop.

3.3.3.3  Comments on the ETCS MMI 
As pointed out, the train drivers also reviewed the ETCS MMI during the third meeting.
Below the ETCS MMI and it’ s main areas are presented.  
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Figure 12.  The ETCS MMI

The ETCS MMI consists of six main areas:

A.  Brake Details Window
B.  Speed Control Window
C.  Maintain Speed Window
D.  Planning Window
E.  Monitoring Window
F.  Driver Input Window

Below are some of the comments regarding the Planning Window.
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Figure 13.  The ETCS Planning Window

The train drivers thought the speed profile to the right should be completed with numbers
to clarify the differences between different speeds. These numbers could also replace the
symbols that show speed increase and decrease in the figure.

Furthermore they considered the icon of a station too detailed.  The signature of the
station should also be visible.  
 
A detailed railwayplan could be useful to have upon request.  This plan would show all
tracks at a station and illustrate what track the train should choose.

The drivers also had some further comments: 

� When passing a red signal, the speed profile should turn red, and the allowed speed
turned to zero until the red signal is cleared from traffic control.

� The driver’s own speed should be visible.  
� The train’s length and retardation should be visible when needed.  This information

should also be modifiable when driving the train.  
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3.3.4  Design solution, April 26
The first design solution had the ETCS MMI and the initial requirements collected from
the first three meetings with the drivers as input.  The figure below shows what the Train
Prototype looked like after three weeks, the twentysixth of April.

3.3.4.1  The Train Prototype

Figure 14.  The Train Prototype, April 26 (R. Stjernström)
 
The main features this far came from the ETCS MMI.  The Speed Control Window
looked the same, but the Planning Window had the permitted speed shown as numbers to
the right of the speed profile.  The numbers mean that the permitted speeds are 80, 120,
80 and 40 corresponding to the distances to the left.  Note that the distance scale was
logarithmic as in the ETCS MMI.  

The implementation of the graphical user interface this far contained seven different
classes:
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Class Descr iption 

DriverInputWindow A JPanel consisting of JButtons.

TrainDisplay A JFrame and also the main class.

MaintainSpeedWindow A JPanel showing speed in digital numbers.

PlanningWindow A JComponent with the upcoming train track drawn in
Java 2D.

MonitoringWindow A JPanel beneath the PlanningWindow

SpeedControl A JComponent showing an analogue speedometer drawn
in Java 2D.

Theme Extends the DefaultMetalTheme and defines the current
theme. 

Table 4.  The initial classes in the Train Prototype  

The train track was modelled with a SortedSet in the Planning Window.  The track
contained stations and tracks sorted by their start positions.  Contact me if you want to
take part of the full implementation of the Prototype.
 

3.3.4.2  Low−fidelity prototypes
In addition to the implementation of the Train Prototype, low−fidelity prototypes were
made in a paint program.  

Figure 15.  Low−fidelity prototypes, April 26 (E. Olsson)
 
The figure above shows three suggested solutions to illustrate the speed profile in the
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Planning Window.  The first is a symmetric profile with the track placed at centre, the
second is a symmetric profile with the track to the left, and the third is an asymmetric
profile with the track to the left.

These prototypes were initially shown to the drivers, they gave feedback, and then they
were implemented in the prototype.  The benefit was that low−fidelity prototypes can be
created much quicker than the prototype in Java and XML.

3.3.5  Evaluation and requirements gathering, May 3
The fourth meeting, May 3, was the first meeting where the drivers had a chance to give
feedback on the design and implementation this far.  During this meeting, the drivers
gave feedback on the low−fidelity prototypes from Figure 14 above.  The first
implementation of the prototype in Figure 13 was also shown the last minutes of the
meeting. 

This chapter describes the evaluation and the requirements gathered at the meeting.
Some implementation of the Train Prototype is also presented, to give an overall idea of
how it was implemented.   

Figure 16.  The low−fidelity work method

The figure above illustrates how the work was performed using the low−fidelity
prototype.  A blue background was initially displayed to the drivers.  To that
background, component for component was added, using layer techniques in the paint
program.  Above illustrates how the track, signals, speed profile and distances are added.
While adding each component the drivers responded and suggested alternative solutions.
   
First, the drivers gave feedback on the three different solutions with the speed profile.
Furthermore, the drivers gave feedback on:
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� Stations 
� Time table
� Distances ahead
� History
� Signals
� Symbol of incline
� clock
� Traffic situation in front of the train 

3.3.5.1  Symmetric speed profile with track at centre

Figure 17.  Symmetric speed profile with track at centre (E. Olsson)

This solution had a symmetric speed profile centred over the track.  The signatures to the
left are stations, the numbers to the right are maximum allowed speeds.

The response to this design was positive.  The drivers thought the symmetry made it easy
to interpret the speeds.  The thinner symmetry, the lower speed.  They also thought the
numeric representation of the speeds was good.  They thought this design would make it
easy to see current speed, even in sections with very few speed changes.
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One idea that came up was to move the track and the speed profile more to the right.
This would make it possible to have more information to the left of the profile.  Another
idea was that the body of the profile should have a different colour than the background.

Moreover, the drivers gave feedback on the symmetric speed profile to the right of the
track.

3.3.5.2  Symmetric speed profile to the right of the track 
This alternative had the profile to the right of the track.  The opinion was however, that it
was much easier to have all information in one place.  In this design, the user have to
look in two different places.  

After that, they gave feedback on the asymmetric speed profile:

3.3.5.3  Asymmetric speed profile to the right of the track 
The comments on the asymmetric speed profile to the right of the track were the same as
in the alternative above.  Hence, the drivers preferred the first solution with with the
symmetric speed profile centred at the track.

3.3.5.4  Stations 

Figure 18.  Station in the Planning Window (E. Olsson)

Stations have been marked using a grey background on the white track.  The train line
between stations is white.  A thin white line sets the border between station and line.  The
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stations where the train should stop, has the speed profile at zero.  Three different
colours, red, orange and grey, were tested on stations where to stop.
 
The drivers had different ideas whether having the speed profile at zero was a good
solution or not.  One driver thought it was appropriate, since if the train is going to stop,
the allowed speed  in the profile is really zero.  The contradictory opinion was that the
allowed speed in the profile still should be there, with an extra indication  to stop −  this
was based on how the system works today.

3.3.5.5  Time table

Figure 19.  Time table in the Planning Window (E. Olsson)

The time of departure was positioned under the station signature at stations where to
stop.  One question was what times should be visible all the time, and what should be
visible upon request.  

The drivers did not want to know if they were running late or not.  For example, a digit
showing minus five minutes, would probably make a stress moment.  Instead the
timetable should be present, along with a digital clock, making the driver able to look up
a delay if wished for.  

Another request that came up was that the stop stations should be marked out more
specific, perhaps with a different colour or with the complete name instead of the
abbreviation.  Furthermore, one idea was that a frame should surround the information at
a station.

3.3.5.6 Distances ahead

Figure 20.  Distances ahead in the Planning Window (E. Olsson)

The distances ahead were shown to the left in the figure above.  
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The debate was mostly about what ratio the distance to target should have. Information
close to the train was considered more important than information further away.  A
commuter train driver needs to look 1000 meters ahead, while an X2000 driver may need
to survey up to 10 000 meters. 

3.3.5.7  History

Figure 21.  History in the Planning Window (E. Olsson)

To show how the driver have been performing in the past, a view of the history was
added to the picture.  The dotted line in the figure above shows the train’s present
position.  The information below shows the history, for example previous speed.  The
information above the dotted line shows the future track, for example the next station
where to stop.

One argument that came up for using this history was to report where and when an
accident has occurred.  Another motive would be to report errors of balises.

3.3.5.8  Signals

Figure 22.  Signals in the Planning Window (E. Olsson)
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This proposal had green dots drawn on the the track to visualise the signals coming up
next.  The figure also illustrates a symmetric speed profile with the permitted speed to
the right and the stations to the left.

One viewpoint was to let the signals be updated according to the ATC.  Green colour
giving permission to pass, and red colour indicating a stop.

3.3.5.9  Symbol of incline

Figure 23.  Symbol of incline in the Planning Window (E. Olsson)

Different design solutions to illustrate the incline of the track was shown.  The figure
above shows the chosen solution −  a triangle with incline in parts per mille.  

The mutual agreement was that this information should be visible if the driver wanted to.
This could be of interest when driving a goods train or sleeping car train when the incline
is more than 8−10 per mille the next 300−500 meters.  

3.3.5.10  Clock
There was no clock included in the first design.  The drivers would prefer a digital one,
although some of the drivers requested an analogue.
  

3.3.5.11 Traffic situation in front of the train
Although the traffic situation in front of the train was not included in the first design, the
drivers brought up some issues regarding this:

� The end of the train track should be marked out somehow.  The speed profile should
go down to zero, and the information beyond the end should not be visual.

� The information about the traffic situation in front of the train could include:
crossing train track, meetings, stops, technical errors and information about slow train
ahead.  A cross could symbolise crossing traffic.  An arrow pointing down could show
that a train is coming in the opposite direction.  
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3.3.6  Design solution, May 18
This section describes what the design solution looked like May 18.  First the Train
Prototype is presented, after that the low−fidelity prototypes from the paint program is
demonstrated.  

3.3.6.1  The Train Prototype
Two weeks after the fourth meeting described above,  the Train Prototype looked like
this:

Figure 24.  The Train Prototype,  May 18(R. Stjernström)

The prototype at this point had the following features:

� Max speed − to the right of the speed profile
� Current speed − in the Speed Control Meter, analogue and digital
� Distance to target − logarithmic scale in the Planning Window
� Station signature − to the left of the speed profile

The implementation above had two additional classes in addition to those from April 26:
Si mul at or  and Tr ackObj ect .  A train path was also implemented in XML.  

The Si mul at or  class was based on event−driven technique to simulate the real
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behaviour of a train −  including acceleration and retardation.  

The Tr ackObj ect  class was used to parse the XML file to model stations, signals and
boards.  The XML file modeled a real train track and was implemented in such a manner
that it could be replaced by any other arbitrary track.  

Contact me for the full implementation of the Prototype.

3.3.6.2  Low−fidelity prototypes
Parallel to the implementation of the Train Prototype, low−fidelity prototypes were
again developed.  The picture below gives an overview of what it looked like at the time
around May 18.

Figure 25.  Low−fidelity prototype, around May 18 (E. Olsson)

The figure above has a symmetric speed profile with the track at centre.  
Since the drivers could not agree on one design solution, the stations where to stop have
two solutions − the uppermost station has a frame that ends at speed profile, the lower
station has a frame symmetric with the speed profile.  
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3.3.7  Evaluation and requirements gathering, May 21
The fifth meeting was the twentyfirst of May.  It was spent going through the new
sketches drawn in the paint program and reviewing the prototype implemented this far.
The work was performed in the same way − the design was shown and the drivers made
suggestions and gave feedback.  The meeting was also recorded using a video camera.

The following subsections goes through the feedback regarding the:

� Speed Profile
� Distance to target
� Stations 
� Brake curve
� History
� Balises
� Time table

3.3.7.1  The Speed Profile

Figure 26.  Speed profile in the Planning Window(R. Stjernström)

The first question was if the speeds should be aligned to the right beside the speed
profile.   This was preferred, since speeds like 40 and 200 would end up far away from
each other in the horizontal direction.  The current speed should also remain in the
window as long as it is valid.

Another question was if the indication of speed decrease should be a curve or a
horizontal line.  The general opinion was that it should be horizontal, as in the figure
above.

−47−



3.3.7.2  Distance to target

Figure 27.  The Planning Window(R. Stjernström)

The logarithmic scale above was not approved at all.  The drivers experienced difficulties
in translating the information in the window to reality.  For instance, objects lying close
to the train seemed to pass by too fast.  Instead the drivers requested a linear scale
showing up to 5 kilometres ahead.  
 
The train drivers pointed out the importance of personal settings in the interface.  The
drivers of commuter trains wanted to look 1 kilometer ahead, and drivers of X2000
wanted to look 10 kilometers.  An arrow above the column of distances could be added
to the interface.  A click on the arrow would change the scale.

3.3.7.3  Stations
In the solution in Figure 27 above, the abbreviation of the station name passes by when
the sign for the station is passed.  Instead the station name should be present as long as
the train is in the station area.  The train drivers also wanted the full station name, not
only the abbreviation.  
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Figure 28.  Station view in the Planning Window (E. Olsson)

A view of the station was demonstrated.  The tracks not in use where distinguished from
the one where the train should go.  The drivers agreed that this information was good to
have upon request, but not all the time.

The table below sums up the remaining feedback from the meeting May 21.

Detail Feedback

Brake curve Unnecessary, since the driver has to take the train type,
track conditions and weather conditions into account.

History Should show a couple of hundreds meters back

Balise errors Should display where the error occurred and the error
code.  The error could have a quick command to send the
information to the train control.  

Time table Could be emphasised with a frame or just plain text.  The
colour of a station name where to stop could be yellow to
distinguish from stations where not to stop.

Table 5.  Feedback from the drivers

The next figure illustrates the time table added into the Planning Window.  The station
where to stop has a frame around it.
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Figure 29.  The time table in the Planning (E. Olsson)

The drivers could not clearly agree upon what design solution was the better one, the one
with or without the frame around the station signature.  Some argued for a frame to
emphasise where to stop, some wanted just text − yellow for stop stations and white for
stations where not to stop.  

3.3.7.4  Other design issues
Some other design issues that came up during the meeting May 21 were:

� Red color was considered for information about meeting trains.  It was however
concluded that the red color should be reserved for serious errors and disruptions.

� It should be possible for a driver to add an extra reminder to the system.  
� Next station where to stop should be added below the clock
� It should be possible to a wider extent to adjust the interface according to the drivers

own wishes
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3.3.8  Design solution, May 31
The figure below demonstrates the prototype from May 31.

Figure 30.  The Train Prototype, May 31 implemented by Robert Stjernström
 
Here is an extract of the additional features in this design solution.
 
� Stations where to stop in yellow and placed in a frame
� Speeds aligned to the right
� A digital clock in the lower right corner
� A history, here showing previous speed up to 500 meters back  
� A linear scale, not logarithmic as before.  The scale is adjustable with the arrow in the

upper left corner of the Planning Window
� Current speed visible in the Planning Window as long as it is valid
� Current position in the Speed Control Window
� Clickable stations and signals −  a click on a stop signal gives the cause to stop.  

The next figure illustrates what the user interface looked like when a red signal was
clicked:
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Figure 31.  GUI when red signal is clicked(R. Stjernström)

This information means that the signal indicates a stop caused by a switch error.

The implementation this far is based on previous code, as presented in previous sections.
The code has been modified to adjust to the evaluations and new requirements from the
meetings with the drivers.  

3.3.9  Last meeting, June 5
The last meeting with the train drivers took place the fifth of June.  This day  contained a
presentation of the work performed this far −  no evaluation or gathering of new
requirements.  However, the design work continued until June 20, when the project
ended.

3.3.10  Design solution, June 18
This figure shows the design solution from June 18.  Some extra features have been
added:

� Station where to stop in clear text below the clock
� Station where to stop in yellow, no frame around it in the Planning Window
� Positions of future signals visible upon request
� Positions of signals visible in the history
� Information about train in front
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Figure 32.  The Train Prototype, June 18(R. Stjernström)

The next figure below illustrates a balise error.

Figure 33.  Balise error(R. Stjernström)
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Here, the driver can send the error message  to traffic control using the button in the
figure.  The driver can also choose to save or delete it.

The next figure shows a train passing a red signal.

Figure 34.  Passing a red signal(R. Stjernström)

The warning text in the figure above alerts for passing a stop signal
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4.  Results 
The work in the TRAIN Project has been user−centred with rapid prototyping in Java
and XML.  Low−fidelity prototypes have also been used to quickly illustrate possible
design solutions.  One objective has been to investigate how the future work environment
can be improved for the train drivers.  This also includes presenting the user−centred
design as a favourable process for future work.

The activities have been:  requirements gathering, design solutions and evaluation
leading to new requirements, redesign, evaluation, and so forth. A total of six drivers
with different work experience have participated to give feedback and contribute with
requirements.

The results have been generated by answering the following questions:  

� Are all the requirements implemented in the user interface?  
� If not, what requirement is implemented and what is not?
� If the requirement is implemented, does it fulfil the drivers’  requirements?

The first two questions are answered by comparing all the requirements from the drivers
and conclude if it is implemented or not.  The third question is answered by comparing
the implementation in the graphical user interface and the requirement from the drivers −
either the implementation fulfils the requirement or it does not.

The table below summarises functional requirements from the drivers.  The first column
from the left shows the requirement, the second indicates if the requirement is
implemented, the third indicates if it fulfils the drivers’  requirements, and the fourth
makes some comments. 

Requirement Included Accepted Comment

Balise errors Yes Yes Visible when balise error is passed.  Can be
saved, deleted or sent to traffic control. 

Clock Yes Yes Digital clock in Monitoring Window

Current speed Yes Yes Aligned to the right of the speed profile.

Distance to target Yes Yes Modifiable linear scale.  

Extra reminder Yes No Extra reminder to driver for speed decrease.
Should be possible to add extra reminder.

History Yes Yes Shows 500 meters back.

Length of the train No No Should be modifiable and visible upon
request.

Max speed Yes Yes Both graphical and  digital.
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Requirement Included Accepted Comment

Personal settings Yes No More personal settings should be possible.

Phone numbers Yes Yes

Regulations No No Should be added to the system 

Restrictive speed
information 

Yes Yes Indicated in the Speed Control Window and
the Planning Window

Retardation of the
train 

No No Should be modifiable and visible upon
request.

Scale Yes Yes Modifiable linear scale up to 5 000

Signal errors Yes Yes Shows switch error and track error. 

Signals Yes Yes Type and position upon request.  Cause of
red signal upon request.

Sound warnings Yes No Only beeps from the computer included.

Speed profile Yes Yes Symmetric with track at centre

Stations Yes Yes Name visible as long as valid.  Full name  in
clock, signature in Planning Window.

Symbol of incline No No Should show incline for sleeping carts and
goods trains

Time table Yes No In the Planning Window beneath station
signature.  
Should also be possible to see the complete
time table upon request

Track layout and
conditions at  a
certain station

Yes No Should be completed with real data.

Traffic situation Yes Yes Symbols for crossing, slow and meeting
trains.  Also symbols explaining stops and
technical errors.

Table 6.  Functional requirements from the drivers.

The table above shows that not all requirements from the drivers are included in the user
interface.  Furthermore, it shows that even if the requirement is included in the interface,
it does not always completely fulfil the drivers requirements.

−56−



User−Centred Design of a Train Driver Display

5.  Discussion and Conclusion 
The results from section 4 says that not all requirements are implemented in the user
interface.  It further says that even if it is implemented, it does not always meet the
requirements from the train drivers.  The discussion below will analyse this a bit further
to make some conclusions.

First, let’ s analyse how the user−centred design was applied.

The theory of user−centred design includes the following principles:  

� Involvement of the users
� Allocation of function 
� Iterative design 
� Multi−disciplinary design 

The Train Project has involved the end−users from the beginning of the prototype
development.  The functions have been analysed based on what functions should be
included in the user interface and what not − to make sure the driver task is not
impoverished.  Furthermore the work performed has been iterative with cycles including
requirements gathering, design, evaluations and redesign.  Finally, the work has been
multi−disciplinary including train drivers, programmers and HCI−experts.

Furthermore, the theory of user−centred design suggest the following activities: 

� Understand and specify the context of use
� Specify the user and organisational requirements
� Produce design solutions
� Evaluate design against requirements

The work regarding the context of use have been performed in earlier parts of the
TRAIN Project.  Thus, this part has not been included in the iterative design.  However,
one point of view is that evaluations and new requirements  automatically increases the
understanding and no further investigations is needed.  Still, no new investigations of the
work environment have been performed in the iterative design.  

The second activity above, specify the user and organisational requirements, have neither
been completely fulfilled.  The focus have been on the users and their requirements.  The
organisation’s requirements have not been taken in account −  there are probably other
requirements from safety experts, traffic control and so forth.  This may lead to a system
that is accepted by the users, but not by the organisation. See the report "Säkerhetssamtal
inom tågtrafik.  Nuläge och förändringsbehov" (E. Olsson et al., 2000) for train traffic
control requirements.
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The third and fourth activities above have been fulfilled.  Different design solutions have
been implemented, evaluated and redesigned throughout the project.

Next, let’ s analyse how the prototyping has been applied.

The rapid prototyping suggests that prototypes are developed and changed according to
continuos feedback.  A prototype is built based on preliminary requirements, evaluated
and rebuilt until it fulfils the users requirements.

The TRAIN Project have included rapid prototyping and the activities suggested above.
However, the final prototype does not contain all requirements from the users, as
mentioned above.  Furthermore, it does not contain all requirements from the
organisation, also mentioned above.  The conclusion is however that the prototype can be
used to give an understanding of what kind of system the train drivers request.

And now, let’s analyse the results from the Result section a bit further:  

A total of 23 different requirements where collected.  Out of these, 19 have been
implemented and a total of 14 fulfilled the users requirements.  

This supports the previous conclusion, that the prototype fulfills most of the requirements
from the users.  The prototype can give management a deeper understanding of
what type of system the users want.  Furthermore, this shows that the user−centred
design can be employed giving positive result.

This leads to some thoughts of future work.  The prototype can be used to simulate the
behaviour of a train to:
� refine the requirements from the drivers even further
� test different design solutions in different critical situations.  To accomplish this,

different design solutions, scenarios and support for logging must be implemented.
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