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Abstract 

This thesis is about the design and evaluation of a graphical display that aims 
at showing the behavior of a complex automated system in action. A problem 
with complex automation is that it sometimes surprises the user by 
performing actions that were not expected. The reason of this is poor 
communication of system activities. In order to study how to design for 
anticipative automation communication a prototype around automatic vehicle 
driving on highways was designed and evaluated. The design work focused on 
designing a display that contained anticipation as a use quality. This resulted in 
a display design that aimed at representing the working scene in such a way 
that the user would be able to recognize and compare the system view with 
the real situation. In order to accomplish this, three layers of information were 
merged together in the display, these layers were; the automaton’s image of 
how the world is seen, the way that image is perceived and interpreted in 
terms of system action necessity and out of that the actions that the system 
plans to perform in the near future. The evaluation of the design prototype 
showed that it was possible to anticipate system actions but that the 
information detail level was insufficient for the evaluators to completely trust 
system decisions. The evaluation also showed that trust can be created by 
letting the automaton represent the perception of the situation in such a way 
that the user is able to compare it to personal experience from performing the 
task manually. Anticipation can be created through showing what future the 
automaton is expecting and what actions that needs to be performed in order 
to reach or maintain the general system task or goal. 
Keywords: Automation surprise, man-machine systems, representation design, quality-in-
use, joint-cognitive systems. 
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1 Introduction 

Systems of today are getting more and more complex. What started as simple 
mechanization of spinning machines during the industrial revolution has today 
grown into systems that control processes capable of multiple tasks. With the 
dawn of the computer era it became possible to design systems that perform 
more than simple tasks. Computerized machines of today perform actions 
that formerly used to be the tasks of one or several operators. Gradually the 
function of the operator has changed from emphasizing on tasks that 
demands perceptual-motor skills to emphasizing on cognitive activities, i.e. 
problem solving and decision making (Hollnagel & Woods, 1999). 

Automation is almost always about replacing a human with a machine to do 
a mechanical piece of work. As long as the task is fairly easy it is quite simple 
to do this replacement without losing the feeling of knowing what is 
happening. However, the possibilities of automation are far from limited to 
doing simple tasks. Computers make it possible to produce complex systems 
that act autonomously and work without user intervention. Smaller automated 
subsystems are collected and controlled by a central computer. One example 
of such a system is the flight management system in modern aircrafts which 
not only maintains flight heading and altitude but is also able to follow a flight 
path and even land the aircraft fully automatically. Even with these systems 
working there is a need of knowing what is going on in the system and 
understanding how the system sees the world in which it operates. 
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1.1. Problems with automation 
Integrating processes into automated systems is not relieved from problems. 
The automation brings an increase in complexity of the process and 
information exchange between parts that previously were not connected 
happens almost instantly, something that is not always positive. Errors that 
earlier were discovered and corrected before they would spread to the rest of 
the system will now continue into other parts of the system and produce 
completely new symptoms of error which are hard to diagnose. (Woods & 
Patterson, 2001)  One solution to come around the problems of this increase 
in complexity and information processing has been to focus on user 
education. This has to some extent resulted in thick manuals and extensive 
operator training. The problem with this is approach is that it leaves the users 
with a high demand of knowledge-in-the-head (Norman, 1988) and that leads 
to systems that demand high cognitive workload on the users. (Woods, 1994) 
As complexity of systems is steadily increasing this is not a long lasting 
solution to the communication problem of complex systems. Rather it is 
making the need of designing good interfaces between man and machine very 
apparent. As computer software is constantly getting more and more 
sophisticated the machines are given more responsibility in making decisions 
on their own and the man-machine interface is gradually becoming the 
communication link between two cognitive systems (Hollnagel & Woods, 
1999; Woods, 1995).  

1.1.1. Strong but silent 
When integrating automated tasks that previously worked separate from each 
other into a complex system it is possible to get more efficient systems. This 
also means that decisions that a user previously made are taken over by a 
computer system. The increased communication speed between automated 
subsystems that were previously acting independently, together with the 
responsibility of initiating actions given to the computer puts the operator in 
the role of monitoring systems that are very sophisticated. (Woods, 1995; 
Woods & Patterson, 2001) 

Often these systems do more on the inside than what is shown on the 
outside, the information presented to the user is often just a part of the 
information that the decision-making process is based on. They are referred to 
as being “strong but silent” meaning that they have a high level of autonomy 
and responsibility but that the communication about what they are currently 
processing is very poor (Woods, 1994). 
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1.1.2. Automation surprise 
Since the automated system acts in the absence of immediate user input the 
user monitoring the system has to anticipate how it will behave as 
circumstances change in order to keep track of system performance. The 
number of parameters that these systems handle is great and the effort to 
provide users with relevant data often leads to information input overload, 
especially when things outside of the ordinary use situation occur. (Woods, 
1995)  

As the amount of information handled by a complex system is great and 
the system is strong but silent, the users monitoring the system sometimes 
anticipate another action than what the system carries out. This is called 
“automation surprise” and happens when the automated system does not act 
according to the expectations of the user. Questions like “why did it do that” 
and “what will happen next?” are typically asked, and this event is something 
which influences the users’ trust in the automaton. Naturally the cause of this 
is poor feedback from the system about its current activities and 
communicated perception of the situation. (ibid) 

1.2. Choice of perspective 
This thesis is about the communication between man and machine where 
both parts are regarded as entities with cognitive capabilities1. The 
understanding of how another cognitive entity perceives the world depends 
on its communication skills. By regarding automated systems as cognitively 
capable it follows that the system has its own view of the world from which it 
operates. When this view can be powerfully communicated to the user it is 
possible to understand the way the automated system relates to its task and 
how it chooses to perform its actions. With this understanding it is possible to 
powerfully cooperate toward the main objective that the man-machine system 
(MMS) was designed for. 

1.2.1. Cognitive systems in cooperation 
A cognitive system uses knowledge about itself and the environment to plan 
and modify its actions. It is able to view problems in more than one way and 
can adapt itself and plan and modify its actions in order to accomplish tasks. 
The behavior is teleological; data is processed in order to reach a certain 
predefined goal. A cognitive system is thus not only data driven, but also 

                                                 
1 If machines as such actually can be cognitive or intelligent is of course something that can be discussed. In 
this study however that is not the issue, it is enough here to assume that machines can be perceived as cognitive 
entities. 
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concept driven. Man is definitely a cognitive system, and automatons can 
certainly be perceived as that too. (Hollnagel & Woods, 1999) 

In an MMS where both man and machine are considered cognitive they 
form a joint cognitive system (JCS). The two parts are cooperating in order to 
carry out the aim of the MMS; both are processing information and taking 
decisions in line with the objective of the MMS. The Cognitive Systems 
Engineering (CSE) perspective adapted in this work regards the human and 
the machine as pieces of a JCS that together complete each other. In the JCS 
the different tasks in the joint system are distributed between man and 
machine. System performance is dependent on the distribution ratio of these 
tasks and a system will obviously function differently depending on how 
much the two parts control respectively. An MMS where the machine has a 
ratio of 95:5% of automation in relation to the operator does not necessarily 
have to be more efficient than a system at for instance 80:20%, it all depends 
on the situation. An operator detects system failures better when participating 
in system control and not functioning as a supervising monitor if system 
workload is low. When the workload is high the relationship is reversed. The 
mutual understanding between the two parts is very important: 

The goal for design in MMSs should be to make the interaction between 
the operator and the machine as smooth and efficient as the interaction 
between two persons. But it is an essential part of human communication 
that each participant is able continuously to modify his model of the other.  

(Hollnagel & Woods, 1999, p.347) 

The coordination between man and machine is a vital factor in how well 
the JCS performs. When two humans communicate they both have their own 
ontological model of the world. They are also both capable of listening and 
reflecting upon the other person’s view and from that modify their own 
model. The same can be proposed with the JCS as that also is a meeting of 
two cognitive entities. An important difference though is that the internal 
ontological image of the machine is a fixed image given by the system 
designer and the human image is a flexible one. When man and machine 
cooperate together in a JCS the human part needs to understand the 
machine’s image of the world in order to make both function as a joint system 
in the surrounding environment. (ibid) 

When using an automated system the relevant information to the user is 
how the system is performing at an abstraction level relevant to the user, and 
what actions it is likely to take from knowing the current situation. The user 
needs information at a functional level showing how the system will carry out 
its objectives so that it is possible to follow and understand the system’s 
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behavior. (Rasmussen, 1985) The interface between the system and the user is 
the communication link between man and machine and as such it is extremely 
important that it contains relevant data and that it shows these data in a 
decent way. (Woods, 1995) 

The problem of systems of today is that they often leave the user without 
an understanding of why things happen. In case of an unexpected event it is 
possible from the data collected to understand what happened and get 
experience from that. To get informed after an automation surprise has 
happened only helps in getting experience so that the same thing does not 
happen again. If the automation surprise never occurs because of what will 
happen can be foreseen, fatal situations can be avoided before they are carried 
out. (Woods, 1994) The effort of this thesis is to study the possibility of 
creating systems that communicate their behavior in such a way that it is 
possible to understand what future a system is planning into. When it is 
possible to anticipate a system’s actions from observing its current status and 
information it is also possible to interact before unwanted decisions are 
executed.  

1.3. Purpose 
The focus of this thesis is on the communication between the automated 
system and the user and specifically the information communicated from the 
automaton and how the user perceives it. What was interesting to study was 
how to communicate situations where a vehicle autodriving system has to take 
decisions and act according to how the traffic situation unfolded. 

The purpose of this thesis is to investigate how information can be 
presented in a JCS graphical display such that it gives the user a possibility of 
anticipating system behavior. Furthermore it is also to evaluate how trust and 
anticipation as qualities in the use of an automated system can manifest 
themselves. 

1.3.1. Study design 
The perspective adapted in this work regards the automated system as 
independent from the user in the way that it does not need input from the 
user in order to function during normal conditions. To be able to study JCS 
communication and how it can be made anticipative, the existence of a car 
autodriving system was assumed. This system allows a car to drive without 
driver interaction on highways. It acts and reacts according to the traffic 
situation and is able to overtake other vehicles in order to maintain an even 
driving tempo.  
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With this as a starting point a graphical display prototype showing the 
behavior of this assumed system was designed and evaluated. The overtaking 
as a single event was chosen as the event of study as it is an action that needs 
to be decided before it is performed. An overtaking is done in order to 
maintain a desired traveling speed and it is an action that is taken out of how 
the autodriver system interprets a changing traffic situation. This created 
situations where the automation needed to respond to events happening in 
the world around the JCS and take decisions according to that. It also meant 
that the autodriver would meet the requirements of being a cognitive and 
concept-driven system in order to make such decisions.  

1.3.2. Research questions 
As the study design is about the communication of driving and overtaking 
situations the research questions are related to that. The research questions 
interesting in this study of JCS communication are: 

• When the man-machine ratio is changed toward more machine 
control, how can man-machine cooperation be supported? 

• What does the automaton in the joint cognitive autodriving 
system need to communicate in order to satisfy the 
information demands of the driver?  

• What use qualities are interesting when designing a JCS that 
will allow the car and driver to cooperate effectively?  

• How can data be represented in order to create trust-inspiring 
system interfaces? 

• What is important for a user to know in order to be able to 
anticipate system actions? 

• What measures can be taken in order to avoid automation 
surprise? 

1.4. Target group 
This thesis is an effort of producing transferable knowledge in the field of 
automation behavior and how to avoid automation surprise. Thus it is aimed 
at people with similar problems in other contexts as an input to inspiration 
and reflection. 
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2 Research approach 

Central to this thesis is the possibility of designing for anticipation in order to 
avoid automation surprise. Through assuming a JCS and developing a design, 
aiming at creating anticipation for the user, an effort to provide feedback in 
order to avoid automation surprise was made. Use qualities like anticipation 
appear in the interaction or use of an artifact and the design of the display 
prototype described in this thesis is about exploring what anticipation as a use 
quality could look like. The difficulty of defining the design problem prior to 
working with possible solutions made the use of a more traditional 
engineering approach problematic. A traditional analytical engineering 
approach would be to first define the problem and specify what the best 
solution to the problem is before implementing that solution and evaluating it. 
This means that the problem area needs to be understood before the 
development starts. Instead the understanding of what would create 
anticipation increased parallel to working with possible solutions of it. The 
difference between the traditional engineering way of solving problems and a 
design approach is how to address problems, the former focuses on 
understanding the problem before working with the solution and the latter 
finds the problem by working with solutions. (Lawson, 1997) 

2.1. The design process 
What makes the design process unique is that it does not require a defined 
problem area prior to the process start. Instead the problem area is constantly 
forming throughout the process and evolves together with ideas of how to 
solve the problem. The understanding of the problem is constantly changing 
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and during the process the problem itself is defined in parallel with the 
solution of it. Cross (1992, p.20) writes: 

In designing, ‘the solution’ does not arise directly from ‘the problem’; the 
designer’s attention oscillates, or commutes, between the two, and an 
understanding of both gradually develops […] 

In design there is no given solution to a given problem; instead the designer 
early starts to work with possible solutions to the problem and explores and 
defines problem and solution together. Design can be seen as a method of 
finding possible answers, not exact ones. If an exact answer is wanted analytical 
problem solving would probably be more efficient and appropriate. As the 
design process aims at finding possible answers it can never claim to have 
found the best or right solution to a problem. Of course the solution designed 
can be a subject of discussion in how well it serves the situation and how well 
it contributes to the new situation that evolves, but that does not mean it is 
the best possible solution or that it can not be further improved. (Löwgren & 
Stolterman, 1998) 

The perhaps most fundamental characteristic of the design process is that 
the understanding of the situation is gradually developed along with the 
attempts of finding solutions to it. This has to do with the way that the design 
process approaches problems. Typically design problems are described as ill-
defined problems; problems that have no clear or obvious solution and where 
the solution to the problem always can be taken to another level. (Cross, 
1992) Unlike well-defined problems for which there exists correct ways of 
solving them and one final solution (for instance crossword puzzles) the ill-
defined problems have no requirements specifications that if they are met will 
solve the problems. The ill-defined nature of design problems means that they 
can not be solved by just collecting and comparing information in order to 
come up with new knowledge, MacCormac (in Cross, 1992, p.21) says: 

I don’t think you can design anything just by absorbing information and 
then hoping to synthesise it into a solution. What you need to know about 
the problem only becomes apparent as you’re trying to solve it. 

The process of working with solutions parallel to understanding the 
problem is what makes it possible to accumulate a deeper level of 
understanding than if the solution was made into a requirements specification 
prior to the search of possible solutions (Lawson, 1997).  

2.1.1. Abstraction levels 
Löwgren and Stolterman (1998) identify three abstraction levels in the early 
stages of the design process; vision, operative image and specification. These 
three levels are constantly affecting each other throughout the design process.  
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As soon as the designer is confronted by a design situation a vision starts to 
take form. This vision is often a rough idea of how to solve certain issues of 
the design problem and it is typically incomplete. It is used as an organizing 
principle that helps the designer to find structure in the task of understanding 
the design situation. 

In the next step of the design process an operative image of the vision is 
developed. The operative image serves as a first concretization of the vision 
and is typically made up from sketches and metaphors. At first the image is 
quite unclear and as the work continues it becomes more and more stable and 
forms a base for the continued development. This takes place in a dialectic 
process of comparing the vision and the operative image, which often can 
differ quite a lot from each other. Through the process the vision and the 
operative image interact with each other and that in turn affects the designer’s 
view of the design situation.  

When the operative image is considered developed enough it starts to 
function as a specification of the product. The specification will serve as a 
platform for the construction of the artifact. When the specification has been 
presented the design process continues as new problems, demands and new 
possibilities turn up. In the design of interactive computer media the 
specification will typically consist of sketches and drawings which need to be 
experienced in a working model of the design. This is due to the dynamic 
properties and characteristics of the computer media which only appear in the 
actual use situation of the product, this is further discussed in chapter 3.1.2 
Dynamic gestalt. 

Fully dynamic process 
The vision, operative image and specification are all present throughout the 
design process. It is hard, if at all possible, to separate the levels from each 
other, the problem and the solution emerge together in the design process 
(Lawson, 1997). It is typically not a linear process, nor is it iterative either; it is 
a fully dynamic process where all parts of the process constantly affect each 
other continuously. The vision affects the operative image which affects the 
design situation and so on. (Löwgren & Stolterman, 1998) This in turn means 
that the design process has no natural end; since there is no definite answer or 
solution to a design problem there is always a possibility of improving the 
design. What normally ends a design project is lack of time or money, or when 
the designer judges that it is not worth more time to pursue further solutions 
to the design problem. (Lawson, 1997; Löwgren & Stolterman, 1998) 
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2.1.2. Approaching the design problem 
In the beginning of a design project it is important to explore what different 
aspects the design problem has in order to learn about its possibilities and 
limitations and to identify its main characteristics. There are a number of 
methods to do this which aim at producing multiple ways of approaching the 
problem. The purpose of this is to get a good view of what different 
perspectives the problem offers and through that ensure that the solution that 
is finally chosen to continue with is the most promising one. By diverging into 
several possible ways of solving the problem the designer gets an opportunity 
to learn and reflect about the problem and what characteristics it contains. As 
the purpose of the design work is an artifact or a product, the divergence 
phase will be followed by a converging phase where the most promising ideas 
are further developed and refined. Less brilliant ideas are discarded until only 
one idea remains; this will then (hopefully) be the most promising idea to 
continue working with.  (Löwgren & Stolterman, 1998) 

In the diverging phase the experience of the designer will have an impact 
on the number of ideas as well as on the quality of these. It is therefore 
important as a designer to have certain, what Schön (1983) calls, design 
repertoire to draw knowledge from. By studying existing design solutions it is 
possible to learn, recognize and reflect on what others have done and in this 
way expand ones own repertoire, or as the architect Herman Hertzberger (in 
Lawson, 1997, p.113) puts it: 

Everything that is absorbed and registered in your mind adds to the 
collection of ideas stored in the memory: a sort of library that you can 
consult whenever a problem arises. So, essentially the more you have seen, 
experienced and absorbed, the more points of reference you will have to 
help you decide which direction to take: your frame of reference expands. 

2.2. Design knowledge 
Through working with possible solutions to ill-defined problems the designer 
makes use of previous experiences in a knowledgeable way. By using this 
experience the designer is able to recognize patterns and phenomena and tell 
if a design is good or bad. This knowledge exists implicit in the patterns of 
actions and the recognition of a good solution is typically explained as an 
intuitive feeling. The explanation of this lies in what Polanyi (1983) labeled 
tacit knowing, so when a person is asked to describe the actions and decisions 
taken the answer usually results in incomplete or obviously inappropriate 
explanations. Schön (1983) argues that the tacit knowing is used in the very 
moment an action is performed and calls this knowing-in-action; the knowledge 
exists in our actions, not separate from them. 
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2.2.1. Reflection-in-action 
In the parallel process of actively dealing with the problem and solution the 
designer uses knowing-in-action as sketches and models are created. This 
conversation between the designer and the design process allows the designer 
to reflect over the results in a way that is not possible by simply thinking of 
solutions. The reflection over the relationship between performed action, 
expected outcome and actual outcome is something that Schön calls reflection-
in-action. In particular, reflection-in-action occurs when the actual outcome 
differs from the expected outcome. This can be pleasant and positive 
surprises that cause reflection on performance and how it was achieved. 
Reflection-in-action can also take place in situations when the outcome is 
unwanted, or appears as an unpleasant surprise, raising questions like: “What 
caused this to happen and how can it be avoided in the future?” and “What 
did I do different this time?”. Löwgren and Stolterman (1998) describe 
reflection-in-action in an abbreviated form: 

• The practitioner finds himself in a situation where he 
employs familiar strategies and techniques. He does not pay 
special attention to what strategies and interpretations that 
are used. It might be that the knowledge he uses is tacit, it is 
not possible to describe it, just to act with the help of it. 

• Then a familiar action leads to an unexpected outcome that 
in some way surprises the practitioner. 

• The practitioner reflects upon the outcome and the actions 
that lead to it. This reflection is more or less conscious, but 
typically non-verbal. The practitioner may consider the 
situation along with how he has previously thought of it. 

• The reflection-in-action becomes a questioning of previously 
accepted knowledge. The result may be new strategies, new 
interpretations of the situation, or new plans for action. 

• The new ideas are used as a basis for improvised 
experiments, whereby they can be put to the test. The result 
of this experimenting may be a new understanding of the 
previous surprise, or new plans of action to deal with it. 
These experiments may in turn lead to new surprises. 

What makes the reflection-in-action theory interesting is that it is not about 
analytical reflection separated from the action; the reflection occurs in the 
actual practice, not instead of it.  
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By looking at design this way the parallel process of understanding the 
problem and trying to solve it becomes a necessity in order to find plausible 
solutions to ill-defined problems. (ibid) 

As a result of continuous application of reflection-in-action the designer 
accumulates experience which later is used when faced with similar situations. 
The designer’s repertoire of recognized situations will increase and add to the 
previous experience of the designer, as will the repertoire of available 
techniques, methods and actions of handling situations. In this way a 
repository of knowledge is built up through experiencing and working with 
design. (Schön, 1983) 

2.2.2. Transferable knowledge 
It is not entirely appropriate to imply generalizability aspects in this type of 
research. Generalizability is about making predictions based on recurring 
experiences where the researcher evaluates the collected data and tries to 
identify general patterns. As design projects seek solutions on how things could 
be handled and not how things actually are, it is not appropriate to search for 
generalizable structures or patterns in the design product. Instead the notion 
of transferability is more suitable. Transferability refers to the ability for the 
reader to understand the results reported and apply these in their own context. 
The purpose is to make the design available as a source of design repertoire 
for others to draw benefits from. (Barnes et al, 2003) 

In order to produce transferable design knowledge it is important that the 
design is well motivated and extensively described in order for someone else 
to apply the thoughts to their own design problem. In contrast to 
generalizability, transferability has an input on the process that is performed 
by the readers of the research. This means that the readers of the results are the 
ones evaluating how the information could be transferred into their specific 
context. If the descriptions are extensive it will be possible for the reader to 
compare the research situation to their own situation and from that translate 
the research results into their own context. Therefore it is important to 
provide information about how the design decisions were made so that the 
otherwise implicit knowledge that lies behind these decisions becomes 
available. In this way the reader will be able to reflect on the thoughts and 
ideas produced by the designer and transfer these into their own design 
context. (ibid) If, for instance, a company working with ship navigation 
automation design is going to be able to benefit from the work in this thesis 
then they will benefit from understanding the design situation dealt with here, 
what the conditions were and how issues were solved in this specific context. 
By doing so it will be possible for them to understand the problems in this 
design situation and use that as an input to their own design process (ibid).  
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Given the difference between generalizable knowledge, where the 
researcher is the one evaluating the data, and transferable knowledge where 
the evaluation is left to the reader, transferable knowledge leaves to the reader 
to judge whether it is applicable in their own situation. The greater the 
difference between the research domain and the reader’s situation the less 
probable it is that the information will be usable in the reader’s domain. (ibid)  
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3 Frame of reference 

3.1. Design theory 
Design is creation. Design is all about creating something new out of previous 
experiences and vivid imagination. In order to express the design idea and 
give it life the designer needs to give the idea a shape and form and a place 
among what already exists. There are two sides in designing an artifact; the 
design itself and how its structure, function and form cooperate into forming 
an appearance of the artifact and the way the artifact as a whole fits in the 
existing environment. (Löwgren & Stolterman, 1998) 

Design can be studied from three interrelated standpoints; structure, 
function and form. These three standpoints (borrowed from architecture) can 
be used in order to say something about the actual use situation. Ehn and 
Löwgren write: 

The structure of a system is its material of medial aspects, the technology in 
terms of hardware and software. The structural aspects of a system are 
objective in the sense that they are inherent in the construction of the 
system, and less dependent on context and interpretation. 

The functional aspects of a system concern its actual, contextual purpose 
and use. Typically, different users have different purposes for and usage of a 
system. Organizational dynamics and impacts belong to the functional 
aspects, as do functions beyond the simple utilities of the system: one 
example is symbolic functions, such as the use of a laptop to signal personal 
effectiveness. 

Finally, the form of a system expresses the experience of using the system. 
Form is not a property of the system, but rather a relation between system 
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and user. This further means that it is subjective, contextual and contingent 
on the individual user’s previous experience. 

(Ehn & Löwgren, 1997, p.309) 

Together they contribute to the total use experience. The awareness of the 
composition of these three standpoints is very important in order to have a 
successful design-work. The structure, function and form are constantly 
coexisting in the artifact and must all be paid attention to in order to achieve a 
successful and useful result. The designer needs to be able to see how the 
different parts work in conjunction with each other in forming the desired 
context. These internal qualities make out the appearance of the design. 

When composing the different parts into a design, new properties emerge 
that were not present before. When painting a picture the paint itself is just a 
color, but when used by the artist (or designer) a motive can emerge. This is 
similar in all forms of creation; the combining of parts brings out new 
experiences. In this way one can say a design consists of different levels, each 
level based on the parts of the former, and each containing properties that 
arise from the lower levels that becomes apparent with the assembly of the 
parts. This in turn means that the qualities of a design never can be 
experienced without evaluating the actual artifact. (Löwgren & Stolterman, 
1998)  

3.1.1. Representation design 
The way a problem or a process is represented in a system affects the way the 
users understand the problem and through that their task performance is 
affected. A good process representation is an important factor in producing 
efficient JCSs. In order to accomplish successful representation design there 
are three interrelated criteria that needs to be taken into consideration: 

• Put data into context. When designing a dynamic representation it 
is important to keep in mind that data is only relevant in its 
specific context. A single integer contains no meaning as long 
as it is not in relation to something else. It is dependent on the 
relationship it has to other data, to the larger frame of 
reference and to the expectations the observer has of the data.  

• Highlight changes and events. The change of status and the 
happening of events should be highlighted so that the 
dynamics of the monitored process is revealed. It is important 
to determine what an operationally interesting change or 
sequence of change is. For instance it is relevant to highlight 
the approach to a limit. 
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• Highlight contrasts. Representing contrasts means to show how 
the actual status is according to normal system operation. It is 
in the contrast between things that meaning occurs; the current 
system state does not mean anything unless it can be compared 
to what the expected system state is. It could be said that one is 
highlighting anomalies. If the current rate of change is higher 
than normal it needs to be shown. (Woods, 1995) 

Good representation design will give users more focus on the JCS’s 
objective task rather than on interpreting the machine’s current system status. 
This means that JCS efficiency benefits from a good representation since the 
parts of the JCS are able to perform as a common unit. This also means that 
risks of automation problems such as automation surprise are minimized. 

3.1.2. Dynamic gestalt 
When designing for the computer medium there is another aspect to take into 
consideration. The possibility of designing something that has an ability to 
behave and change according to input from the surrounding environment 
gives a dynamic quality to the designed artifact. The gestalt of these artifacts 
appears in the use and interaction with them. It is possible to describe a static 
artifact in words and pictures in order to give an understanding of its 
appearance; a dynamic artifact contains another level which is not possible to 
understand by just describing it. For instance, one can not get the experience 
of a film by having it told, it has to be seen. The same goes for a graphic 
display; the dynamic gestalt can only be experienced by exploring the artifact. 
(Löwgren & Stolterman, 1998) 

When using a dynamic artifact there is always a line of events that goes 
from a start through a series of events to an end. This line of events can have 
different dramatic qualities, for instance it can be obvious, stressful or 
repetitive. The qualities are connected with the actual use of the artifact and 
this temporal flow of activities is what brings forth the dynamic gestalt of the 
computer artifact. (Löwgren & Stolterman, 1998; Woods, 1995) 

3.1.3. Dynamic reference 
Another aspect of the dynamic qualities in a computer artifact is what Woods 
(1995) describe as dynamic reference. This has to do with how the 
information from sensors monitored by the system is presented. A system 
monitoring for instance the level of a tank traditionally shows a digital integer 
for the current level. The displayed integer gives the current value of a sensor 
but it does not say anything about what speed the level is currently rising or 
sinking. The operator has to compensate for this absence of knowledge-in-
the-world with knowledge-in-the-head (Norman, 1988). The computer 
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graphical display makes it possible to create references that inform the 
operator about more than just the current level. A dynamic reference of the 
same tank would show the current level of it as a part of a display also 
showing the context of its normal operating limits and current behavior. 
(Woods, 1995) 

A dynamic reference shows the ongoing change of a static measure. It is 
the behavior of the value that is represented and by showing that behavior it is 
possible to expect the possible and almost certain future if no intervention 
takes place.  

The dynamic reference is a subset of the dynamic gestalt and has only to do 
with the representation of data in a dynamic way which makes use of the 
powerful possibilities of the graphical interface. While the dynamic gestalt is 
something that exists in everything that incorporates change and a temporal 
flow of events, like a film or a computer program, the dynamic reference is 
about the representation of the change itself. (ibid) 

3.2. Usability and quality-in-use 
Usability is the concept of making computer systems easy to use. In order to 
make usable systems the user and the artifact (or product) is studied. Through 
measurable units such as for instance effectiveness, efficiency and learnability, 
usability is defined and accomplished. (Faulkner, 2000) Even though the 
concept of usability is quite young it has a few different philosophical views 
on how to achieve usable systems. These include scientific studies of how the 
alterations of interface parts bring out more efficient use as well as studies in 
how usability can be used as an engineering tool in order to produce usable 
systems. (Löwgren, 1995) 

The scientific approach to usability (i.e. general theory) studies the usability 
concept in a scientific way. By conducting laboratory tests the aim is to collect 
enough experience about usability so that new systems can benefit from that 
accumulated knowledge. The idea is to research how usability is created and 
affected in the relations of the user and the system and how the user 
quantitatively responds to different interface modifications. From this it is 
possible to get statistical evidence of what causes usability and thus usability in 
itself is considered a knowledge that can be defined through research. (ibid) 

Another view of usability is usability engineering. Usability is seen as a part 
of the systems development cycle and measurable usability results are 
specified prior to the development starts. These specified usability qualities of 
the artifact are continuously compared with the artifact during the systems 
development and if and when they are met the artifact is considered usable. 
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Focus here is on meeting the usability properties of the artifact being 
produced. (ibid) 

It is always the system and the user and how changes in either part affect 
the whole that is studied. The concept of quality-in-use, (or use quality) 
however, shifts the focus from studying the user’s interaction with the artifact 
or the artifact’s impact on the user to instead look at the qualities that lie in 
the actual use of the artifact. It is not an extension of the usability concept; it 
should more be regarded as a shift in focus from artifact to activity. In order 
to study the qualities-in-use of a system Ehn and Löwgren (1997) connect the 
design function, structure and form with three quality perspectives; 
construction, ethics and aesthetics: 

The constructional quality of the system is expressed in terms of 
correctness, as is readily exemplified within the field of software engineering. 
Concepts such as performance, robustness, maintainability and portability 
are routinely developed and used to talk about the constructional quality of 
systems, typically in a way that is independent of the current use context. 

The ethical quality of the system concerns whether it is used in the right 
way. Ethical questions are typically related to utility and power: Who benefits 
from the system? Who loses, who wins? Whose purpose is the system 
fulfilling? Ethical quality is obviously contextual […] 

The aesthetical quality of a system is probably the hardest to explain and 
the least well-developed in the literature. To many individuals, aesthetics is 
associated with superficial beauty. For instance a painting is perceived as 
beautiful, or a dress as pretty. But to take the form aspects of a computer 
system in use seriously requires more than merely assessing the beauty of the 
user interface. Again, form is not a property of the system but a relation 
between system and user. Aesthetic judgment is based on a repertoire of 
previous experiences (“This word processor feels like a cheap radio”), ideas, 
values and aesthetical concepts such as appropriateness (“the toolbar offers 
an appropriate set of tools”) and comfort. 

(Ehn & Löwgren, 1997, p.309) 

The constructional quality can also be seen in the usability concept. The 
ethical and aesthetical qualities however are strongly connected to the use of 
the artifact and are dependent on the presence of a user. Without a user there 
are no ethical or aesthetical qualities to talk about as these qualities only exist 
in interaction with humans. These three aspects on quality-in-use have to be 
considered together and it is in use situations that they meet; “to assess 
quality-in-use means to describe and critique a use situation from all three 
perspectives in a holistic way” (ibid, p.310). 
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To design for quality-in-use it is also necessary to consider these three 
perspectives in correspondence with the structure, function and form; 
constructional quality for the structure, ethical quality for the function and 
aesthetical quality for the form. (Ehn & Löwgren, 1997) It is also important 
for the designer to have a repertoire and experience of previous successful 
designs in order to use the quality perspectives in a contextually relevant way 
(Löwgren & Stolterman, 1998). 

In contrast to usability the concept of quality-in-use focuses on more 
subjective things that happen in the interaction of man and machine. Central 
is the use situation and the experiences that arise in it. In this way the quality-
in-use concept has just the right focus for studying JCSs.  Since the JCS deals 
with the cooperation of man and machine in order to carry out a given task it 
is in the study of efficient use that the possibility of successful JCS 
development exists. The quality-in-use perspective is therefore a very suitable 
perspective for assessing a JCS. 
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4 Automated driving 

In order to study the communication and cooperation within a JCS, a 
graphical display prototype about car driving was designed and evaluated. 
Imagine what it would be like to drive on to a highway and, instead of just 
setting your cruise control, you had the option of letting the car drive all by 
itself. You as a driver would have the choice of being a passenger in your own 
car letting the car take care of the driving so that you could sit back and relax 
and just enjoy the ride. In this scenario the JCS consists of the car and the 
driver. The autodriving MMS moves the relationship of the man-machine 
relation toward an increased machine ratio. 

4.1. Designing for trust and anticipation 
The design process has been about creating a graphical environment that 
communicates the behavior of the autodriving system. For simplicity reasons 
the system prototype was limited to driving on highways. 

The aim of the design was to produce a display that makes it possible for 
the user to anticipate what actions the system will take (cf. Flach, 2000). If you 
would let an automated system take control over your car you would probably 
want some confirmation that the system knows what it is doing and that the 
driving that it takes on feels safe and comfortable. More than that you would 
also want to know how the system behaves and reasons and have some idea 
of what actions that are likely to be taken.  

All this is the need of having confidence in the system. If you have trust in 
what the system is currently doing and can anticipate what actions it is about to 
do then it is possible of being confident with its decision-making process and 
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performance. Creating these qualities in the use situation of the car and driver 
has been the challenge of the designwork.  

4.2. Automobile driving 
When the driver is replaced by automation it is necessary to provide the driver 
with the information that normally is processed manually by a graphical 
representation. This representation needs to be based on what the driver is 
normally occupied with while driving.  

4.2.1. Vision and perception in driving 
The car is a tool for transportation. We use it either to reach a certain goal or 
just for the fun of using it. If we disregard the physical coordination needed to 
get a car moving then driving is most of all a perceptive task. It is so in the 
sense that we react to different objects around us and value information about 
the surrounding environment in order to continue our travel in a direction 
leading to our goal. If we generalize it driving is a form of locomotion, as 
walking or riding a bike, and the way we perceive things when in locomotion 
is the same regardless of the tool we use. Most of all we base our perception 
of the locomotion on vision as we move along a path that is within our visual 
field in order to avoid obstacles and ultimately reach our desired destination. 
(Gibson & Crooks, 1938) 

The visual field of the driver is a rather special field. It is selective in the 
way that elements in the environment that are of interest to the locomotion 
stand out and elements that are not relevant to the driving are ignored. In this 
way other cars, pedestrians and objects that interfere with our travel are 
acknowledged, and less relevant visual impressions like buildings and the 
landscape are ignored and become a part of the scenery in the background. 
The most important part of terrain in the visual field is the road. Within the 
road lies what Gibson and Crooks defines as the field of safe travel, an 
indefinitely bound field that at any given moment has a field of possible paths. 
These are the possible paths that the driver can choose without losing 
momentum. It could be described as a sort of tongue heading forward along 
the road. The limits or boundaries of the tongue are the objects in the terrain 
that have a negative valence relative to the locomotion. The field of safe travel 
itself has a positive valence and especially along its middle line. The valence of 
an object, positive or negative, is the way it is experienced in the current 
situation. For instance a truck can have a positive valence if you want to 
transport big things and a negative valence if you are stuck behind it on the 
road. (ibid) 

The field of safe travel is not only a subjective experience of the driver; it 
exists objectively as the field within which the vehicle can be maneuvered 
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safely, whether or not the driver is aware of it. It is a dynamic field that shifts 
and changes with the turns of the road and the speed of the vehicle. A fast 
speed means a long and narrow field of safe travel and opposite, a slow speed 
means that the field of safe travel is shorter and wider. It also changes in 
shape depending on obstacles that comes in the way which limits its 
boundaries. Collisions are avoided during all kinds of locomotion by either 
changing the direction or by braking or decelerating. Keeping the current 
speed is always preferred to decelerating and will be the choice as long as 
there is a path of possible travel that allows for it. Should the field be 
obstructed reduction of speed is needed in order to avoid collision. (ibid) 

From this definition of driving steering can be defined as “a perceptually 
governed series of reactions by the driver of such sort as to keep the car 
headed into the middle of the field of safe travel” (ibid). By steering we aim to 
keep our vehicle in motion without any loss of speed. In this way a lane 
change on the highway occurs when the lane ahead contains objects with a 
negative valence in our current lane and the field of possible paths allows for a 
lane change to occur. (ibid)  

Within the field of safe travel there is another zone which perhaps is less 
precise as a phenomenon but behaviorally and objectively just as real. This 
zone is set by the minimum braking distance of the vehicle. If the driver 
chooses to, it is possible to stop within this range. This zone is naturally 
shorter than the field of safe travel and is directly dependent on the current 
speed. Varying from driver experience and risk-taking willingness a certain 
ratio between the field of safe travel and the minimum stopping distance 
exists. According to the conditions of the car and road this ratio sets the 
maximum comfortable speed and is a factor in creating a safe driving 
experience. Driving with a small ratio between the field of safe travel and safe 
stopping distance means driving near the limits of what the road and surface 
conditions allows for and is normally what race driving is all about. (ibid)  
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4.3. The autodriving display 
The prototype itself is the graphical display part of the 
autodriving system (figure 1). The physical size of the 
display prototype is approximately 8x20 cm and the 
placing in the car could be somewhere in the middle 
console or why not on the dashboard for good 
visibility.  

When the task relation in the JCS is changed 
towards more automation it is necessary to substitute 
what former was the humans’ task with 
representations that give the user information about 
the situation and decisions that previously was the 
users’ responsibility. 

The display shows the placing of the car on the 
road together with the surrounding traffic and its 
purpose is to give the user a clear understanding of 
what the system perceives and how it will act 
according to the information collected. The object is 
to leave the user with confidence in that it is driving 
with awareness of its surroundings and to give the 
user the possibility of anticipating the actions that will 
be taken when closing in on situations that need to be 
dealt with. 

4.3.1. Three parts 
The purpose of the display is to communicate how the autodriver perceives 
the environment and what actions that perception is causing. The design 
consists of three parts that together communicate both the present situation 
and the expected actions in the future. The parts are:  

• The autodriver’s image of the world. This is how the road 
environment with the traffic around us looks like, 

• The autodriver’s perception of the world. This is represented with 
zones, which communicates how the system perceives, 
experiences and values what it sees in the current situation and 

• The autodriver’s communication of decisions. This is communicated 
through symbols which show what actions the system is 
planning. 

 
Figure 1 

The display prototype 
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Image of the world 
In order to give the user an understanding of what the 
system is dealing with, the display shows an above view 
of how it sees its surrounding environment (figure 2). 
Our car can move horizontally through the lanes but is 
always situated in the vertical middle of the display and 
the road and other vehicles move relative to our 
position. The orientation is track-up, our car is always 
headed towards the top of the display and as we go 
along the surroundings move around us. Since the car is 
not moving in the display or relative to the driver, the 
display shares the same point of reference to the 
environment as the driver. By sharing the same point of 
reference it is easy for the user to compare the actual 
situation with the system’s view of the situation. It is 
therefore easy to verify that the system has seen 
everything and to follow the system’s operations when 
the autodriver is active. This creates the possibility of 
understanding the system’s image of the world from 
which its decisions are made. 

Perception of the world 
The view of the road sets the environment and describes how 
the autodriver system sees it, but it does not say anything about 
how the system perceives the situation. In order to describe how 
the system perceives the current situation, how it relates to the 
other traffic and judges the situation there are zones, 
dynamically adaptive colored fields that point forward and 
backward from the car (figure 3). The zones represent the 
visual attention and awareness of the autodriver. They do not 
coincide with the concept of field of safe travel although they 
do have some properties in common. 

It is a graphical way of describing the perceived vision of 
the system in such a way that it represents where a human 
driver has attentive focus while driving. It is an attempt to 
visualize how the system judges the situation and how it in a relative way 
distributes the need of attention on which it bases its decisions. As with the 
graphical description of the road environment it is an effort of 
communicating something in a way that even if the driver has not reflected 

 
Figure 2 

The road environment 

 
Figure 3 

The rear zone 
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about it from earlier experiences, it is understood as a natural way of resolving 
the communication. 

The zones aim is to give the user an understanding of how the system 
judges the situation. When the car runs on the highway it is important to 
know that the autodriver not only has seen the surrounding vehicles that are 
closing in on our position but also to understand how it perceives this and 
judges it from its current situation.  

When we are traveling along the road, vehicles close in on us from two 
directions; those that are running slower, and those that are running faster 
than us. When we run into a vehicle that is slower than us we overtake it in 
order to maintain our desired speed. When vehicles run faster than us we do 
not take any active action, we just keep our position in order for the other 
vehicle to overtake us. Even though we do not take any active action there is 
still a need to acknowledge its position and follow its movements.  

Since vehicles close in on us from two directions there are two zones 
directed in the line of travel, one in front of us and one in the rear. Vehicles 
that are leaving us, either those that go faster than us and are disappearing in 
the road ahead, or those that go slower than us that we have passed and are 
leaving behind, are of little interest and therefore considered a lesser threat 
than those closing in on us. The zones react accordingly and show a higher 
level of attention for vehicles that close in on us but have not yet passed us. 
Since we travel in a forward direction our need of attention is greater ahead of 
us and it is there that we are likely to have the most focus. When driving we 
have a far longer sight ahead of us than behind us. The zones reflect this by 
having a long front zone and a shorter rear zone. In this way more focus of 
attention is given to what happens in front of the car and this is a way of 
representing the normal drive situation where forward sight has the higher 
priority. Vehicles that come up from behind are not unimportant, but of less 
importance than vehicles that we catch up with. 

Depending on the estimated level of attention the zones vary in intensity 
and color. The higher the intensity, the higher is the current demand of 
attention and need of acting according to the situation. Vehicles that close in 
fast on our car will trigger a higher intensity level in order to inform the user 
that they are acknowledged and that the autodriver has its attention directed 
on them. Also, when traffic is heavy and there are many vehicles in the zones 
at once the intensity will increase. The color of the zones vary from green 
through yellow to red and the higher the severity of the situation, i.e. number 
of vehicles in the zone and their speed relative to ours, the closer to red in the 
color range they get. Similar to the field of safe travel they also vary in length 
according to speed. The higher the speed, the longer is the field of safe travel 
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and in the same way the zones varies in length according to the current speed. 
All this together brings forth a dynamic display of the perceived situation of 
the system. 

Communication of decisions 
So far we have dealt with how the present looks like (the road environment) 
and how it is perceived (the zones). When in motion we also plan and move 
into an expected future based on the current situation, i.e. from how we 
experience our situation now we plan ahead in order to be able to continue our 
locomotion with as little interference as possible. The autodriver system also 
plans ahead into the future and makes decisions in order to continue its travel 
at constant speed based on its perception of the world. From the information 
about the road environment and the zones it decides which actions that are in 
line with the objective of keeping a constant pace of travel. This plan is 
something that needs to be communicated and therefore there are symbols 
indicating what actions that are about to be performed.  

There are four different symbols (figure 4), two that signals change of 
speed and two that signal change of lane. The two speed symbols 
communicate acceleration (figure 4a) and deceleration (figure 4b), the 
acceleration symbol is green and the deceleration symbol yellow. The two lane 
change symbols are mirrored to the left or right depending on the direction of 
the current lane change. The difference between them is that figure 4d and e 
are green arrows that communicate a lane change and figure 4c and f are 
yellow arrows with a red bar communicating that lane change is desired but 
not possible to perform at this point. An example of this would be when our 
car catches up with another car and has a car on its outside preventing it from 
initiating an overtaking. At this point figure 4c is used saying that it is aiming 
at overtaking the vehicle ahead but that it is not possible at the moment since 
there is another vehicle blocking our free path. The same goes for a blocked 
return but with the mirrored version of the arrow (figure 4f). 

Before the actions are initiated the symbol corresponding to the action will 
flash in the display in order to inform the user of the upcoming action. As we 

 a b c d e f 
Figure 4 

The symbols 
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get closer to the actual point of initiating the desired action the symbols’ 
flashing speed increases and when the action is finally initiated the symbol is 
constantly lit. When the action is performed and done the symbol disappears. 

The only two options of actions for a vehicle going at constant speed and 
lane are either a change of speed or a change of lane. From this the symbols 
can be split up in two different categories, those that deal with changes in 
speed and those that deal with changes of lanes. There can be only one 
symbol from each category visible at any time but there are no restrictions in 
combining symbols from the two categories. This means that the system can 
communicate a simultaneous lane change and acceleration. The possible 
actions that follows after lane change is something that will be decided 
according to that new situation and therefore a new lane change will not be 
communicated before the present one is complete. Also a lane change will not 
be initiated unless the field of safe travel allows for a path of possible lane 
change. 

4.3.2. Example scenario  
Together the three parts form a display-system that gives the user information 
about what the system sees, how that image of the present is perceived and 
what future the system is planning for. The present and how it is perceived is 
generated by the image of the car in its road environment and the zones. How 
the future is anticipated is communicated by the symbols. When these parts 
are combined they graphically represent the task the driver normally has, and 
by communicating that information the user can form an understanding of the 
system’s performance and behavior. 

One of the test scenarios made for prototype evaluation purposes looked 
like this: 
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During normal operation when there is no traffic near the vehicle the 
display only shows the road environment as there is nothing that demands 
system attention. (figure 5a). As other vehicles get closer (figure 5b) the rear 
zone is lit in dim green in order to show that the vehicles have been 
acknowledged. The closer we get without changing lane (figure 5c) the 
brighter the zone is lit and the color slowly shifts from green to yellow. Note 
that there still is a car just behind our vehicle which in figure 5d has begun to 
overtake. At this point we are also closing in on a vehicle ahead and the front 
zone is lit in a low intensity green.  

 a b c d  
Figure 5 

An example scenario of the prototype 
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As the vehicle ahead of our car closes in (figure 6a) a decision about 
overtaking is made. Since it is not possible to change lane at the moment due 
to the vehicle to the left of us the symbol for an awaiting overtaking starts to 
flash. The front zone has shifted to a brighter green and is turning more and 
more toward yellow. 

When the car to the left of us has passed (figure 6b), the awaiting 
overtaking arrow is replaced by a flashing lane change arrow, the front zone is 
now yellow. As soon as there is sufficient place to the left (figure 6c) the 
flashing arrow turns solid and the lane change starts. The front zone is now 
bright yellow and the rear zone dim green indicating that the situation in front 
of the car demands attention and caution and that the car behind us in 
acknowledged and considered a quite small risk factor.  

In figure 6d we have performed the lane change at the same time as the car 
behind us has closed in further on our position and the rear zone has turned 
bright yellow. The same goes for the front zone as we are relatively close to 
the vehicle in front of us and have a close focus on its current actions. 

 a b c d  
Figure 6 
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As we are in the left lane the planning of a return to the right lane is 
presented (figure 7a). As our current speed is higher than the vehicles to our 
right the autodriver’s decision is to not return to the right lane before we have 
passed the truck. Therefore the awaiting lane change symbol flashes, 
indicating that it is not a possible path to position itself behind the truck. 
After we have passed the car behind the truck (figure 7b) the awaiting 
overtaking symbol is replaced by a flashing overtaking symbol in order to 
communicate that the lane change will start as soon as the field of safe travel 
allows for a lane change. With enough margin the lane change is performed 
(figure 7c) and the overtaking arrow has changed from its flashing state into a 
solid. When the lane change is performed (figure 7d) the green arrow 
disappears and both zones are now in a light green since both the slower truck 
behind us and the faster car ahead of us demand little need of attention to our 
continued travel. 

 a b c d  
Figure 7 
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As the vehicles around us gradually disappear (figure 8a) the zones 
disappear and finally we are back where we started, with no perceived need of 
attention or action readiness (figure 8b). 

 
 a b 
Figure 8 
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5 Prototype 
evaluation 

The prototype was qualitatively evaluated in order to get feedback on the 
design. The aim was to see if the driving representations were comprehensible 
and how anticipation and trust as use qualities manifested themselves. By 
creating animated scenarios that showed the prototype in action it was 
possible to see if the dynamic properties were comprehensible and the 
interview that followed gave information about the presence of the use 
qualities and how the prototype was experienced.  

5.1. Method 
The evaluation was performed in two steps; first a prototype evaluation 
session where the respondents were introduced to the prototype. Questions 
about how they understood what the display was showing and what they 
thought the system would do as its next move were asked. After that an 
interview session followed in order to get a deeper understanding of how the 
respondent had thought about the display and which comments they had on 
the design. We also talked about their experience of automation and the 
attitude to using and accepting automation in other areas of transportation 
such as planes, trains and cars. 



34 

5.1.1. Cooperative evaluation 
The purpose of the evaluation was to gather qualitative data about the design 
and find out to what extent the qualities-in-use were present. For this purpose 
a formative evaluation approach was the most obvious choice. In contrast to a 
summative evaluation, whose purpose is to evaluate how improvements of a 
system has affected the performance, the formative evaluation aims at 
collecting input for the design in order to further develop and improve a 
system. (Faulkner, 2000) 

Cooperative evaluation is an easy way to find significant usability problems 
without having a high number of test persons. It is usually done by having an 
interactive prototype and by giving the test person tasks to perform with the 
prototype. From this it is possible to observe errors made in order to 
complete the given tasks. The test person is encouraged to speak out loud 
what thoughts and actions that were made, and from having this conversation 
it is possible to learn something about problems experienced in the design. 
The evaluator also participates in the evaluation by asking questions about the 
prototype and in this way the evaluation session becomes a conversation 
about the experience of the use of the prototype. (Monk et al, 1993) 

The evaluation is done with one person at a time and it is important to 
make that person feel comfortable in expressing both their positive and 
negative impressions as the evaluation continues. In this way it is possible to 
get a good idea of what kinds of usability problems there are and also what 
parts of the design that work well and what parts that do not. (ibid) 

In order to evaluate the design six animated scenarios were constructed. 
This allowed for the dynamic appearance of the prototype to be experienced 
and tested on a simple computer screen. Of the six scenarios three were for 
educational purposes and three were focused on evaluating the use qualities. 
By starting easy with a scenario only showing the environment part of the 
prototype with an easy overtaking scene and from there adding the parts one 
by one until all parts were present the evaluators had a good opportunity to 
learn how it functioned. When all the parts were understood in how they 
worked and how they collaborated together the three test scenarios followed. 
These scenarios were more complex than the educational ones and showed 
traffic situations were the system had to react and take active actions in order 
to continue its travel at the desired speed. 

The complexity of the situation and the amount of surrounding traffic 
increased between the scenarios and the last one was a high pace scenario at 
speeds far above normal highway pace. In this way it was possible to challenge 
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the usability qualities of the prototype and get information about what really 
worked and what did not work very well. 

In the middle of every test scenario the display froze and a conversation 
about the use experience followed. To be able to say something about the 
qualities-in-use in the prototype, two topics were discussed:  

1. Describe the current traffic situation and what you think of it, 
and  

2. describe how you expect the scenario to continue from here, 
keeping in mind that you know the relative speeds of the 
vehicles around us. 

Through this it was possible to gain information about how the system 
communicated and if that communication was sufficient in order to create the 
qualities-in-use that the design aimed for. Since it was a design prototype that 
was evaluated it was not possible to say anything about the constructional 
quality perspective. The other quality-in-use perspectives, ethics and aesthetics 
deals closer with the actual use of the autodriver system. The cooperative 
evaluation method was very useful here as it encouraged the discussion of the 
respondents’ use experiences.  

The first topic, the situation as it had developed and how the autodriver 
display responded to it gave a good input to say something about whether or 
not the autodriver inspired trust as a quality. The second topic corresponded 
to the presence of anticipation.  

5.1.2. Semi-structured interviews 
There are several ways to perform interviews; the range goes from very 
structured interviews, where the interviewer is asking the exact same questions 
to all respondents and is not allowed to further investigate anything by asking 
follow-up questions. The other extreme of interviews is the interview form 
where there are no predefined questions but only known areas to be covered 
in the conversation that follows. (Lundahl & Skärvad, 1999) These two 
extremes can of course be useful if the investigation that is performed 
motivates them.  

Somewhere in the middle is what is known as semi-structured interviews. 
These are interviews where the interviewer has predefined questions that 
support the conversation and make sure it is aligned with the purpose of the 
interview. If necessary, questions can be followed up in order to clarify and 
fully understand the answers given. This level of interview structure allows the 
interviewer to have a conversation about the topics covered in the questions 
without being limited by these. A skilled interviewer can thus easily direct the 
conversation in an interesting direction. This type of interview gives a certain 
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freedom in the conversation as it does not bind the interviewer to a fixed set 
of questions and still it helps to direct the interview in a desired direction. 
(Lundahl & Skärvad, 1999) 

The interviews were, just as the cooperative evaluation session, divided into 
parts. First there was a conversation about what the test person thought about 
the prototype and if they would use such a system if it existed today. Then a 
conversation followed about the experience of being the passenger of a 
vehicle and what it is that causes the experience of security and trust in other 
peoples’ driving. The finishing part was an open discussion about automated 
systems in general in areas such as automated planes and trains. 

The first part was an opportunity for the respondent to express general 
thoughts and comments on the prototype. If there was something that had 
not been communicated during the cooperative evaluation session that needed 
to be expressed then this session was an invitation to do so. This part 
followed straight after the cooperative evaluation and served as a debriefing 
session. It allowed for the respondent to say something about the experience 
of the whole prototype and not just the evaluation events in the scenarios.  

The second part was to see how the qualities-in-use that were designed for 
were present. The respondents were given the task of comparing a driver in 
their own community that they perceived as safe to a driver that they felt 
unsafe with and try to distinguish what differences there were between them. 
From this part it was possible to get an understanding of what the 
respondents considered to be safe driving and to compare that with the 
performance of the autodriver.  

The last part of the interview session was about automation in general. If 
highly automated systems like the autodriving car system existed today, to 
what extent would the respondents accept using them? This question gave an 
insight into how the respondents experienced the possibility of letting a 
machine have a great deal of responsibility in situations that affected them 
closely. It also correlated to the other two questions by talking about the same 
topic but in a wider context. Thus it was possible to compare if the attitude 
towards automated machines on this level corresponded to the more specific 
levels of the two previous questions. It is not uncommon that respondents 
want to support the evaluator’s research by giving the evaluator the 
information that they presume is wanted (Repstad, 1999). This was an effort 
to test the validity of the respondents’ answers. 

The second and the last part of the interview were very closely related to 
the study of the ethical and aesthetic perspectives on quality-in-use. Through 
these parts it was possible to get an understanding about the respondents’ 
ethical attitudes towards automation in areas where their own safety were at 
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risk. It was also possible to get an insight into aesthetic attitudes towards the 
autodriver’s interface. Not in the sense of superficial beauty in the choices of 
colors or smooth graphics, but if it was something that the respondents felt 
was missing in the design or if the prototype itself had ways of 
communicating that was inconsistent with the respondents’ earlier experiences 
of driving. 

5.2. Respondents 
The selection of the respondents aimed at getting a population that drove cars 
on a regular basis, i.e. it was not sufficient to just have a driver’s license. A 
frequent driver is naturally more used to reading traffic and also more used to 
driving on highways. The respondents were selected in order to get a good 
starting point for evaluating the autodriving system’s communicative 
performance; it was not interesting to evaluate the respondents’ driving 
performance. The significant difference is the focus of the evaluation, what 
was interesting was to evaluate the autodriver as a part of a JCS where the 
communication between the human driver and the autodriver is central. It was 
not interesting, nor possible, to say anything about differences in the 
respondents’ answers in regard to their background. 

As it was a qualitative evaluation it was not possible, nor desirable to 
produce a statistical representation (Repstad, 1999). Therefore it was 
interesting to choose respondents according to their previous experiences and 
opinions and to get a good representation of different driving experience. 

Both Monk et al (1993) and Nielsen (2003) argue that about five test 
persons is enough for evaluating an unfinished design in order to find major 
usability issues. As said earlier, the aim of the evaluation was to see how the 
prototype communicated, to what extent the qualities-in-use were present in 
the design and in what manner they manifested themselves. For these 
purposes the evaluation was performed with five test persons. Of these five, 
four were frequent drivers, two with a mileage per year that is far beyond what 
the average driver usually does per year, 65.000 kms respectively 40.000 kms. 
The reason for letting them participate in the evaluation was that from driving 
that much they could be assumed to have a certain level of driving skill. This 
includes experience in reading traffic further ahead and planning actions 
according to this in a way that the average driver normally does not (e.g. 
Gibson & Crooks, 1938, p. 465). That skill in reading traffic further ahead is 
something that the automated driving system needs to have in order to create 
a calm and safe driving environment for those using it. By letting these two 
participants be a part of the evaluation it was hoped that it would be possible 
to say something about the way the system planned upcoming events 
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according to the changing environment. The other two frequent drivers 
usually made about 15.000 kms per year and that is a more normal distance. 
The last test person did not drive frequently but was accepted anyway in order 
to get a picture that was as wide and general as possible in the evaluation 
(Repstad, 1999). 

5.3. Results 
The results of the evaluation showed that the use qualities were present and 
that the prototype could be improved to further support them. Some 
shortcomings in the representation were discovered and the interviews made 
it clear that these affected the overall impression. 

5.3.1. The evaluations 
The evaluations brought up many interesting issues about the design and 
proved the possibility of designing for anticipation. There were few problems 
for the respondents to understand what was happening and foresee what 
actions that would follow from what the display showed. The biggest problem 
in anticipating how a scenario would continue was due to a prototype 
implementation error which made it impossible to accurately foresee how it 
would continue. This was related to the design of the scenario and thus 
separate from the design of the prototype.  

The road environment 
The test persons had no problems to understand the 
image of the road environment and how it worked, but 
what was a problem was the scaling of the road and its 
objects. For instance, the middle lines were far too long 
considering that they in the prototype are about four to 
five times the length of the car. The car in the display can 
be assumed to be about five meters long and according to 
this the lines in the prototype would then correspond to 
real lines between 20-25 meters. In reality the length of a 
highway middle line is perhaps half the length of the car 
and therefore the appearance of the visible stretch of road 
in the display gets distorted. This gave the impression that 
the stretch of road visible on the display was much 
shorter than it actually was, and from that some of the 
test persons experienced that the autodriving system was 
not planning as far ahead in the road as the design was 
trying to give the impression of. 

 
Figure 9 

The narrow zone 
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The zones 
The zones proved to be the most difficult representation part of the 
prototype. One of the problems was that vehicles that were beside the car 
were not covered by any zone and this left the respondents unaware of 
knowing if and how these vehicles were judged. 

The way the zones worked was not defined well enough in the design and 
that showed in the way the dynamic appearance of the prototype was 
perceived. It was obvious that there were several different implicit 
interpretations of the information of the zones. Even though the respondents 
claimed that they understood their function by the way they were described, it 
was clear that they added more functional and contextual information content 
to them than what was originally explained.  

The zones gave good information about the overall perception of the 
situation ahead and behind, but they did not give information about how a 
specific vehicle around us is perceived. A single vehicle can be perceived as 
everything from calm and trustworthy to erratic and unsure and that specific 
behavior is not reflected in the information from the zones.  

It was obvious that the respondents forgot that they were looking at the 
autodriver’s image of the road environment. Vehicles that were not covered 
by the zones were interpreted as not recognized or considered by the 
autodriver. This also gave an important insight in that the shape of the zones 
is too narrow (figure 9). When our car is alongside other vehicles there is no 
zone covering them. This means that there is nothing representing that the 
autodriver is judging and taking these vehicles’ behavior into account. 

Also the focus of the zones showed to be a bit misleading; the zones 
should focus more on vehicles closing in on us and less on the ones leaving 
us. This goes for both vehicles that we have passed and are leaving behind 
and vehicles that have passed us and are disappearing ahead. These vehicles 
are of little interest since they are not posing any threat to us or demanding 
any future need for action. Hence they should not be given very much 
attention from the zones, instead those cars that really affect us are the ones 
closing in on our position and these are the vehicles that the zones really 
should focus on.  

One misconception was that the zones would turn red by the time an 
action was due to start. It was conceived that the zones communicated the 
estimated time to initiating an action. Another misconception was that the 
autodriver would strive towards keeping the zones at a green level and that 
yellow and red zones signaled that an adjustment of distance or speed to other 
vehicles was necessary. Although this was not far from the design idea it 
suggested that the autodriver should react to the zones in a more responsive 
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way and that the zones should change color and intensity in a more dramatic 
way. Zone color should easier shift into the red part of the scale and bigger 
color changes should occur more often. 

The symbols 
The granularity of the information from the symbols proved to be a bit too 
rough; the respondents said that they understood the coming action but that 
they did not get enough information about when the action would take place. 
Instead of just communicating that a lane change would occur it was obvious 
that more detailed information was wanted, for instance about between which 
two vehicles our car would position itself in a lane change. It was the same 
with changes of speed, not only was it interesting to know that a speed change 
was about to happen but also what caused it. Thus it was not enough to know 
what would happen, but also why, i.e. what in the environment that triggered 
that action and when the action would start and end in a more precise way than 
was the case. 

The evaluation also brought up an inconsistency in the symbols, namely the 
awaiting overtaking symbol (figure 4c, f). Since the symbol communicates an 
action that will not be taken it should not flash like the other symbols but 
should be constantly lit all the time it is of current interest. It signals the status 
mode of “overtaking not currently possible” and as such it has nothing to do 
with the symbols that communicate actions. To be consistent it should work 
in conjunction with the change lane symbol (figure 4d, e) rather than be 
regarded as an alternative symbol to it. 

5.3.2. The interviews 
The interviews showed the necessity of clear and precise information about 
system status. It was clear that the prototype did not provide enough 
information to create enough trust for the respondents to use it in an actual 
situation. The qualities-in-use manifested themselves in knowing that the 
autodriver had a calm way of driving and a consistent behavior. 

Debriefing 
The system idea was generally well accepted by the evaluators and they could 
all see the benefit of having the autodriving system in the car, especially during 
longer journeys and for those driving on a professional basis. It was not clear 
though that they would use it always, even if they had it; there is a quality in 
driving yourself that was very obvious. Some meant that driving on the 
highway was pretty much routine work and thus a quite passive task. Another 
opinion was that it was important to get to know the system and learn how it 
functioned in order to trust its performance. Before it could be trusted it 
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would be a discovering experience to see how the system functioned and 
understand what input it responded to. When activating the system it would 
be very important to know that it would have a good judgment of distance to 
vehicles ahead and of the surrounding traffic, and that the communication 
would be sufficient to assure the user of a certain level of safety. The 
possibility of letting a system drive your car and let you relax was appealing, 
but it would take full faith in knowing that the system was functioning 
properly without the need of surveying the system status in order to do so.  

A display of some sort was a definite requirement in order for the 
respondents to accept the use of an autodriving system. Even though the 
prototype itself was not considered informative enough to the respondents in 
order to use the autodriving system in real life, the idea of having it was 
interesting to all of them. Some respondents even said that it would be of 
great value to have such a display in the car during normal driving, even when 
the autodriving system was not engaged. They meant that it would give them a 
better view of the traffic situation and reduce the risk of losing track of 
vehicles around the car, such as in the dead angle. 

What was really obvious was that the prototype lacked a finer level of detail 
about what was going on, why actions were initiated and what they would 
result in. There was a demand of knowing and understanding how the system 
planned and resolved situations as well as having a good focus on single 
elements of risk. It was important to get a feeling of knowing the system in 
order to completely trust its performance. The information in the display was 
considered a step towards this but not sufficient enough to provide this level 
of trust.  

Safe drivers 
One topic in the interviews was about what it is that creates a feeling of 
security when someone else is driving. The respondents were quite agreed 
about things such as the driver’s way of maneuvering of the car and the 
awareness of the surrounding traffic environment. A driver that maneuvers 
the vehicle in a smooth way with soft and even steering and no sudden moves 
was considered to give a safe impression. Other things that contributed to a 
safe feeling were that the driver kept good distances to other vehicles, adapted 
to the driving situation and showed a good planning ahead while driving. Safe 
drivers do not put themselves in troublesome situations, they are used to plan 
ahead and have a good overlook of the situation around them. What did not 
influence the feeling of security or trust was if the driver drove at high speeds 
or if there was intense traffic on the road. What did affect the judgment was if 
the driver did ill-considered maneuvers in order to win time or neglected to 
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stop at a stop sign even if there was no traffic in sight. The awareness of the 
driver was very important, as well as how the driver behaved in the car. A 
driver that focused more on making conversation in the car and let the driving 
come secondary to have a nice time was not considered very trusty. 
Inattentive drivers, who do not search the surroundings for possible hazards, 
were obviously not regarded as safe drivers. 

Automated drivers 
When playing with the thought of having the autodriving system replace the 
respondent or another driver it was mostly a matter of knowing how the 
system behaved. The automation was considered as just another unfamiliar 
driver that you would have to get to know before you could trust it. In the 
same way that it takes some time to get a feeling of how a driver performs, it 
would take some time to evaluate and create trust for the autodriver. Only 
when you believe that the driving is safe you relax and get able to enjoy the 
ride. Things that affected the experience of going with another driver were 
how the driving was planned, that there were no jerks, sharp braking or 
sudden changes of lanes. It was pointed out that the silent communication 
between the driver and other people in the environment outside the car, such 
as eye contact and nods, would be lost if the driving was automated. Even 
though this was an important reflection it was clear that the respondent was 
thinking about the possibility of also automating city traffic which also 
includes pedestrians and bicycle riders.  

One difference that a respondent pointed out was that when one acted as a 
passenger it was possible to help the driver and add information about things 
that might have been missed. Shortly after that the respondent reflected that 
such a system probably would not need that kind of information as a 
computer system is far more powerful than the human mind in keeping track 
of multiple things simultaneously. It was also pointed out that it was 
important to know the readiness of the system prior to activating it so that the 
activation itself did not cause any sudden or unwanted evasive maneuvers.  

Other areas of automation 
On the question if the respondents would go on an automated train the 
answer was an unconditional yes, and the same question but with an 
automated airplane the answer was a clear no. The difference between the 
answers was because the train operated in an area where the risk of uncertain 
events was considered low and the plane in a very open environment with 
much more possibility of unforeseen events. A train is trackbound and 
especially if it is a subway it would not intersect with other traffic and thus it 
could be considered a closed system with little or no interference from the 
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rest of the world. As the rules of a train system are well-defined and the 
possibility of an unexpected and unconsidered event is relatively low it would 
be safe to assume that almost all of the different possible scenarios would 
have been taken care of in the system design. 

When it came to air traffic it was considered much more difficult, if at all 
possible, to account for all possible scenarios that could occur while airborne. 
The possibilities of what could happen were estimated as far too many to be 
able to cope for them all in an automated system. It was simply too many 
parameters and too much that could happen and it would be very hard to 
account for all these possibilities in a computer program. Aircraft automation 
was considered all right as long as there was a pilot who could interrupt the 
automation and take over manually, or as one of the respondents said: “reality 
does not have the same strict rules for its appearance as that of a game of 
chess” meaning that there are far too many unexpected things that could 
happen in the world than we can account for when designing a system. Thus 
it is important to always keep in mind that automated systems are tools made 
by humanity, for humanity, and at some level they always need human 
administration. 

5.4. Conclusions 
The evaluation and the interview sessions confirmed that it was possible to 
understand the autodriver’s behavior.  Although the information provided was 
not considered detailed enough it showed that the use qualities were present. 

5.4.1. The representation design  
The representation design worked well despite its shortcomings. Among the 
most important ones were the bad scaling of objects and the lack of 
information about what happened around the car. 

The image of the world 
The representation of the physical environment did not correspond accurately 
enough with the objects referred to. The scaling of the road components was 
incorrect, not only the middle lines but all road components relative to each 
other and that made it difficult for the user to judge distances to other 
vehicles. The accuracy of the environment representation is very important 
since it is in the relationship between objects that meaning arises. It was very 
obvious that the judgment of something always is in correspondence with the 
context of the situation. 
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The perception of the world 
Since the zones adapted their length according to the speed and the width was 
insufficient, adjacent lanes in the display, as well as the top and bottom were 
seldom covered by the zone area. The respondents focused on the whole 
display area and read the situation from all traffic data that was presented, 
even that which was not covered by the zones. This meant that there were 
blind spots in the display which left the user without information about 
system situation awareness. This was especially apparent beside the car as the 
zone did not cover the other lane. The representation of the autodriver’s 
perception needs to reflect on all available data in the display. What you can 
see you can reflect upon and add meaning to from your own interpretations 
and in order to create trust it is necessary to communicate the system’s 
awareness of all information available in the display. 

This communicated awareness should highlight what is important to the 
driver’s situation. Information that is likely to trigger decision-making needs is 
more significant to inform about, and in this case that is vehicles that are 
closing in on our position. Vehicles whose distance to us is growing will not 
trigger any upcoming events or need of decisions and thus there is no need of 
giving special attention to them. This does not mean that they should be 
forgotten, only that they currently are not a threat that needs to be considered. 

The communication of decisions 
There was an obvious need of knowing more about the timing and cause of 
decided actions; it was a demand of knowing when a lane change would start 
and when and why speed was going to be changed. In order to create a 
predictable and anticipative autodriver this is important information.  

Even though the symbols used flashing as a way of creating anticipation it 
was evident that their position in the display was beside the rest of the parts. 
If a finer level of granularity is to be achieved it is necessary to integrate the 
information communicated by the symbols into the other parts so that the 
information about what will happen is a part of the road graphics. 

5.4.2. The qualities-in-use 
The two qualities of use, anticipation and trust were both dependent on all of 
the parts in the display but their relation to some parts was more evident. 
Anticipation was closely connected to the symbols and trust to the road 
environment and the perception of the situation.  

The evaluation showed that anticipation as a use quality was present; no 
considerable mistakes in foreseeing the continuance of the scenarios were 
made. The few problems that did occur were all due to the incorrect 
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prototype implementation. Anticipation lies in knowing what the future will 
evolve into and the symbols are an important part of creating that. Even 
though it was evident that the information content in the symbols could be 
improved, anticipation as a quality was present and commented on by the 
respondents.  

Trust as a use quality, however, was not as present in the design as the 
anticipation quality. It was present, but not enough in order for the 
respondents to declare that they would use the autodriver with the display as it 
looked today. One of the main reasons for this was the zones; the fact that 
they did not cover enough area and lacked more specific information about 
how other vehicles were judged by the autodriver left the respondents with a 
feeling of uncertainty about how the system reasoned. In order to create trust, 
clear and precise information about system status and a feeling of knowing 
how the system is reasoning is necessary. Through this the interviews brought 
up another quality-in-use, awareness. By communicating that the autodriver is 
aware of its surroundings the user will be able to understand the autodriver’s 
image of the world. 

5.5. Suggested improvements 
From the results of the evaluation a few improvements of the design were 
possible. Most apparent was the need of improving the information content in 
the zones, but there was also a need of integrating the symbol information 
into the rest of the design. 

5.5.1. The road environment 
The environment needs to be scaled correctly so that the proportions of the 
vehicles and the road are correct. A correct representation of reality will make 
it easier for the user to reflect and compare system status with reality. In order 
to make it clearer to the user that the display shows everything that the car 
sees could be solved by having the display zoom in and out relative to the 
current speed. The zones would then cover the whole length of the display at 
all times, and the stretch of road displayed would vary according to the 
current speed and grow longer with higher speeds.  

5.5.2. The zones 
With the road environment zooming relative to current speed the zones 
would cover the whole display length at all times. They would also need to 
cover the neighboring lane in order to show awareness of vehicles that we are 
passing. Instead of having the whole zone adapting its color and intensity 
depending on the surrounding vehicles the zones would show system 
judgments of single vehicles. In order to do this every vehicle around us 
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would have an aura in a similar way that a heatseeking picture shows rings of 
shifting color around objects. The aura in this case has nothing to do with 
heat but is the result of changes in relative movements by the vehicle. By 
adding inertia to the speed of change of the aura a vehicle that is unstable on 
the road would produce a bigger aura. The inertia would also make sure that 
the aura only would reflect small alterations in change of speed and sideways 
movement. This would produce bigger auras around vehicles that are unstable 
on the road at the same time as it would not produce huge auras around 
vehicles that change lanes.  

In this way the autodriving system would show the perceived status of 
every single vehicle around us in the same way as an experienced driver can 
spot unsteady drivers on the road. Combined with the overall zone status, 
which still would alter colors according to traffic intensity and relative speeds, 
this would produce a representation of the common situation as well as 
specific vehicle judgment. 

5.5.3. The symbols 
The symbols need to be integrated with the other components in the display. 
By this the symbols as they exist in the current prototype become obsolete as 
they are moved into the representation of the road environment. Information 
about where in the traffic situation lane changes are planned to start and end 
can quite easily be represented by a line originating from our car and finishing 
in the space that the lane change will end. By drawing the line in 
correspondence with the system’s planned action the user can follow the path 
that the system is expecting. For instance if the autodriver is about to return 
from having overtaken a vehicle a straight line starting from our car extending 
forward until the expected time of initiating the lane change will show. There 
it bends off into the other lane and ends in a point ahead of the vehicle(s) that 
we are currently overtaking. This is a fixed point in the traffic situation but 
not according to our location and as such it will move in the display. It will 
look like we are going along this line until it ends in the other lane.  

It is of course also desirable to replace the speed change symbols with a 
representation that fits in with the road environment together with the lane 
change representation and the zones. The same need of communicating 
accurate timing is relevant for the representation. 
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6 Conclusions 

Research question: When the man-machine ratio is changed toward more 
machine control, how can man-machine cooperation be 
supported? 

Answer:  When the man-machine ratio is changed toward more 
machine control the cooperation can be supported through 
informing the user of how the machine deals with the task 
that formerly was done manually. This is possible through 
understanding the way the user perceives the same task while 
performing it manually and translate that information into the 
system communication. 

Research question: What does the automaton in the joint cognitive autodriving 
system need to communicate in order to satisfy the 
information demands of the driver?  

Answer: Information is wanted about how the system views the traffic 
situation and how it interprets every single vehicle in relation 
to distance, relative speed and possible actions. It is also 
interesting to know what actions the system will take and 
when in time they are going to be initiated and finished. 

Research question: What use qualities are interesting when designing a JCS that 
will allow a car and driver to cooperate effectively?  

Answer: In order to cooperate effectively it is important that the 
system performance can be trusted and anticipated.  

Research question: How can data be represented in order to create trust-inspiring 
system interfaces? 
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Answer:  By representing the world as it is seen by the system in a way 
so that the coupling between the system’s image of the world 
and the reality is easy to compare it is possible to create trust. 
Also by dynamically representing the tasks that previously 
were the responsibility of the user in a way that the user can 
understand and compare system performance with their own 
experience. Finally the user needs to know what actions that 
the perception of the world is triggering so that the actions 
the system takes are made in a logical and obvious way 
according to the purpose of the JCS. 

Research question: What is important for a user to know in order to be able to 
anticipate system actions? 

Answer: It is important to know how the automation sees and 
perceives the current situation and what actions that are 
planned from this. It is also necessary for the user to know 
what status or level of efficiency the automation is trying to 
maintain.  

Research question: What measures can be taken in order to avoid automation 
surprise? 

Answer: In order to avoid automation surprise it is necessary to design 
representations at an abstraction level that is relevant to the 
user that includes the use of dynamic references. A good 
representation of the system’s image of the world and what 
actions that image is producing will also help make it possible 
to avoid automation surprise. 
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7 Discussion 

The design-work and the evaluation showed that there are additional use 
qualities to anticipation and trust that must be present in order to yield 
efficient communication between the autodriving car and its driver. Trust in 
the system is a very wide use quality which, if it is present, is strengthened 
through regular use of the system over time. It is a use quality that consists of 
several other qualities that together bring forth the possibility of trustworthy 
systems. Anticipation could be seen as a part of what creates trust together 
with other use qualities such as confidence and awareness. Anticipation is the 
quality that makes it possible to trust the actual processing of a decision taken. 
With confidence present as a use quality it is possible to trust the decisions 
made before they are executed, and awareness deals with creating trust from 
communicating how the system is being present to the current situation. 

In order to design systems where the user is able to anticipate system 
actions it is important that the system representation of the world is designed 
in a way so that the user recognize the real world representation in it. To be 
able to anticipate system action, information about how the system sees and 
perceives the world and how it plans actions accordingly is necessary. From 
that the user can compare the perceived situation by the system to the real 
situation and get an understanding of how capable the system is to judge 
situations. A system that is considered capable is a system that can be trusted. 
When these use qualities can be met in the design of systems it is possible to 
create systems in which automation surprise problems are avoided. 

With increased machine responsibility in a JCS it is important to support 
the users’ understanding of system status and events by clear representations 
of the working environment in the graphical display. When the user has to 
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give up the right of decision-making to the system, a need of knowing how 
these decisions are taken arises. This study has shown that one solution to this 
problem is to design graphical representations of how the system looks at the 
world, how it is perceived and what actions that are decided upon that 
perception. In the autodriver case this means to show the road with the 
traffic, the judgment of the surrounding vehicles and what decisions that are 
taken from that information. 

Issues in designing JCSs 
When moving the man-machine ratio in a JCS toward more machine control 
the user workload decreases. Ultimately this leads to a point where the user 
feels redundant as the only task left is monitoring system status. As long as the 
system does not need to be interfered with the user might lose interest in how 
the automation performs. In the example of automated driving it would mean 
that if we had a working system like the one designed for and that system 
really would have trust present as a use quality the driver would use it without 
any need of monitoring the system’s performance. The system would be 
working without user input and the joint-cognitive benefits of having a JCS 
would be lost. This is perhaps not a problem as long as the situation is within 
normal conditions, but in case the situation would need user input the user 
would not be present to the situation. Even if complete trust in the JCS is 
desirable, complete automation control is not. It only leads to systems where 
the user is passive and not acting as a responsible part of the JCS. An 
important point of designing a JCS is that man and machine cooperate in 
performing the system objective, thus joint cognitive system.  

In the autodriver prototype the driver still needs to be the performing 
driver of the vehicle with the system there as a driving support. With the 
driver as an active and responsible part cooperating with the autodriver the 
automation would become the tool that the driver uses, and not the tool that 
the driver passively puts his trust in. As driving is a task that can be both very 
calm and low on workload it can also be stressful and demanding for a driver. 
This was illustrated by having different tempos and amounts of vehicles on 
the road in the evaluation scenarios. It is almost like a paradox; it is a quality 
to have complete trust in the system, but at the same time it is desirable to 
have a driver who is an active and responsible part of the driving. One way to 
cope with this is to design systems where the task distribution is dynamically 
divided between the user and the system (Hollnagel & Woods, 1999; 
Hollnagel, 1999).  

A dynamic work distribution would result in a system that distributed more 
tasks to the user to perform when the overall user workload is low and 
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opposite, when the JCS is under pressure it would distribute more tasks to the 
automaton (ibid). An example of this could be that the driver during low 
workload would be in charge of steering during overtaking and when the 
situation is the opposite the driver would only give consent to the automaton 
to initiate the overtaking. All the time the driver would be a part of the driving 
and the autodriver system would be a strong and supportive member of the 
team driving the car.  

The perspective of machines as active tools (i.e. JCSs) makes way for 
powerful man-machine teamwork. As in any teamwork situation the benefit is 
that different parts of the team have different qualities that together 
contribute to make a more powerful whole. Among the challenges of 
designing for a dynamic distribution ratio is how to divide tasks and distribute 
them. Another issue is how to represent the tasks that previously were done 
manually in such a way that the user understands what the automation 
perceives, as the zones in the autodriving prototype are meant to do.  

Use qualities and autodriving JCSs 
What makes the JCS perspective interesting and unique is that it regards man 
and machine as two cognitive entities that work as a cooperating team. To 
accomplish this teamwork the two parts need to know what the other part is 
doing, if they do not, then they are not cooperating. In order to make the JCS 
work the communication within it must function throughout the system. Not 
only do the parts of the automation need to function as intended, it also needs 
to function together with the user and the user has to function together with 
the automaton. (Hollnagel & Woods, 1999) To be able to benefit from having 
JCSs some use qualities could perhaps be assumed to apply generally. 

To cooperate efficiently with someone, be it a cognitive machine or a 
human, one has to trust the other entity’s communicated information. 
Therefore trust is a possible fundamental use quality in JCSs, and in order to 
build trust into the automaton it needs to be anticipative. The possibility of 
designing for trustworthy systems that are possible to anticipate opens up for 
producing systems that are strong and supportive. Since JCSs in general have a 
teleological task perspective where man and machine cooperate towards a 
common goal, the use qualities of anticipation and trust can be hypothesized 
to apply to other kinds of JCSs. Anticipation itself is actually a part of the trust 
quality as the anticipative information is useless if it is not trusted by the user.  

With the possibility of trust in a JCS it would also be possible to increase 
efficiency in the use of the system. When there is trust in the system the user 
will not hesitate to act from the information presented and the man-machine 
teamwork will get stronger. Naturally these use qualities will instantiate 
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themselves in different ways depending on the system purpose. The way 
anticipation is instantiated in the autodriver design would most probably not 
be the same as in a ship autonavigation JCS, however, the general issues found 
in this thesis that probably apply to other kinds of JCSs are:  

• Present the working environment in a way that the user 
recognizes. From this the user is able to compare the system’s 
image of the world with reality. 

• Add how the system perceives the environment to the image of 
the world. This needs to be done in a way so that the 
representation of the perception corresponds to how the user 
normally perceives and judges situations. 

• Out of knowing the present it is possible to anticipate a 
possible future and plan actions that correspond to the 
maintaining of system goals. These planned actions need to be 
made present to the user. 

The design and evaluation of the graphical display showed not only that 
trust and anticipation are central to the autodriver communication; they are 
also possible to break apart into other qualities that together make up for 
creating trust in the system. Therefore, the way trust and anticipation will be 
created is something that will vary according to the current system situation. 
The autodriver display showed that trust and anticipation was present in all 
three parts (image, perception and planning) and manifested itself in 
awareness, confidence and anticipation respectively. At the same time as they 
all coexist there will always be some that stand out more depending on the 
situation. So the general parts could probably be designed in a similar way 
independently of the JCS context. The symbolic design and representation will 
vary depending on the system purpose. For instance, the road environment 
will be attuned so that it fits into the context of the current automation 
domain. 
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