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ABSTRACT 

 

In order to drive in a safe and environmentally friendly manner a driver needs support on the skill 

based, rule based and knowledge based level (Rasmussen, 1986). It can be argued that today's driver 

information mainly supports skill and rule based levels while the complex task of driving also needs 

support on the knowledge based level, e.g. problem solving . The aim of this study was to identify 

ways to support problem solving and decision making in a driving information context and to study 

gaps, overlaps, strong and weak relations between the driver information functions and the purpose of 

the functions. 

Work Domain Analysis (WDA) (Vicente, 1999) was used to decompose the purpose of the driver 

information down to the component level. WDA is the first step of five in Cognitive Work Analysis 

(CWA). CWA belongs to the category of Ecological Interface Design that aims to aid the design of 

human centred interfaces and systems that support problem solving and decision making in complex 

socio–technical systems.  

The study was performed by researchers from Luleå University of Technology and Volvo Cars as well 

as members of a Driving information project. The study was limited to driver information systems in 

private cars which means that the main purpose of the systems was to support drivers' goals e.g. 

navigate or maintain speed but also being environment friendly, etc. It should also be mentioned that 

driver information not only was limited to information within the car. Before and after driving was also 

included. The WDA identified five functional purposes of driving information: To support safe, 

efficient, environment friendly, legal and enjoyable transportation.  

The "Functional purpose" was decomposed into "abstract functions" e.g. support choice of 

transportation, reduce energy exposure, improve friction, and maintain lateral and longitudinal distance. 

Further decomposition down to "physical form" showed several weak and some unexpected relations 

between the purpose and the system. For instance, one conclusion was that the relation between 

speedometer and safety was weak. The weak relations and the gaps then served as input for design 

implications. 

In the design implications part it was concluded that planning could be improved in comparison with 

today's systems by e.g. internet services and pre- and post-trip information. New features in the 

navigation system, such as route optimization based on safety or carbon footprint, could improve both 

safety and environmental friendliness. Feedback or Edutainment (Education by Entertainment) could 

also serve as a way to improve safety and green driving. A rather controversial and perhaps unrealistic 

suggestion is that a private car could provide statistics or data about safety, environmental friendliness 

or efficiency (Cost) for different types of transportation in order to make the choice of transportation 

optimized. 

Another, more general conclusion is that the decomposition also showed the importance for a designer 

to ask the question "why?" when designing a product. 

 

 

 

 

 

 



INTRODUCTION 

 

Car driving is a complex task and can be described in many 

different ways. Rumar (1986) decomposed car driving into the 

following categories: To plan the trip, to navigate, to follow 

the road, to interact with other road users, to interact with the 

car and to interact with different in-car devices. These 

different subtasks of driving can be classified into the 

framework developed by Rasmussen (1986), that is, skill 

based, rule based and knowledge based behaviour. Well 

practiced tasks, like steering in order to follow the road, may 

be regarded as skill based processes. Other tasks, like 

overtaking other vehicles, may be regarded as rule based 

processes.  

Relatively few functions in the car of today provide support 

for the knowledge based processes of car driving, such as trip 

planning and strategies to meet unexpected events or problems 

during a trip. An exception might be the navigation system 

that both could act as a tool to support navigation and support 

re-route if the road is blocked ahead.  

 

In order to drive safely a driver needs support on the skill 

based, rule based and knowledge based level. It can be argued 

that today’s cars mainly provide support for skill based and 

rule based processes of car driving. The speedometer could be 

used to compare the present speed with the legal speed limits 

and the fuel gauge could be used to judge how much there is 

left in the tank. These two functions could be considered to 

support rule based behaviour. In order to support knowledge 

based behaviour some cars are equipped with trip computers 

that can calculate how far you can drive until the fuel tank is 

finished. The introduction of Advanced Driver Assistance 

Systems (ADAS) has offered the driver warnings or mitigation 

if the well practiced tasks, as described above, fails. These 

systems can be described as supporting skill based or more or 

less automated behaviour.  

 

The transportation system can be regarded as a complex 

socio-technical system, containing many different and 

interacting sub systems. A characteristic property of a 

complex system is that it is not possible to predict everything 

that might happen in the system. Accidents on the road, 

problems associated with the infrastructure, and other 

unexpected events may be some examples of events that are 

vary hard to predict.  

 

Consequently it seems important to provide car drivers with 

some support to meet events that involve problem solving or 

knowledge based behaviour. 

 

Ecological Interface Design (EID) is used to aid the design 

of human centred interfaces and systems that support problem 

solving and decision making in complex socio–technical 

systems.  An ecologically designed interface is one that has 

been designed to reflect the constraints of the system in a way 

that is perceptually available to the people performing activity 

within it, and one that supports users in taking effective action 

and understanding how these actions will move them towards 

the achievement of their goals (Burns and Hajdukiewicz, 

2004).  

Cognitive Work Analysis (CWA) (Vicente, 1999) provides 

a useful framework for the analysis of the various constraints 

that are imposed on activities within a particular system. 

 

CWA is divided into five phases. First: Work domain, 

represents the system being controlled. Second: Control tasks, 

are the goals that need to be achieved. Third: Strategies that 

are the generative mechanisms by which control tasks can be 

achieved. Fourth: Social organization and cooperation, deals 

with the relationships between actors and finally the fifth: 

Worker competencies, represents the set of constraints 

associated with the workers themselves. It might feel peculiar 

in this context to call drivers "Workers". However, the 

meaning is that something is produced; in this case it is 

transportation. 

Probably the most commonly used phase is the first, Work 

Domain Analysis, which also was used in the present study.  

 

 

Related research 

 

Several studies that have used CWA to study vehicle design 

implications have been made. Salmon (2007) uses the first 

step, Work Domain Analysis, in CWA to study Intelligent 

Transport Systems (ITS). A study by Birell (2008) used CWA 

to develop a technological device which will encourage 

drivers to drive in a safer and greener (i.e., more 

environmentally friendly) manner through on-board advice 

and post-drive feedback. Seppelt (2006) applied ecological 

interface design (EID) to create a visual representation of 

Adaptive Cruise Control (ACC) behaviour. Jenkins (2007) 

used the first steps in CWA and developed a new approach to 

designing lateral collision warning systems.  

 

The driver could both be overloaded with information that 

is not adequate for a specific situation but also lack 

information that is needed in relation to the driving task and 

individual driver goals (Salmon, 2007). A WDA could 

potentially identify the information needed for the driver to 

achieve the different goals.  

 

 

Purpose 

 

The purpose of this study was to identify ways to support 

problem solving and decision making in a driving information 

context and study gaps, overlaps and strong and weak 

relations between the purpose of the components and the 

component in order to improve future driving information.  

 

 

 

 

 

 

 



METHOD 

 

 

Work Domain analysis (WDA) of Driver Information 

system 

 

Naikar et al (2005) provides several steps to create the 

boundaries for the CWA. These steps have been used and are 

described briefly below. 

The study was performed during the spring and summer 

2008. Researchers from Luleå University of Technology and 

Volvo Cars as well as members of a Driving Information 

project were involved in the project. Researchers from Brunel 

University, UK, provided experience from other WDAs'. The 

main work was done by the author. The budget was limited to 

the budget for the researchers and to the product development 

projects at Volvo Cars.  

 

Driver information can be received in many ways e.g. 

traffic signs, traffic message channel (TMC) etc. However, 

this study is limited to what a private car manufacturer could 

do to provide different kinds of information. The system is 

defined as "Private car driver information system". Private car 

is defined as a car that is used in a non commercial way, for 

instance a taxi would not be classed as a private car. However, 

the car could still be owned by a company. Driver information 

system means that the main purpose of the system is to 

support the driver's goals e.g. navigates or maintains speed but 

also being environmentally friendly etc. It should also be 

stated that driver information is not only limited to within the 

car. Before and after driving is also included. 

 

Most of the information needed came from the research 

team members. The research team members have a wide 

experience of driver information systems. Volvo Cars strategy 

documents were also used when discussing the Functional 

Purpose (FP) of the system. It could therefore be argued that 

the FPs' weight could be different between different 

manufacturers depending on the ideology within the company. 

Several iterations were performed with e.g. focus groups 

and interviews to create links between the FP and the PO but 

also discuss and describe the strength of the links. 

 

The Abstraction Decomposition Space (ADS), described by 

e.g. Naikar et al. (2005) was limited to complete system. Of 

course it would have been possible to further break down the 

Systems into sub-systems and components. However, since 

the purpose of this study was to study gaps, overlaps, strong 

and weak relations between the purpose of the system and 

different old and future functions it was necessary to keep the 

level of detail low.  

 

 

Abstraction hierarchy 

 

The first step in WDA is to create an Abstraction Hierarchy 

(AH). There are five levels in the abstraction hierarchy: 

 

  

1. The functional purpose (FP) of the system is the 

reason why the system exists. 

2. The Abstract Function (AF) is the criteria that can 

be used to judge whether the system is achieving 

its purposes. 

3. Generalized function (GF) is what functions are 

required to achieve the purpose of the work system 

4. Physical function (PF) is the systems functional 

capabilities and limitations. 

5. Physical object (PO) is the resources of the system.  

 

 

After the decomposition an analysis was done by following 

the different links between the Functional Purpose (FP) down 

to the Physical Form (PFo). Performing such an analysis was 

very time consuming, although very interesting, and revealed 

several weaknesses in today's driving information. This 

created ideas of how to improve future driving information.  

 

 

RESULT 

 

Functional purpose - the overall purposes of the system 

and the external constraints on its operation 

 

In the study by Salmon (2007), three Functional purposes 

(FP) for a road transport system were found: Safe, efficient 

and accessible mobility. In the present study a few more 

purposes of private car driving information was identified. 

 

• Safe  

• Legal  

• Efficient 

• Environment friendly 

• Enjoyable  

 

These are presented in figure 1-4 in Appendix 1. 

 

Below, the most interesting findings from when the 

functional purposes were decomposed and analyzed are 

presented. The functional purpose and the abstract function are 

presented together with a background of the problem, state of 

the art and finally the possible design implications. The 

decompositions are shown in Appendix 1 which describes 

how Safety, Legal, Environment friendly and Efficient were 

decomposed. When decomposing such a complex domain as 

driving information several of the functions on different levels 

share purpose. One example is speedometer that both serves as 

a tool to keep legal speed (FP Legal) but also as a tool to see 

how far you can travel in one hour (FP Efficiency). In order to 

decrease complexity each functional purpose has been 

extracted from the complete WDA and is presented separately.  

 

 

Functional Purpose: Safety 

 

To drive safely is maybe the most important purpose of 



driver information. Safety was decomposed into: Friction, 

Energy exposure, Increase time to impact, Maintain lateral 

and longitudinal distance, Encourage low risk behaviour, 

Support safe route, Reduce accidents due to technical errors 

and Support choice of transportation.  

 

*** 

 

Friction. The friction between the road surface and the 

tyres is one of the most important things when it comes to 

safety. Today's cars are mainly equipped with an outdoor 

temperature display and a symbol that shows if the 

temperature is somewhere between +2 or -2 degrees Celsius. 

Often the symbol is a snow flake. Another way to describe 

slippery road condition is to show that the ESP or ABS 

system has been used by showing a symbol of a sliding car 

(ISO 2575). When benchmarking different cars it was found 

that sometimes the snowflake became red if the temperature 

was within the interval, hardly a good way to illustrate 

slippery road condition. Neither is there any information 

about stopping distance or information if the driver enters a 

curve at too high speed for current road friction. 

Design Implications. Introduce road friction displays and 

curve over speed warnings related to friction. Another 

example of Knowledge based support could be to provide 

the driver with information about slippery road condition 

before leaving home in order to improve planning.  

 

*** 

 

Energy exposure. Energy exposure is the cars kinetic energy. 

The kinetic energy will, in a collision, be transformed to 

mechanical energy that collapses the body of the car. The 

only thing that describes the energy exposure in today's cars 

is the speedometer. The Energy of the car is related to the 

mass and the square of the speed (E=mv2/2). If the driver is 

mental arithmetic, he can calculate the energy using the 

formula and then understand that if the speed is doubled the 

braking distance or crash violence is quadrupled. Some of 

the cars have a non-linear scale with smaller steps on the 

higher speeds (probably in order to squeeze in higher top 

speeds in the scale). From an energy and brake distance 

point of view it should be the other way around. Another 

way to avoid energy exposure is to avoid accidents by 

staying away from dangerous roads. As far as the research 

team knows none of today's navigation systems provide road 

accident data or the possibility to optimize the trip from a 

safety perspective (Today, mainly shortest and fastest trip 

are included). 

Design implications. Introduce Brake distance displays, 

introduce information about accident data and add the 

possibility to optimize the route in navigation system from a 

safety perspective (i.e. avoid roads with bad accident 

statistics) 

 

*** 

 

Increase time to impact. If the time is long enough 

between the car and the obstacle there is more time to 

prevent a collision. Most cars do not have adaptive cruise 

control (ACC), distance warning or Forward Collision 

Warning (FCW) systems. 

Design Implications. One solution is of course to 

introduce Advanced Driver Assistance Systems (ADAS) 

such as FCW. However, better strategic planning would 

most likely also affect tactical and operational behaviour 

(e.g. Michon, 1985, Hollnagel, 2005). One solution could 

therefore be to provide pre-trip functions such as estimated 

time of arrival to most common destinations such as work. 

This can hopefully make the driver start the trip earlier and 

therefore be less stressed. 

  

*** 

 

Maintain lateral and longitudinal distance. If the distance 

is big enough between the car and the obstacle there is more 

space to prevent a collision. This is off course related to 

"Increase time to impact". As described above most cars do 

not have ADAS. There are also few cars with systems that 

inform the driver about distraction or driver alertness. 

However, some systems exist. One example is Volvo Cars 

Intelligent Driver Information System (IDIS) that reduces 

distraction/workload by blocking some information in 

complex driving situations. 

Design implications. See Increase time to impact above. 

 

*** 

 

Encourage low risk behaviour. Several studies (e.g. 

Summala, 1996) describe risk behaviour as a large safety 

factor.  

Behavioral adaptation due to over trust is established 

(Hoedemaeker & Brookhuis, 1998). None of the systems 

today provide feedback, information or anything else that 

could calibrate drivers' behaviour with the real risk. 

Education of drivers does mainly occur once in the 

beginning of the career as a driver. 

Mental elaboration regarding personal driving behaviour 

may well have a role to play in promoting a more cautious 

driving style among young male drivers (Falk, 2008).  

Design implications. Introduce driver Coach to Educate 

how to drive safely. Give feedback of how the driver 

performs. Show ADAS system status to calibrate the trust of 

the system with the function. How mental elaboration could 

be implemented in cars is another question not dealt with 

further in the present paper. 

 

*** 

 

Support safe route. Some roads are safer and more secure 

than others. The research team does not know of any "Safe" 

or "Secure" options in today's navigation systems.  

Design implications. Introduce an option in the navigation 

system that calculate and show the safest or most secure 

route. A suggestion is to also include accident data in the 

route calculation algorithm. 



 

*** 

 

Reduce accidents due to technical errors. Technical 

errors occurs. However, when an error occur it is important 

that the driver acts correctly. The systems in the car must 

support correct action. The driver gets information about 

what is wrong and sometimes also what to do e.g. "Engine 

Failure - Stop Safely". However, there are several examples 

of drivers stopping at the highway with the "Low Washer 

Fluid Level" telltale highlighted. There is no training of 

what the symbols mean or what to do if something happens. 

Over trust or under trust could also affect the safety effect of 

ADAS.  

Design implications. Give better advice of what to do 

when systems fails. Use the team player approach to reduce 

automation induced errors such as under- and over-trust 

described by e.g. Davidsson (2008). 

 

*** 

 

Support choice of transportation. Different types of 

transportation have different safety levels. Information about 

the safety of a particular type of transportation could be 

acquired on the internet or elsewhere.  

Design implications. It would be rather controversial to 

suggest that private car should supply the driver with 

information about the safety figures for different types of 

transportation.  

  

*** 

 

Functional purpose: Legal 

 

It could be argued that "Legal" could have been included 

in "Safe" since many of the regulations are aimed at safe 

driving. On the other hand some of the legislations also aim 

to make traffic flow smoother and reduce fuel consuming, 

etc. Legal has therefore its own functional purpose. Legal 

has been decomposed into: Reduce penalty cost. 

 

*** 

 

Reduce penalty cost. Breaking traffic regulations could be 

either a violation or an error. The first step in finding out if 

it is a violation or an error is to ask: Was there a prior 

intention to commit this particular violation? If the answer is 

no, we can assign the violation to a category labelled 

erroneous or unintended violation (Reason, 1990). By 

bringing information into the vehicle and keeping it visible 

for the driver for a longer time than it takes for the car to 

just pass the traffic sign, it may be less likely to commit the 

category called error. Some speed keeping systems has been 

tested. One example is a large scale project in Sweden called 

ISA (Intelligent Speed Adaptation) by the Swedish road 

authority.  

Design implications. Inform or restrain the driver from 

committing violation or errors. This could be done with a 

traffic sign display or a speed limiter connected to current 

speed limit. 

 

*** 

 

Functional purpose: Efficient 

 

Efficient driving means that time and cost are reduced as 

much as possible. Of course, this is closely related to 

environment friendly driving due to e.g. carbon foot-print. 

However, since things such as service cost, service interval 

etc. could not be included in that category, it needs to be 

separate. Accessible (Salmon, 2007), which means that the 

car is available when needed, is included in this FP. 

 

*** 

 

Reduce cost (Service spare parts etc) Cost could be 

reduced by avoiding accidents (See safety). Cost could also 

be reduced by avoiding expensive effects of technical 

failure. 

Design implications. Information about how much money 

could be saved by following the service interval could be 

provided. Today, service is mainly a cost for the owner of 

the vehicle.  

 

*** 

 

Support choice of transportation. The choice of 

transportation affects the cost. The choice of transportation 

is influenced by several things. To mention a few: Number 

of travellers, distance, luggage or purpose of journey and 

accessibility. Today this information can be gathered e.g. 

from the internet.  

Design implications. From a driver perspective it could be 

interesting to compare the different ways of transportation 

from a cost perspective. However, it is not likely that this 

information could be provided by the car manufacturers (E.g. 

"Go by train"). 

 

*** 

 

Reduce fuel consumption. Reducing fuel consumption 

will of course reduce cost. The question is how this can be 

achieved by driver information. Today's driver information 

mainly provides information about fuel level, current 

(econometer) and average fuel consumption and distance to 

empty. Some people use the tachometer to change gear at 

correct rpm. Some companies, including manufacturers, 

give courses on how to drive more efficiently. 

Design implications. Introduce driver coach to provide 

education on efficient driving and give feedback on fuel 

efficiency performance.  

 

*** 

 

Reduce time on road. If the car is on the road for a 

shorter time and still fulfils transportation needs it is more 



efficient. In most navigation systems it is possible to select 

"Fastest Route". Traffic Message Channel (TMC) and in 

e.g. the USA Radios AM Band provides information about 

traffic accidents or congestions. This makes it possible to 

avoid obstacles that may increase time on the road. 

Design implications. Driving information system could 

provide the driver with data about what is going on ahead 

without entering a destination. The time on the road could 

also be reduced by better planning e.g. leave home when 

there is less risk for congestion. It can be suggested that 

this information could be provided by internet and within 

the vehicle. 

 

*** 

 

Functional purpose: Environment friendly 

 

This FP aims to give as small a negative impact on the 

environment as possible, e.g. carbon footprint. The FP 

could also include other chemicals that are contaminating 

the environment or even other aspects such as noise. 

Environmental Friendly was decomposed into: Reduce 

CO2 and Reduce polluting emissions and local 

environmental impact. 

 

*** 

 

Reduce CO2. Perhaps the hottest topic of the moment is 

carbon footprint. Is there a way to reduce carbon footprint 

by using driver information?  Some cars have a gauge for 

present and average fuel consumption. The fuel 

consumption (for diesel and gasoline) is directly 

proportional to CO2 emissions. A few of the car 

manufacturers provide information about at what RPM it is 

least polluting to change gear, so called gear change advice. 

However, the execution is rather related to torque than to 

carbon footprint. Some companies and car manufacturers 

provide green driving courses and it is also included in 

some driving schools. 

Design implications. There is a great potential to 

improve green driving by providing driver information. 

Internet can both help the driver to improve planning and 

also, which may be controversial for the car manufacturer, 

help a traveller to select a less polluting alternative. The 

potential of coaching is high (Walker et al., 2008). Could a 

green driving coach improve green driving by providing 

feedback and advice about how to drive more green? 

Another way to improve and change behaviour is by 

providing a game, so called edutainment. Feed forward 

information such as information about traffic lights ahead 

might also give the driver a better chance to distribute the 

vehicles speed more evenly. Most navigation systems in 

today's cars provide the possibility to change between 

fastest and shortest route. Why not introduce the greenest 

route? Finally, design the tachometer or provide other gear 

change advisor to support correct gear change. 

 

*** 

 

 Reduce Polluting emissions and reduce local 

environmental impact. This Abstract Function has almost 

been forgotten in the CO2 debate. However, chemicals, 

dust, noise etc. is an environmental problem as well. No 

cars seem to supply this abstract function.  

Design implications. Most settings in today's navigation 

systems provide the possibility to change between fastest 

and shortest route. As suggested above, why not introduce 

the greenest route. 

 

*** 

 

Functional purpose: Enjoyable 

  

The reason why "Enjoyable" is included is that more and 

more of consumer products have more dimensions than just 

functionality. The emotional part of a system also needs to be 

considered and this is taken care of here. A very important 

issue is for example that a car not only needs to be safe, it also 

needs to feel safe. These two attributes can counteract. On the 

other hand a car or an in-car system that feels a lot more safe 

than it is may induce risk behaviour, e.g. research has shown 

that drivers tend to misuse the increased safety margins that 

ADAS create by adapting their driving style. One example of 

this is drivers increasing their driving speed and not paying as 

much attention to the driving task compared to driving without 

ADAS (Hoedemaeker & Brookhuis, 1998). It could be argued 

that Enjoyable is included in the other FP's in one way or 

another. For example isn't it a "good feeling" to know that you 

can avoid high penalty cost by the systems in the car or isn't it 

great to see that you are driving green or safe? This is 

emotions. The research team decided anyway that it was 

important to find a way to place emotional aspects and it is 

suggested that this will be dealt with later. This study did not 

further handle this FP due to time constraints. 

 

 

 

DISCUSSION 

 

Method  

 

Choice of method. CWA provides a toolbox for dealing 

with complex socio-technical systems (Vicente, 1999). When 

going through the definitions of what a "socio-technical 

system" is and the definition of "complex" it is clear that this 

method could be used also for driver information. WDA has 

been a very useful concept in order to investigate functional 

content in relation to its purpose. Filling the gap between the 

physical function and functional purpose clarifies why or why 

not a function is used. For instance, that the link between 

speedometer and safety was weak and must somehow be 

complemented with information about e.g. energy exposure or 

brake stop distance.  

 

Design implications. The purpose of this analysis was to 

study gaps, overlaps, strong and weak relations between the 



purpose of the system's different old and future functions. The 

WDA came up with several design implications that may 

improve safety, environmental friendliness etc.  

The analysis also made clear that today's instrument cluster 

does not focus directly on safety even though most of the 

research team never thought of that before. It could therefore 

also be concluded that it is very important for design teams to 

know why they are designing the driving information.  

During the analysis it was also found that CWA can be 

useful when prioritizing functions. For instance, if the vehicle 

is aimed for environmental driving, the links could be 

followed between the functional purpose and the different 

systems. If this is complemented with a grading system it is 

possible to see if a function is important or not for the 

functional purpose; Green driving. 

 

Further research 

 

The research team has identified research needed:  

 

Context activity template. The functional growth is both a 

potential as described above but also a threat. A threat due to 

the fact that it is impossible for the driver to process all this 

information simultaneously. It would therefore be interesting 

to continue this research by adding a Contextual Activity 

Template (Naikar et al., 2005) which is a part of CWA step 2. 

This template helps to clarify which of the generalized 

functions (GF) are used in which context.  

Importance. In order to prioritize functions it would be 

interesting to find a method to decompose the "importance" of 

the different functional purposes down to "importance" of 

functions. This method may then work as a tool to support 

prioritization of functions. Birell (2008) has made an 

interesting attempt.  

FP Enjoyable. The FP Enjoyable should be further 

investigated.  
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APPENDIX 1. 

  

Decomposition of functional purpose Safety, Legal, Environment friendly and Efficient. 

 

 

Figure 1. Decomposition of FP Safety 

 

 

Figure 2. Decomposition of FP Legal.   Figure 3. Decomposition of FP Environment Friendly.  

 

 

 

 



 

Figure 4. Decomposition of FP Efficient 

 

 


