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Abstract 
 
The road network is extremely valuable. Road Administrations are expected to 
invest maintenance funding in a way that returns maximum benefit to road users. 
Cost-benefit analysis is one method to ensure that an adequate return in terms of 
benefits results from committing expenditure. Today, cost-benefit calculations are 
frequently used as a base for decision making of investments. The surges for such 
methods in the maintenance management sector are increasing. 
 
Up to the present, one reason for not analysing costs and benefits for various 
maintenance management measures has been the lack of knowledge about comfort 
benefits for road users in quantitative monetary terms. The aim with this thesis is 
to investigate motorists’ apprehension of pavement maintenance management and 
winter maintenance operations. The final goal is to find out their willingness to 
pay for different levels of road maintenance management. Those values can later 
be used in cost-benefit calculations and also in effect models of road maintenance 
management. 
 
Due to the pioneer status of this study, focus groups and in-depth interviews as 
well as a number of pilot studies have been carried out before a main survey with 
stated choice experiments could be designed. These exploratory studies showed 
that the interviewees were familiar with the types of road surface damage that 
exist and in many cases mastered the same terminology as the Road 
Administration and others. Showing pictures of well-known types of road damage 
lead to higher monetary valuations of getting better road standard in comparison 
with just text descriptions. One reason for that could be the requisite severness of 
the damage in order to illustrate a certain road maintenance shortage. The 
respondents with the text descriptions could have stated their preferences for an, in 
their own minds, average shortcoming while the group with access to photograph 
of road damage all saw the same severe damage. Illustrations of different road 
maintenance standards make it possible to control the respondents interpretation of 
the maintenance management standard valuated but could lead to high monetary 
estimations.  
 
Driving comfort was very important to the interviewees in the exploratory studies. 
That was manifested in the pilot stated choice surveys, which resulted in high 
willingness to pay for better pavement management. 
 
The main study consisted of two surveys; the first one was about pavement 
maintenance management and was carried out in October to November 2000 and 



 

the second one took place in February to March 2001 and was about winter 
maintenance operations. Both the pavement and the winter survey included 
attitude questions and two stated choice experiments. The result showed that the 
maintenance management status of the road network was important to car users. 
For example, the worst pavement damage was roughness; the motorists were 
willing to pay 1.7 SEK (Swedish Crowns) per kilometre to avoid roads damaged 
in their full length. The least harmful damage of those studied was cracks; the 
willingness to pay to avoid that was 0.5 SEK per kilometre. For more rapid snow 
clearance, the car users were willing to pay 60 to 80 SEK per year for getting the 
roads cleared from snow one hour earlier than the current standard implies. The 
willingness to pay for driving on bare roads in comparison with snow roads was 
0.4 SEK per kilometre. Statistical tests on the models showed that the parameter 
values were well estimated 
 
In the pavement as well as in the winter survey, a cluster group analysis was 
performed in order to test the heterogeneity of attitudes and behaviour to road 
maintenance management. The analysis resulted in two separate groups in each 
survey. One group consisted of drivers who reported to be very influenced by the 
level of maintenance management regarding chosen speed, joy of driving and so 
on. The other group reported to be less influenced and had lower acceptance of 
higher road tax for the purpose to increase the maintenance management standard. 
Separate stated choice models revealed that the differences in attitudes could also 
reflect the respondents’ willingness to pay for higher road maintenance standard. 
However, the differences were only small and the different groups’ monetary 
valuations were not found to be significantly different from each other. 
 
The result of this study, better knowledge about motorists’ apprehension of 
maintenance management, their attitudes to driving comfort and road standard and 
their monetary valuations of different levels of pavement maintenance and winter 
maintenance operations, opens up the possibility to make cost-benefit analysis of 
various maintenance management projects. The impact of the monetary values 
found in this study has been studied in a limited cost-benefit analysis. 
 
Descriptors: stated choice, stated preference, valuations of maintenance 
management, driving comfort, road standard evaluation 
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1 Introduction 

1.1 General purpose of the thesis 

The purpose of this thesis is to gain knowledge about motorists’ evaluation of road 
maintenance management. Valuations and attitudes to pavement maintenance 
management as well as to winter maintenance operations have been studied. 
Among the questions within this project are motorist’ awareness, perception and 
how they are influenced of different road conditions. 
 
The final goal with the studies is to capture car users monetary valuations of ride 
quality derived from different standards of road maintenance management. Those 
monetary valuations will make it possible to improve the tools for decision 
making in the field of maintenance management. Information on car users 
willingness to pay for different levels of pavement maintenance management and 
winter maintenance operations is essential for cost-benefit calculations on road 
maintenance management as well as for pavement management systems. The 
benefit with an improvement in road maintenance management standard consists 
of higher comfort, or ride quality, for motorists and that benefit needs to be 
quantified in order to make cost-benefit analysis possible in the field of road 
maintenance management. 

1.2 Thesis context 

The budget for maintenance management in Sweden is increasing, see Figure 1. 
Today, more money is spent on road maintenance management than investments 
in new roads.  
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Figure 1. State budget for road investments and road maintenance management. 

 
In order to evaluate the pavement condition of the State owned road network, the 
Swedish National Road Administration (SNRA) are carrying out objective as well 
as subjective measures yearly. The objective measures include IRI (International 
Roughness Index) measures. IRI is an indication of the road surface roughness in a 
longitudinal direction. The IRI-values normally vary between 1.0 and 4.0. A road 
with a new pavement coating will get an IRI value close to 1.0. IRI values over 3.0 
are undesirable and occur on 3 percent of the road network with traffic flows over 
2000 vehicles per day, whereas about 20 percent of the road network with traffic 
less than 2000 vehicles per day are undesirably rough. The development of 
objective IRI measurements can be compared with the development of subjective 
user ratings, such as customer satisfaction, over the years. 
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Figure 2. Measures of pavement maintenance management. 
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Figure 2 reveals that the customer satisfaction users ratings of the road roughness 
status are decreasing over time. That is opposite to the objective IRI measurments 
which indicate a small improvement on road roughness in recent years. There 
could be many explanations for that. It is possible that the IRI-value does not 
capture the road condition status sufficiently good. Motorists’ could also have 
become more used to customer satisfaction rating surveys and, as a result of that, 
started answering the questions in a more policy oriented way in order to make a 
more significant impact. 
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Figure 3. Measures of winter maintenance operations. 
 
Figure 3 shows that customer satisfaction with winter operations is also decreasing 
during the last years, as well as customer satisfaction with pavement conditions. In 
Sweden, contractors operate the winter maintenance. The Swedish National Road 
Administration (SNRA) draws up different criteria for contractors to follow. 
Examples of criteria are permitted snow-depth before action need to be taken and 
time interval allowed between snowfall and maintenance operation action. 
 
A relationship between subjective and objective values of road roughness has been 
found in a number of studies. For an example see Figure 4 below.  
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Figure 4. Relationship between IRI and user ratings. Kuemmel et al (2001). 
 
The motorists are less satisfied with roads with higher IRI values than they are 
with lower. The relationship appears to be linear. These kinds of studies 
demonstrate motorist’s ability to perceive and distinguish between different 
standards of maintenance management, but they do not reveal car users demand 
for roads with better quality. The subjective and objective measurements for 
pavement and winter maintenance management that are carried out today therefore 
have some shortcomings as tools for decision-making. Accordingly there is a lack 
of more advanced decision-tools like cost-benefit analysis in this field. 
 
In investment planning, cost-benefit analysis and other models are frequently used 
to prioritise and optimise limited resources. In cost-benefit analysis calculations 
benefits are compared to costs. Great efforts are for example made to find a value 
for how much money people are willing to spend to save travel time. The reason 
for such studies is that in the analysis benefits are compared to costs to ensure that 
an adequate return in terms of benefits results from committing expenditure. 
Decision-makers then use the results from a cost-benefit calculation to decide for 
example if a bypass road should be built or not. Up to now the decision of 
different maintenance management actions like reconstruction of pavement has 
been made from a technical rather than an economical point of view. In recent 
years, decision-making based on adequate cost-benefit analysis is in great demand 
also for the field of maintenance management according to the SNRA. 
 
In this study, a number of traffic and transport planners from the SNRA were 
interviewed about planning of maintenance management activities. They answered 
questions about both the present situation and what improvements they would like 
to see in the near future. Some experts suggested more use of the already existing 
but not yet fully implemented, Pavement Management System (PMS). Others, but 
less numerous, had some doubts about developing more models in this field and 
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called attention to the fact that it could lead to over-confidence in calculations and 
loss in real experience and instinctive feeling of the right action at the right time. 
Nevertheless, most experts interviewed welcomed the use of the same tools for 
decision-making in the maintenance management sector as for the investment 
planning. 

1.3 Outline of the studies 

1.3.1 Research issues 

A literature review that was carried out showed that little was known about 
motorists’ perceptions and valuations of comfort and road maintenance 
management. However there is a well establish theoretical base for valuation of 
travel attribute such as travel time. Since the goal with this study was to estimate 
motorists’ monetary valuations of road maintenance management, a number of 
exploratory studies on different issues had to be accomplished before a main study 
could be carried out. 
 
Fundamental knowledge about car users perception of road maintenance 
management  standard had to be obtained. In principle, three types of issues need 
to be dealt with: 
- what values are to be measured in operative terms 
- how can these values be measured 
- what are the values and how do they vary 

What to measure 

In order to serve a planning purpose, values have to be related to phenomena that 
are reasonably well defined. That means that different aspects of riding comfort 
need to be separately accounted for. Therefore motorists’ awareness of different 
pavement damages and their attitudes towards them need to be studied in an initial 
phase. For winter maintenance operations, different ploughing strategies are 
examples of operational definitions. The influences of various levels of 
maintenance management on motorists’ driving behaviour and sense of driving 
comfort have to be investigated. 
 
In order to investigate these matters, focus groups and expert interviews have been 
designed, collected and analysed 
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Measurement techniques 

Motorists’ ability to in monetary terms to evaluate different maintenance 
management attributes had also to be tested. Although valuation techniques like 
the Stated Choice approach are well known, techniques and design of studies in 
this very context had to be tested, as very little experience from previous studies 
was at hand. 
 
To study these issues, a number of pilot Stated Preference studies (SP studies) and 
in depth interviews have been designed, collected and analysed. 

Values and their variation 

Obviously, sufficiently large-scale surveys have to be conducted in order to 
estimate values with reasonable statistical quality. In order to use values in a 
proper way, it is also necessary to understand how they vary with different factors. 
Variations of values of time saving have been subject to a lot of research and 
discussion, and it is important to understand variations of comfort values well. 
 
To gain information on this subject, larger surveys have been designed and 
analysed. 

1.3.2 Definitions and limitations 

It is obvious that these issues cannot be exhaustively dealt with in just one study, 
with a very limited survey budget. A number of limitations had to be imposed. 

Population 

The target group for the surveys was motorists and they answered questions about 
their private trips. The outcoming attitudes and valuations are therefore not valid 
for commercial traffic. 
 
The survey samples in the main survey were collected from a limited part of 
Sweden (South East), which was selected as focus for research interest. The 
results are therefore not necessarily valid for the whole Sweden. 



 

  7

Road network 

The road network in Sweden can be divided into three categories depending on the 
ownership, the State Road Network, the Municipality Road Network and the 
Private Road Network. The present studies have been applied to the State Road 
Network, in particular to main country roads. Motorways and gravelled roads are 
not included in the study. 

Attributes 

A large number of attributes could be subject to valuations. For practical reasons, 
the studies have been limited to a set of attributes that were concluded to be 
important from focus groups (pavement management) and a set of management 
strategies that were interesting from a management point of view (winter 
management). 

Variations 

Restrictions on the size of the surveys implied that important sources of value 
variations could not be studied. This concerns for example trip length, levels of 
damages, and extent of damages. 

1.3.3 Studies within the project 

Before any surveys with motorists were made, a literature study was carried out in 
the beginning of 1996. It appeared that little was known about motorists’ 
perception and valuation of comfort and road maintenance management. A 
number of surveys had to be carried out to gain information on various aspects. 
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Internet Survey (1997)
3 groups, 200 respondents

Illustration Survey (1997)
2 groups, 200 respondents

Main Survey (2000-2001)
Pavement Sample: 637 respondents

Winter Sample: 759 +112 respondents

Perception of time and cost (2000)
In-depht interviews, 100 respondents

Focus Groups (1997)
2 groups, male and female car drivers

 
 

 
 

Figure 5. Studies and surveys within the project. 
 
Figure 5 is a layout of the studies within the project. The literature study resulted 
in a decision to hold focus groups discussions in order to get more profound 
knowledge about motorists’ apprehension of maintenance standard and driving 
comfort. The focus group discussions served as a foundation for the exploratory 
studies and the two main surveys. 
 
Since the goal with this project was to estimate motorists’ willingness to pay for 
different maintenance management standards, a suitable method for that purpose 
had to be found and tested before carrying out the main survey. The leading 
methods for capturing willingness to pay for different services imply use of Stated 
Preference (SP), also called Stated Choice and Revealed Preference (RP) choice 
data. These methods have found their use in a growing number of applications in 
transportation planning in recent years. They have both their advantages and 
disadvantages. In this project, it soon became apparent that it was impossible to 
find a suitable revealed preference situation which would enable us to study 
motorists’ real road choices. Instead, motorists’ choices of roads with different 
maintenance management standard were simulated by Stated Preference studies. 
 
The first exploratory SP study dealt with car users valuation of different comfort 
factors like traffic intensity, weather and road surface. The purpose was to 
compare the importance of the maintenance management factor road roughness 
with other car travel comfort factors. In this study Internet was used as a medium 
for answering the SP questions. The Internet answers were also compared with a 
usual mail back sample. Different recruitment methods were also compared, the 
car ownership register versus an Internet people finder database. A new SP 



 

  9

method, best/worst conjoint, was used in this study. The reason for that was to test 
and evaluate it. The participants in the preceding focus group discussions 
preferred answering best/worst questions instead of stated choice questions. But 
this approach was later abandoned for other reasons. 
 
The Internet survey raised the question of the influence of the pictures shown to 
the respondents. Some of the respondents had a clear view of the pictures on their 
computers and others had not. Since it is impossible to control the respondents 
picture reproduction on their computer screens it is of significant importance to 
have knowledge about the influence of illustrations. Therefore, a survey with the 
aim to investigate the effect on stated preference choices if showing or not 
showing photographs of different types of well-known road damage was carried 
out. The maintenance management factor “road roughness” was taken from a 
previous study but the cost factor was described differently from that study. The 
new results revealed a discrepancy in willingness to pay for higher road surface 
standard in comparison with the previous study. Tests indicated that it could 
depend on how the cost parameter in stated choice experiment is described and 
perceived by the respondents. A study on motorists perception of travel cost and 
travel time was therefore carried out in order to find an appropriate way of treating 
those factors in stated choice experiments before the main study could be made. 
 
A common practice within transport research is to standardise individuals’ 
estimates of time and cost. This is not a problem for public transport trips where 
travel time is scheduled in timetables and the cost is the ticket fare. For car users, 
the actual and perceived cost for a single car trip is more complicated. In Sweden, 
the most frequently used cost in stated choice experiments and travel demand 
modelling is the tax authorities value for car trips, 15 SEK per 10 kilometres. In 
consequence these calculated average values for car users may either over- or 
underestimate the individuals own rating. This can have far-reaching effects 
including errors in cost-benefit analysis. Exploratory in-depth interviews were 
carried out in order to investigate the perception of travel cost and travel time for 
car trips. The effect of different ways of describing the car travel costs was 
demonstrated in a number of SP models with data collected from the same 
interviewees. 
 
The main study was carried out in two stages. During the autumn 2000, attitudes 
and valuations of pavement maintenance management were investigated and 
winter maintenance operations evaluations were surveyed during the winter 2001. 
The design of the surveys was based on findings and experiences made in the 
preliminary studies. In order to overcome the problem with the cost attribute in the 
stated choice experiments, described in the passage above, motorists’ trade-offs 
between maintenance management standard and travel cost were compared with 
motorists’ trade-offs between maintenance management standard and travel time. 
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The cost attribute chosen was parking cost and this cost did therefore not vary 
with the trip length. The purpose was to use a cost attribute that was specific and 
easy to relate to for the motorists since the variable costs for car trips differ from 
car user to car user. 
 
In addition, the collected data from the main study were analysed by logit-based 
choice models. A cluster analysis based on the surveyed attitudes was included. 
The purpose with that was to explore the heterogeneity in the data material and the 
aim was to find out what effect the identification of separate attitudes had on the 
monetary values of maintenance standard. 
 
The last analysis performed was some fairly simple cost-benefit calculations of the 
suggested monetary valuations of different maintenance management standards. 

1.4 Summary of results and research contributions 

1.4.1 Literature study 

It appeared that little was known about motorists’ perception and valuation of 
comfort and road maintenance management with a few exceptions according to 
the literature study that was carried out in the beginning of 1996 and updated 
2002. 
 
Internationally, some efforts have been made to find connections between 
objective measurement and subjective public ratings, see Figure 4. The connection 
between user ratings and IRI is yet of limited use when it comes to allocating 
limited public funds for road maintenance management. Monetary valuations of 
drive comfort on roads with different maintenance standards on the other hand 
would allow planners to make cost-benefit calculations and to use other economic 
models in order to optimise limited resources. 
 
In 1991 a Swedish SP-survey on road roughness and winter maintenance was 
carried out (Rückertz and Forsström, 1991). The study contain however some 
serious methodological problems like a vague travel choice situation and an 
indistinct cost attribute. The survey still provided some useful experiences that 
could be exploited in the present studies. 
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1.4.2 Exploratory studies 

The preliminary focus group discussions showed that motorists are familiar with 
different types of road maintenance management conditions and that road quality 
is of significant importance to them. The respondents recognized the different 
pavement damages and standards that were shown to them in a video and on 
photographs. More visible pavement damage like bad patch and repairments was 
given higher priority than taking care of for example, cracks. The motorists’ 
familiarity with different road conditions lead up to two self guided exploratory 
SP surveys. 
 
The Internet study, where different car travel comfort factors were compared to 
each other, revealed that road roughness was the most important factor together 
with traffic intensity. Making interviews over the Internet was easy and efficient. 
The sample of respondents who answered the Internet version of the interview was 
compared to a group of interviewees who answered a mail back questionnaire. 
Both groups were recruited from the car ownership register and there were no 
significant differences of the results between the two groups. The potential of 
making Internet surveys is good. It is cheap, easy to show pictures and it is 
possible to make dynamic questionnaires. One drawback still remains, even today 
(2002); it is not possible to create representative samples of the population as a 
whole. 
 
In the Illustration survey, the effect of showing pictures of road roughness 
illustrating the levels of standards for stated preference experiments was 
investigated. The results indicate that pictures do influence the interviewees. The 
sample with respondents supplied with photographs had 20 to 25 percent higher 
monetary valuations of pavement maintenance than the sample without such 
illustrations. 
 
Tests on the data collected in the Illustration survey indicated policy oriented 
answers. The respondents had attached great weight to the pavement condition 
attribute and little weight to the cost. The policy problem could then consist of 
motorists who would like to influence the survey result in a direction where road 
comfort comes out as very important and who therefore do not take their own 
budget constraint into account. Another explanation of the ignorance of the cost 
factor could be that motorists do not valuate the cost for a single car trip in an 
appropriate way. A series of in-depth interviews on car travel costs and car travel 
times were therefore carried out in a subsequent study. 
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Motorists’ perception of their own car travel costs and car travel times were 
surveyed in a series of in-depth interviews. The study showed that the car users 
way of estimating their own travel costs differ substantially among them from 
each other. See Figure 6. 
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Figure 6. Cost estimates in groups with different methods of estimating car travel 

costs. 
 
The mean travel cost was as high as 25-30 SEK per 10 kilometres depending on 
whether the interviewees calculated the car travel cost as gas and decrease in value 
or as a mileage allowance. For the groups who consider petrol cost to represent the 
car travel cost, the actual cost was around 9 SEK. However, stated choice models 
based on SP-data collected in the end of the in-depth interview sessions gave the 
best model fit and also the best adaptation to the interviewees' choices when the 
car travel cost was the same as the allowance for tax deductions, 15 SEK per 10 
kilometres. The reason for obtaining better results with a general costs than 
individuals may be the motorists’ uncertainty when they estimate their own car 
travel costs. It is therefore sometimes better to use a general car travel cost instead 
of adjusting the cost to every single individual. Still, much uncertainty is attached 
with theto running cost of a car trip and the conclusion drawn in the studies was to 
use more precise cost variables. 

1.4.3 Main survey 

The main study consisted of two surveys, one about pavement maintenance 
management and one about winter maintenance management operations. The 
attitude questions in the surveys revealed that the maintenance standard of the 
road network is the most important comfort factor. Other important factors were 
found to be the behaviour of other road users, and the type of car. 
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According to the respondents, the roads maintenance status influenced them in 
several ways. Pavement roughness, for example, made the interviewees more 
worried about accident risks and car damage and as a result of that forced them to 
concentrate more when driving and to decrease the speed. 
 
Shortcomings in the road maintenance management were acceptable for a few 
kilometres but not for longer distances. When answering an attitude question as 
many as about 40 percent of the respondents could consider higher road tax if that 
would lead to improved maintenance management. 
 
Cluster group analysis was performed in both the pavement survey and the winter 
survey in order to find out if there were any groups with disparate attitudes to road 
maintenance management. Monetary valuations for each group were also 
calculated. The cluster group analysis resulted in two separate groups in each 
survey. One group consisted of drivers who reported to be very much influenced 
by the level of maintenance management regarding the speed they choose to, joy 
of driving and so on. The other group reported to be less influenced and had lower 
acceptance of higher road tax for the purpose of increase the quality of the 
maintenance management services. Separate stated choice models revealed that 
the differences in attitudes also reflected the respondents’ willingness to pay for 
higher road maintenance standard but the differences were insignificant. 
 
The respondents’ willingness to pay for various levels of maintenance 
management was measured in four stated choice experiments. The motorists’ 
monetary valuations calculated from the experiments are presented in Table 1 
below. 
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Table 1. Monetary values from the main study. 
 

Stated Choice Experiment Willingness to pay 

Experiment 1: Pavement damage  

 Tracks: None instead of deep tracks 0.8 SEK/damaged kilometre 

 Cracks: None instead fully cracked 0.5 SEK/ damaged kilometre 

 Roughness: None instead of roads covered with it 1.6 SEK/ damaged kilometre 

 Game fence: Exists instead of not 0.4 SEK/kilometre 

Experiment 2: Comfort  

 Surface: Smooth pavement instead of very rough 1.2 SEK/Kilometre 

 Surface: Smooth pavement instead of average 0.4 SEK/Kilometre 

 Game fence: Exists instead of not 0.3 SEK/Kilometre 

Experiment 3: Snow-clearance  

 Snow clearing strategy: Bare drive instead of snow covered 0.3 SEK/Kilometre 

 Snow clearing strategy: Bare drive instead of snow dividing 

strip 

0.4 SEK/Kilometre 

Experiment 4: Winter season  

 Time to plough after snowfall (city street): 4h instead of 3h -110 SEK/Year 

 Time to plough after snowfall (city street): 2h instead of 3h 13 SEK/Year * 

 Time to plough after snowfall (road): 4h instead of 3h -201 SEK/Year 

 Time to plough after snowfall (road): 2h instead of 3h 61 SEK/Year 

 Time to plough after snowfall (motorway): 3h instead of 2h -185 SEK/Year 

 Time to plough after snowfall (motorway): 1h instead of 2h 83 SEK/Year 

*not significant (level 0.05) 

 
In conformity with the result from the exploratory stated preference surveys, the 
willingness to pay for roads with high maintenance management standard were 
high also in the main study. The reference attribute game fence was worth 
approximately the same in the two first main study experiments as well as in the 
exploratory surveys. 
 
The monetary values for getting rid of various types of pavement damages in 
experiment 1 are calculated for a road totally without damage in comparison with 
one fully covered with damage. When the respondents answered the questions 
they visualized that the spreading of the damage was about 60 percent. In the same 
way is it important to scale down the values to the current road pavement 
condition when using the value in, for example, cost-benefit analysis. The scaling 
needs to be done with respect to the spatial extension as well as the severity of the 
damage. 
 
In Experiment 2, the monetary value for two comfort levels depending on the 
pavement condition is calculated. The levels are similar to the values in 
experiment 1. 
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Experiment 3 revealed that the respondents did not distinguish between driving on 
snow roads or on roads on which there was a centre strip with snow left on in 
comparison with roads totally cleared from snow.  
 
In experiment 4, the respondents made decisions on improvements or 
deteriorations on the guideline for when to plough the road network after a 
snowfall. The result shows much higher values for deteriorations in comparisons 
with improvements. 
 
The benefit from pavement maintenance management and winter maintenance 
operations were compared with corresponding costs in a number of rough cost-
benefit analysis. The result showed fast return for both pavement and winter 
maintenance on roads with traffic volumes over 1000 vehicles per day. In future 
studies it would be interesting to study more in detail that part of the road network 
where the traffic flows are low since it also contains the roads with the lowest 
standard. 

1.5 Reader instructions 

This thesis is a monograph on motorists’ evaluation of road maintenance 
management. Both evaluations on pavement maintenance management and winter 
maintenance operations are included. Due to the pioneer status of this subject a 
number of new studies, made with various methods, on car users perception of 
maintenance related activities have been carried out in the framework of this 
thesis. 
 
The first part of the thesis covers, an introduction, a section on road maintenance 
management, a literature study and a chapter on methods for evaluation. In 
Chapter 3, the literature study, a number of studies on road users’ attitudes and 
valuations of maintenance management are reported and discussed. The outcome 
from that chapter together with the outlines of the performance of maintenance 
management in Chapter 2 makes the basis of the design of the exploratory studies 
in Chapter 5. 
 
The valuation method Stated Preference is described in Chapter 4. This is done in 
an extensive way to make it possibly for people without previous knowledge about 
valuation methods to better understand the technique used to capture customers’ 
willingness to pay for goods. 
 
The second part of this monograph consists of new studies made specially for this 
thesis. First are the exploratory studies presented in Chapter 5, and then based on 
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the outcome of those studies is the final main survey presented in Chapter 6. The 
main survey dealt with both pavement and winter maintenance management. It 
covers both attitudes on different road conditions and monetary valuations. In this 
part, the monetary valuations are also compared with corresponding actual costs. 
 
Finally, Chapter 7 includes conclusions and recommendations on the use of the 
result followed by suggestions for further research. 
 
The questionnaires and survey illustrations can be found in the Appendices. 
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2 Road maintenance and management 

To assess the operations and maintenance measures that may be appropriate in 
order to produce monetary valuations, the methods and models used by the SNRA 
are presented in this chapter.  

2.1 Cost-benefit analysis 

Cost benefit calculations are used to create a basis for decision-making with the 
aim of obtaining an overall assessment of a measure. In a cost benefit calculation, 
the benefits are weighed against the costs.  
 
In the past, cost-benefit calculations within the road sector have predominantly 
been used for investment planning and not for operations and maintenance 
planning. However, there is now also a trend towards the use of calculations and 
models within the area of operations and maintenance, see for example the SNRAs 
model for cost-benefit calulations (1997) or (SNRA, 1999). 
 
In collaboration with the authorities concerned, the Swedish Institute for Transport 
and Communications Analysis, SIKA, has carried out an evaluation and revision 
of the principles of cost-benefit calculation and parameter values within the area 
of communications. The project was completed in 1999 and prioritised areas were 
the environment and traffic safety. The review did not cover operations and 
maintenance valuations. These will instead be covered by the review that will start 
in 2000 and continue until 2002 prior to the next planning cycle.  
 
The travel costs that increase with deterioration in road standard can be divided 
into three categories:  

• Running costs, e.g. petrol and wear and tear of the vehicle 
• Travel time costs, the motorist is forced to drive more slowly than usual  
• Subjective inconvenience costs 

 
It was not yet being possible to determine the travel time increases that may result 
from unevenness of the road surface or from shortcomings in the winter 
maintenance operations. Discomfort costs are neither known but a number of 



 

  18

attempts to achieve monetary valuations have been made prior to the study 
described here, see the literature study in Chapter 3.  
 
Previous studies, such as the review carried out by the Swedish National Audit 
Office (1986), of road surface maintenance have shown that motorists’ 
assessments of ride comfort can be an important factor in cost-benefit calculations 
concerning road surfaces. The same might well apply to calculations of optimum 
winter operation standards that neither include monetary valuations of comfort. 

2.2 Calculation of effects in road analyses 

For the planning of the road network, SNRA uses a series of catalogues over 
measures and effects (2000b). Included are two separate volumes about road 
maintenance management, Maintenance management – Effects and Maintenance 
management – Guidance. A separate computer analysis system called EVA (EVA 
v2.31) is included. The principle of EVA is to identify a number of consequences 
for each measure and then to assess them.  
 
EVA contains four effect models: 

• Vehicle model  
• Travel time model  
• Operations/maintenance and operations/winter model 
• Valuation and economics model. 

 
The operations and maintenance model calculates the operation and maintenance 
costs and the operations/winter model calculates the number of hours during the 
winter season with reduced access to the roads.  
 
The evaluated effects are travel time costs for private cars and lorries, accident 
costs excluding wild animals, wild animal accidents costs, comfort costs from 
gravel roads to surfaced roads, vehicle costs, fuel costs, environmental costs and 
operational and maintenance costs.  
 
The strategy for surface maintenance used by the SNRA can essentially be divided 
into the choice of surface type and the measurement interval. According to the 
SNRA’s effect catalogue (2000), the term “ride comfort” is a broad term that 
includes all factors that can affect the road-user’s sense of well being.  
 
Ride comfort reflects the willingness to pay per hour for a surfaced smooth road 
instead of a normal gravel road. In the EVA system, the willingness to pay is SEK 
11 per travel time hour and is derived from a Finnish study (Technical Research 
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Centre of Finland, 1988). There is currently no equivalent value in use for winter 
operation. 

2.3 The Pavement Management System 

To optimise surface maintenance, Pavement Management System is used 
(Transportation Research Board, 1999). The PMS concept was developed in the 
USA during the 1970s and is now a common tool for road maintenance. The idea 
behind it is to obtain rational and systematic information on the road’s status. This 
information leads in turn to decisions on operational and maintenance measures 
and facilitates the best allocation of resources.  
 
The basis of the SNRA’s version of PMS is road surface measurements which are 
carried out continuously, following a particular schedule using a Laser RST (Road 
Surface Tester) measurement vehicle . The measurement vehicle records the road 
surface’s evenness in the longitudinal direction, cross-profile, fractures, cracks and 
texture. From these measurements, the aim is to be able to obtain knowledge of 
road grip, ride comfort and road wear. Other information in the PMS includes 
surface data, road number, road category, road types, county, road maintenance 
organisation, traffic volume, road width and road length (Wallman, Björcebaum & 
Yngveson, 1995).  

2.4 Winter road maintenance 

The operation of roads during the winter means snow clearance and 
chemical/mechanical anti-skid measures. The SNRA carries out, by using 
subcontractors, winter maintenance on the basis of technical descriptions of 
operational standards for winter maintenance (SNRA, 1994b). These descriptions 
are used in order to offer road-users road condition services that the contractor is 
obliged to provide.  
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Table 2. Examples of factors that the SNRA uses to describe operating standards 
on winter roads. 

 

Measure  Level of measure 
Ploughing Snow- and ice-free, No loose snow, centre dividing strip (snow left on the 

centre) 

Anti-skid measures Chemical and mechanical  

Wheel tracks Variable appearance (depth) under snow road conditions 

Snow depth Permitted snow depth before action (2, 4, 6, 8 cm) 

Width of lane On snow roads  

Friction Ice-free after a certain number of hours (1, 2, 3, 4, 6) 

 
According to the SNRA´s winter operations descriptions, there are two road 
condition services:  

• Snow free and non-skid roads. This means that the road surface is normally 
free from snow and ice and if possible dry during dry weather and by a 
particular period of time after precipitation.  

• Snow road surface. The term ‘snow road surface’ means that the road normally 
has a surface of packed snow or ice. During dry weather and by a particular 
period of time after precipitation, the surface should be even, free of loose 
snow and give satisfactory friction.  

 
Road surface conditions have been divided into standard classes where the 
requirements for winter road maintenance of lanes, verges and rest and bus lay-bys 
vary depending on the standard class to which they belong. Standard class 
assignment determines the start criteria for snow clearance, whether and how the 
skid-resistance of the road will be maintained, etc. The standard class of a road is 
determined by its road category and traffic flow and is established during the 
planning process.  

2.5 Measurements of road network quality 

The operational and maintenance standards of the road network are followed up 
through various types of measurements. Both objective mapping and road-user 
assessments of the status of the road network are carried out annually.  
 
A number of studies have been carried out to assess the link between objective 
measurements and subjective evaluations of road surface standards, see Chapter 3. 
If this link is known, it can be used to obtain a knowledge of the road-users’ ride 
comfort simply by measuring the condition of the road, e.g. through the IRI value 
(International Roughness Index). 
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2.5.1 Road surface standard 

In the case of objective measurement of road surface roughness, the result will 
depend on the equipment that is used. Different measurements can therefore not be 
compared directly with each other but must first be converted to IRI values. The 
IRI value has the unit mm/m and is an indication of the road surface roughness in 
a longitudinal direction. The SNRA has been systematically collecting data on 
evenness and groove depth since 1987 using an RST vehicle (Road Surface 
Tester). 

2.5.2 Winter operation 

Follow-up of the winter operation takes place through observations of the winter 
road conditions, see the table below. The information can be more or less detailed, 
according to the different information stages. 
 

Table 3. Description of road surface conditions. From the SNRA’s method 
description (1994). 

 
Stage 1 Stage 2  Stage 3 
Bare 
Road surface at least ¾ snow- 
and ice-free  

 
Dry, moist or wet snow- and 
ice-free surface 

 
Presence of roughness, sand 
and planning grooves and 
possibly other supplementary 
information, e.g. different road 
conditions along the centre of 
the road 
 

Ice/snow road conditions 
Road surface at least ¾ covered 
by snow, ice, hoar-frost or 
slushy snow and no groove 
wear has occurred  
 

 
Thick ice, packed snow, thin 
ice, hoar-frost, loose snow or 
slushy snow 

 
Presence of roughness, sand 
and planing grooves and 
possibly other supplementary 
information, e.g. different road 
conditions along the centre of 
the road 
 

Wheel tracks  
Road surface covered by 
snow/ice  

 
Road conditions stated for both 
within and outside the wheel 
grooves 
 

 
Presence of roughness, sand 
and planing grooves and 
possibly other supplementary 
information, e.g. different road 
conditions along the centre of 
the road 
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Patchy road conditions Road conditions stated for both 
within and outside the patches 

Presence of roughness, sand 
and planing grooves and 
possibly other supplementary 
information, e.g. different road 
conditions along the centre of 
the road 

 
Observation data is processed in a model. The results are primarily used for 
procurement but they are also used in development projects.  

2.5.3 Subjective valuations 

Subjective valuations of road surface maintenance and winter operation are 
collected through annual road-user interviews. The interview method that is used 
is a customer satisfaction index. Road-users state how satisfied they are with the 
operating and maintenance standards over the last 12 months by grading a number 
of factors.  

2.5.4 Comparison between subjective and objective valuations 

The subjective measurements show that the proportion of road-users who are 
satisfied with road maintenance has fallen in recent years. In 1996, approximately 
60 percent of private motorists were satisfied with the maintenance carried out on 
national trunk roads. Approximately 30 percent said they were satisfied in 2000 
(SNRA, 2000a). 
 
The IRI and groove measurements show that the road network has slowly 
improved. However, the SNRA’s new calculations show that the conditions have 
deteriorated for the characteristics that are not currently followed up, surface 
damage and the strength of the road body (SNRA, 2000a).  
 
A probable explanation as to why the proportion of satisfied road-users has been 
falling for many years whilst measured road conditions have improved slightly is 
that road conditions have deteriorated with respect to the type of damage that 
cannot currently be measured. Another explanation may be that the expectations 
of motorists have increased over time. 
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3 Review of studies of valuations of maintenance 
management 

This literature study was carried out in order to investigate findings of previous 
studies within the area of road-user valuations of operational and maintenance 
standards of the road network. Few studies of valuations of road standards were 
found. Investigations concerning the road-users’ monetary valuations of various 
winter operation measures were even less common. 
 
The relevant studies are first summarised in the first sections and then discussed in 
the concluding section of this chapter. 

3.1 Ride quality and road maintenance management  

Road surface unevenness makes car journeys uncomfortable. Examples of 
unevenness include wheel grooves (tracks), crack and repaired surfaces. 
 
Road-users’ valuations of road surface roughness can be compared with other 
comfort factors such as car type in order to clarify just how important ride comfort 
is. The literature study uncovered two surveys of road-users’ responses to different 
comfort factors when travelling by car. 

3.1.1 In-depth interviews on ride comfort 

A number of in-depth interviews concerning ride comfort were carried out at rest 
places and petrol stations in Sweden (Alm and Magnusson, 1992). The aim was to 
assess what motorists' notice in the road environment and how they perceived 
comfort. 
 
A total of 50 people were interviewed for between 30 and 60 minutes on three 
different types of roads - motorway, wide road with two lanes and a narrow road 
with two lanes. The questions that were asked focused on the perception of road 
standard, road environment and road service.  
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The results show that most people interviewed associated comfort with both 
objective phenomena such as the car, road traffic flow, service, etc. and subjective 
experiences such as relaxation and pleasantness. 

3.1.2 Ranking of important factors 

In an interview survey from 1977 (referred to in an Australian literature study, 
Cairney et al, 1989), motorists at a number of service centres ranked nine factors 
according to how important they are when travelling by car. 
 
Table 4. Important factors when travelling by car according to motorists (Cairney 
et al 1989). 
 
 Drivers who use their car 

daily 
Drivers who use their car 

occasionally 

 [Ranking number] 

Travel time  1 3 

Road marking 4 1 

Route planning 6 2 

Road surface 3 4 

Hold-ups 2 5 

Overtaking opportunities 7 6 

Accidents 9 7 

Night-driving 5 8 

Speed 8 9 

 
The results were analysed separately for drivers who use the roads every day and 
for those who use their car less frequently. Those who used their cars every day 
rank Road surface as the third most important factor after travel time and the 
number of hold-ups. Among those who used their car less frequently, road surface 
was ranked as the fourth most important factor, see Table 4. 

3.2 Road surface assessment with test drivers  

In a number of studies, test drivers driving and assessing a number of different 
road sections have carried out subjective evaluations of ride comfort. After that, 
attempts to identify the link between subjective views and objective measurements 
such as IRI (International Roughness Index) of road surface standard have been 
made.  
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3.2.1 Study on subjective and objective measurements 

During the 1970s, an assessment of how subjective measurements of PSI (Present 
Serviceability Index) can be related to objective measurements of road surface 
roughness through trials in four Australian states was carried out (Cairney et al, 
1989). 
 
In practice, the studies involved “road administration personnel” driving a car over 
a number of road sections and assessing these sections on a scale from one to five.  
 

 
 
Figure 7. Four studies of the link between subjective evaluations PSI and objective 
measurements of the road surface roughness. 
 
The regression analyses that were carried out showed a good linear agreement 
between PSI and unevenness in the road surface, see Figure 7. The slopes of the 
lines are also approximately equal except for two cases where the variation of 
unevenness in the road surface is greater. 

3.2.2 Public perceptions of pavements 

A large-scale study involving Iowa, Minnesota and Wisconsin Department of 
Transportation has been accomplished over a period of five years (Kuemmel et al, 
2001). The primary objective of the study was to seek systematic customer input 
for formulating a new of pavement improvement policy. 
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The study included 18 focus group discussions and 400 surveys in each of the 
three states. In last set of surveys, 150 highway segments in each state were 
objectively measured (IRI) and subjectively evaluated by motorists. The 
connection between subjective ratings and objective measures were found, see 
Figure 8 below. 
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Figure 8. Comparison between data from phase 1 and phase 2 (Kuemmel et al, 
2001). 

 
The IRI values were linked to different indices created from 5-points Likert-scales 
(strongly agree to strongly disagree): 
• "I am satisfied with the pavement on this section of highway" 
• "The pavement on this stretch of highway is better that most of the stretches of 

the state highways" 
• "The pavement on this section of highway should be improved" 

3.3 The effect of different factors on the valuations  

One problem when measuring how motorists assess ride comfort is that other 
environmental factors also have an effect on the assessment, e.g. the condition of 
road signs, traffic signal types and the appearance of the road verge. To test the 
influence of these variables could be very complicated. For each level of road 
surface roughness, we would need to have different test sections with, e.g. 
different types of road verge.  



 

  27

3.3.1 Background factors 

Some variables and background factors that have an influence on motorists’ 
evaluations of road surface standard have been studied in two tests, (Janoff and 
Nick, 1983). 
 
In the first test, groups of three people in each car were asked to assess the same 
road section individually. The aim of the survey was to determine whether sitting 
in a different place in the vehicle, driving experience, gender, etc. had an effect on 
the road-users’ assessment of road roughness.  
 
Table 5. The effect of different factors on the assessment of different road sections 
 
Affects the assessment of ride comfort Not shown to affect the assessment of ride 

comfort 

How long the driver has had a driving licence* Position in the vehicle 

 Experience with a particular size of car 

 Age 

 Gender 

*Drivers who have held a driving licence for a short time used the mid-scale for assessment most 

while drivers who have held a driving licence for a longer time used the entire scale 

 
The results of the study showed that only the length of time that the test person 
had held a driving licence had an effect on the road surface evaluations, see Table 
5. Their place in the vehicle, age, etc. were of no significance. 
 
The second study involved an analysis of whether certain variables have an effect 
on the evaluation of road surface at the 5 percent risk level. The variables tested 
were:  
 
• The region from which the test drivers came  
• Car size on the test route 
• Speed 
• Whether the test person was a layman or a professional 
 
The results showed that none of the variables was significant at the 5 percent risk 
level, i.e. they could not explain any differences in the interviewees’ road surface 
evaluations.  
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3.3.2 Road surface factors 

A study was carried out to investigate how a number of factors related to how the 
road surface influences the ranking of roads with regard to comfort, (Nair, Hudson 
and Lee, 1985). Examples of factors are carriageway width and surface type. The 
extent to which the evaluations differed as a result of the test persons’ individual 
differences was also tested.  
 
The study involved test drivers driving on and assessing different road sections on 
a scale from one to five. The assessments were compared with objective 
measurements. The results are shown in Table 6. 
 

Table 6. The effect of different factors on the evaluation of road surface type. 
 

Affects ride comfort evaluation Not shown to affect ride comfort evaluation 

Road surface type, solid or flexible Surface texture 

Repairs Road location, urban or rural 

 Carriageway width 

 Road environment 

 

3.4 Stated Preference and Revealed Preference studies on ride 
quality 

Comfort evaluations of different road surface standards can be investigated by 
studying the hypothetical or actual behaviour of road-users. Examples of methods 
for this are the Stated Preference method (the SP method) and the Revealed 
Preference method (the RP method), see Chapter 4. 
 
The SP method is based on the idea that road-users are making a choice between 
hypothetical options. In principle, road-users can be asked about their willingness 
to pay a little more to use a smooth road instead of a rough road. The basis for the 
assessment is the road-users’ willingness to pay for the difference in comfort.  
 
The choices made by road-users between using a smooth, well-maintained road or 
a shorter but inferior road can also be studied in reality. This approach is called the 
RP method.  
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3.4.1 SP interviews on road surface standard 

In 1991, the SNRA’s first SP-based survey on road conditions was carried out 
(Rückertz and Forsström, 1991). This was a ‘willingness to pay’ survey with the 
aim of estimating road-users’ monetary valuations of different road surface 
standards on three different types of roads. Designs for three SP surveys, one per 
road type, were developed, see Table 7. 
 

Table 7. The three road types studied. 
 

Type of road Width Survey No. 

Wide surfaced road 13 metres Survey 1 

Narrow surfaced road 6-9 metres Survey 2 

Gravel road inc. surfaced gravel road  Survey 3 

 
Wide and narrow roads included the same factors and levels but the smoothness of 
the road was described in different ways, see Table 8 and Table 9. For the gravel 
road alternative, there was a fourth level. The three different road surface 
standards have their equivalents in the national road programme.  
 

Table 8. Factors and levels in the surveys. 
 

Factors/levels Description Level 1* Level 2* Level 3* 

Road surface standard Road smoothness Good Average Poor 

Cost item Petrol tax (price of petrol per 
litre) 

SEK 7.00/l SEK 7.50/l SEK 8.00/l 

Winter maintenance Maximum permissible snow 
depth before clearance 

2 cm 4 cm 6 cm 

          *Description of the levels, see Table 9 

 
The road surface was described as an amalgamation of irregularities and grooves 
in the road surface. The levels for the factor road smoothness in each survey were 
illustrated using a video. The three different levels for road smoothness was 
described differently in the three surveys but can briefly are described as good, 
average and poor road surface standard.  
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Table 9. Description of road smoothness in the survey for wide surfaced roads. 
 

Level Description 

Good The road is smooth and good. Some individual areas of unevenness may occur. 

Average The road is relatively smooth. Unevenness and grooves occur in short stretches 

Poor The road is smooth in places. Longer stretches of smaller or larger grooves and 

unevenness are common however 

 
The interviewees selected were divided into four layers, Northen Sweden, Central 
Sweden, Southern Sweden and cities in order to assess whether the valuation 
differed as a result of where in the country the interviewees lived. Each 
interviewee was given randomly selected cards for each survey. The task was to 
rank the cards as a ranking SP-experiment using the video as support.  
 
The material collected was analysed using logit analysis and resulted in a 
willingness to pay, measured in SEK/l petrol, in order to use a smoother road 
compared with a rougher road, see Tables 10 and 11. 
 

Table 10. Willingness to pay for a higher road surface standard. 
 
Strata/ 
Road type 

Willingness to pay (SEK/l petrol) 
for a smooth road surface 
compared with a road of average 
smoothness 

Willingness to pay (SEK/l petrol) 
for  a smooth road surface 
compared with a rough road 

Wide road   

Northern Sweden 0.62 1.75 

Central Sweden 0.70 1.71 

Southern Sweden 0.81 1.94 

Sth, Gbg, Malmö 0.68 1.86 

Total, Sweden 0.70 1.81 

Narrow road   

Northern Sweden 0.77 2.79 

Central Sweden 0.79 2.52 

Southern Sweden 0.72 2.91 

Sth, Gbg, Malmö 0.92 2.89 

Total, Sweden 0.80 2.77 

 
The results showed that the willingness to pay for a better road standard was 
relatively high and that the valuations did not differ significantly on a 
geographical basis.  
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Table 11. Willingness to pay for a higher gravel road standard. 
 
Strata Willingness to pay 

(SEK/l petrol) 
for a Y1G road 
surface* instead of a 
good gravel road 

Willingness to pay 
(SEK/l petrol) 
for a Y1G road 
surface* instead of an 
average gravel road 

Willingness to pay 
(SEK/l petrol) for a 
Y1G road surface* 
instead of a 
“washboard” 

Narrow road    

Northern Sweden 0.16 1.13 3.90 

Central Sweden 0.10 1.21 4.12 

Southern Sweden 0.06 0.74 3.32 

Sth, Gbg, Malmö 0.02 0.79 3.44 

Total, Sweden 0.07 0.96 3.69 

*Y1G, simple, surfaced gravel road 

 
The willingness to pay to avoid using a poor gravel road was high whilst it was 
almost zero for a simple surface instead of a good gravel road. 
 
The second factor in the SP survey, other than the cost, was the permissible snow 
depth before the road is ploughed. The SP-design is described in Table 8. 
 

Table 12. Willingness to pay for more frequent ploughing. 
 

Strata/ 
Road type 

Willingness to pay (SEK/l 
petrol) for ploughing  

Willingness to pay (SEK/l 
petrol) for ploughing 

Wide road 2 cm compared with 4 cm 2 cm compared with 8 cm 

Northern Sweden - 1.1 

Central Sweden - 1.0 

Southern Sweden - 1.2 

Sth, Gbg, Malmö 0.2 1.2 

Total, Sweden - 1.1 

Narrow road 4 cm compared with 6 cm 4 cm compared with 8 cm 

Northern Sweden 0.4 1.3 

Central Sweden 0.5 1.0 

Southern Sweden 0.3 1.0 

Sth, Gbg, Malmö 0.3 1.1 

Total, Sweden 0.4 1.1 

Gravel road 4 cm compared with 8 cm 4 cm compared with 10 cm 

Northern Sweden 0.9 1.9 

Central Sweden 0.8 1.5 

Southern Sweden 0.7 1.7 

Sth, Gbg, Malmö 0.7 1.6 

Total, Sweden 0.8 1.6 
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The willingness to pay for earlier snow clearance is very low according to Table 
12, particularly compared with the road surface valuations. This may be so 
because the questionnaires were answered when there was no snow.  

3.4.2 SP interview on winter operation 

The principal aim of the literature study was to summarise the views of road-users 
on road surfaces and this meant that winter operation was given as much 
consideration as snow- and ice-free maintenance. 
 
A survey of monetary road-user valuations of winter operation has been carried 
out in Sweden (Swedish National Road Administration, 1994). Part of this survey 
concerned the valuation of winter maintenance. 
 
The negative willingness to pay (or willingness to accept) to drive on snow roads 
and roads with a dividing strip instead of on snow- and ice-free roads was studied 
using SP interviews.  
 
The interviewees were recruited to the survey through the recording of car 
registration numbers to ensure that they would have an actual journey to compare 
with when they answered the survey. The interview material was sent out by mail 
to the owners of the cars whose registration numbers had been noted. This 
material contained a winter road survey with eight paired choices and an 
illustration sheet with the three road types. 
 

Table 13. Design of SP survey to investigate motorists’ views on winter 
maintenance. 

 

Factors/levels Description  Level 1 Level 2 Level 3 

Winter 
maintenance 

Chosen operational 
standard 

Snow-free road 
surface 

Snow-free road 
surface but with 
dividing strip 

Snow road 

Travel time % of the comparison 
value  

80% 100% 130% 

Travel cost % of the comparison 
value 

80% 100% 130% 

 
The roads that were evaluated in the SP survey were 13-metre roads. 
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Table 14. The negative willingness to pay for not driving on a snow-free winter 
road. 

 
 Northen Sweden Rest of Sweden Northen Sweden Rest of Sweden 

 Private Private Business Business 

Dividing strip 31 41 40 40 

Snow road 32 81 42 96 

 
Table 14 shows the negative willingness to pay expressed as a percentage of the 
cost per 10 km of driving on snow roads and roads with a dividing strip instead of 
snow- and ice-free roads. The willingness to pay was high, approximately 30-
100% of the cost per 10 kilometres. Road-users in Northen Sweden who have 
extensive experience of driving on winter roads had a lower willingness to pay 
than road-users from the rest of Sweden. Northen Sweden road-users had 
approximately the same views on snow roads and roads with a dividing strip 
whilst motorists in the rest of Sweden believe that snow roads are much worse 
than roads with a snow dividing strip.  

3.4.3 RP survey 

In 1985, a survey was carried out with the aim of obtaining monetary valuations of 
ride comfort (Lampinen and Mäkelä, 1985). Two interview surveys were carried 
out, the first with selected test drivers and the second using roadside interviews.  
 
The question asked in the surveys was how much further motorists were willing to 
drive on a better road in order to avoid a poor section of a road.  
 
The 30 test drivers that were selected were employees of the Technical Research 
Centre of Finland. They drove on 18 different sections with an IRI value 
(International Roughness Index) between 1.5-4.8 mm/m and compared them with 
a longer reference section with a lower IRI value (ca. 0.8-2.0 mm/m). The 
intended method, that the smoother road would be an alternative route to the 
inferior route, could not be implemented, as there were no such situations in the 
area of the investigation. When the road-users had driven on the road section with 
a poor road surface standard, they were asked how many more kilometres they 
would be prepared to drive in order to avoid the poor road. After having driven the 
alternative route, they decided which road, the shorter and inferior road or the 
longer and better road, they would choose.  
 
The resulting data was analysed using both regression analysis and logit models. 
The aim was to identify the relationship between the roughness of a road section 
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and the drivers’ willingness to take a longer route in order to avoid the uneven 
road surface and to calculate the costs that the poor ride comfort causes.  
 
The results from the logit analysis show that the motorists were willing to drive 
485 metres further for every kilometre on a rough road for each 1.0 mm/m 
deterioration in the roughness of the road.  
 
The roadside interviews were carried out with motorists who passed one of six 
selected road sections in order to assess the motorists’ views on the smoothness of 
the road under conditions that were closer to reality than was achieved using a test 
panel. The motorists were asked the question “how much further would you be 
prepared to drive to avoid this rough road”.  
 
Converted into money, the monetary value was SEK 11 per hour of travel time 
(1997 prices). The results of this survey were used in the SNRA’s effect catalogue 
in order to give an indication of the magnitude of motorists’ ride comfort 
valuations. 
 
Attempts have also been made to find roads of different surface standards in order 
to carry out RP studies in Sweden but it has proven difficult to find roads with the 
right conditions for an analysis.  

3.5  Conclusions 

This literature study shows that most international studies of road-users’ 
evaluations of ride comfort have been aimed at finding a way of mapping 
subjective evaluations to objective measurements. Motorists have assessed a 
number of road sections using a unit-less scale, e.g. from 1 to 5. 
 
The motorists’ evaluations were then compared with objective IRI measurements. 
The aim has often been to find a formula for calculating subjective evaluations 
using only objective measurements. These evaluations cannot be used directly in 
social planning, as they are not quantified in suitable units. In cost-benefit 
calculations for example, road-user valuations have to be expressed in monetary 
terms.  
 
Swedish cost-benefit studies have shown that the ride comfort factor can be very 
important in road surface calculations (Swedish National Audit Office, 1986). In 
Sweden, a couple of surveys have been carried out with the aim of determining a 
monetary value for the comfort of motorists. However, the results of the various 
studies do not give any directly applicable evaluations for ride comfort as they are 
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too general and because a number of deficiencies have been identified in the 
method used to map them.  
 
The study of willingness to pay for higher road surface standards that was carried 
out on behalf of the SNRA (1991) reports some criticism in its conclusions which 
can be avoided in future studies. This criticism can be summarised in the 
following points:  
 
• The interviewees may have no or insufficient experience of the road types, 

which are described in the video and which must be evaluated. This results in 
an estimation of the willingness to pay that does not reflecting reality.  

 
• Two-stage selection of interviewees, first a preliminary question as to whether 

the prospective interviewee has access to a video. This can result in a selection 
of people who want to see changes to the road network turning up for the 
survey. This leads to a considerable risk that the estimated valuations are 
overestimates.  

 
• The design of the SP survey includes a snow factor, which is presented to the 

interviewees in the middle of the summer. This means that the snow depth 
parameter is underestimated. The interviewees may have forgotten how snow 
and ice affect comfort. The snow depth levels were neither presented in as 
much detail as the levels for the various road surface standards. It is not 
realistic for the interviewees to give their views on winter operation and snow- 
and ice-free maintenance in the same SP survey.  

 
• It is unclear as to whether it is only the road-users’ comfort valuations that are 

reflected in the result, ‘willingness to pay for different types of road surface 
standards’. The interviewees’ willingness to pay may include other factors. 
Examples of these factors include vehicle cost – it is more expensive to use an 
inferior road than a better road – and accident risk, road-users perceive that the 
risk of an accident increases as the standard of the road surface deteriorates.  

 
• The cost factor used was described in terms of petrol price, given as a per litre 

price as well as a price per year (given the mileage). This makes the cost 
attribute unclear – what would the cost consequence actually be in each 
alternative?  

 
It is important to be certain of what factors there are that influence road-users’ 
valuations of comfort levels on different standards of road surface. This is because 
there are other factors in addition to comfort that form part of the ride comfort 
valuation such as accident risk and vehicle costs, which may create a risk of 
duplication in cost-benefit calculations. 
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4 Attitudes, preferences and valuations: Theory 
and methods 

People’s evaluations can be assessed using both qualitative and quantitative 
methods. Both these methods can be used so that they complement each other in 
investigations of human behaviour (Grosvendor, 1997). In the studies in this 
thesis, focus group discussions and the Stated Choice method were used. 
 
Qualitative investigations can be used as a first step in assessing the evaluations 
and perceptions that different groups have with regard to a particular question. The 
results of this qualitative investigation can then be used to formulate the 
quantitative investigation. 
 
Questions in a quantitative investigation is pre-determined. It is therefore 
important that a qualitative study is carried out before the quantitative study in 
order to obtain knowledge of the various evaluations that exist for a particular 
subject. 

4.1 Qualitative surveys  

The group of qualitative surveys includes, but is not restricted to, individual in-
depth interviews, brainstorming, direct observation (verbal “think out loud” 
protocol) and focus groups. There is a lot of literature on this subject, e.g. 
(Silverman, 1997) and (Holloway, 1997). 
 
Individual in-depth interviews can be carried out to assess interviewees' 
experiences and valuations of, for example, ride comfort. The advantages of 
individual in-depth interviews are that more personal subjects can be discussed, 
that only the interviewer (and not the questionnaire) can influence the interviewee 
and that it is easier to find a time and place for an interview if only one person is 
interviewed at a time, (Richardson, Ampt and Meyburg, 1995). 
 
A number of in-depth interviews concerning ride comfort have been carried out at 
rest places and petrol stations in Sweden, see Section 3.1.1, (Alm and Magnusson, 
1992). 
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To assess the way in which road-users notice different ride comfort characteristics, 
the method of discussion in focus groups has been used in this project. This means 
that interviewees with different experiences of driving and a discussion leader are 
gathered to discuss a particular topic on the basis of a predetermined question 
guide, in this case the operation and maintenance of the road network. 

4.2 Quantitative surveys 

The aim of quantitative surveys is often to estimate a value for people’s 
valuations. This may be what proportion of a population that is satisfied with the 
winter operation of the roads, or how willing they are to pay for better winter 
operation. The aim of the quantitative survey determines which interview method 
is to be used.  
 
There are a number of different interview methods for assessing monetary 
valuations, e.g. the Contingent Valuation Method and Conjoint Analysis, see 
Table 15. These methods are carefully described in both marketing and 
environmental literature (Louviere, 1988 and Bateman, 1999). 

 
Table 15. Quantitative survey methods for measuring monetary valuations. 

 
Name Formulation Interview method 

Conjoint Analysis and 
Stated Preferences 
which is also called 
Stated Choice  

Product or service is 
described with a number 
of variables which can 
have different values 

Interviewee grades a number of alternatives 

IP ranks a number of alternatives 

IP makes paired choices between a number of 
different alternatives several times 

   

Revealed Preferences Find an actual choice 
situation 

Looks at how people have made their 
decisions where there are one or more 
alternatives 

   

Contingent Valuation 
Methods 

Describe a product, 
service or condition 

Interviewee states an amount for maximum 
willingness to pay 

Interviewee chooses an amount from a 
number of options that is closest to the 
interviewee’s own willingness to pay 

Interviewee reacts to an initial amount and 
then goes down or up a few stages depending 
on the valuation 

IP decides whether he is prepared to pay a 
particular amount or not (yes or no) 

IP:interview person 
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Within the field of traffic and transport, the SP and RP methods are the most 
common ones as they have more advantages in this particular field than the CVM 
method, which is widely used in the field of environmental resources. 
 
The RP method demands appropriate choice situations in order to study road-
users’ actual choices. This can seldom be used in the context of the present thesis 
since there are very few roads like that. In the cases where this is possible, the 
correlation between the variables that are to be studied is often too high, e.g. 
between travel time and travel cost, to enable monetary values to be calculated. 
With the SP method, the statistical effectiveness is very high as the variation of the 
variables can be controlled and each interviewee makes a number of choices.  
 
With the CVM method, the interviewee states his willingness to pay for a total 
service or product while the results from SP studies contain sub-results concerning 
each constituent variable in the SP survey.  

4.2.1 The Stated Preferences method 

The SP method has been used in these studies of the willingness to pay for ride 
comfort. This is a method for assessing people’s valuations of various products 
and services. It makes it possible to assess valuations of something that has not yet 
been constructed or situations that would be expensive and complicated to study in 
reality. In an SP survey, the interviewees make choices between different 
alternatives. The theory behind the SP method is carefully described by Louviere, 
Hensher and Swait (2000). For a reference in Swedish see Widlert (1992). 

Design 

In the design of an SP interview, the factors that the interviewee is to consider, and 
the values (levels) that these variables can have, are selected by the analyst. 
 
Table 16. Examples of factors and levels used in a survey of willingness to pay for 
a higher road surface standard (SNRA, 1991). 
 

Factors Description Level 1 Level 2 Level 3 

Road surface standard Smoothness of road* Good* Average* Poor* 

Cost item Petrol tax (price of petrol per litre) SEK 7.00/l SEK 7.50/l SEK 8.00/l 

Winter maintenance Maximum permissible snow depth 
before clearance 

2 cm 4 cm 6 cm 

*Levels were illustrated in a video film 
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As each factor can be assigned different values, a number of alternatives for the 
interviewees to evaluate can be created. The number of possible alternatives that 
can be used in a design of an SP survey is:  
 
T = NF   (1) 

T=Number of possible alternatives 

N=Number of levels 

F=Number of factors 

 
The SP design in Table 16 has three factors that can each have three different 
values. This means that there are 27 (33=27) possible alternatives for the 
interviewee to evaluate. The design is therefore fully factorial. If the interviewees 
evaluate all alternatives, all interactions can be studied.  
 
If the SP design in Figure 16 had only contained two levels, the total number of 
possible alternatives would have been 8 (23=8), see Table 17. 
 
Table 17. All 8 possible alternatives for an SP design with three factors, each with 
two levels. 
 

1. Smooth road Petrol price: SEK 7/l 2 cm snow 

2. Rough road Petrol price: SEK 7/l 2 cm snow 

3. Smooth road Petrol price: SEK 7/l 4 cm snow 

4. Rough road Petrol price: SEK 7/l 4 cm snow 

5. Smooth road Petrol price: SEK 8/l 2 cm snow 

6. Rough road Petrol price: SEK 8/l 2 cm snow 

7. Smooth road Petrol price: SEK 8/l 4 cm snow 

8. Rough road Petrol price: SEK 8/l 4 cm snow 

 
It is often not possible to use a fully factorial SP design, since it is not reasonable 
to let the interviewees evaluate more than 16 alternatives.  
 
There are a number of strategies to reduce the number of alternatives and the most 
commonly used method is to use fractional factorial designs. These designs do not 
allow all interactions between variables to be studied but this is rarely necessary 
since the principal effects explain more than 80 percent of the variation and 
interactions between pairs of variables explains no more than 3-6 percent 
(Louviere, 1988). This may of course vary with the study but is taken as an 
argument for restricting some studies to main effects when possible. 
 
The fractional factorial designs are calculated using statistical methods and can be 
found in special design catalogues such as "Experimental design" by Cochran 
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(1992). Examples of other strategies for reducing the number of alternatives 
include removing the dominant alternative and sharing factors between a number 
of SP surveys, see Table 18. 
 

Table 18. Strategies for reducing the number of alternatives in an SP survey. 
 

Strategy Method 
Fractional factorial designs Exclude all alternatives other than those that take into account the 

principal effects, e.g. SP design with 34=81 alternatives is reduced to 9 
alternatives. 

Remove dominant alternatives Remove the alternatives where all factors are better or worse, as they do 
not add any information about the choice.  

Random alternatives Get the interviewee to choose a number of alternatives that have been 
randomly selected. Requires many interviews. 

More surveys Factors are shared between a number of surveys through a common 
factor.  

Difference between factors E.g. 4 factors can be presented to the interviewees but the SP design 
only contains 2 due to differences.  

 
The levels that the factors can assume determines whether the design is orthogonal 
or not. An orthogonal design means that the variables vary entirely independent of 
each other, i.e. they are entirely non-correlated. This means that the statistical 
effectiveness is higher as the level of each variable can be isolated more easily. 
 

 
Figure 9. Examples of non-correlated (left) and correlated variables (right). 
 
The decision as to whether the SP design should be orthogonal or not is often a 
matter of choosing between presenting as realistic alternatives as possible and 
using a design that is as statistically effective as possible. 

Response methods 

There are a number of ways to get interviewees to choose between the alternatives 
in an SP survey. The method that is chosen depends both on what the SP concerns 
and where and how the interview is to be carried out.  
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The interviewees can rank a number of SP alternatives from best to worst. Another 
way of evaluating the alternatives is to get the interviewees to grade them on a 
scale, for instance one of 1 to 5 where 1 is the worst and 5 is the best. Another 
response method is paired choices or stated choice, Figure 10. 
 

 Description  Alternative A Alternative B  

      

 Travel time (return)  80 minutes 64 minutes  

 Occurrence of…       

 Road roughness  A little A lot  

 Game fence  Does not exist Does not exist  

      

 Your choice?   � �  

 
Figure 10. Paired choices. 

 
In the response method ‘paired choices’, the interviewees repeatedly select one of 
two alternatives. It has been found that this method put the least burden on the 
respondent and has become the dominant method for practical applications. 

Collection methods  

SP interviews can be answered in a number of ways, by telephone, mail, computer 
or the Internet. The interviewer can be present during the actual interview to 
explain the task or not present at all, as with postal questionnaires.  
 
Since the introduction of laptops it has for a number of reasons become 
increasingly popular to carry out SP interviews on computers. The advantages of c 
omputer-based interviews is that the questions can be adapted more for each 
interviewee; it is then considered more interesting to answer the interview and the 
analysis work is simplified as a result of the answeres directly being entered. 
 
Carrying out SP interviews on the Internet gives the same advantages as 
interviews on laptop computers. A further advantage is that the interviews can be 
distributed in a more effective way, as the interviewees can go to a computer and 
answer the survey when it suits them best. The disadvantage is that the proportion 
of the population with access to the Internet is still limited.  
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Quality tests 

In addition to the actual analysis of the SP interviews collected, a number of 
quality tests are carried out on the data material in order to check that the 
interviewees have understood the task and taken it seriously.  
 
It is to some extent possible to check for unreasonable answers if the dominant 
alternatives are included in the options that the interviewees can choose from. An 
alternative where the levels of all factors are the best or worst should be assessed 
by the interviewees as being the most attractive or the least attractive alternative. It 
is also possible to check whether the interviewees are consistent with their 
previous choices.  
 
The proportion of lexicographic replies can be calculated in order to determine 
how the interviewees were acting when they answered an SP survey. A 
lexicographic answer means that the interviewee only chooses on the basis of a 
particular factor and does not consider the other factors. This is not a desirable 
approach to SP interviews as the idea behind the method is to capture people’s 
valuations and to determine the importance of the factors in the SP survey.  
 

Table 19. Examples of lexicographic replies based on road smoothness at a 
primary level and snow depth at a secondary level. 

 
1. Smooth road Petrol price: SEK 7/l 2 cm snow 

2. Smooth road Petrol price: SEK 8/l 2 cm snow 

3. Smooth road Petrol price: SEK 7/l 4 cm snow 

4. Smooth road Petrol price: SEK 8/l 4 cm snow 

5. Rough road Petrol price: SEK 7/l 2 cm snow 

6. Rough road Petrol price: SEK 8/l 2 cm snow 

7. Rough road Petrol price: SEK 7/l 4 cm snow 

8. Rough road Petrol price: SEK 8/l 4 cm snow 

 
There are a number of possible reasons why an interviewee would choose 
lexicographically on the basis of one or more factors:  
◊ The interviewee simplifies the task for himself by allowing a single factor to 

decide the choice. 
◊ With repeated paired choices, the interviewee may become tired and start to 

make choices on the basis of a single factor. 
◊ One factor is entirely decisive for the interviewee’s choice. 
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◊ The interviewee does not understand the importance of all factors.  
 
A certain proportion of lexicographic replies in data material from an SP interview 
are permissible, but if the proportion is too high the design may be unbalanced and 
will not be able to capture the importance of all factors. 

4.2.2 Best/Worst conjoint 

A different approach for SP-studies is called Best/Worst Conjoint (Louviere et al, 
1996). It was launched at the time of the Internet study. The method seemed 
interesting and suitable for the Internet study but has not been further developed. 
 
In the Best/Worst-conjoint approach, respondents choose two attribute levels, 
which are ”best” and ”worst” on the response dimension. This way of collecting 
responses is intended to give the possibility to separate attribute effects and level 
effects. This is because the choice of a Best or Worst attribute level is a choice not 
only of a level but also of an attribute. The drawback of the method is the 
inconsistency with micro economic theory, the choice relates to attributes and not 
goods. However, the results may provide some guidance as to the balance of the 
design. 
 
 

1a. What do you think is BEST? � Weather, rain 

 � Surroundings, beautiful 

 � Traffic intensity, high 

 � Road surface, smooth 

 � Game fences, do not exist 

 � Resting places, exist 

 � Travel cost (100 kilometres): 170 SEK 

   

1a. What do you think is WORST? � Weather, rain 

 � Surroundings, beautiful 

 � Traffic intensity, high 

 � Road surface, smooth 

 � Game fences, do not exist 

 � Resting places, exist 

 � Travel cost (100 kilometres): 170 SEK 

 
Figure 11. Example of a Best/Worst choice question . 

 



 

  45

4.2.3 The Revealed Preference method 

To assess people’s valuations, their actual choices can be studied. This method is 
often called the Revealed Preferences method (the RP method). 
 
It is possible to calculate the willingness to pay for a higher road surface standard 
for example by noting the motorists’ route selection when they drive between two 
points and can choose between a longer road with a good road surface and a 
shorter road with an inferior road surface, see Figure 12. 
 
 

 
Figure 12. Example of an RP situation. 

 
The RP method assumes that the road-users know the routes open to them and that 
the factors that are studied are sufficiently important to influence a route selection 
for example. In addition, each alternative in the RP situation must be selected by a 
sufficient number of people and the correlation between the various factors must 
be sufficiently small for an analysis to be possible. 
 
Previous surveys have shown that it is difficult to find suitable RP situations in 
order to study route selection that depends on operational and maintenance 
standards. 
 
If RP data can be collected, it is desirable to combine SP and RP data when 
analysing ride comfort. This should enable the circumvention of the problem of 
creating a travel cost factor in a credible way in the case of journeys made by 
private car.  
 
RP data is often analysed in the same way as SP data, e.g. using logit analysis. 

Town BTown A

Longer trip,
smoth pavement

Shorter trip,
rough pavement
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4.3 Statistical analysis methods 

SP and RP data can be analysed using different statistical methods depending on 
how the valuations have been collected and what is to be calculated. Examples of 
two analysis methods are logit analysis, which is used for the analysis of discrete 
choices, and regression analysis by least squares. 

4.3.1 The logit model 

To estimate the individuals’ monetary valuations that have been collected using 
the SP or RP method, it is common to use logit models. This is a statistical method 
for analysis of discrete choices (Ben-Akiva and Lerman, 1985; see Algers, 
Colliander and Widlert, 1987 for a Swedish version).  
 
The logit model is used to describe how individuals choose between different 
alternatives. The model is based on the assumption that all individuals are utility 
maximising. This means that they always choose the alternative that will give 
them the maximum benefit. For this approach to be valid, the choice must be 
consistent and transitive:  
 
⇒ ‘Consistency’ means that the individual will always choose the same alternative 

if he is given a choice with identical circumstances. 
⇒ A transitive choice means that if the individual prefers alternative A in 

preference to alternative B and alternative B in preference to alternative C, he 
will choose A if he is given a choice between A and C.  

 
Each alternative that an individual chooses between in a choice situation is linked 
to a benefit. A utility function can be set up as a function of the properties of the 
alternative and of the individual.  
 
 
U X V Xi i i( ) ( )= +ε  (2) 

 

U(xi) = total utility for alternative i 

Xi = a vector of variables (factors) associated with alternative i such as travel costs and 

road surface smoothness 

εi = random term 
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The measurable part of utility, V(Xi), is normally made up of a linear function of a 
number of variables.  
 
 
V X x xi i i( ) ...,= × + × +β β1 1 2 2  (3) 

,...),( 21 βββ =  =  a vector of parameters that is to be estimated 

,...),( 21 iii xxx =  =  the vector of variables that explains the choice 

 
 
The vector ε=(ε1, ε2,...) of the random term in equation (2) cannot be measured 
and is due to: 
-unobserved attributes 
-unobserved differences in the preferences and experiences of individuals 
-measurement error and incomplete information 
-use of proxy variables 
 
If it is assumed that the distribution of the random vector ε is known, the 
probability of an individual choosing a particular alternative can be calculated. For 
the logit model, the following assumptions apply to the random terms:  
-Gumbel distributed 
-independently distributed  
-equally distributed with a standardised variance 
 
From these assumptions it is possible to derive a closed form expression for the 
probability that alternative i gives the highest utility and hence is chosen, Ben-
Akiva and Lerman, 1985). 
 
The logit model function:  
 
 

P
e

e
i

V X

V X
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iP  = probability of choosing alternative i 

)( iXV  = benefit to the individual from alternative i 

j = all alternatives which the individual is choosing between  

 

 

The parameters of the logit model are normally estimated using the Maximum 
Likelihood method. This is a statistical estimation method in which the  beta 
parameter values (in eqn 3) are sought that maximise the probability of the 
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observed behaviour. The estimates are computed by using existing standard 
programs (ALOGIT in this case). 
 
If the random vector ε instead can be assumed to be normally distributed, the 
probit model is obtained. The Gumbel distribution on which the logit model is 
based resembles a normal distribution but makes the model considerably easier to 
handle computationally. 

Attribute evaluation 

To be able to carry out cost-benefit assessments of different operational and 
maintenance measures, road-users willingness to pay for those must be known. 
This willingness to pay can be measured directly by getting road-users to give 
their views on a variety of measures with different cost levels. Another possible 
way of measuring this willingness to pay is to assess how the value of travel time 
depends on operational and maintenance measures. It can therefore be of interest 
to discuss the link between time values and ride comfort.  
 
Value of time has been studied for many years and there is a lot of literature on 
this subject. For a basic theoretical framework, see Bruzelius (1979). References 
to important other work are Bates et al (1987). and Hague Consulting Group 
(1990). A large Swedish study was carried out in 1994 (Algers, Hugosson and 
Lindqvist-Dillén, 1994). Other articles related to more recent work are Jara-Diaz 
(1996) and Wardman (2001). The later is a review of advances in the valuating of 
travel time savings. 
 

The term “road-users’ value of time” is used to refer to the marginal value of a 
shorter journey time. For example, how highly does a private motorist value a 15 
minutes shortening of his journey time? The specific time value that a particular 
individual has for a certain type of journey partly depends on income, salary, 
prices and the time taken to consume different products.  
 
The theory for the way in which time values can be calculated differs for different 
types of journeys:  

• for private journeys, the individual’s time valuation must be calculated  
• for business journeys, both the individual’s and the company’s time 

valuation must be calculated 
• and for freight transport, the company’s time valuation must be calculated. 

 
The individuals’ travel time value is derived from microeconomic theory and is 
based on the assumption that individuals are utility maximising and rational, for a 
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derivation. The marginal value of a reduced journey time is the value of more time 
minus the value of the time during the journey in question.  
 
This theory means that the value of time partly depends on the circumstances 
under which the journey is carried out. Ride comfort is one of these circumstances 
and therefore affects the value of time. The time values that were estimated in the 
most recent time value study therefore contain, for example, an implicit comfort 
valuation. Knowledge of how the value of time is influenced by different 
operational and maintenance measures therefore enables the calculation of the 
cost-benefit value of these measures. This can also be of interest in an investment 
analysis concerning, for example a road-shortening project that also involves a 
higher road surface standard. 
 
The variables in the model for measuring individuals’ time values can be 
estimated using models for discrete choice, such as logit or probit models. Before 
such models can be estimated, actual or hypothetical information on the way in 
which road-users choose between journey alternatives with different prices and 
times must be gathered. 
 
Monetary evaluations of various attributes like time and game fence can be 
obtained by taking the ratio of substitution between the attribute in question (n) 
and cost (c). In a linear case: 
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where cβ  is the cost attribute parameter and nβ  is the attribute for parameter n. 

 
The monetary value of an attribute is then eqvivalent to the ratio between the 
parameters of the attribute and the cost parameter. 

4.3.2 Jack Knife 

When Stated Choice experiments are used to collect data for model estimation, 
several responses are normally being collected for each person. It is likely that the 
effect of unobserved attributes does not vary very much for observations 
belonging to the same respondent. Therefore, the assumption of uncorrelated error 
terms in the utility function is violated (some times called the panel effect). An 
effect of this is that the standard errors of the parameter estimates are 
underestimated and the corresponding t-value overestimated. In order to cope with 
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these problems, the so-called JackKnife procedure can be used (Shao and Tu, 
1995). 
 
In this method, the standard errors are calculated using a distribution obtained by 
repeatedly omitting observations from the data set, and estimating the model on 
the so obtained data subset. From this distribution, standard errors can be 
calculated. Panel effects can be substantial in some cases (see e.g. Lindqvist Dillén 
and Algers, 1998) but of course this can vary from case to case. 
 
This method was used for some models in this thesis to test to what extent the 
panel effect might influence the standard errors, and thus the conclusions from the 
models. 

4.4 Statistical tests 

Cross-table analysis with non-parametric tests has been used to analyse if different 
groups of respondents fall into different categories. 
 
The chi-square test is one of the most frequently used non-parametric tests (see 
e.g. Siegel and Castellan 1988). It is suitable when the answers are stated on a 
nominal scale dimension. 
 
Using the following statistic one may test the null hypothesis H0: 
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where Oi = the observed number of cases in the ith category 
 Ei = the expected number of cases in the ith category when H is true 
 k = number of categories 
 
ETA can be used when testing samples in cross tables where one variable is on a 
nominal dimension and the other belongs to the ordinal scale. It is an asymmetric 
measure with the independent variable on the nominal and the dependent on the 
interval scale. For more information see SPSS for Windows (Darren and Paul, 
2000). 
 
The Independent-Samples t-test procedure compares means for two groups of 
cases. Ideally, for this test, the subjects should be randomly assigned to two 
groups, so that any difference in response is due to the treatment (or lack of 
treatment) and not to other factors, see (Aronsson, 1999). 
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4.5 Cluster analysis 

Cluster analysis is a rather loose collection of statistical methods that can be used 
to assign cases to groups form so called clusters. Group members will share 
certain properties in common and it is hoped that the resultant classification will 
provide some insight into our research topic. However, it is important to 
understand the cluster analysis always produces a classification, even if that 
classification is of little value to the user. For more information see for an example 
Everitt (1993).  
 
The specific cluster method used in the main survey analysis was the so called k-
means cluster analysis (Aronsson, 1999). This procedure attempts to identify 
relatively homogeneous groups of cases based on selected characteristics, using an 
algorithm that can handle a large numbers of cases. However, the algorithm 
requires specification of the number of clusters.  
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5 Exploratory studies 

Four different exploratory studies were made before the main surveys about 
pavement and winter maintenance management was carried out. 
 
The first study was two focus group discussions, held in April 1997, with the aim 
to find significant comfort factors and to understand the car users’ valuation of 
road maintenance management. 
 
The second study was an Internet survey on comfort factors with a new stated 
preference technique (Olsson and Algers, 1997a). The survey was carried out 
April to May in 1997. Later, in September to October 1997 a survey on the 
importance of illustrations was made. It also embraced the problem with how to 
address the car cost in a stated preference experiment. These three studies are 
presented in Olsson and Algers, (1997b) and also in Olsson C, 1997). 
 
The last exploratory study covers the motorists’ perception of travel cost and travel 
time more complete than the "Illustration survey" by using the method with in-
depth interviews (Olsson and Forward, 2000). 

5.1 Focus groups 

Before it was possible to carry out a number of quantitative interview surveys with 
motorists concerning their attitudes to the operation and maintenance of the 
country’s road network it was necessary to perform a qualitative study. The aim 
was to assess the terms that motorists use when they talk about ride comfort on 
roads in general and as regards operation and maintenance in particular. The 
motorists' vocabulary for operation and maintenance might well differ 
significantly from the nomenclature used by the SNRA. 

5.1.1 Survey method 

The survey was carried out using two group discussions of approximately 1 ½ 
hour each, based on a pre-prepared question guide, see Appendix 1. The question 
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guide was prepared in consultation with a moderator from Borell Market Research 
AB who then led the group discussions.  
 
The group discussions were recorded on video. This material and the observations 
that were made during the discussions are used as the basis for this chapter.  

Selection and scope  

The survey was carried out using two group discussions, one with men and one 
with women. The interviewees in the two groups were residents in the county of 
Stockholm, had a driving licence and drove their car regularly. The group 
discussions were divided up according to gender because men and women 
probably have different vocabularies for the subject. A total of 18 people took part 
in the groups.  
 
The group discussions took place on Thursday 10 April 1997 in a conference room 
in central Stockholm. 

5.1.2 Results 

Most of the interviewees drove 10,000-20,000 km per year. However, two men 
and one woman who drive on business used their cars much further. The 
interviewees were aged between 24 and 54. 

The term ‘ride comfort’  

The discussions were started with the interviewees themselves freely saying what 
ride comfort meant to them. They mostly talked about comfort relating to the 
driver’s seat, i.e. that the driver’s seat is comfortable and can be set into the 
desired position and that the other interior fittings in the car are good. The 
interviewees also thought that the car itself is very important for the perceived ride 
comfort. A number of people placed an emphasis on a low noise level in the car. 
 
The interviewees also thought that safety equipment in the car, such as airbags and 
good brakes, improved ride comfort.  
 
When the interviewees began talking about ride comfort and roads, they stated that 
they appreciated smooth road surfaces, free of bumps, cracks and potholes. The 
road surface should be smooth and silent instead of coarse and noisy. Wide verges 
are preferred. Road signs and road markings should be clear and reflective and 
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marker posts must be clean. During the winter, ploughing and gritting must be 
completed in time.  
 
The environment by the side of the road also affected the interviewees’ valuation 
of comfort. They thought that having fences to keep wild animals out made roads 
safer and they wanted to be close to petrol stations, rest places, restaurants and 
toilets. They also mentioned the weather and the road’s surroundings as examples 
of comfort factors.  
 
They also mentioned having company on the journey and a stereo as having an 
effect on how comfortable a car journey is.  

The term ‘road surface’ 

The interviewees were given the task of discussing what the roads look like, what 
affects ride comfort and what they think of when they hear the term ‘ride comfort’ 
related to road surfaces.  
 
The interviewees said that they had experienced a number of road surface 
problems, such as track formation, cracks, hollows, bumps, or repaired roads that 
look like a patchwork quilt, see Table 20. Deficiencies such as potholes were 
considered undesirable, as there is a risk that the car in front could suddenly 
swerve to avoid them.  
 

Table 20. The interviewees’ descriptions of poor road surface. 
 

Problems experienced with road surfaces, expressed using the interviewees’ vocabulary 

 track formation 

loose chippings 

cracks 

hollows 

bumps 

holes 

poor repair work 

potholes 

soft verges 

 
The interviewees classified the surfaced road network into two groups. One group 
consisted of roads where the surface was pale, coarse and noisy and the other of 
roads a dark, silent surface. The majority of the interviewees thought that it was 
pleasant to drive on the dark roads as they could listen to the radio or talk without 
disturbance but if it rained they had an uneasy feeling that the dark roads were 
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slippery and led to a greater risk of aquaplaning. The interviewees also thought 
that dark roads were poor in the dark, as it was difficult to see where the road 
goes.  

Desired priorities 

After a discussion about poor road surfaces, the interviewees were asked what 
road surface problems they believed the SNRA should prioritise.  
 
Most were against patch and repair as it often resulted in road surfaces with new 
types of damage, e.g. holes at the edges of patched asphalt. The interviewees were 
concerned about the creation of holes as they can lead to a risk of avoiding 
manoeuvres, which in turn can lead to accidents. The roads on which tracks had 
formed should also not be repaired but resurfaced. The focus groups also thought 
that it was important that road markings were kept in good condition.  

Impression of road surfaces 

The discussion was focussed on the impression that the interviewees thought that 
different roads give. For example, what impression do they get from different road 
surfaces in terms of visual appearance and noise? The discussion also concerned 
whether the motorists feel any unease as a result of driving on damaged road 
surfaces.  
 
The discussion on the interviewees’ visual and audible impression indicated that 
much of the impression gained stems from how dark the road surface is, see Table 
21. 
 



 

  57

Table 21. The interviewees’ visual and audible impression of road surfaces. 
 

Interviewees’ descriptions 

See 
The colour of the surface, dark road surfaces are unpleasant in the wet. Coarse pale 
asphalt is therefore better under these conditions.  

Poor joins between new and old asphalt, including repaired sections. 

Hear 
Edge strips are good. 

High noise level related to both the car and the road surface. 

Noise difference between black and soft road surfaces and coarse and pale. 

Noise is tiring. 

 
The interviewees stated that they are more concerned about accidents when it is 
raining, when they are driving on a road where tracks have formed. They are also 
concerned that their car might be damaged by stones flying up from the road when 
the asphalt is worn. The interviewees also stated that poor asphalt meant that they 
had to reduce the speed at which they drove, which is in itself a deterioration in 
comfort level.  

Winter road conditions 

The interviewees were also asked to say how they experience winter road 
conditions. They think that salting gives a false sense of security and that it is 
dangerous to plough roads so that snow remains on the centre. Tracks in snow-
covered road surfaces were also referred to. One problem noted during the winter 
was that the car becomes dirty.  

Reactions to the road surface standard video  

In a survey of motorists’ willingness to pay for a better road surface standard, see 
Chapter 3.2, a video film was used to illustrate three different standards of road 
surface. The video film was taken from a moving car. The film shows three 
different road sections with different road surface standards. One road section 
illustrates a good road surface standard, one a slightly inferior surface and the last 
road section shows a number of different types of surface damage. The types of 
surface damage referred to in the video are unevenness and tracks and they occur 
to different extents in the three road sections shown on the video. Parts of the 
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video were shown to the participants in the focus group discussions in order to 
assess what they thought of it.  
 
The interviewees recognised the situations shown on the video and thought that 
these were the very road surface problems that they had just been talking about. 
As regards what was shown of the film, they thought that the overlapping repair 
work looked poor as new holes were forming. 

Pictures of inadequate road surface maintenance 

The interviewees were also shown pictures, see Appendix 2, of different types of 
road surface damage from a handbook on road surface condition assessment for 
surfaced streets and roads, used by the SNRA and others (Swedish Association of 
Local Authorities, 1994). 
 
The participants in the focus group discussions answered questions on how they 
would describe the damage shown in the pictures, see Table 22. They were also 
asked to say whether and how the damage would affect ride comfort.  
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Table 22. Comparison of the descriptions of a number of types of road surface 
damage by the SNRA and the interviewees. 
 
 The National Road 

Administration’s description 
The interviewees’ comments Unacceptable 

according to the 
interviewees 

1 Track formation (wheel)tracks Requires action 

2 Crack formation in wheel tracks cracks  

3 Cracking Road veins 

small cracks 

cracked 

 

4 Transverse fractures joints 

transverse cracks 

 

5 Frost cracking small frost cracks 

longitudinal cracks 

Should be rectified 

6 Damage to repairs repaired road to max poor road 
maintenance  

very worn road 

Requires action 

7 Edge cracking cracks 

worn road edge 

longitudinal deep cracks 

 

8 Unevenness undulating Requires action 

9 Separation worn out 

loosened/broken up 

 

10 Bleeding surface reflection 

wet road surface 

binding mass crept up 

Should be rectified 

11 Loose chippings wear  

12 Impact holes (road) potholes 

hollows 

Requires action 

 
The interviewees recognised the types of damage shown in the twelve pictures and 
in some cases their descriptions of them agreed with the technical descriptions. In 
many cases, it is important that the damage is described in interviews as 
graphically as possible. The table above provide guidance on how the pictures in 
the Appendix 2 may need to be described to respondents in future quantitative 
surveys.  
 
After the interviewees in the focus groups had described the types of surface 
damage in words, they were asked to state which of them they considered to be 
unacceptable and needed to be rectified as soon as possible. It was apparent that 
the interviewees could accept small cracks in the road surface but that they did not 
want to use roads with tracks, damaged repair work, significant unevenness and 
impact holes. Frost cracks and bleeding road surfaces are also not entirely 
acceptable according to the interviewees but did not need to be repaired as quickly 
as the other types of damage.  
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Quantitative interview method  

To conclude the group discussions, the interviewees were asked to look at three 
SP questionnaires with the same questions but with three different ways of 
answering them. The interviewees’ task was to explain which they would rather 
answer and why.  
 
For two of the questionnaires, the SP method used was best/worst choices and, for 
the third questionnaire, paired choices were used, see Figure 13, Figure 14 and 
Figure 15. The two best/worst questionnaires were formulated differently. In one, 
the respondent marks both the best and the worst choice in the same table and in 
the other the best and the worst choices were divided into two separate questions.  
 

 
 
    Imagine that you are making a journey of approximately 100 km. You must assess 
    what is BEST and what is WORST for the journey below 

 
Description Best Worst 

Weather: wet � � 

Surroundings: raining 
landscape 

� � 

Overcrowding: yes, heavy 
traffic 

� � 

Road surface: smooth � � 

Wild animal fencing: none � � 

Rest place: none � � 

Travel cost: SEK 170 � � 

 

 

 
Figure 13. Best/worst choices in tabular form. 
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Imagine that you are making a journey of approximately 100 km. 

 
What is BEST about the journey below?  

Weather: raining � 

Surroundings: beautiful landscape � 

Overcrowding: yes, heavy traffic � 

Road surface: smooth � 

Wild animal fencing: none � 

Rest place: none � 

Travel cost: SEK 170 � 

 

 
What is WORST about the journey below?  

Weather: raining � 

Surroundings: beautiful landscape � 

Overcrowding: yes, heavy traffic � 

Road surface: smooth � 

Wild animal fencing: none � 

Rest place: none � 

Travel cost: SEK 170 � 

 

 
Figure 14. Best/worst choices divided into two separate questions. 

 

 
Imagine that you are making a journey of approximately 100 km. Which of the two 
journeys below would you prefer? 

 
Journey A Journey B 

Weather: sunny Weather: rainy 

Surroundings: beautiful landscape Surroundings: beautiful landscape 

Overcrowding: no heavy traffic Overcrowding: yes heavy traffic 

Road surface: rough Road surface: smooth 

Wild animal fencing: none Wild animal fencing: none 

Rest place: none Rest place: none 

Travel cost: SEK 170 Travel cost: SEK 130  

 

Journey A �  Journey B �  Don’t know/neither � 

 
 

Figure 15. Paired choice. 
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All members of the two focus groups preferred the best/worst choices to the paired 
choices. They thought that it was both easier to understand and quicker to answer 
best/worst choices. The interviewees thought that making paired choices was too 
complicated and took too long time. 
 
The views of the interviewees on which formulation of best/worst choices they 
considered easiest to answer differed. All female participants thought that the 
best/worst choices divided into two separate questions was easier to understand 
and therefore preferable. In the male focus group, about half of the participants 
thought that two separate best/worst choices would be easier. The remaining 
interviewees preferred the best/worst choices in tabular form.  
 
The fact that all interviewees considered the best/worst choices easiest in this case 
may to some extent have been influenced by the fact that there were 7 factors in 
the SP survey in question.  

5.1.3 Conclusions 

It is probably incorrect to use the term ‘ride comfort’ to refer to motorists’ 
valuations of road maintenance. The term comfort is in the first instance 
associated with the actual vehicle. The interviewees associated ride comfort with 
the driver and passenger environment. One participant in the male focus group 
said “I buy ride comfort from the car dealer”. A term that could be used instead 
when evaluating road maintenance is ‘road quality’.  
 
The interviewees know the types of road surface damage that exist and in many 
cases use the same terms as the SNRA and others. For other types of road surface 
damage, they use more descriptive and expressive words.  
 
There was little difference between the way in which men and women described 
and perceived different types of road surface damage. However, they assessed the 
accident risk to which the damage contributed differently. The women were 
concerned that the damage could result in skidding, while the men were concerned 
that other motorists would brake or swerve unexpectedly as a result of the damage.  
 
The participants would prefer the best/worst choices to the paired choices if they 
had to answer a quantitative study. Much of its potential seems to lie in the fact 
that it is easy for the respondents to complete. At the time of this study Best/Worst 
Conjoint was tested as an alternative method of eliciting preferences. However 
The Best/Worst Conjoint is not a sufficiently well established method yet for all 
types of SP surveys. When a respondent makes a best or worst choice, he or she is 
not choosing an alternative, just pointing out an attribute. That makes it 
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inconsistent with the theory of utility maximisation. The estimated models are 
therefore not relevant in a micro economic point of view. At best, the method has 
potential use in preliminary studies in order to find the final design for a stated 
choice experiment.  

5.2 Internet survey 

A number of problems arise when trying to elicit road quality values. One of these 
problems is how to get people to state their preferences in a realistic way. When 
applying SP techniques, pairwise choices are often used, but it may be difficult to 
construct realistic choice situations. The respondents could consider pairwise 
choices unrealistic due to the fact that it is not normally an option to chose 
between two roads with different maintenance management standards. Yet another 
problem is how to approach the respondents - by a standard mail back 
questionnaire or by some other method. 
 
The purpose of the part of the project that is reported here, was to get an idea of 
how road quality is perceived in comparison with other factors that are related to 
driving conditions. It was also interesting to see if a focus effect will emerge in 
subsequent studies that will more directly aim at road surface quality details. 
Another purpose was to investigate the possibilities to make surveys over the 
Internet and to test a new SP-technique, Best/Worst Conjoint (Louviere and Swait, 
1996). 

5.2.1 Method 

Stated Preference interviews 

Consumer valuations can often be derived from observed actual behaviour 
(Revealed Preferences). In our case, it would be necessary to find situations, 
where there is a choice between roads with different maintenance standard. 
However, it was not possible to find situations that could serve as a base for such 
studies. It was therefore necessary to turn to more experimental techniques, 
involving consumer statements on hypothetical situations (Stated Choice or Stated 
Preferences). Such techniques are based on comparisons between alternatives that 
are characterised by a number of attributes, each of which can assume different 
values (have different levels). The alternatives are constructed in such a way (the 
experimental design) that permits calculation of the trade off between monetary 
costs and other attributes. 



 

  64

 
In this study a different approach for SP-studies, called Best/Worst Conjoint 
(Louviere et al, 1996) has been used in the interviews. In this approach, 
respondents choose two attribute levels, which are ”best” and ”worst” on the 
response dimension. This way of collecting responses is intended to give the 
possibility to separate attribute effects and level effects. This is because the choice 
of a Best or Worst attribute level is a choice not only of a level but also of an 
attribute. The drawback of the method is the inconsistency with the rules of utility 
maximisation. However, the results may provide some guidance as to the balance 
of the design. 
 
Another reason for using this new SP-technique in the Internet survey was that it 
was easy to interpret as an Internet questionnaire. It may also be easier to answer a 
Best/Worst task about roads and driving comfort than to make a pairwise choice 
because in reality there is not always a choice between two or more roads when 
driving between A and B. The respondents in the previous focus group discussion 
preferred best/worst when they made comparisons with pairwise choice sets. 

Design 

An SP-game about hoe car users values driving comfort was constructed. The SP-
design included different types of comfort factors like roughness of the road, 
traffic intensity, and other comfort factors. The factors chosen were the outcome 
from a previous interview study made by the Swedish Road and Transport 
Research Institute (Alm and Magnusson, 1992) about how the car users 
experience driving comfort. 
 
Table 23. The SP-design. 

Attributes Level 1 Level 2 

Weather sun rain 

Surroundings beautiful dull 

Traffic intensity low high 

Road surface smooth very rough 

Game fences exist do not exist 

Resting places exist do not exist 

Travel cost (100 kilometres) 130 SEK 170 SEK 

 
The full factorial design, in this case 7 attributes each with 2 levels, contains 27 ie 
128 alternatives. This is far too many to expose to the respondents. The number of 
alternatives was reduced to 8 alternatives by the use of a fractional factorial 
design.  
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The two levels of each factor in the SP-game were illustrated by colour pictures, 
which can be found in Appendix 3. 
 
1a. What do you think is BEST? � Weather, rain 
 � Surroundings, beautiful 
 � Traffic intensity, high 
 � Road surface, smooth 
 � Game fences, do not exist 
 � Resting places, exist 
 � Travel cost (100 kilometres): 170 SEK 
   

1a. What do you think is WORST? � Weather, rain 
 � Surroundings, beautiful 
 � Traffic intensity, high 
 � Road surface, smooth 
 � Game fences, do not exist 
 � Resting places, exist 
 � Travel cost (100 kilometres): 170 SEK 
 

Figure 16. A Best/Worst choice. 

Samples 

The study included three identical SP-surveys, two on the Internet with different 
respondent groups and one mail back survey. The two Internet surveys have been 
compared with the mail back survey. The interview period was 20 April to 12 May 
1997. A description of the three surveys follows below. 
 
I. Internet survey - random sample 
 
400 respondents were randomly selected from the car ownership register. If the 
respondents had easy access to Internet or not was not known in advance. They 
first received a recruiting letter for the interview. In the letter they were requested 
to answer an interview about driving comfort using the Internet. If they did not 
have access to the Internet at home, at work or through friends, they were 
recommended to visit a public library. Each respondent got his own password to 
the interview. After one week everyone received a letter which reminded them 
about to answer the interview, and if they already had, a thanks for participation. 
 
The recruiting letter to the Internet interview only contained a request to answer 
the interview and a password to reach the survey on Internet. Instructions and 
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pictures were presented on a number of WWW-pages. The questionnaire where 
the respondents gave their answers was also presented on WWW-pages. 
 
The illustrations were on a WWW-page, shown just before the Internet 
questionnaire. The pictures were coded in JPG-format. How clearly the 
respondents could see the illustrations depended on which computer and screen 
they had. At the end of the interview the respondents answered a question about 
how they perceived the pictures on the WWW-page. The mail back questionnaire 
was illustrated with the same pictures but printed on paper. 
 
An already existing software for Internet questionnaires, WISE, Web-based 
Interactive Survey Engine, was chosen. WISE is developed by the Swedish 
Institute for Systems Development and was at the time for the interviews not a 
commercial product.  
 

 
 

Figure 17. The WISE system. 
 
This survey-tool is built as a WWW application and the respondent data is stored 
in a database. WISE is developed using the computer language Perl and uses an 
Oracle database for storage of definitions and respondent answers. The programs 
run through CGI (Common Gateway Interface) from an ordinary WWW-browser 
by clicking on URLs. 
 
A call is generated through the HTTP-server by a Perl program when the user 
activates a link or a button. The program asks questions to the database, which 
contains the survey definitions, and uses this information to create the next survey 
page as a WWW-document. The WWW-document is then sent to the user browser 
by the HTTP-server. 
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II. Internet survey - respondents from ”Bigfoot” 
 
200 respondents were selected from the people finder database ”Bigfoot”. It is a 
database on Internet with some people’s electronic mail addresses and a few of 
them are Swedish. A complete database over Swedish email addresses did not 
exist at this date and does still not. The respondents in the survey received an 
electronic mail with an address to the Internet interview and a request to answer it. 
The respondent’s electronic mail addresses were collected from the people finder 
database ”Bigfoot”. The respondents in this group were therefore not a correct 
random sample of car owners in Sweden. The respondents did not get any 
reminder about answering the survey. 
 
III. Mail back survey - random sample 
200 respondents were randomly selected from the car ownership register in the 
same way as the first group. They received a letter including the same instruction 
and pictures and questionnaire as the Internet survey. The letter also contained an 
envelope to send back the answers. After one week everyone received a letter 
which reminded them to answer the interview, and if they already had, a thanks 
for participation. 

5.2.2 Access to Internet in Sweden 1997 

A survey with the aim to investigate the Swedes access to Internet was carried out 
just before the Internet surveys about driving comfort. A Swedish opinion 
institute, Skop, did this survey from 27 Mars to 20 April 1997 (Dagens IT, 1997). 
The survey comprised 1019 interviews. 
 
The result shows that as many as one third of the population; age 18-75 years had 
access to Internet at this time, see Table 24. 
 

Table 24. Internet access among Swedes in 1997. 
 

Characteristic Percent  

Internet access  

 Yes 32% 

 No 68% 

Place for access  

 Work 48% 

 Home 23% 

 Both work and home 32% 
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Work was the most common place for Internet access. The study also gave some 
further characteristics of the population with Internet access, see the Table 25 
below. 
 

Table 25. Characteristics of the population with access to Internet. 
 

Characteristic Percent  

Age  

 18-34 47% 

 35-54 40% 

 55-75 13% 

Gender  

 Male 52% 

 Female 48% 

Place to live  

 Metropolitan areas (Stockholm, Gothenburg, Malmo) 59% 

 Outside metropolitan areas 41% 

 
Internet access showed to be more common among the younger part of the 
population than among the older. There is just a slight difference in Internet access 
depending on whether the person is male or female. It is more common to have 
Internet access in bigger towns than other places in Sweden. 

5.2.3 Results 

The results from the two Internet interviews have been compared with the result 
from the mail back survey. 

Response rate 

The Internet interview with respondents randomly selected from the car ownership 
register received a reminder of answering the interview one week after the first 
letter. The mail back respondents also received reminder but the people chosen 
from the people finder database did not. 
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Table 26. Response rate. 
 
Sample Number of sent 

out requests 
Number of 
responses 

Percent 

Internet interview, respondents from 
the car ownership register 

400 57 14% 

Internet interview, respondent from 
people finder data base 

200 48 24% 

Mail back interview, respondents 
from the car ownership register 

200 92( 69 OK) 46% 

 
The mail back interview response level is normal regarding the fact that the 
interview was only sent out one time with one reminder. If the share of the 
population with access to Internet is as high as a third, the real response rate for 
the Internet interview is near the same as for the mail back interview  
(0.30*400=120, 57/120=48 percent). Respondents selected from the people finder 
database may not in all cases be relevant for the driving comfort interview, for 
example people under 18 years and people without drivers licences. Presumably 
these people did not answer the interview. If they did they may have different 
valuations compared to the other samples. 
 
23 of the respondents in the mail back interview did not answer the questionnaire 
the correct way. They pointed out more than one Best and one Worst choice for 
each alternative. The reason for this is probably that the instructions were not clear 
enough, and an example should first have been shown. The respondents in the 
Internet surveys could not do the same mistake, because it was only possible to 
click exactly one Best and one Worst choice per question.  

Background questions 

The respondents in the three surveys have answered the same background 
questions, and it could be interesting to make a comparison between the different 
surveys. 
 
The differences in the background variables depend on how the respondents have 
been recruited. The respondents recruited from the people finder database 
”Bigfoot” on Internet fits the description of the outcome from the study about 
Swedish people and their access to Internet. 
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Figure 18. Age of the respondents’. 

 
The share of elderly people who had answered the interview is lower for the 
Internet ”people finder” interview than for the others were the respondents were 
selected randomly from the car ownership register. 
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Figure 19. The respondents’ gender. 
 
The share of female respondents is higher in the interview where the respondents 
have been recruited by the people finder database than in the other two interviews. 
 
A small number, less than 2 percent, of person without drivers licence have 
answered the interview. They were recruited by the ”people finder” database. 
They were left out of the further analysis. 
 



 

  71

 

Car ownership in the household

0

20

40

60

80

100

Yes No

P
er

ce
nt

ag
e

Internet: car ow nership register Internet: people f inder database

Mail back: car ow nership register

 
 

Figure 20. If the respondents’ have a car in the household. 
 
The share of respondents with no car in the household is bigger in the survey 
where people were recruited by the people finder database. It is notable that 20 
percent of the respondents in the Internet interview recruited by the car ownership 
register gave the answer no car in the household. Possible explanations could be 
that they have sold their car, misunderstood the question (having a company car) 
or left the task to answer the Internet survey to someone they know had access to 
Internet (but who did not have a car). 
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Figure 21. Distance (kilometres) driven last year. 
 
The respondents recruited by the ”people finder” database on Internet drove less 
than the respondents did in the other surveys. 
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Figure 22. Where the respondents’ live. 
 
There is an overrepresentation of people living in metropolitan in the Internet 
sample in comparison with the mail survey. 

Questions about the Internet survey 

The respondents in the Internet surveys answered two questions about how the 
experienced the survey. 
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Figure 23. Perception of the comfort illustrations presented on the Computer 
screen. 
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Quite a number of the respondents experienced the pictures on their Computer 
screen as being not so sharp. How they could see the pictures depends on what 
Computer and screen they had. That makes it hard to know exactly how they 
understand the illustrations for the SP-survey. 
 

Table 27. Structured answers from the open question about the Internet survey 
 

 Car ownership register People finder database 

Easy to understand 14 12 

Hard to understand (in the beginning) 4 2 

Got tired/bored 1 6 

 
The last question in the Internet questionnaire was an open question about how the 
respondents experienced the survey and if they had any problem to understand the 
questions. Most of them who answered thought it was easy to understand but some 
respondents from the people finder survey said they got bored answering eight 
alike alternatives. Some of the respondents would like to have an already 
answered example to understand the task from the very first question. 
 
Some respondents mention that they had difficulties to answer the last Best/Worst 
choice. The design of the SP-alternatives had the consequences that this 
alternative in each factor was represented by the most attractive level but the 
respondents were forced to choose the Worst anyway. 

Best/Worst answers 

The frequency of Best/Worst answer is presented in the tables below and can be 
used for some insight about how the respondents evaluate their driving comfort. 
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Table 28. Best/Worst answers from the surveys 
 
  Internet, car 

ownership reg. 
Internet, people 
finder database 

Mail back 

Attribute Level Best Worst Best Worst Best Worst 

Weather sun 

rain 

47 

1 

21 

48 

30 

1 

16 

23 

53 

4 

28 

47 

Surroundings beautiful 

dull 

73 

2 

3 

26 

67 

1 

1 

21 

90 

1 

5 

37 

Traffic intensity low 

high 

98 

0 

7 

119 

73 

0 

2 

92 

96 

4 

11 

126 

Road surface smooth 

very rough 

127 

3 

0 

130 

84 

5 

6 

80 

145 

1 

1 

157 

Game fences exist 

do not exist 

44 

0 

4 

36 

28 

0 

5 

28 

76 

4 

8 

50 

Resting places exist 

do not exist 

30 

0 

11 

9 

25 

0 

5 

14 

29 

2 

7 

21 

Travel cost  

(100 kilometres) 

130 SEK  

170 SEK  

31 

0 

19 

23 

19 

3 

18 

25 

45 

2 

11 

41 

 
The table above shows that the respondents put most weight in ”Traffic intensity” 
and ”Road surface”. They pointed out ”Travel cost 130 SEK” and ”Resting places 
exist” as Worst a couple of times. That seems strange but could be due to the fact 
that the design of the SP-alternatives gave an alternative where every factor were 
represented by the most attractive level and the respondents were forced to chose a 
Worst anyway. 
 
In the people finder survey the respondents also pointed out ”Travel cost 130 
SEK” as Worst a couple of times. That seems strange but could be due to the fact 
for the same reasons as in the previous study. 
 
In the mail back survey the respondents did not point out ”Travel cost 130 SEK” 
as Worst as many times as in the other two surveys. Instead the respondents 
pointed out ”Resting places exist”, ”Game fences exist” and ”Traffic intensity 
low” as Worst when the design of the SP-alternatives forced them to point out a 
”good” level as Worst.  

Logit analysis 

As with the pairwise choice approach, a choice model can be formulated and 
estimated. In this case the logit model was chosen for estimation. Separate 
parameters for attributes (weights) and levels (partworths) are estimated. The 
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attribute parameters can be used to indicate whether poor level parameters are a 
consequence of lack of importance of the attribute or rather a consequence of 
poorly assigned levels. 
 
Four separate logit models were estimated and the model specification could be 
found in Appendix 6. 
 

• Model 1: The Internet survey with respondents recruited from the car 
ownership register. 

• Model 2: The Internet survey with respondents recruited from the “people 
finder” database on Internet. 

• Model 3: The mail-administered survey with respondents recruited from 
the car ownership register.  

• Model 4: A model with observations from all three surveys. 

 
Table 29. Results from the logit analysis. 

 
  Model 1 Model 2 Model 3 Model 4 

Attribute Level Estimate 

(T-Value) 

Estimate 

(T-Value) 

Estimate 

(T-Value) 

Estimate 

(T-Value) 

Weights 

Weather 

  

-0.080 (-0.5) 

 

-0.101 (-0.9) 

 

-0.147 (-1.6) 

 

-0.148 (-2.1) 

Surroundings  0.563 (3.5) 0.520 (5.1) 0.375 (4.5) 0.429 (6.6) 

Traffic intensity  0.013 (0.1) -0.092 (-1.2) -0.141 (-2.0) -0.099 (-1.9) 

Road surface  0.142 (1.0) 0.0507 (0.6) -0.011 (-0.2) 0.027 (0.6) 

Game fence  0.182 (1.1) -0.039 (-0.4) 0.187 (2.3) 0.159 (2.4) 

Resting place  0.289 (1.7) 0.134 (1.1) 0.061 (0.6) 0.132 (1.7) 

Travel cost      

Partworths      
Weather sun 

rain 
0.99 (8.7) 0.686 (5.0) 0.778 (7.4) 0.875 (11.3) 

Surroundings beautiful 
dull 

1.14 (10.3) 1.24 (10.2) 1.17 (12.0) 1.16 (15.8) 

Traffic intensity low 
high 

1.93 (20.9) 1.93 (18.6) 1.69 (19.4) 1.80 (28.5) 

Road surface smooth 
very rough 

2.13 (23.9) 1.87 (17.8) 2.06 (25.7) 2.09 (35.1) 

Game fences exist 
do not exist 

1.04 (9.2) 0.921 (7.1) 1.16 (11.9) 1.11 (15.0) 

Resting places exist 
do not exist 

0.437 (3.5) 0.655 (4.8) 0.504 (4.6) 0.475 (5.8) 

Travel cost 
(100 km) 

130 Skr 
170 SKr 

1.63 (1.7) 0.55 (3.0) 1.12 (5.9) 1.23 (6.3) 

Log likelihood  -1841.3 -1403.0 -2293.3 -4134.6 

Number of obs  914 674 1104 2016 
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The estimates show that most attributes are weighted about the same as the cost 
attribute, although the ”Surroundings” attribute has a larger weight. The partworth 
parameters are in all cases but one significantly different from zero. Thus, the 
design seems to be well balanced. 
 
The Internet password sample and the mail back sample are drawn from the same 
population (registered car owners), although those responding could exhibit 
different values since the Internet access might be associated with background 
variables that might influence the values. As can be seen from the table however, 
the log likelihood value for the combined model is only a couple of units lower 
than the sum of the log likelihood values for the separate models. This difference 
is not enough to justify separate models - in fact; such a small difference would 
justify one additional parameter only. It seems therefore reasonable to conclude 
that the preferences in these two samples are quite close, a property which can be 
used at least for testing purposes. This conclusion is of course not general, and 
pertains to this particular case. 

5.2.4 Conclusions 

The results from the survey prove that the standard of the road surface is a very 
important comfort factor to car users.  
 
In the future it will be much easier, faster and cheaper to make surveys on Internet 
than today’s mail back interviews. The possibility to show detailed pictures and 
movies on personal computers will also be very good. The outcome of this study 
indicates that collecting SP-interviews over the Internet really have these 
advantages. The easiest way to do Internet interviews is to recruit respondents by a 
people finder database and send them an electronic message with a request to 
attend a survey and the Internet address to it. This method cannot be use yet for 
every required sample of respondents because the databases do not contain enough 
information, only the person’s electronic mail address. One problem with Internet 
surveys still is the fact that the share of people with access to the Internet today is 
too small to represent the population in general. However Internet surveys can 
already be used for test surveys. 
 
Today in the year 2002, the Internet access has increased in comparison with the 
time of this survey (1997). Therefore it would be possible to make interviews over 
Internet. For an accurate sample the recruited people could be given the option to 
answer an interview over Internet or, for an example, by post. The recruitment of 
interviewees could not normally be made with help of databases such as "People 
finder". None of today's (2002) databases covers all users. An other reason to be 
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careful with email recruitment is the large flow of undesired emails (Spam). If 
trying to recruit interviewees by email there is a risk the mail will be discharge 
without being read. 
 
According to the respondents, the tested SP-approach, Best/Worst Conjoint 
Analysis, was easy to understand and to answer. Best/worst conjoint is however 
not consistent with the micro economic theory, and then not useful for monetary 
evaluation purposes. 

5.3 Illustration survey 

The type of illustration used in SP interviews could have a considerable effect on 
the result. New technologies mean that there are now more ways of getting 
interviewees to look at photographs and moving pictures. Using computerised SP 
interviews, it is now possible to show interviewees clear colour pictures on a 
screen for each SP choice. This was done in a study of valuations by bus 
passengers (Swanson, Amt and Jones, 1995) 
 
Examples of illustration methods that can be used to facilitate and increase the 
interviewees’ understanding of SP interviews include photographs, drawings, 
videos or simply text. The new technique of conducting interviews over the 
Internet makes it possible to get interviewees to look at pictures and even listen to 
sound or watch moving pictures both cheaply and simply.  
 
It is important that the illustrations that are used to show different levels in an SP 
survey are carefully selected. Illustrations can easily be interpreted wrongly and in 
the context of SP this would make the estimated valuations unreliable. One 
example is a study of journey quality (National Road Administration, 1994) in 
which motorists were asked to evaluate road markings on 13-metre roads. 
Contrary to other studies, the results indicated that motorists had a negative 
valuation of wide roads compared with normal roads. This can be explained by the 
fact that the illustration of a wide road could be interpreted as meaning that the 
road verge had been made narrower and that the road was no longer 13 metres 
wide but was just 9 metres wide.  
 
If very simple illustrations or text alone is sufficient to enable the interviewees to 
understand and relate to the various factors and levels in the SP survey, more 
advanced and therefore more expensive illustration methods are unnecessary.  
 
There is also a certain degree of risk that illustrations may affect the interviewee in 
the wrong way. Pictures can easily be interpreted incorrectly and the interviewees 
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may evaluate factors other than those that are meant to be considered in the 
interview.  
 
If for example different road surface standards are illustrated in a video and the 
best road surface was filmed in poor weather while the worst road surface was 
filmed on a sunny summer’s day, there is a risk that the interviewees may be so 
influenced by the road’s surroundings when they give their valuations that the 
factor which is meant to be considered, road surface standard, is given insufficient 
emphasis. In extreme cases, this may mean that an inferior road surface standard is 
given a higher rating than a better road surface standard.  

5.3.1 Survey method 

To assess whether, and if so how, different illustration methods influence road-
users’ valuations of road operation and maintenance, the same SP survey can be 
carried out a number of times but using different illustration methods. In this 
survey, pictures and text descriptions of road surface standards and rest facilities 
are compared with text descriptions of these factors alone.  

Survey design 

In 1991, the National Road Administration carried out a survey looking at 
motorists’ willingness to pay for a better road surface standard, see Chapter 3. The 
SP design in the survey, see Table 8, has been criticised, partly because it contains 
both summer and winter road factors in the same survey. The interviewees, whose 
task was to rank five cards, therefore assessed both summer and winter 
maintenance simultaneously.  
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Table 31. SP design in the survey on willingness to pay for a better road surface 
standard (1991). 
 
Factor Description Level 1 Level 2 Level 3 

Road surface 
standard 

Road 
smoothness* 

Road surface is 
smooth and well-
maintained. Some 
isolated areas of 
unevenness may 
occur. 

Road surface is 
relatively smooth. 
Short stretches of 
unevenness and 
tracks. 

 

Road surface is 
occasionally 
smooth. Long 
stretches of tracks 
of varying depths 
and unevenness are 
however common.  

Cost item Petrol tax 
(price of petrol 
per litre) 

SEK 7.00/l SEK 7.50/l SEK 8.00/l 

Winter 
maintenance 

Maximum 
permissible 
snow depth 
before 
clearance 

2 cm 4 cm 6 cm 

*The levels were illustrated in a video 

 
This is not a good arrangement as it is desirable that the interviewees are able to 
relate to their own car journeys. No motorists have experience of driving on a road 
in both summer and winter conditions simultaneously. Another criticism of the 
survey concerned the fact that the road surface standard is described using both 
text and video illustrations, while an example of a snow-covered road is only 
shown briefly on the video. The cost parameter was also not specified for a 
particular journey but was related to the cost of petrol for an entire year.  
 
The SP design from 1991 and the criticism of it was used as a basis in the 
construction of the SP design in the illustration survey, see Table 32. The levels 
for road surface standard were retained. The price factor was altered to apply to 
the total journey price for a car journey of 100 km. The changes in the price were 
explained to the interviewees by the fact that the journey cost consisted of the cost 
of petrol and wear and tear. The price could also vary because of, for example, 
changes in the tax on petrol. The advantage of using the design for the 1991 
survey as a starting point is that the two studies could then be compared with each 
other.  
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Table 32. SP design for the illustration survey 
 

Factor Description Level 1 Level 2 Level 3 

Road surface 
standard 

Road 
smoothness 

Road surface is 
smooth and well-
maintained. Some 
isolated areas of 
unevenness may 
occur. 

Road surface is 
relatively smooth. 
Short stretches of 
unevenness and 
tracks. 

Road surface is 
occasionally 
smooth. Long 
stretches of tracks 
of varying depths 
and unevenness are 
however common.  

Cost item Journey price 
for 100 km 
(SEK/10 km) 

SEK 115 

(SEK 11.5/10 km) 

SEK 170 

(SEK 17/10 km) 

SEK 210 

(SEK 21/10 km) 

Rest facilities Whether there 
are lay-bys or 
rest places 

Rest place Lay-bys None 

 
A completely fractional factorial design was used. This means that there were 9 
possible alternatives to assess for each interviewee. One dominant alternative 
where the best levels were shown simultaneously was removed. The interviewees 
expressed their views by ranking five randomly selected cards from eight. Cards 
were randomly selected so that different cards were given to different 
interviewees.  
 
The study consisted of two questionnaire surveys. In one, the interviewees 
received an illustration sheet, see Appendix 3, and with pictures of three different 
commonly occurring types of road surface damage that give rise to unevenness in 
the road surface. The illustration sheet also had pictures of different rest facilities. 
In the other questionnaire survey, the interviewees were not given any 
illustrations. They answered the questionnaire using only the text descriptions of 
the various road surface standards and rest facilities that were given on the ranking 
cards.  

Selection 

The interviewees were selected randomly from the vehicle register and divided 
into two groups, one of which had access to the illustration sheets and one of 
which did not have this access, see Table 33. The interviewees in both groups 
were sent interview forms, cards to rank and reply envelopes by post to their home 
address.  
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Table 33. The two selection groups 
 

 Interviewees Illustration method 

Selection group 1 200 car owners randomly 
selected from the vehicle 
register 

Illustration sheets with colour photographs of 
common types of damage to road surfaces and 
photographs of different types of rest facility + 
text descriptions 

Selection group 2 200 car owner randomly 
selected from the vehicle 
register 

Only text descriptions 

 
Half of the interview group was given both an illustration sheet and text 
descriptions while the other half were only given text descriptions. The illustration 
sheet consisted of photographs of three different types of surface damage, tracks, 
damaged repair work and frost cracks. There were also pictures of a rest place, 
lay-by and a road without rest facilities.  
 
Both groups were sent a letter reminding them to answer the questionnaire a few 
days after it had been sent out. The interviews were carried out from the end of 
September to the beginning of October 1997. 

5.3.2 Results 

Response rate 

The response rate was relatively high given that the response time was short, 
barely a week and that just one reminder were sent out. The actual interview 
material was only sent out once.  
 

Table 34. Response rate 
 

 Illustrations and text descriptions Text descriptions only 

Response rate 107/200 111/200 

 54% 56% 

 
The response rate of the two groups was approximately equal. The inclination of 
the interviewees was also not affected by whether they received an illustration 
sheet or not.  
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Background questions 

The interviewees in both interview groups answered the same background 
questions.  
 

Table 35. Distribution of responses to background questions 
 

Characteristic Sample with illustrations Sample without illustrations 

 Frequency Percent Frequency Percent 

Age     

18-25 2 2% 6 5% 

26-35 15 14% 16 14% 

36-45 19 18% 21 19% 

46-55 28 26% 26 23% 

56-65 12 11% 16 14% 

More than 65 26 24% 21 19% 

Not stated 5 5% 7 6% 

Sex     

Male 71 66% 76 68% 

Female 30 28% 31 28% 

Not stated 6 6% 4 4% 

Car model     

-1980 2 2% 7 6% 

1981-1985 11 10% 22 20% 

1986-1990 53 50% 47 42% 

1991-1995 32 30% 21 19% 

1996-1998 4 4% 8 7% 

Not stated 5 5% 6 5% 

Kilometres     

0-500 5 5% 5 5% 

501-1000 28 26% 26 23% 

1001-2000 58 54% 59 53% 

2000- 10 9% 17 15% 

Not stated 6 6% 4 4% 

Area     

Metropolitan areas 28 26% 18 16% 

South of Sweden 28 26% 32 29% 

Middle of Sweden 35 33% 38 34% 

North of Sweden 11 10% 18 16% 

Not stated 5 5% 5 5% 
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There were a slightly higher number of older people in the group that received the 
illustration sheet than in the other group. The gender distribution in both selection 
groups from the vehicle register was equal. 70 percent were men, this also 
corresponds with the car register overall, as there are more male than female car 
owners. 
 
Most of the interviewees drive 10,000 – 20,000 km per year; the average distance 
for the entire population is 15,000 km per year. There were slightly more people 
who drove further in the group without illustrations than in the other group.  
 
The randomly selected interviewees lived throughout Sweden. There were more 
people in the illustration selection who answered the questionnaire were from 
Stockholm, Gothenburg or Malmö (metropolitan areas). 
 
The interview group that received the illustration sheet was asked how clearly they 
thought that it showed the three types of road damage - tracks, frost cracks and 
damaged repair work.  
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Figure 24. Interpretability of the illustrations 
 
The majority of the interviewees in the illustration selection thought that the 
illustration sheet clearly showed the different types of commonly occurring road 
damage but as many as a quarter considered that the pictures were a little unclear. 
However, 4 percent thought that they were difficult to interpret.  
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Experience of and attitudes to different types of road damage 

After the respondents had ranked the five journey alternatives, both the interview 
groups were asked questions about how often they travelled on roads with 
different types of commonly occurring road damage. The group that received the 
illustration sheet could see typical examples of the types of damage on the 
photographs, while the group without illustrations answered the questions without 
the help of any pictures.  
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Figure 25. Experience of track formation 
 
Of the interviewees who did not have access to the illustrations, half of them 
stated that they often drive on roads with track formation and half said they do 
sometimes. Of those that had access to illustrations, a higher proportion stated that 
they often drive on roads with track formation. This indicates that the interviewees 
could not be certain how bad track formation would have to be in order to be 
considered as tracked, without the help of a picture or other aid.  
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Figure 26. Experience of frost cracks 
 
The perceived experience of the interviewees of driving on roads with frost cracks 
does not differ between those who had access to the illustrations and those who 
did not have this access.  
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Figure 27. Experience of damaged repair work 
 
The perceived experience of the interviewees of driving on roads with damaged 
repair work does not differ between those who had access to the illustrations and 
those who did not have this access. According to the motorists, roads with 
damaged repair work are more common than those with frost damage. 
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Figure 28. Answer to the question: “Which types of damage affect you most when 
driving a car?” 
 
Track formation in the road surface are considered to have the most adverse effect 
on comfort by both interview groups despite the fact that more people in the 
illustration sample believe that they often drive on such roads.  
 
The respondents’ views on the effect that driving on roads with damaged repair 
work has on comfort differ between the selection groups. Slightly more of those 
who had seen photographs of different types of damage believe that it has more 
effect than any other type of damage.  
 
Showing photographs of the three types of damage compared with not doing so 
gave the following result. Motorists who saw the photographs to a larger extent 
remembered that they often drive on roads with track formation and to a larger 
extent said that they believe that damage resulting from repair work has more 
effect on comfort, compared to those who only had the text descriptions.  
 
In response to the open question as to why they consider this type of damage to 
have the largest effect, many respondents said that tracks in the road surface 
increase the risk of an accident, e.g. through a risk of aquaplaning in the wet or the 
unexpected swerving of the car. Motorists believe that damage having the next 
highest perceived effect when driving a car, which was damage resulting from 
road repairs, should be repaired as soon as possible. They think that it would be 
better to repair a damaged road by completely resurfacing it rather than just 
repairing small areas. 
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Estimated valuations 

The motorists’ monetary valuations have been estimated using logit analysis. The 
input data was the interviewees’ ranked journeys. 
 
The model specification could be written as 

∑
=

⋅=
3

1
1

k
kk xV β  where  1V  is the utility for alternative 1 

    kβ  are the estimated parameters 

 kx  are the levels of the variables 

 
Table 36. Resulting parameters from the logit analyses. [Standard deviation] 

 
Factors Levels With 

Illustrations 
Parameter  
(T value) 

Text only 
 

Parameter 
(T value) 

Both groups 
 

Parameter  
(T value) 

Journey cost 
for 10 
kilometres 
 

 -0.015 [0.002] 
(-6.7) 

 

-0.014 [0.002] 
(-6.6) 

-0.015 [0.002] 
(-9.6) 

Road surface  Average (in comparison 
with good) 

-0.71 [0.20] 
(-3.6) 

 

-0.51 [0.20] 
(-2.6) 

 

-0.60 [0.14] 
(-4.3) 

 
 Poor (in comparison with 

good) 
 

-2.44 [0.24] 
(-10.3) 

 

-1.95 [0.21] 
(-9.2) 

 

-2.154 [0.16] 
(-13.8) 

 
Rest facilities  Lay-bys (in comparison 

with rest places) 
0.013 [0.18] 

(0.1) 
 

-0.22 [0.18] 
(1.2) 

 

-0,11 [0.13] 
(-0.9) 

 
 None (in comparison with 

rest places) 
-1.14 [0.20] 

(-5.8) 
 

-0.89 [0.19] 
(-4.6) 

-1.00 [0.14] 
(-7.4) 

Num of obs 
 

 404 420 824 

Log likelihood  -364.83 -414.99 -784.28 

 
The logit analysis shows that both groups of interviewees, those that had 
illustrations and those that did not, had approximately the same valuations for the 
journey cost. Driving on a road on which the rest facilities were lay-bys instead of 
nothing was not a significant parameter in the estimated model. The biggest 
difference between the two interview groups was in the valuation of road surface 
standard.  
 
According to Table 36, the log-likelihood value for the combined model is only a 
couple of units lower than the sum of the individual models. The difference is not 
sufficiently large to reject the hypothesis that the models are based on the same 
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valuations at 5 percent risk. Whether or not the interviewees had access to 
illustrations also has no significant impact on this result when a combined model 
with sample specific parameter values for road surface was tried.  
 
There is however a trend for illustrations to influence interviewees into valuing 
what is illustrated higher but this trend is not sufficiently clear in such a small data 
set.  
 
The monetary valuations are expressed as the motorists’ willingness to pay to 
drive on a road with a good surface standard as opposed to one that is slightly 
inferior or one that is poor, see Table 37. 
 
Table 37. Willingness to pay for different road surface standards and rest places. 

 
Willingness to pay With illustrations 

(SEK/Kilometre) 

Text only 

(SEK/Kilometre) 

National Road 
Administration 91 

(SEK/Kilometre)* 

Good instead of average 0.5 0.4 0.1 (wide road) 

0.1 (narrow road) 

Good instead of poor 1.7 1.4 0.2 (wide road) 

0.3 (narrow road) 

Rest place instead of lay-by not significant 0.2  

Rest place instead of none 0.8 0.6  

*Calculated with the assumption of the petrol consumption - 1 litre per 10 kilometres 

 
The results show that the willingness to pay for both a better road surface standard 
and rest places in the illustration study is very high compared to the National Road 
Administration study of 1991. This may be the result of a number of factors. The 
motorists’ willingness to pay for a higher standard of road surface perhaps covers 
more than ride comfort and the price parameter in the SP survey may be neglected 
and therefore undervalued.  
 
Motorists can have a high willingness to pay to drive on smoother roads compared 
with damaged rougher roads as it affects their journey in many ways, e.g. it 
reduces the accident risk, shortens their journey time, reduces vehicle damage, 
increases their comfort levels, etc. Ride comfort in this case is just part of the 
estimated willingness to pay.  
 
Another explanation of the high valuations may be that the interviewees have 
perceived the factor of journey price as fictitious and decided to largely ignore it 
when they ranked the cards. This means that the motorists’ valuations concerning 
the importance of price in connection with car journeys are underestimated. The 
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choice between different car journeys leads to difficulties in presenting a journey 
cost that varies in a realistic manner. There are many views on what the cost of 
particular car journey should include. Some motorists believe that only the price of 
petrol should be included, others that the price is the same as the mileage 
allowance received for business travel. Overall, it means that it is also difficult to 
present credible journey price increases and reductions. If it had concerned 
different bus journeys, it would have been easier as only different ticket prices 
would have to be presented. If the journey price is not considered to be credible by 
the interviewees, they may choose to ignore it completely when they evaluate 
different SP alternatives.  
 
The average willingness to pay for better road maintenance is higher for the 
interviewees who had an illustration sheet with different types of road surface 
damage than for those who had text only. 

Lexicographic responses 

A ‘lexicographic response’ means that the interviewee allows a single factor to 
decide how he responds. There can be many reasons for this:  
 
◊ The interviewee is tired and is simplifying the SP task for himself; it is easier to 

make SP choices by only taking into account one factor instead of weighing up 
all the alternatives’ factors against each other.  

◊ The interviewee believes that one particular factor is much more important than 
any other. 

◊ The SP design is incorrect and the factors’ levels do not capture the 
interviewees’ preferences.  

◊ Each interviewee does not look at all the alternatives in the SP design but 
evaluates a number of randomly selected alternatives. It may be that they 
stumble across a lexicographic ranking by chance.  

 
If an interviewee ranks all 9 cards in the road standard survey of the SP design and 
primarily takes into account the road surface standard and then the rest facilities 
available without caring about what it costs, he would answer as follows.  
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Table 38. Example of a lexicographic response. 
 

Ranking Card Road surface standard Journey cost (100 km) Rest facilities 

1 E smooth SEK 210 lay-by 

2 B smooth SEK 170 none 

3 C slightly uneven  SEK 170 rest place 

4 I slightly uneven  SEK 115 lay-by 

5 F slightly uneven  SEK 210 none 

6 D very uneven  SEK 210 rest place 

7 A very uneven SEK 170 lay-by 

8 G very uneven SEK 115 none 

 
Logit analysis of the above valuations should give a result where the factor of road 
surface standard is of considerable importance and the factor of journey cost is 
less important. As the monetary valuation of road surface standard is the quotient 
between the road surface and cost parameters, the monetary valuation of a better 
road surface is high.  
 
To assess whether lexicographic responses were the reason for the high 
willingness to pay in this illustration survey, the proportion of lexicographic 
responses was calculated.  
 

Table 39. Proportion of lexicographic responses. 
 
 With illustrations Text only 

Number of correctly made SP choices 103 105 

Proportion of respondents who sort 
lexicographically according to road surface standard 

31% (32) 23% (24) 

Proportion of respondents who sort 
lexicographically according to price 

12% (12) 11% (12) 

Proportion of respondents who sort 
lexicographically according to rest place 

8% (8) 6% (6) 

Proportion of respondents who sort 
lexicographically primarily according to road 
surface standard and secondarily according to rest 
facilities (in accordance with the figures) 

9% (9) 7% (7) 

 
The proportion of interviewees who rank their cards lexicographically according 
to road surface are high compared with the proportion that sorts according to 
price. This explains to some extent the high willingness to pay. The interviewees 
in the sample that had access to pictures of different types of road damage were 
even more inclined to sort lexicographically than those who did not have any 
illustrations. The proportion of interviewees who did not give any consideration to 
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the journey cost but simply sorted primarily according to road surface and 
secondarily according to rest facilities was between 7 and 9 percent. 
 
To carry out a further control of the importance of road surface to the interviewees 
compared with the journey cost, the two ranking cards with extreme values in 
accordance with Figure 29 were studied in more detail.  
 
 

Card E 

 

Journey cost for 100 km: SEK 210. 

(price per 10 km: SEK 21) 

 

Road smoothness: 

The road is smooth. Some unevenness 

in places. 

 

Rest facilities: 

Lay-bys. 

 Card G 

 

Journey cost for 100 km: SEK 115. 

(price per 10 km: SEK 11.5) 

 

Road smoothness: 

The road is smooth in places. Long 

stretches of tracks of variable depth and 

unevenness are however frequent. 

 

Rest facilities: 

Neither rest places or lay-bys. 

 
 

Figure 29. Ranking cards studied in more detail. 
 
Card E represents the most expensive journey but has the best road standard and 
the next best rest facilities, while card G represents the cheapest journey but also 
the worst road surface standard and no rest facilities.  
 
Table 40. Proportion of interviewees who prefer the best road surface standard to 
the lowest journey cost. 
 
 With illustrations Text descriptions only 

Number of interviewees who received 
both cards E and G. 

38 44 

Proportion of interviewees who 
selected card E in preference to card G. 

82% (31) 70% (31) 

 
The table shows that the proportion of interviewees who select the best road 
surface standard in preference to the lowest journey price is very high. This 
indicates that the interviewees give insufficient consideration to the price 
parameter in order for their responses to be credible.  
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5.3.3 Conclusions 

The survey shows that illustrations can influence the valuations of interviewees. In 
this study, photographs depicting various types of commonly occurring road 
surface damage influenced the interviewees into sorting lexicographically 
according to the surface factor to a greater extent than the interviewees without 
photographs did. In future surveys concerning operational and maintenance factors 
relating to the road network, it will be necessary to interview motorists in pilot 
interviews to determine how they react to pictures intended for inclusion in the 
questionnaires.  
 
One reason for the valuation to raise with the illustration is that there is no clear 
definition of the severity the spread of the damage in the question. Illustrations are 
therefore needed to fix these aspects. That also points at the problem of finding 
appropriate illustrations that correspond to the severity of road damage of different 
levels. 
 
The price or cost factor in SP surveys relating to car journeys is difficult to 
describe and the way in which the interviewees understand and can relate to it 
varies. In this survey, the lexicographic test shows that the interviewees largely 
ignored the journey cost. This may be because they consider it unrealistic that the 
journey cost can vary for car journeys. Another possible explanation is that they 
ignored the price and gave policy-oriented answers. That means the respondents 
tried to influence the outcome of the survey. Therefore they might have preferred 
higher maintenance management standard, no matter the cost.  
 
An alternative to stating the journey cost during interviews with motorists should 
be investigated. If comparing the results from this survey with the survey from 
1991 with the same maintenance management factor, the willingness to pay for 
higher standard was four times higher. The explanation could be the way of 
presenting car travel cost. One possibility may be to state the cost directly as a 
maintenance tax. Interviews concerning road surface maintenance could also be 
carried out with bus passengers as a reference to the motorists’ evaluations. 

5.4 Motorists’ perception of time and cost 

Studies have shown that people travelling by car are relatively insensitive to costs 
and that the price elasticity for car journeys is therefore low (Goodwin, 1992). 
Monetary valuations by motorists of factors that affect car journeys can therefore 
produce relatively high values. 
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The actual cost for car trips varies depending on the cost of the car, fuel 
consumption, insurance premium and so on. In most traffic forecasting models, 
the individuals’ own journey costs and travel times are replaced by calculated 
values. The same applies to the description of the cost factor in Stated Preference 
interviews. A common standard value that is used is the mileage allowance for 
cars of SEK 15 per 10 km, which is the value that is used in the tax self-
assessment declaration. The declaration value is used because it is an average 
value of car costs that is widely spread. In a number of previous studies, (Algers 
and Lindquist Dillén 1994), it is apparent that this value is close to the motorists' 
own cost evaluation, whilst in others (Olsson 1997), the value has differed from 
the motorists’ own evaluations and this may have affected the models.  
 
This study had two aims. The first was to assess how road-users themselves 
perceive the cost and journey time for car journeys and what influence this 
perception has on the choice of transport means. The second was to see whether 
individuals’ own values differ from those of the traffic forecast models.  

5.4.1 Method 

Selection and recruitment  

Motorists were recruited in collaboration with a number of employers. The 
interviews were carried out during the period from February to April 2000 at the 
interviewees’ workplaces.  
 
To be included in the relevant target group, the distance between home and the 
workplace for the commuter must be at least 3 kilometres and the commuters also 
had to have a driving licence for cars. In total, 101 commuters were interviewed: 
51 in Linköping and 50 in Stockholm.  

Interview questions 

The interviewees were asked to answer a series of questions, both structured and 
semi-structured. The interviews were started with a discussion of the various 
means of transport available (car and public transport). The aim was to determine 
which factors affected the choice of transport means. The time and cost aspects 
were discussed in purely general terms, in order to obtain an initial impression of 
what role this plays in the decision-making process.  
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As cost was a central issue in this study, a number of questions were asked 
concerning the interviewees’ own car, any company car, subsidies from the 
employer concerning journeys made by car and public transport and parking costs 
at home and work.  
 
Prior to the section with stated preference questions, there was a more in-depth 
discussion of the journey time and cost for car journeys to work. The interviewees 
answered three different Stated Preference experiments that concerned the choice 
of travel route as a result of cost and standard of road maintenance.  
 
The participants were asked to give an instant estimate of the journey times and 
journey costs associated with him or her travelling by car and public transport 
respectively. In the dialogue with the interviewee, an attempt was made to get 
close to the actual value. Questions were asked as to how long these journeys 
would normally take and how long they might take as a maximum and minimum.  
 
The SP questions asked during the interviews were individually adapted through 
the interviewer having a laptop computer on which the interviewee’s normal 
journey time and journey cost were entered. The alternative levels that should be 
presented to the interviewee were then calculated. The interviewer asked the 
respondent to imagine that he or she was travelling to work and always had a 
choice of the car journey he or she made today and an alternative route where the 
journey time and cost were different. The interviewee was then asked to study the 
alternatives, choose an alternative and then say whether it had been difficult to 
make the choice in any way.  
 

 
42. Which journey would you choose?  

  Journey A 

 

 Journey B  

 Cost: The journey costs SEK 15  

(ca SEK 7,500 per year) 

 

 The journey costs SEK 19 

(ca SEK 12,000 per year) 

 

 

 Time: The journey takes 24 minutes 

 

 The journey takes 18 minutes 

 

 

 Road 
surface

: 

Long stretches of tracks of variable 

depth and unevenness are common.  

 

 Short stretches of unevenness and 

tracks occur. 

 

 

 I would 
choose: 

� Journey A  � Journey B  

 
  � Don’t know  

 
Figure 30. Example of SP choices in experiment 3. 

 



 

  95

The three SP surveys differed from each other in that in experiment 1 the 
interviewees only decided whether they would be prepared to pay more for getting 
to work quicker. In experiment 2, a third factor was included, road surface 
standard. The difference between experiment 2 and 3 was that, in addition to the 
cost of an individual car journey, the annual cost of car journeys to work was 
presented. In every other respect, experiment 3 was identical to survey 2. 
 

Table 41. Description of the three different SP surveys. 

 
Survey No. Description 

1 Choice between today’s journey and a faster but more expensive car journey  

2 Choice between today’s car journey and a faster but more expensive car journey including 
better road maintenance 

3 Choice between today’s journey and a faster but more expensive car journey including 
better road maintenance. The annual cost was also presented.  

 
For each survey, the respondent made four different choices that were based on 
the factors and levels shown in the table below.  
 

Table 42. Factors and levels in the three SP surveys. 
 
Variable Level 

Cost Stated cost, +10%, +30%, +60% 

Time Stated journey time, -10%, -20%, -40% 

Standard of road maintenance The road is smooth and well maintained. 

Short stretches of unevenness and tracks. 

Long stretches of tracks of variable depth and unevenness are 
common. 

 
The factor of road maintenance was included in survey 2 and survey 3 but not in 
survey 1.  

5.4.2 Analysis 

When the interviews were completed, the responses were analysed for both the 
structured and the semi-structured questions using the statistical program SPSS. 
The aim was to assess the role that the time and cost aspects played in the 
decision-making process. 
 
The SP choices were analysed using logit models. From the estimated logit 
models, the motorists’ time values for journeys to work by car were then 
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calculated. These values were then compared with the results of the national value 
of time study carried out in 1994.  
 
Finally, the interviewees’ estimated journey times and journey costs were 
compared with the traffic forecast models’ journey times and journey costs for 
travel by car.  

5.4.3 Results 

Background questions 

A total of 101 people took part, of which 52% were women and 48% were men, 
see Table 43.  
 

Table 43. Summary of background questions. 
 

 Linköping  Stockholm  Total  

 num. % num. % num. % 

Sex       

Women 25 52.9 24 47.1 51 52.0 

Men 22 46.8 27 53.2 47 48.0 

Year of birth       

1935 – 1950 14 28.6 28 57.1 42 42.9 

1951 – 1965 17 34.7 14 28.6 31 31.6 

1966 - 1978 18 36.7 7 14.3 25 25.5 

Education       

Compulsory school 1 2.1 4 8.2 5 5.2 

Upper secondary 15 31.3 19 38.8 34 35.1 

University 25 52.1 24 49.0 49 50.5 

Other 7 14.5 2 4.0 9 9.2 

Income       

100,000 – 200,000  14 29.2 2 4.1 16 16.5 

200,000 – 300,000  24 50.0 18 36.7 42 43.3 

300,000 – 400,000 8 16.7 15 30.6 23 23.7 

> 400,000 2 4.1 14 28.6 16 16.5 

Children under 12       

Yes 20 41.7 10 20.7 30 30.9 
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Table 43 shows that slightly more women than men took part in this study. There 
were also slightly more women in Linköping than in Stockholm, although this 
difference was marginal.  
 

Table 43 also shows that most respondents had a university education, followed by 
an upper secondary school education. Unlike the rest of the country, the women 
had a lower level of education than the men did. 36 percent of the women had a 
university education, compared with 63 percent of the men. The distribution 
between the two cities was relatively even, although the proportion of those with 
an upper secondary education was slightly higher in Stockholm.  
 
In summary, it can be said that the groups from Stockholm and Linköping differed 
in a number of ways. The group from Stockholm were generally older, which also 
explains why fewer of them had children under 12. They were also better 
educated, had a higher income and had further to travel to work. 
 
The questionnaire also included a question that related to the distance from home 
to work, see Table 44.  
 

Table 44. Distance in kilometres from home to work: Linköping and Stockholm 
 

Distance from Linköping  Stockholm  Total  

home to work num. % num. % num. % 

1 – 5 19 38.0 9 18.4 28 28.3 

6– 15 20 40.0 15 30.6 35 35.4 

16 – 25 3 6.0 13 26.5 16 16.1 

26 – 85 8 16.0 12 24.5 20 20.2 

 

Table 44 shows that the respondents’ distance between home and work was 
between 1 km and 85 km. For the majority, the distance was 6 – 15 kilometres 
(mean = 17 km). The respondents from Stockholm had on average further to travel 
to work than those from Linköping (Stockholm = 20 km, Linköping = 14 km). 

Choice of transport mode 

The first few questions in the questionnaire dealt with how the participants had got 
to work on the day of the interview. The results from this analysis are shown in 
Table 45. 
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Table 45. Choice of transport means. 
 

Means of transport n % 

Car 72 71.3 

Other 29 28.7 

 
Table 45 shows that a large majority had got to their workplace by car. In the 
group “other”, 11 people travelled by bus, 9 cycled, 3 took the underground, 2 
people walked and 2 took the train. This question was followed by an open 
question concerning the reason why they chose this transport means. Figure 31 
shows the reason or reasons why they chose to travel by car.  
 

Reasons for choosing car
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Figure 31. Reasons for selecting the car 
 
Most respondents reported that it was the time benefit that made them choose the 
car. A relatively large proportion also said that it was convenient or that it was 
because the alternative mode of transport was unsatisfactory. Some of the 
respondents said that they avoid paying car-parking charges at their home by 
taking their car to work. Only a few respondents mentioned cost, as they believed 
the alternative means of transport would be more expensive. The car was 
considered to be a cost regardless of whether they used it or not and the expense of 
further outlay on public transport would therefore make it even more expensive. 
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Attitude to journey time and travel costs 

The question on journey time concerned how much journey time and journey cost 
influenced the choice of transport means on the day of the interview. 
 

Influence of cost and time on mode choice

0 20 40 60 80 100

Travel cost

Travel time

Percentage

Great influence Limited influence

 
 

Figure 32. Attitude towards time 
 
Figure 32 shows that a slightly higher proportion considered that time did not play 
a major role, although this difference was marginal. More respondents believed 
that cost did not play a particularly big role in the choice of transport means in 
comparison with time.  
 
The analyses also showed that the attitude to journey time was linked to the 
respondent’s choice of transport means. Figure 33 compares the attitude towards 
time of both groups (those who chose the car and those who used a different 
means of transport). 
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Figure 33. Attitude towards time: motorists and others 
 
Figure 33 shows that time was important to motorists, while it was less important 
to those who did not use the car.  
 
As journey time was so important to motorists, a number of analyses were carried 
out to assess whether there were other factors, other than the choice of transport, 
which could explain this. The questions included in these analyses were:  
 
• how many hours per week they worked;  
• how far they had to travel to get to work;  
• how long it took them to get to work, and  
• the difference in time between travelling by car and public transport.  
 
The results gave a negative outcome in three of the four cases. The attitude was 
therefore not dependent on the number of hours per week the respondent worked, 
how far they had to travel to get to work or how long this journey took. However, 
there was a link with the time gain they perceived the car alternative to give. For 
those who believed that the car was considerably faster than public transport, time 
also played a major role.  
 
The participants who estimated that the car alternative would give them a 
considerable time gain compared with the other alternatives also believed that 
journey time played a very important role in the decision-making process.  
 
Figure 35 compares the attitude towards journey cost amongst those who chose 
the car and amongst those who travelled on a different means of transport.  
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Figure 34. Attitude towards cost: Motorists and others. 
 
Figure 34 shows that cost was less important to the motorist than to those who 
chose a different means of transport. 
 
In the more open discussion concerning attitude towards cost, it became apparent 
that the motorists could be divided into three different groups. One group who 
believed that it was expensive to travel by car but they did not have any 
alternative, another believed that the cost did not play a part and therefore did not 
consider the cost aspect. These people believed that the time they saved by taking 
the car was much more important than the cost. “Time is money” was a frequent 
comment. The third group believed that the car was cheaper than public transport 
or that the cost was only moderate. The cost of public transport was considered as 
a supplement to the fixed costs for the car. Amongst those who did not take the 
car, a quite different picture emerged, as cost was very important to them. In some 
cases, it was this that made them choose not to take the car. 

Perception and estimation of journey time 

The interviewees were asked to estimate their own journey time to work, by both 
car and public transport. The interviewees answered how long the journey 
normally took and whether it sometimes took longer or less time and if so why. 
The term ‘normal journey time’ was used to refer to the time the journey takes 
from leaving the house at the normal time. The interviewees said that the longest 
journey times often occurred in rush-hour traffic in the morning if a minor traffic 
incident had occurred. People had the best chance of a short journey time between 
work and home later in the evening.  
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It became apparent that the interviewees had a good understanding of their journey 
times by car, while many of those who normally drove did not have such a good 
understanding of the journey time by public transport.  
 
The interviewees’ normal journey times varied between five minutes and one and 
a half hours depending on how far they had to travel to get to work. The majority 
of the interviewees living in Stockholm who travelled by car had a journey time of 
between 16 and 30 minutes.  
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Figure 35. Stated journey times for the interviewees who travel to work by car 

 
The interviewees’ stated journey times to work under normal conditions were 
compared with the stated minimum and maximum times, see Figure 35. The 
normal average journey time was 24 minutes for the respondents who took the car 
to work and 32 minutes for those who chose a different means of transport, e.g. 
public transport. If the journey to work was not made by car but by an alternative 
transport means, the journey time averaged 30 minutes in Linköping and 42 
minutes in Stockholm (door to door).  
 
Figure 35 shows that the variation in journey times for motorists was greater in 
Stockholm than in Linköping. When the Stockholm motorists were unlucky and 
ended up in a traffic jam, the journey time could be almost twice the normal 
length. During the interview, many Stockholm motorists said that they actively 
chose to go to work at a time when traffic flows were below their peak. The most 
common strategy was to travel before the morning rush hour. For the Linköping 
motorists, this means an average increase in journey time of 17%. 
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Figure 35 also shows that the normal journey time of Linköping residents was in 
the middle of the interval for the shortest and the longest journey times 
respectively. They can therefore gain or lose a lot of journey time compared with a 
normal journey. In Stockholm, heavy traffic is more common on the roads than in 
Linköping, which means that the Stockholm motorists have more time to lose in 
the event of a traffic incident than they can gain when the traffic is flowing 
smoothly. 
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Figure 36. The perception of journey time by public transport compared with the 

car. 
 
The respondents who chose the car reported a shorter journey time compared with 
those who chose a different means of transport, particularly public transport.  
 
Figure 36 shows that the interviewees’ estimated journey times is reported to 
increase more quickly with distance for public transport than for car traffic. The 
further the respondents have to travel to work, the more time they reported to save 
by taking the car. For commuting journeys over 20 kilometres, it takes twice as 
long to travel by public transport compared with by car. The journey time by car 
does not vary as much with distance, a commuting journey by car is considered by 
the interviewees to take 20 to 30 minutes if the distance is between 11 and 40 
kilometres. For most commuters in the study, taking the car to work means a time 
saving. Those who live a little further away save the most time. 

Speed 

In order to compare the interviewees’ stated journey times; the average speeds for 
the journeys to work were calculated.  
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Table 46. Average speeds, calculated using estimated journey times. 

 

 Estimation of car speed Estimate of public transport speed 

 Linköping Stockholm Linköping Stockholm 

Motorists 40 46 22 22 

Other commuters 39 43 34 26 

 
The interviewees who normally choose to travel by car give a lower estimate for 
the average speed of public transport than those who normally travel on public 
transport according to Table 46. The difference in average speeds for journeys to 
work was small between Linköping and Stockholm. 

Perception and estimation of journey cost 

The interviewees were asked an open question concerning how much a journey to 
work by car costs. The responses to this question varied. Some interviewees stated 
that they did not normally think about what an individual car journey costs but that 
they know how much their petrol bill was each month. There were also some 
interviewees who did not have any idea of the cost. They were then asked which 
costs a journey to work by car gives rise to and what each individual item might 
cost. The people who directly gave an amount were also asked to say how they 
calculated the amount they quoted.  
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Figure 37. The distribution of the costs for journeys by car to work. 
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To compare the interviewees’ perceived costs; the cost per 10 km was calculated 
by dividing the stated cost for the car journey by the distance. That is shown in 
Figure 37. The results showed that the variation of perceived costs was high. This 
is because different interviewees included different cost items for car journeys. 
Some included only variable costs such as petrol, while others included both 
variable and fixed costs.  
 
The perception of cost was different between Linköping and Stockholm. The 
average cost for the Stockholm residents was SEK 34 per 10 km and for the 
residents of Linköping this figure was SEK 25 per 10 km. 
 
The interviewees used different methods for calculating the cost of a journey by 
car. There were also differing views on what should be included and what should 
not be included for a car journey to work. For some people, fixed costs were 
included in addition to variable costs, whilst others did not include fixed costs.  
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Figure 38. The methods used by the interviewees for calculating their car travel 

costs. 

 
Figure 38 shows the methods used by the interviewees to calculate their costs. 
Some motorists believed that the cost was the same as the cost of petrol used, 
while others also included the car’s depreciation. A third group chose to calculate 
the journey cost to work by using some form of mileage allowance calculation. 
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The mileage allowance calculations used included a variety of allowances for 
business travel, between SEK 18 and 30. Some interviewees used car mileage 
costs that they had got from consumer information reports in, for example, 
publications or TV programmes. 
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Figure 39. Cost perception for different approaches to car journey costs. 

 
The mean cost and distribution of the costs for the various calculation groups are 
presented in Figure 39. Those who only assumed that petrol was the only journey 
cost made the lowest assessment of the cost of taking the car to work. On average, 
these people estimated that a journey costs SEK 10 per 10 km. If depreciation is 
also included in addition to petrol, the cost is higher, approximately SEK 25 per 
10 km. For the motorists who saw the cost of a car journey as a mileage 
allowance, the spread was large, between SEK 17 and 40. No one gave the value 
on the self-assessment tax return of SEK 15 per 10 km. The spread of car journey 
costs was greatest amongst those who thought that it would be difficult to give a 
cost. The average cost for these people was SEK 24 per 10 km and the minimum 
and maximum values was SEK 13 and 45 respectively.  

Stated Preference interviews 

At the end of the interview, the interviewees were asked to answer three different 
SP experiments. In each SP experiment, the interviewees made four choices in 
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which the time and cost varied in accordance with a statistical design. The design 
was based on the assumption that the interviewees’ preferences for how much 
more they would be willing to pay in order to reach their destination more quickly 
could be revealed by each interviewee making a number of choices in which time 
and cost vary.  
 
The set-up for the three SP experiments was the same; the interviewees’ stated 
journey to work is described in Journey A, the left-hand alternative, and the faster 
but more expensive journey was Journey B, the right-hand alternative, see Figure 
30. 
 

Table 47. Distribution of the SP choices. 
 
 Linköping Stockholm 
 Journey A Journey B Don’t 

know 
Journey A Journey B Don’t 

know 

Experiment 1 75% 23% 2% 60% 32% 8% 

Experiment 2 44% 50% 6% 28% 44% 28% 

Experiment 3 50% 44% 6% 37% 32% 31% 

 
The spread in choices made by the interviewees between Journey A and Journey B 
is shown in Table 47. In experiment 1, which only included the factors time and 
cost, the journey made on the day of the interview was chosen in preference to a 
faster but more expensive journey 75 percent of the time by the Linköping 
residents and 60 percent of the time by the Stockholm residents. 
 
In experiment 2 however, which in addition to time and cost also included the 
factor of road surface standard, a faster but more expensive journey was chosen 
more times than in survey 1, as this alternative also means a better standard of 
road surface. 
 
In experiment 3, the majority of the interviewees chose the journey made on the 
day of the interview in preference to the improved but more expensive journey. As 
experiment 3 was identical to experiment 2 except that the total annual cost was 
presented within parentheses this indicates that the interviewees were not aware of 
the consequences of the cost increase in experiment 2.  
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Table 48. Estimated logit models for the SP choices in experiment 1.  

 
 Lkp sample Sthlm sample Total sample 
 Parameter estimates (t-value) 

Experiment 1    

Alternative A 0.9994 

(2.6) 

1.3046 

(4.3) 

1.3998 

(6.2) 

Travel cost -0.1193 

(-2.8) 

-0.0560 

(-3.7) 

-0.0586 

(-4.1) 

Travel time -0.1296 

(-2.4) 

-0.2020 

(-5.0) 

-0.1853 

(-5.9) 

Observations 156 183 339 

Final log(L) -76.1710 -98.8237 -179.5174 

D.O.F. 3 3 3 

Rho²(adjusted) 0.0961 0.1657 0.1270 

Experiment 2    

Travel cost -0.2062 

(-4.5) 

-0.0292 

(-2.3) 

-0.0518 

(-4.2) 

Good road surface standard 
compared to bad 

-2.0288 

(-4.8) 

-0.8896 

(-3.0) 

-0.9766 

(-4.7) 

Average road surface standard 
compared to bad 

-1.1477 

(-2.5) 

0.0369 

(0.1) 

-0.3413 

(-1.2) 

Observations 151 144 295 

Final log(L) -82.4237 -92.4359 -188.8298 

D.O.F. 3 3 3 

Rho²(adjusted) 0.2105 0.0394 0.0634 

Experiment 3    

Travel cost -0.1352 

(-3.6) 

-0.0218 

(-1.6) 

-0.0435 

(-3.4) 

Good road surface standard 
compared to bad 

-1.0534 

(-3.2) 

-0.7761 

(-2.6) 

-0.7455 

(-3.6) 

Average road surface standard 
compared to bad 

-0.2396 

(-0.6) 

-1.1921 

(-3.2) 

-0.7774 

(-3.1) 

Observations 151 139 290 

Final log(L) -90.2524 -86.8480 -183.4147 

D.O.F. 3 3 3 

Rho²(adjusted) 0.1344 0.0959 0.0844 

 

Table 48 shows a summary of the logit models’ parameter values. The table shows 
that the values of the Linköping group and those of the Stockholm group are 
different. Cost was more important for the interviewees from Linköping than for 
the interviewees from Stockholm. The time factor meant more to Stockholm 
residents in survey 1. 
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The effect of giving the annual cost in order to clarify the costs of an individual 
journey that was made in survey 3 influenced the interviewees’ choice of route 
dramatically. This is clear from both the results of the choice frequencies and the 
estimated logit models.  

 
Table 49. The motorists’ time values for journeys to work in the three SP surveys. 

 

Survey Time value [SEK per hour] 

 Linköping Stockholm Total 

Experiment 1 65 216 190 

 
The time values presented in Table 49 show that the Stockholm residents were 
three times more willing to pay than the Linköping residents for a reduction in 
their journey time to work. According to the comprehensive time value study that 
was carried out in 1994, the journey time value for journeys to work was SEK 34 
per hour. This means that the values in this study were very high.  
 
There may be many reasons for the Stockholm group’s high values. For example, 
the rush-hour traffic in Stockholm is now so slow compared with the rest of 
Sweden that an average motorist on his or her way to work is much more willing 
to pay to get to work more quickly than the national average. Another reason may 
be that the responses were what are known as ‘policy-orientated responses’. This 
means that the willingness to pay of the Stockholm residents was lower but during 
the interview they consciously indicated a high willingness in order to influence 
the result in a direction they believe would benefit them. If this is the case, they do 
not believe that they personally would need to pay for the faster journeys but that 
they would be able to benefit from them. As the interviewees made the SP choices 
under the supervision of the interviewer, the interviewers were able to note that 
nothing the interviewees said indicated that they were answering in a policy-
orientated manner.  
 

Table 50. Willingness to pay for a higher standard of road surface. 

 

 Linköping Stockholm Total 

 Willingness to pay [SEK per kilometre] 

Experiment 2    
Good road surface standard compared to bad 1.0 3.0 1.9 
Average road surface standard compared to bad 0.6 (-0.13) (0.7) 

Experiment 3    
Good road surface standard compared to bad 0.8 3.6 1.7 
Average road surface standard compared to bad (0.2) 5.4 1.7 

(not sign separated from zero) 
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The interviewees stated that they thought that road maintenance was important and 
most thought that the standard was acceptable for their route to work. This meant 
that they did not attach that much importance to the road surface factor when they 
made their SP choices. This in turn meant that the results were not significant in 
all cases.  

Tolls 

At the end of the interview, the respondents were asked to answer the question: “If 
a road toll was introduced that you had to pass on the way to your workplace, how 
high could the toll be before you chose a means of transport other than the car?" 
The aim of this question was to investigate the potential of using road tolls as a 
way of presenting the cost to motorists in future SP studies.  
 
Many respondents were shocked by this question. They did not want anything to 
do with tolls and believed that it was a hidden tax that they would refuse to pay. 
They were also not interested in the possibility of being able to choose a faster 
route by paying a road toll. The respondents believed that giving a cost in response 
to this question was the same as allowing road tolls in the future. These reactions 
were strong in Stockholm and non-existent in Linköping, probably because 
Stockholm residents believe and are afraid of being hit by road tolls, while this is 
less likely in Linköping. Another reason why many interviewees did not answer 
this question was quite simply because they could not come up with an amount. In 
summary, this means that road tolls cannot be recommended as a way of 
describing the cost item in SP surveys aimed at motorists.  
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Figure 40. The highest possible toll fee for choosing the car for journeys to work.  
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Figure 40 shows that almost half of the respondents answered that they would not 
pay a toll or were unable to say how much they might be willing to pay. Of the 54 
people who said that they could imagine paying a toll, the toll fee varied between 
SEK 1 and 100.  
 
Fewer people in Stockholm than in Linköping said they could imagine paying a 
toll at all, but those who could imagine paying an amount specified an amount that 
on average was higher that the equivalent amount in Linköping. Fewer than half of 
the respondents in Linköping could imagine paying more than SEK 5 as a toll. The 
average value for Stockholm was SEK 16, while for Linköping this figure was 
SEK 8. 

Forecast models and motorists’ perception of time and costs 

In the development of forecast models, an effort is of course made to ensure that 
the explanatory variables included in the model are as close to the “true” variables 
as possible. In many cases, it is however difficult to define the variables simply. 
Examples of this are time and cost, which can differ in purely objective terms (all 
individuals do not maintain the same speed, and all individuals do not have the 
same expenses for their car), and they can be perceived differently (depending on 
how well informed the individual is). If systematic deviations occur between the 
“true” variable values and those that are used in the forecast models, the parameter 
values will be affected. A further problem arises if there are for example a number 
of different cost items for which the same parameter value is to be used (e.g. car 
and public transport costs), which requires the variables used to reflect the cost 
that the road-users believe they incur.  
 
There is therefore ample reason to try to bring out the interviewees’ perception of 
what times and costs form the basis for their behaviour. In this study, such an 
attempt was made. However, it seems as though the individual variation in cost 
perception quoted by the interviewees in the form of an estimate of the costs does 
not contribute to a better adaptation to their actual choices.  
 
In a forecast situation, the various explanatory variables must also be predicted. 
This is relatively simple in terms of the kind of values that have so far been used. 
Making an equivalent estimate of the costs quoted by the interviewees requires the 
various constituent parts to be calculated, which is difficult when these are not 
known.  
 
One factor that was not referred to by the interviewees is deductions for journeys 
in the self-assessment tax return. The probability of a person claiming a car 
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deductions increases with distance, and the effect of the deductions increases with 
the person’s income. This can of course affect the cost sensitivity. An attempt to 
simulate the effect of the deductions has been made by reducing the cost by the 
part that is eligible for deductions in relation to the limit for deductions. This 
effect is strongly linked to income, and it is possible that the better adaptation may 
be the result of the cost sensitivity being lower for higher incomes. An attempt to 
estimate the SP model has also been made in which the cost was assumed to be 
SEK 15/10 km, and with the same allowance effect calculated as in the previous 
case, see Table 51. It is apparent that the latter method of treating the cost in the 
SP model gives the best adaptation to the interviewees’ choices. This method is 
also normally used in the development and application of forecast models.  
 

Table 51. Models with different cost specifications 
 
Model Stated cost 

(t-value) 
Stated cost and 
deductions 
(t-value) 

Cost: SEK 15/10 
km 
(t-value) 

Cost SEK 15/10 
km and 
deductions 
(t-value) 

Observations 339 339 339 339 

Final log(L) -179,5174 -180,2693 -179,0504 -174,9670 

Constant 1,400 

(6.2) 

1,350 

(5.8) 

1,449 

(6.7) 

1,274 

(5.5) 

Cost parameter -0,059 

(-4.1) 

-0,067 

(-4.0) 

-0,101 

(-4.5) 

-0,183 

(-5.0) 

Time parameter -0,185 

(-5.9) 

-0,173 

(-5.7) 

-0,199 

(-6.0) 

-0,206 

(-6.1) 

Time value 

[SEK/h] 

190 155 118 67 

 
In the latter model, the time value also reduces noticeably, and is approximately 
SEK 67 per hour. 
 
Another method of assessing which variable costs the road-users include is to 
formulate an SP experiment with a well defined cost, such as a parking cost, and a 
variable cost. It is then possible to calculate a cost variable that gives both cost 
components the same parameter.  
 
The study described in this report shows that it is difficult to obtain a useable 
value for the car cost through direct questions, and that the template method used 
is preferable in the development and application of models. This is however also 
not without its problem as variations that obviously exist are not regarded. This 
might create a systematic error, as car cost are likely to increase with income. 
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5.4.4 Conclusions 

The motorists had a good understanding of their journey times by car, both under 
normal conditions and also when there was more or less traffic than normal.  
 
Habitual motorists believed that the time taken to travel by public transport was 
higher than those used public transport themselves. This study showed that most 
commuters save time by choosing to take the car to work. For longer journeys, 
over 20 kilometres, as much as half the journey time.  
 
Awareness of the cost of car journeys varied. Some interviewees could give an 
amount immediately while others said that they do not normally think about what 
individual car journeys cost but that they know how much their petrol bill was 
each month. There were also some interviewees who did not have any idea of the 
cost. The results showed that the spread in cost perception was considerable, from 
SEK 0 per 10 km up to SEK 100per 10 km, with an average cost of SEK 25 per 10 
km for the Linköping group and SEK 34 per 10 km for the Stockholm group. The 
wide spread can be explained by the fact that the interviewees used different 
methods to calculate their costs. The calculation methods which were identified 
were: calculating the cost of petrol, including both the cost of petrol and other 
variable costs such as insurance, including the cost of petrol, insurance and the 
car’s depreciation, using some form of mileage allowance template or some other 
method. There were also other participants who did not think about the cost of 
using a car.  
 
The fact that the interviewees were able to state minimum, maximum and normal 
journey times to work means for the SP method that it is possible to vary a time 
factor in a realistic manner. The considerable differences between the motorists in 
the way they perceive their costs means that it must be possible for an SP design 
to be adapted to each individual. The study also shows that it is not easy for an 
interviewee to quote a car cost without thinking about it properly first and that 
some people need additional help to calculate the cost.  
 
The way in which the cost factor is presented in an SP survey which deals with 
paying for time gains and higher road surface standards is very important to the 
result. The study described here shows that it is difficult to obtain a useable value 
for the cost of a car, and that the template method that is currently used is 
preferable for model development and model application. When the annual cost of 
car journeys to work is given together with the cost of the journey in question; the 
cost factor becomes dominant over the time factor but not the road surface 
standard factor. This means that there was no significant time parameter in the 
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estimated logit model. In order to balance such a design, the accumulated time 
saving could be quoted. 

5.5  Conclusions of the exploratory studies 

The exploratory studies consisted of a number of surveys, both qualitative and 
quantitative. First, two focus groups were held. That gave us information about 
what comfort meant to the car users’ and their experience and thoughts of 
maintenance management of the roads. The interviewees were familiar with the 
types of road surface damage that exist and in many cases they used the same 
terminology as the National Road Administration and others. 
 
Then two stated choice surveys were carried out. One concerned the impact of 
illustrations on the respondents and one concerned the possibilities to make SP-
interviews over Internet. A new SP-approach, Best/worst Conjoint, was also tested 
in the Internet surveys. This method was not used in the subsequent studies as it 
could not be justified from a micro economic point of view. 
 
The result from the illustration study showed that pictures of damaged roads 
influenced the respondents. They had a higher willingness to pay for getting rid of 
the damage. Showing illustrations to the interviewees is important to ensure that 
they all consider damage of the same kind and proportion. A problem could be to 
illustrate the spreading of the damage. A picture or an illustration only shows a 
short part of the whole journey. 
 
Making SP-interviews over Internet proved to work. The Internet interviews have 
been compared with the result from a survey where the respondents answered the 
same SP-questions but in the form of a mail back questionnaire. The logit models 
from the two surveys were not significantly different from each other. It seems 
therefore reasonable to conclude that the preferences in these two samples are 
quite close, a property which can be used at least for testing purposes. This 
conclusion is of course not general, and pertains to this particular case. 
 
Both the illustration and the Internet survey resulted in quite high preferences for 
better road standard in terms of maintenance management. Cost did not matter 
much, which might be caused by policy answers or by an unrealistic cost variable. 
 
In order to study cost perceptions, a number of in-depth interviews about 
perceptions of car travel cost and car travel times among motorists' were held. The 
outcome (in terms of estimated parameters) was different if the total cost for one 
year was presented together with the travel cost for the actual trip indicates a 
budget effect. Considering the problem with running costs it could be a good idea 



 

  115

to present a travel cost as parking fee instead of a flexible cost as price for petrol 
and car insurance. Road tolls were found to be far to provocative to be used as cost 
variable in Sweden. 
 
The conclusions from the studies in this chapter were the base for the design of the 
main survey described in chapter 6. 
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6 Main survey: valuation of maintenance 
management 

A main study with the aim to capture car users monetary valuations of both pavement 
maintenance management and winter maintenance management was carried out. 

6.1 Method 

Two surveys were carried out. The first one concerned car users valuations of pavement 
maintenance management. It took place in October to November 2000. The second 
survey was made February to March 2001 and dealt with car users valuation of winter 
maintenance management. 

6.1.1 Experiences from preliminary studies 

The exploratory studies showed that it was possible to make mail back stated choice 
experiments about road maintenance management. The conclusions from those studies 
were taken into consideration when the design of the main study was made. 
 
The illustration survey demonstrated the importance of having illustrations. Illustrations 
over different levels of pavement and winter maintenance management are used in the 
main survey. Without them it would have been impossible to know what the motorist’ 
had valuated. 
 
One specific journey was chosen as the hypothetical choice context. The reason was to 
be able to compare different cost attributes. The preliminary surveys indicated that 
motorists have a wide range of perception of what a car trip costs. Therefore parking fee 
is used as the cost attribute in one stated choice experiment and compared with travel 
time in a corresponding experiment. Costs are also compared with earnings in a stated 
choice experiment where parking fee or discount coupons are the cost attribute. 
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6.1.2 Sampling area selection 

Road conditions vary a lot in Sweden. Therefore, the surveys about attitudes and values 
regarding pavement and winter maintenance are elicited from a limited part of Sweden. 
The selected area was the southeastern region of Sweden, including the Counties of 
Blekinge, Kronoberg, Östergötland, Jönköping and Kalmar. 
 
A control sample with respondents who were more exposed to more severe winters was 
also collected for winter maintenance survey. The selected area was the County of 
Dalarna in the south Northern part of Sweden. 
 
 

 
 

Figure 41. The Southeast region and County of Dalarna in Sweden. 

 
Respondents holding a driving licence were randomly selected from the whole 
population in the selected regions. The questionnaires were sent out and returned by 
mail.  
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Table 52. Collected data. 
 

Data set Topic Target population Survey period 

Pavement sample Questions about 
pavement maintenance 

Inhabitants with driving licence 
living in the Southeastern part of 
Sweden. 

 

October to 
November 2000. 

 

Winter sample Questions about 
winter maintenance 

Inhabitants with driving licence 
living in the Southeastern part of 
Sweden. 

 

February to March 
April 2001. 

 

Winter control 
sample  

Questions about 
winter maintenance 

Inhabitants with driving licence 
living in the South Northern part of 
Sweden.  

February to March 
April 2001. 

 

6.1.3 Design 

The pavement maintenance management and the winter maintenance management 
surveys consisted of both attitudes and stated choice questions. The attitude questions 
dealt with drivers’ comfort, accident risk and different aspects of road maintenance 
management. 

Stated choice experiments 

The pavement as well as the winter questionnaires included two stated choice 
experiments each, see Table 53. Therefore, the total number of stated choice experiments 
was four.  
 

Table 53. Stated choice experiments. 
 

Stated choice 

experiment 

Sample Description 

1A Pavement Road damage and travel cost 

1B Pavement Road damage and travel time 

2 Pavement Driving comfort (different maintenance levels), cost and time 

3A Winter Snow clearance strategies and travel cost 

3B Winter Snow clearance strategies and travel discount 

4 Winter Snow clearance strategies for different roads and road tax 

 
The first experiment had two variants. One where the interviewees made cost trade offs 
and one where the respondents made time trade offs. 
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Stated choice context 

The respondents made choices between driving to two shopping centres in experiment 
1A, 1B, 2, 3A, and 3B. The same illustration as shown in Figure 42 was shown to the 
respondents. When the respondents made their choices, they had to imagine that the trip 
length and type of road and was the same to both shopping centres. The only differences 
between trips to the shopping centres were the factors in the sp-game, see Table 55. The 
factors were maintenance status; game fences and travel cost or travel time. The 
experiment design is presented in Table 54. 
 

                   

                   

                   

          Shopping 

centre A      

You live 

here      

Shopping 

centre B 

   50 kilometres    50 kilometres    

                   

 
Figure 42. Sketch of the hypothetical context for the choice sets. 

 
In experiment 4 the respondents made trade offs between road tax and different winter 
maintenance strategies. No pictures were shown to the interviewees. 

Stated Choice Experiment 1: Pavement Damage 

In the first stated choice experiment, the respondents made trade offs between the 
occurrence of different types of pavement damage and travel cost or travel time, see 
Table 54. 
 



 

  121

Table 54. Design (attributes and levels) for experiment 1. 
 

Experiment 1A. Cost Experiment 1B. Time 

Attribute Levels Attribute Levels 

Parking fee   5 SEK 

10 SEK 

20 SEK 

35 SEK 

Travel time 64 minutes 

70 minutes 

80 minutes 

88 minutes 

Wheel tracks Rare 

Frequent 

Wheel tracks Rare 

Frequent 

Cracks Rare 

Frequent 

Cracks Rare 

Frequent 

Surface Not rough 

Very rough 

Surface Not rough 

Very rough 

Game fence Exists 

Does not exist 

Game fence Exists 

Does not exist 

 
Two variants of experiment 1 were constructed. In experiment 1A the respondents made 
cost trade-offs and in experiment 1B time-trade offs. 
 
Photographs, Appendix 10, were used to illustrate the road damage wheel tracks, cracks, 
and roughness. This means that the severity of the damage was defined but not the 
spread. The spread was defined as two levels. When the spread of a specific damage was 
described as “rare it meant that it occurred on about 10 percent of the road section. If the 
level of the damage was “frequent it meant that approximately 60 percent of the road 
section was damaged. 
 
In order to reduce the number of alternatives and choices for the interviewees, a 
fractional factorial design was used. 20 choice sets were constructed and they were 
divided into 4 sets, each interviewee made 5 choices.  
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 Description  Shopping Centre A Shopping Centre B  

      

 Travel time (return)  80 minutes 64 minutes  

 Occurrence of…       

 Wheel tracks (picture 1)  Rare Rare  

 Cracks (picture 2)   Rare Frequent  

 Roughness (picture 3)  Frequent Frequent  

 Game fence  Does not exist Does not exist  

      

 Your choice?   � �  

 
Figure 43. A typical Stated Choice exercise in game 1. 

 
An example of a single choice is illustrated in Figure 43. The levels of the attributes were 
highlighted when they were different from each other in a choice. 

Stated Choice Experiment 2: Comfort 

In experiment 2 in the pavement maintenance management sample, the respondents once 
again made choices about which shopping centre they should drive to. The pavement 
management attribute was described as a comfort factor, see Table 55 and Table 56. 
 

Table 55. SP design in experiment 2. 
 

Attribute Levels 

Travel time (return trip) 64 minutes 

78 minutes 

88 minutes 

Maintenance standard Good comfort 

Average comfort 

Poor comfort 

Game fence Exists 

Does not exist 

Parking fee   5 SEK 

20 SEK 

35 SEK 

 
In order to reduce the number of alternative and choices for the interviewees a fractional 
factorial design was used. Each interviewee made 6 choices. 
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The attribute game fence was included in all SP games as a common control factor. 
 

Table 56. Description of comfort and maintenance standard. 
 

Maintenance attribute Level description 

Good comfort The road is smooth. Short distances of roughness could occur  

Average comfort The road is relatively smooth. Roughness and wheel tracks could occur 

on shorter distances. 

Poor comfort Longer distances with roughness and wheel tracks usually occur. 

 
The comfort levels spreading were also illustrated in simple sketches, see Figure 44.  
 
 Description  Shopping Centre A Shopping Centre B  

      

 Travel time (return)  64 minutes 78 minutes  

 Maintenance  Average comfort. The road is 

relatively smooth. Roughness 

and wheel tracks could occur 

on shorter distances 

Poor comfort. Longer distances 

with roughness and wheel 

tracks usually occur. 

 

      

 Game fence  Does not exist Exist  

 Parking-fee  20 SEK 20 SEK  

      

 What would you choose?  � �  

 
Figure 44. A typical Stated Choice exercise in game 2. 

 

Stated Choice Experiment 3: Snow-clearance 

In experiment 3 the interviewees made choices between the same shopping centres as in 
Figure 43. The respondents made trade offs between different snow clearance strategies 
on the road network and travel cost or travel time. Drawings, Appendix 10, were used to 
illustrate the snow clearance strategies. 
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Table 57. SP design in experiment 3. 
 

Experiment 3A. Cost Experiment 3B. Cost discount 

Attribute Levels Attribute Levels 

Parking fee   5 SEK 

10 SEK 

20 SEK 

35 SEK 

Discount coupon   5 SEK 

10 SEK 

20 SEK 

35 SEK 

Clear the road Totally from all snow 

From snow on the central 
reserve 

From snow 

Clear the road Totally from all snow 

From snow on the 
central reserve 

From snow 

Game fence Exists 

Does not exist 

Game fence Exists 

Does not exist 

 
Also in this choice experiment the game fence attribute was included in order to make it 
possible to compare the different stated choice experiments, see Table 57. Two variants 
of experiment three were constructed. In experiment 3A the respondents made cost trade-
offs and in experiment 3B cost discount-trade offs. 
 

   Shopping centre A Shopping centre B  

      

 Parking fee   10 SEK 20 SEK  

 Clearance (see pictures)  Snow on central reserve No snow  

 Game fence  No Yes  

      

 Your choice?  � �  

 
Figure 45. A typical Stated Choice exercise in game 3a. 

 
In order to reduce the number of alternative and choices for the interviewees a fractional 
factorial design was used. Each interviewee made 7 choices.  

Stated Choice Experiment 4: Winter Season 

In experiment 4 the interviewees made choices between snow clearance strategies for the 
whole season and not for a single trip. The attributes in the choice sets was allowed time 
before the road had to be cleared after a snowfall, see Table 58. 
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Table 58. SP design in experiment 64. 
 

Attribute Levels 

Cost (tax for winter maintenance in comparison with 

today’s 630 SEK/Y) 

-110 SEK 

+10 SEK 

+120 SEK 

+210 SEK  

Time after snowfall before the road have to be cleared 

from snow – city streets 

Within 2 hours (improvement) 

Within 3 hours (as today) 

Within 4 hours (impairment) 

Time after snowfall before the road have to be cleared 

from snow – roads outside city 

Within 2 hours (improvement) 

Within 3 hours (as today) 

Within 4 hours (impairment) 

Time after snowfall before the road have to be cleared 

from snow – motorways 

Within 1 hours (improvement) 

Within 2 hours (as today) 

Within 3 hours (impairment) 

 
In order to reduce the number of alternative and choices for the interviewees a fractional 
factorial design was used. Each interviewee made 6 choices; see Figure 46 for an 
example.  
 

   Winter maintenance Winter maintenance  

      

 Cost:  +10 SEK +120 SEK  

 City streets   Within 3 hours (as today) Within 3 hours (as today)  

 Roads  Within 3 hours (as today) Within 2 hours (improvement)  

 Motorways  Within 1 hours (improvement) Within 1 hours (improvement)  

      

 Your choice:  � A � B  

   � None  

 
Figure 46. A typical Stated Choice exercise in game 41. 

6.1.4 Analysis 

In order to compare the relative importance of different attributes, discrete choice 
models, of the logit type, were estimated using the Alogit software. In order to cope with 
the problem of underestimation of standard errors, see Chapter 4, the Jack-Knife 
procedure was introduced and compared with the combined logit model.  
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The distribution of the valuations was also investigated. Separate stated choice models 
for the different cluster groups with similar attitudes and preferences were estimated.  
 
In the cluster analysis, groups with common attitudes were created endogenously. The 
reason for carrying out cluster groups in this study was to find out if there were any 
groups with homogenous valuations within the pavement maintenance sample 
respectively the winter maintenance sample. 
 

 

 
Attitude in different groups 

14% 

55% 

0% 

60% 

Cluster 1 Cluster 2 

Average attitude 

 
 

Figure 47. Mean value and attitudes in different groups. 

 
If attitudes in different groups of car users differ considerably there could be problems 
when making policy evaluations. The calculated mean value will then not represent any 
real road-users, only the mean attitude or valuation, see Figure 47. Therefore separate 
stated choice models, based on the outcome of the cluster analysis were specified in 
chapter 6.3. 

6.2 Data set description 

6.2.1 Response rate 

The response rate varied from 50 to 60 percent, see Table 59. Around 10 percent of the 
respondents had no driving experience last year and were left out of the analysis. 
 

Table 59. Response rate. 
 
 Pavement sample Winter sample Winter - control sample 

 Freq. Percent Freq. Percent Freq. Percent 

Sent out 1500 100% 1800 100% 200 100% 

Sent back 824 55% 912 51% 121 61% 

Correct* 637 43% 759 42% 112 56% 

*The respondents with no driving experience last year were left out of the analysis. 
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6.2.2 Personal characteristics 

Personal characteristics such as age and education for the three different samples are 
shown in the table below. 
 

Table 60. Summary of background questions. 

  Pavement 

sample 

Winter sample Winter – control 

sample 

 Characteristic Freq. % Freq. % Freq. % 

Sex       

 Male 379 59% 520 69% 76 68% 

 Female 257 40% 235 31% 36 32% 

 not stated 0 0% 4 1% 0 0% 

Age       

 18-25 58 9% 25 3% 3 3% 

 26-35 106 17% 125 16% 17 15% 

 36-45 120 19% 136 18% 16 14% 

 46-55 138 22% 168 22% 25 22% 

 56-65 129 20% 157 21% 24 21% 

 66- 76 12% 147 19% 27 24% 

 not stated 10 2% 1 0% 0 0% 

No of persons in the household       

 1 85 13% 139 18% 23 21% 

 2 289 45% 330 43% 52 46% 

 3 257 40% 284 37% 35 31% 

 not stated 6 1% 6 1% 2 2% 

Highest level of education       

 Nine-year compulsory school 199 31% 243 32% 36 32% 

 Upper secondary 265 42% 326 43% 41 37% 

 University 166 26% 189 25% 32 29% 

 not stated 7 1% 1 0% 3 3% 

City size       

 80 000 – 200 000 116 18% 132 17% 3 3% 

 25 000 – 79 999 157 25% 171 23% 37 33% 

 2000 – 24 999 210 33% 262 35% 42 38% 

 Less than 2000 140 22% 182 24% 27 24% 

 not stated 14 2% 12 2% 3 3% 

Income       

 Less than 100 000 SEK/year - - 57 8% 8 7% 

 100 000-200 000 SEK/year - - 273 38% 44 40% 

 200 000-300 000 SEK/year - - 288 40% 40 37% 

 100 000-200 000 SEK/year - - 69 9% 14 13% 

 More than 400 000 SEK/year - - 40 6% 3 3% 
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The pavement maintenance sample consisted of a higher share of women than the two 
winter management samples. The control sample had a larger share of people elder than 
62. Also the general city size in Dalarna (winter management control sample) is smaller 
than in the Southeastern region. 

6.2.3 Transport characteristics 

Table 61. Summary of background questions about travel behaviour. 
 

  Summer Winter Winter – control 

 Characteristic Freq. % Freq. % Freq. % 

Kilometres        

 1-5 000 kilometres 97 15% 72 9% 7 6% 

 5001-10 000 kilometres 150 24% 142 19% 21 19% 

 10 001-20 000 kilometres 252 40% 336 44% 58 52% 

 20 001-30 000 kilometres 80 13% 101 13% 14 13% 

 30 000 or more kilometres 43 7% 87 11% 8 7% 

 Don’t know 7 1% 5 1% 0 0% 

 not stated 8 1% 16 2% 4 4% 

Frequency of driving on city streets       

 more than once a week 353 55% 498 66% 69 62% 

 about once a week 235 37% 234 31% 36 32% 

 about once a month 30 5% 13 2% 3 3% 

 less than once a month 13 2% 3 0% 2 2% 

 not at all 1 0% 1 0% 0 0% 

 not stated 5 1% 10 1% 2 2% 

Frequency of driving on roads (70-90 

km/h) 

      

 more than once a week 287 45% 402 53% 57 51% 

 about once a week 272 43% 287 38% 44 39% 

 about once a month 58 9% 57 8% 4 4% 

 less than once a month 12 2% 3 0% 3 3% 

 not at all 1 0% 0 0% 0 0% 

 not stated 7 1% 10 1% 4 4% 

Frequency of driving on motorways 

(90-110 km/h) 

      

 more than once a week 71 11% 101 13% 9 8% 

 about once a week 189 30% 233 31% 40 36% 

 about once a month 222 35% 286 38% 46 41% 

 less than once a month 112 18% 102 13% 1 1% 

 not at all 15 2% 4 1% 1 1% 

 not stated 28 4% 33 4% 6 5% 



 

  129

Most respondents, 40 to 50 percent, drove 10 000-20 000 kilometres per year. That is in 
accordance with the transport statistics in Sweden. A motorway was the type of road that 
the respondents had less daily routine driving on. 

6.3 Attitudes 

The respondents stated their attitudes to driving comfort, risk of accidents, maintenance 
management and road tax. The answers from the pavement maintenance survey were 
compared with the answers from the winter maintenance surveys. 

6.3.1 Comfort 

In the beginning of the comfort part in the questionnaire, the respondents answered an 
open question about what driving comfort meant to them, see Table 62. 
 

Table 62. Synthesis of open answers, “what is good comfort?” 

 
 PAVEMENT SAMPLE  WINTER SAMPLE 

Factor Interviewees description   Interviewees description  

Road 
management 

smooth, without any roughness, 
tracks, patching and other defects, no 
vibrations and noiseless when driving  

30%*  dry, without any slush, 
slipperiness, wheel tracks or 
central reserve filled with snow 

35%* 

Car comfortable seats, noiseless, easy to 
drive, reliable, new 

17%*  safe, fun, good tyres, 
comfortable 

20%* 

Traffic no congestion’s or stops, good 
interaction between drivers, peace, 
consideration, flow, other drivers 
keeping the speed (not to slow or fast)  

11%*  no speeding, drive after 
consideration of road condition, 
respect other drivers 

15%* 

Road 
equipment 

clean and clear road markings and 
road signs, lights in junctions, game 
fences 

12%*  snow poles, game fence 8%* 

Road design motorway, central reserve, two lanes, 
clear view, full of variety, light 
noiseless surface 

15%*  motorway, central reserve, not to 
straight 

5%* 

Feelings 
when 
driving 

safe, comfortably, smooth, flow, no 
stress, joy, not have to compensate the 
road 

12%*  safe, trust, control, problem-free 9%* 

Other weather, radio, daylight 3%*  weather, no salt,  8%* 

*Mentioned by x percent of the respondents. Roughly, the origin question was open (qualitative). 

 
Many of the interviewees stated more than one factor to describe what driving comfort 
meant to them. A typical respondent mentioned car, road maintenance and road design. 
Only a few car drivers described driving comfort in soft terms like feeling safe etc. 
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The interviewees pointed out the most important comfort factor among eight different 
comfort factors revealed by the previous focus group discussions, see Figure 48 below. 
 

0

10

20

30

40

50

60

M
ain

te
na

nc
e 

lev
el

The
 B

eh
av

iou
r o

f o
th

er
 ro

ad
-u

se
rs

No 
wor

rie
s a

bo
ut

 a
cc

ide
nt

s

Typ
e 

of
 ca

r

Roa
d 

de
sig

n

The
 w

et
he

r c
on

dit
ion

s

The
 su

rro
un

din
gs

Rad
io 

in 
th

e 
ve

hic
le

Pavement Winter Winter - control

Procent

 
 

Figure 48. Most important for driving comfort. 
 
Far most important for the driving comfort was the maintenance management standard. 
In the control group with respondents used to more severe winters (more snow under a 
longer period) over 50 percent rated maintenance as the most important factor. In the 
other samples 40 percent considered maintenance to have most influence on driving 
comfort. 
 
Type of car was more important to the respondents from the winter sample than the 
pavement sample, 21 percent in comparison to 12 percent.  

6.3.2 Risk of accidents 

According to Figure 49, “not to worry about accidents” was less important to the driving 
comfort than “level of maintenance” and “behaviour of other road-users” and “car type”. 
 
On the direct question, what factors had the most and the least influence on accident risk, 
the respondent pointed out “the behaviour of other road users” respectively “type of car”, 
see Figure 49 and Figure 50. 
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Figure 49. Most influence on accident risk. 
 
The status of road maintenance was pointed out as the second most important factor but 
it was only half as important as “the behaviour of other road users”. Therefore it is 
reasonable to assume that the respondents will take the risk of accident into account 
when answering the questions about maintenance. However, the influence of accident 
risk seems moderate. 
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Figure 50. Least influence on accident risk. 
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Least influence on the risk of the getting involved in an accident among the five different 
factors had “type of car”. 

6.3.3 Maintenance management 

Customer satisfaction 

The respondents rated their satisfaction with different pavement- and winter maintenance 
management factors like pavement condition and snow clearance strategies. 

Pavement management 

Three different common defects for asphalt covering were rated together with the general 
pavement management standard. The respondent rated their satisfaction as well as the 
importance of the different actions. 
 
Table 63. Satisfaction (1= very unsatisfied, 5=very satisfied) and importance (1= not 
important, 5=very important). 
 

 Satisfaction   Importance 

 City streets Roads Motorways  

Maintenance in general 3.3 3.0 3.8 4.7 

Wheel tracks 3.5 2.9 3.7 4.6 

Roughness 3.1 3.0 3.9 4.5 

Road marking 3.5 3.5 4.1 4.5 

 
Every pavement maintenance action was about equally important according to Table 63. 
The satisfaction with the standard on motorways was higher than for roads and city 
streets. Least satisfied were the respondents with wheel tracks on roads. 
 
The table above also indicates that the respondents are far from satisfied with the 
pavement maintenance in general with exceptions for motorways. That indicates a 
demand for higher quality of the pavement maintenance management. The demand and 
willingness to pay for further maintenance management actions are investigated with 
stated choice questions in the same interview, which is reported in Section 6.5. 
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Figure 51. The gap between importance and satisfaction. 

 
Most unsatisfied were the respondents with one-lane roads, limited to 70 or 90 
kilometres per hour outside cities. Wheel tracks on the pavement seemed to be a bigger 
problem than the conditions of the road markers.  
 
The calculated gap between importance and satisfaction, Figure 51, points out were the 
car-users require maintenance actions. The highest score is obtained for getting rid of 
wheel tracks on roads. That indicates that wheel tracks are either the worst damage type 
or most spread road damage. 

Winter management 

The respondents rated their satisfaction with three winter maintenance actions, see Table 
64. 
 

Table 64. Satisfaction (1= very unsatisfied, 5=very satisfied). 

 
  City streets Roads Motorways 

South east    

 Snow clearance 3.3 3.7 4.1 

 Prevention of slippery conditions 3.2 3.6 4.0 

 Slush clearance 2.9 3.3 3.8 

Control sample    

 Snow clearance 2.9 3.6 3.8 

 Prevention of slippery conditions 2.8 3.3 3.6 

 Slush clearance 2.6 3.2 3.6 
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As in the case with pavement management maintenance actions, the car users were more 
satisfied with the winter maintenance on motorways than on roads and city streets. Least 
satisfied were car users in the control sample with city streets. The winter maintenance 
on these streets failed to reach approval. The respondents were least satisfied with slush 
clearance. 

Influence on driving behaviour 

Attitude questions about how the lack of different kinds of maintenance management 
influenced the driving behaviour were also answered. 

Pavement maintenance management 

Four types of pavement damages; roughness, damaged repairing, wheel tracks and 
cracks, were illustrated to the respondents by using photographs (see Appendix 8). The 
questions for them to answer had to do with their reactions when driving on roads with 
similar pavement damage. 
 

Table 65. Influences of different road damages (see picture in the Appendix). 
 

 Roughness Damaged repairing Wheel tracks Cracks 

 [Percent strongly agreeing with...] 

…reduce speed is necessary 39% 31% 16% 14% 

…increased risk of car damage 38% 35% 13% 14% 

…more insecure when driving 38% 29% 18% 15% 

…need to concentrate more 35% 28% 23% 14% 

…increased risk of accidents 31% 25% 26% 18% 

…decrease the pleasure to drive 30% 27% 24% 19% 

…more noise in the car 30% 38% 15% 17% 

 
Quite a large share, 30 to 40 percent, of the respondents strongly agreed that roughness 
influenced their speed, risk of car damage, safety, concentration, pleasure to drive and so 
on negatively. Least influence had pavement cracks. 
 
The acceptance of the pavement defects was also investigated, see Figure 34 below. 
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Figure 52. Acceptance for different kinds of road damage. 

 
Most car users did not accept any kind of lack of pavement maintenance management 
even for shorter trips (a few kilometres). Least acceptance did they have for roughness 
and damaged repairing. That is consistent with the questions about influence. It also 
indicates non-linearity of road quality valuations. 

Winter maintenance management 

The following three types of snow clearance strategies were illustrated (see the 
Appendix) to the respondents on drawings: 
• clear of all the snow and use salt 
• clear of all the snow on the lanes but leave snow on the centerfield  
• take away all lose snow and leave the rest. The questions the car users had to answer 

had to do with their reactions when driving on roads with similar snow-clearance 
strategies. 
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Table 66. Influences of different kinds of snow clearance strategies. 

 
  Snow clearance strategy 

  Snow surface Centerfield snow No snow 

  [Percent strongly agreeing with...] 

Winter sample    

 …reduce speed is necessary 90% 69% 31% 

 …need to concentrate more 90% 71% 42% 

 …increased risk of accidents 69% 50% 20% 

 …increased risk of car damage 47% 22% 11% 

 …more insecure of driving 34% 17% 4% 

 …more noise in the car 37% 16% 12% 

 …decrease the pleasure to drive 30% 21% 7% 

Winter control sample    

 …reduce speed is necessary 80% 55% 22% 

 …need to concentrate more 75% 55% 35% 

 …increased risk of accidents 50% 42% 18% 

 …more noise in the car 33% 16% 15% 

 …increased risk of car damage 33% 13% 10% 

 …more insecure of driving 23% 11% 4% 

 …decrease the pleasure to drive 22% 15% 9% 

 
The table above shows the influence of different snow clearance strategies. The car users 
in the southeastern region of Sweden have more respect for winter roads than the car 
users in the control sample. The reason could be that the road-users in the control sample 
have snow for a longer period each winter and are therefore more used to winter roads. 
The experience makes the car drivers to feel more confident about driving on winter 
roads. The actual accident risk has not been measured in this study.  
 
Snow in the centerfields in comparison to snow-roads makes it more boring to drive for 
the respondents in the control sample. For the car users in the south of Sweden it makes 
them feel less unsafe. Least effect has clear roads on the feeling of safety, pleasure to 
drive, risk of accidents and car damage. 
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Table 67. Acceptance of different snow clearance strategies. 
 
  Snow Centerfield No snow 

  [Percent strongly agreeing with...] 

Winter sample    

 Acceptable for a few kilometres 36% 47% 63% 

 Acceptable for longer trips 8% 17% 56% 

Winter control sample    

 Acceptable for a few kilometres 48% 52% 56% 

 Acceptable for longer trips 25% 23% 58% 

 
Table 67 shows the acceptance of different winter roads. The respondents in the south of 
Sweden have very low acceptance for longer trips on snow-roads. The interviewees in 
the control group, from the more northern part of Sweden, had higher acceptance for all 
kinds of winter roads. 

Statistical correlations 

In order to find out if, for an example, younger and older car users had different attitudes 
on the influence of different snow clearance strategies, statistical correlations were 
calculated.  
 
The method used was to find possible correlations by calculating Eta2 and Chi-2 and 
making t-tests between attitudes on roads (pavement damage or winter clearance 
strategy) and different socio-demographic variables. 
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Table 68. Statistical correlations between socio-demographic variables and attitudes 
on influence of lack of pavement management actions. 

 

SOCIO. INFLUENCE PAVEMENT DAMAGE 

  Tracks Cracks Roughness Damaged 

repairings 

Age …reduce speed is necessary Corr. Corr.  Corr. 

 …need to concentrate more Corr. Corr.  Corr. 

 …more noise in the car  Corr.   

 …increased risk of car damage     

 …increased risk of accidents    Corr. 

 …more insecure of driving  Corr. Corr. Corr. 

 …decrease the pleasure to drive     

      

Education …reduce speed is necessary     

 …need to concentrate more     

 …more noise in the car     

 …increased risk of car damage Corr.    

 …increased risk of accidents     

 …more insecure of driving  Corr.   

 …decrease the pleasure to drive     

Mileage/y, Household size, Town size: No statistical correlation's found 

 
Most influence on how the respondents experienced the pavement damage had their age. 
Younger car users were less influenced by the pavement condition than older. Also 
education had a statistical relationship to the experience of different pavement damages. 
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Figure 53. Tracks and attitudes to speed reductions, divided in different age 
categories. 
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One of four respondents in the age of 46 to 55 years old reduced their speed if there were 
tracks in the pavement. Only three percent of the respondents in the age group 18 to 25 
year old did. The oldest interviewees, over 66 years, considered tracks to be less of a 
problem than the respondents in the middle age did. 
 
The same pattern followed for all significant correlations between pavement damage, 
tracks, cracks, roughness, damaged repairs, and age. 
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Figure 54. Damaged repair and attitudes to increased risk of accidents, divided in 
different age categories. 

In the case with damaged repairs and risk of accidents, see Figures 54, the youngest car 
users are distinguishably less concerned. 
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Figure 55. Tracks and attitudes to the risk of car damage, divided in type of education. 
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Besides age, education had some impact on the pavement condition attitudes. Tracks and 
cracks less influenced respondents with an university degree. Figure 55 shows that only 
20 percent of the interviewees with an university degree were afraid of getting car 
damage from tracks in comparison with 40 percent of the respondent without university 
education. 
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Table 69. Statistical correlations - winter maintenance strategies. 
 

SOCIO- INFLUENCE WINTER ROAD STRATEGY (pictures on page x) 

ECON. 

FACTOR 

 Cleared from 

snow 

Centerfields 

with snow 

Snow on lanes 

Age …reduce speed is necessary Corr.   

 …need to concentrate more Corr.   

 …more noise in the car Corr.   

 …increased risk of car damage Corr.   

 …increased risk of accidents    

 …more insecure of driving Corr. Corr. Corr. 

 …decrease the pleasure to drive    

Education …reduce speed is necessary Corr.   

 …need to concentrate more Corr.   

 …more noise in the car    

 …increased risk of car damage Corr.   

 …increased risk of accidents    

 …more insecure of driving    

 …decrease the pleasure to drive    

Gender …reduce speed is necessary    

 …need to concentrate more    

 …more noise in the car    

 …increased risk of car damage    

 …increased risk of accidents    

 …more insecure of driving Corr. Corr. Corr. 

 …decrease the pleasure to drive    

Income …reduce speed is necessary Corr.   

 …need to concentrate more    

 …more noise in the car    

 …increased risk of car damage    

 …increased risk of accidents    

 …more insecure of driving Corr.   

 …decrease the pleasure to drive    

Mileage/y …reduce speed is necessary    

 …need to concentrate more    

 …more noise in the car    

 …increased risk of car damage    

 …increased risk of accidents    

 …more insecure of driving  Corr. Corr. 

Household size, Town size: No statistically significant relations found 
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The respondents’ age had most influence on the attitude to different snow clearance 
strategies. See Table 69. 
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Figure 56. Type of winter road and attitudes to the risk of accidents, divided into 

different age groups. 
 

A statistically significant relation between age and feeling of feeling unsafe when driving 
on different winter roads in comparison with the same roads summer time was found, see 
Figure 56. Older respondents felt more unsafe than younger. The interviewees felt also 
more much more unsafe on snow roads than roads with snow on the centerfield. Almost 
all felt secure on roads cleared from snow. 
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Figure 57. Type of winter road and attitudes to the risk of accidents, divided into gender. 
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There was also a statistically significant relation between gender and feeling of being 
more unsafe when driving on different winter roads, see Figure 57. Female respondents 
felt more unsafe than male. 48 percent of the women felt unsafe when driving on snow 
roads in comparison with 28 percent of the men. 
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Figure 58. More unsafe of driving on winter roads divided into mileage per year. 

 
Respondents with great driving experience felt less unsafe when driving on snow roads 
than others, see Figure 58. 

Maintenance management budget 

The respondents answered a question about how they wanted to allocate the limited road 
budget. Their attitudes to road tax were also investigated. The main reason for asking 
this question was to check the risk of policy answers. 
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Figure 59. Choice between maintenance and investments of new roads. 

 
According to Figure 59, the majority, 71 percent, of the respondents want to spend more 
money on pavement maintenance. 
 
The car users were more satisfied with the winter maintenance than with the pavement 
maintenance. 42 percent of the respondents from the winter maintenance sample were 
satisfied with today’s budget distribution in comparison with 19 percent in the pavement 
management sample.  
 
Only 10 percent respectively 18 percent wanted to decrease the maintenance budget and 
use the money for investments in new roads instead. 
 

 
Figure 60. Acceptance of higher road tax. 
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About 40 percent could definitely or possibly consider paying higher road if that would 
lead to improved maintenance management. Roughly 50 percent would definitely not or 
most likely not consider that.  
 
There were no statistically significant differences between the pavement- and winter 
maintenance samples on the question about higher road tax. 

6.4 Cluster analysis 

A cluster analysis was performed in order to create groups of individuals with common 
attitudes and investigate in which way they were alike and in which they were not. This 
might give a useful hint on how to segment the sample in order to find variants of 
valuations. 

6.4.1 Cluster groups 

A number of questions were used to create cluster groups. The two interviews samples, 
the pavement and the winter sample, were treated separately. Questions in different 
categories with a good range in the answers were chosen. 
 
No prior factor analysis was made. The reason for that was the poor range in answer 
alternatives for many questions. That made them unsuitable as background data in a 
factor analysis because latent factors could then not be calculated. Another reason for 
making cluster groups directly from the original question was to better understand the 
attitudes put into the analysis.  
 
The procedure for both the pavement and winter sample were to test and evaluate the 
result with 2, 3 or 4 cluster groups created from a number of questions in different 
combinations. The most separated and interesting cluster groups were found in the 
solution with 2 cluster groups. Therefore further analyses were only made with 2 cluster 
groups. The reason for not carrying out results from 3 or more cluster groups was that 
the aim with the cluster analysis was to pedagogical point out differences in attitudes in 
different groups of car users and to test if it had an effect on the valuations captured from 
the stated choice experiments. 
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Table 70. Questions used to create cluster membership groups for the pavement sample. 
 

 Pavement sample 

Question Cluster 1p  Cluster 2p  Total   

Cracks on the pavement makes me feel more 
insecure when driving 

21% 3% 13% [totally agree] 

Are you satisfied with the roads according to the 
frequency of wheel tracks? 

34% 31% 33% [very+reason-
ably satisfied] 

How much does the surroundings influences 
your driving comfort? 

49% 23% 38% [very+somewhat 
influenced] 

How much does the type of car influences your 
risk of get involved in a car accident? 

67% 22% 47% [very+somewhat 
influenced] 

Could you consider to pay more road tax to get 
better roads?  

43% 33% 39% [definitely+prob
ably yes] 

 
Table 70 presents the questions used to create cluster groups within the pavement 
maintenance sample and the result with two cluster groups. The car-users in cluster 1 are 
more willing to pay higher road tax and are and are also more insecure with cracks and 
more influenced by the surroundings of the road. 
 
Table 71. Questions used to create cluster membership groups for the winter sample. 
 

 Winter sample 

Question Cluster 1w  Cluster 2w  Total   

Are you satisfied with the slush clearance this 
winter?  

64% 16% 40% [very+reason-
ably satisfied 

How much does the surroundings influence your 
driving comfort? 

61% 16% 38% [very+somewhat 
influenced] 

Could you consider paying more road tax to get 
better roads? 

33% 54% 46% [definitely+prob
ably yes] 

 
The cluster groups within the winter maintenance sample differ from the groups in the 
pavement maintenance sample, se Table 71. Satisfaction, influence and willingness to 
pay higher road tax divide the winter groups. Respondents in cluster group 2 were more 
willing to pay higher road tax and less influenced by the surroundings of the road.  

6.4.2 Attitudes in the cluster groups 

Significance tests were made in order to find of for which attitudes the cluster groups 
were separated from each other. The tests used were chi-two, t-tests and calculations of 
ETA. 
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Table 72. Description of the four cluster groups. 

 

Pavement sample – a comparison between the two cluster groups 

Cluster 1p Cluster 2p 

291 respondents 235 respondents 

Older  More people living in 1 person households 

More women Lower acceptance of higher road tax 

Most factors influence their driving comfort  

Most factors influence their accident risk  

The pavement condition influences their driving 

behaviour 

 

  

Winter sample – a comparison between the two cluster groups 

Cluster 1w Cluster 2w 

401 respondents 399 respondents 

Lower education More women 

Some factors influence their driving comfort The type of winter road influences their driving 

behaviour 

Some factors influence their accident risk Less satisfied with the winter maintenance 

Lower acceptance of higher road tax  

 
Table 72 is a summary over different attitudes in the cluster groups. The exact values are 
presented later in this chapter. The respondents in cluster 1p are careful drivers and could 
consider paying higher road tax in order to raise the standard of the road network. 
Cluster 2p consists of car-users that care less about road standard, maybe because their 
driving is not so influenced by it. 
 
The respondents in cluster 1w were more satisfied with the winter maintenance than the 
other group. They had also lower acceptance of higher road tax. 

Background questions 

The table below shows differences in the car-users backgrounds. 
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Table 73. Cluster group membership and background questions. 
 
 Pavement sample Winter sample 

 Cluster 1p Cluster 2p Cluster 1w Cluster 2w 

Gender     
Male  58% 68% 75% 64% 

Female 42% 32% 25% 36% 

Age     
Average 47 years 43 years * * 
Highest level of education     
Nine-year compulsory school * * 35% 26% 

Upper secondary * * 40% 48% 

University * * 25% 26% 

No of persons in the household     
1 10% 19% * * 
2 49% 39% * * 
3 or more 41% 43% * * 
*Not significant different in the cluster groups at significance level 0.05. 

 
Cluster group 1 from the pavement sample consists of more women and is older than the 
members in cluster group 2p. The winter samples cluster group 1 consists of more men 
and had lower education than group 2w. 

Comfort attitudes 

The respondents in cluster group 1p in the pavement sample were more influenced by 
different comfort factors than group 2p, se Table 74. The maintenance management 
standard was the most important comfort factor of all. 
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Table 74. Attitudes to influence on comfort. [Very important=5, 4, 3, 2, 1=not important 
at all]. 
 

 Pavement sample Winter sample 

 Cluster 1p Cluster 2p Cluster 1w Cluster 2w 

Type of car 4.26 3.79 4.14 3.89 

The behaviour of other road-users 4.43 4.18 * * 

The maintenance management 4.69 4.55 * * 

The design of the road 4.44 4.24 4.24 4.06 

Worries about accidents 4.59 4.26 * * 

Radio in the car 2.80 2.39 3.03 2.36 

Surroundings 3.41 2.79 3.79 2.44 

Weather 3.83 3.45 4.18 3.90 

*no significant difference between the cluster groups at significance level 0.05. 

 
Within the winter sample there was no difference between the comfort attitudes to 
influence of maintenance standard, other road-users or worries about accidents. 
 
Table 75. Attitudes to influence on accident risk. Significantly different values at 
significance level 0.05. [Very important=5, 4, 3, 2, 1=not important at all].  

 
 Pavement sample Winter sample 

 Cluster 1p Cluster 2p Cluster 1w Cluster 2w 

Type of car 3.92 2.59 3.36 3.10 

The behaviour of other road-users 4.68 4.49 * * 

The maintenance management 4.53 4.24 * * 

The design of the road 4.26 3.93 4.04 3.88 

Weather 3.89 3.27 * * 

*no significant difference between the cluster groups 

 
On the questions about attitudes to influence of accident risk, cluster 1p was more 
influenced by all factors than cluster 2p. Most influence on accident risk had the 
behaviour of other road-users. For the winter sample only the attitudes to car type and 
road design were significantly separated from each other. Cluster 1w was more 
influenced than cluster 2w. 

Customer satisfaction of maintenance management 

The level of satisfaction with wheel tracks on motorways was the only maintenance 
management factor that the respondents in the two pavement cluster groups had rated 
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different from each other. Cluster group 2p was less satisfied than cluster group 1p, se 
Table 76. 
 

Table 76. Importance and satisfaction with the pavement maintenance management. 
Significantly different values at significance level 0.05. 

 

  Pavement sample 

  Cluster 1p Cluster 2p 

 Wheel tracks on motorways 3.80 3.56 

 
The car-users in cluster group 1w, within the winter maintenance sample, were more 
satisfied with last year’s winter maintenance than group 2w, see Table 80. Only 16 
percent of the respondents in cluster 2w were satisfied with the prevention of slippery 
conditions in comparison with 64 percent in cluster 1w. 
 

Table 77. Satisfaction with the winter maintenance management [very+reasonably 
satisfied. Significantly different values at significance level 0.05. 

 

  Winter sample 

  Cluster 1w Cluster 2w 

 City streets   

 Snow clearance 74% 40% 

 Prevention of slippery conditions 64% 16% 

 Slush clearance 65% 31% 

 Roads   

 Snow clearance 83% 68% 

 Prevention of slippery conditions 73% 44% 

 Slush clearance 75% 58% 

 Motorways   

 Snow clearance 88% 80% 

 Prevention of slippery conditions 83% 62% 

 Slush clearance 82% 71% 

 

Influence of maintenance management 

The respondents rated their influence of different pavement damage conditions and 
winter maintenance strategies. In this cluster chapter, the significantly separated attitudes 
are shown in two tables. One with significantly different attitudes to pavement damages, 
and an other with significantly different attitudes to winter maintenance. 
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Table 78. Attitudes to influence of road damage [totally agree]. Significantly different 
values at significance level 0.05. 

 

  Cluster 1 Cluster 2 Total 

sample 

 Tracks    

 …more noise in the car 29% 21% 25% 

 …increased risk of car damage 25% 15% 21% 

 …increased risk of accidents 60% 49% 55% 

 …more insecure of driving 19% 10% 15% 

 …decrease the pleasure to drive 60% 47% 54% 

 Cracks    

 …reduce speed is necessary 37% 18% 28% 

 …need to concentrate more 50% 18% 31% 

 …more noise in the car 38% 22% 31% 

 …increased risk of car damage 33% 12% 24% 

 …increased risk of accidents 45% 24% 36% 

 …more insecure of driving 21% 3% 13% 

 …decrease the pleasure to drive 53% 36% 45% 

 Roughness    

 …increased risk of accidents 41% 23% 33% 

 …more insecure of driving 70% 59% 65% 

 Damage repairing    

 …reduce speed is necessary 73% 61% 68% 

 …need to concentrate more 68% 55% 62% 

 …increased risk of car damage 62% 51% 57% 

 …increased risk of accidents 60% 43% 52% 

 …more insecure of driving 33% 13% 24% 

 …decrease the pleasure to drive 70% 58% 65% 

 …okay for a few kilometres 12% 3% 8% 

 ….okay for longer trips 10% 3% 7% 

 
The car-users in cluster group 1p reported to be more influenced by pavement damage 
than the respondents in group 2p. Even if group 1p is more influenced of damage 
repairing in different ways like have to slow down and concentrate more, they are more 
likely to accept it. 12 percent in group 1p reported damage repairing is okay for shorter 
trips while only 3 percent in group 2p accepted that. 
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Table 79. Attitudes to influence of different snow clearance strategies [totally agree]. 
Significantly different values at significance level 0.05. 

 

  Winter sample 

  Cluster 1w Cluster 2w 

 Snow left on centerfield   

 …increased risk of accidents 43% 55% 

 …okay for a few kilometres 51% 41% 

 Snow road   

 …reduce speed is necessary 88% 94% 

 …need to concentrate more 84% 91% 

 …decrease the pleasure to drive 24% 36% 

 …increased risk of accidents 61% 73% 

 …okay for a few kilometres 40% 33% 

 
The respondents in cluster group 2w were more influenced by different winter 
maintenance strategies than the interviewees in group 1w. As for the pavement cluster 
groups the group who reported to be most influenced also had the highest acceptance of 
different winter road maintenance strategies. 

Attitudes to higher road tax 

The cluster groups had significantly different attitudes to road tax.  
 

 
Figure 61. Attitudes to road tax in the two cluster groups (pavement sample). 
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The respondents in cluster group 2p within the pavement sample were more negative to 
higher road tax in order to increase the investments and maintenance management of the 
road network than group 1p (Figure 61). 
 

 
Figure 62. Attitudes to road tax in the two cluster groups (winter sample). 

 
Within the winter sample, Figure 62, quite many - 66 percent of the car-users in cluster 
2w could definitely or probably consider to pay higher road tax. In group 1w 35 percent 
stated they could. 

6.5 Stated choice models 

A number of models using the data from the four stated choice experiments were 
estimated. 

6.5.1 Stated choice experiment 1: Pavement damage 

Four models were developed based on data from stated choice experiment 1: 

• Model 1A. MNL. The respondents made cost and pavement maintenance trade offs. 

• Model 1B. MNL. The respondents made time and pavement maintenance trade offs. 

• Model 1A+1B. A logit model combining datasets from both 1A and 1B, using a scale 
factor 

• Model 1A+1B fixed. A logit model combining datasets from both 1A and 1B, using a 
scale factor fixed to one 
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Most and least important attributes 

After answering each stated choice experiment the respondents stated which factor that 
was the most important and least important one when making the choices. 
 
In the first stated choice experiment, half of the respondents made cost trade offs and the 
other half time trade offs. Twice as many reported the travel time compared with travel 
cost (parking fee) as the most important attribute according to Figure 63.  
 

 
Figure 63. Most important attribute in the stated choice experiment 1a (Parking fee) and 

in the stated choice experiment 1B (Travel time). 
 

To the interviewees who made cost trade offs the roughness became more important than 
for the time trade off respondents. Roughness was the most important attribute together 
with game fence. Only 4 percent pointed out cracks as the most important attribute in the 
choice sets. 
 
However cracks did not top the list over the least important attribute, instead time or cost 
did, see Figure 64. 
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Figure 64. Least important attribute in the stated choice experiment 1A (Parking fee) 

and in the stated choice experiment 1B (Travel time). 
 
As many as 48 respectively 65 percent pointed out time or cost as the least important 
attribute. That may indicate policy answers from the respondents. They would like a 
raise of the maintenance standard of the road network and therefore they focus on those 
attributes rather than make “correct” maintenance and cost trade offs. 

Logit models 

The estimated models from experiment 1A and experiment 1B came out with all 
variables statistically significant, see Table 82. A combined model with data from 
experiment 1A and experiment 1 B was also estimated. The theoretical foundation for 
the combined model is that the variance of the random term in the utility function may 
vary between the data sets. To allow for this and yet being able to use different data sets 
together, is to assign a factor (to be estimated) to all but one data set. In a two data set 
case, we have: 
 

21 βαβ ⋅=  where 1β  is the parameter vector in the data set 1 

  and 2β  is the parameter vector in the data set 2 

  and α  is the scale factor in the tree structure between the data sets 
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Setting up the estimation with separate but identical utility functions in a three structure 
like the one below facilitates that (Bradley and Daly, 1994). The value of α  is estimated 
simultaneously with the other parameters. 
 
 

Table 80. Logit models with data from experiment 1. 
 

 MODEL 1A MODEL 1B MODEL 1A+1B MODEL 1A+1B 
fixed 

Variable Parameter 
estimates (t-value) 

Parameter 
estimates (t-value) 

Parameter 
estimates (t-value) 

Parameter 
estimates (t-value) 

Alt. A 
(constant) 

0.2402 (3.2) 0.2878 (3.7) -  

Cost  -0.0259 (-7.5) - -0.0274 (-8.1) -0.0275 (-8.1) 

Time - -0.0427 (-9.5) -0.0387 (-7.6) -0.0404 (-9.5) 

Wheel 
tracks 

-1.1668 (-9.1) -1.1468 (-8.5) -1.1211 (-10.7) -1.1503 (-12.4) 

Cracks -0.7739 (-8.2) -0.6137 (-6.9) -0.6667 (-9.1) -0.6866 (-10.6) 

Roughness -2.1383 (-14.1) -2.3902 (-13.7) -2.2025 (-14.8) -2.2559 (-19.7) 

Game 
fence 

0.9877 (9.1) 1.0222 (8.7) 0.9750 (11.0) 0.9990 (12.6) 

Constant-
cost 

- - 0.2613 (3.6) 0.2563 (3.5) 

Constant-
time 

- - 0.2504 (3.3) 0.2690 (3.7) 

Scaling 
factor 

- - 1.0534 (10.4) 1.0000 (*) 

Obs 1480 1580 3060 3060 

Final 
log(L) 

-661.0945 -704.8777 -1368.0703 -1368.2172 

D.O.F. 6 6 9 8 

Rho² 0.3551 0.3571 0.3550 0.3549 

 
There was almost no difference between the estimated maintenance management 
coefficients when comparing model 1A and model 1B. The respondents’ valuation of 
pavement management was therefore stable and not depending on if the interviewees 
made cost trade offs or time trade offs.  
 
The scale factor between model A and model B was not significantly different from 1.0, 
therefore it was possible to make a direct comparison between the estimated parameters. 
Also, the improvement in fit from 1A+1B with a fixed scale parameter in comparison 
with the two separate models 1A and 1B is not significantly different form zero (5 
percent risk level). 
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Roughness was the worst type of pavement damage and cracks the least bad defect 
according to the coefficients in the models, -2.26 compared to –0.69.  

 
Table 81. Separate logit models for attitudes on higher road tax. 

 

 Model 1 Model 2 Model 3 Model 4 Model 5 

 Definitely Maybe Most likely not Definitely not Don’t know 

Variable Parameter estimates (t-value) 

Constant-cost 0.0783 (0.3) 0.2957 (2.4) 0.2711 (2.0) 0.2424 (1.6) -0.1525 (-0.2) 

Constant-time 0.2022 (0.8) 0.0885 (0.6) 0.4250 (3.1) 0.3351 (2.6) -0.4526 (-0.9) 

Cost  -0.0379 (-2.9) -0.0232 (-4.0) -0.0293 (-4.8) -0.0289 (-4.1) -0.0596 (-2.1) 

Time -0.0234 (-1.7) -0.0480 (-5.7) -0.0462 (-5.7) -0.0296 (-3.9) -0.0972 (-3.3) 

Wheel tracks -1.5343 (-4.2) -1.0163 (-6.5) -1.1443 (-6.4) -1.1437 (-6.7) -3.2925 (-2.7) 

Cracks -0.4991 (-2.3) -0.6511 (-5.5) -0.6323 (-5.3) -0.7873 (-6.3) -1.6203 (-2.5) 

Roughness -2.7656 (-5.6) -1.8951 (-10.3) -2.3644 (-10.2) -2.2758 (-11.1) -6.4004 (-2.5) 

Game fence 1.1191 (3.5) 0.8734 (6.5) 1.1330 (7.3) 0.8934 (6.1) 3.2511 (2.3) 

Scaling factor 1.0000 (*) 1.0000 1.0000 1.0000 1.0000 

Observations 265 860 908 851 176 

Final log(L) -116.1186 -401.2417 -404.7722 -373.1775 -54.6073 

D.O.F. 8 8 8 8 8 

Rho² 0.3661 0.3238 0.3567 0.3667 0.5537 

 
One question the motorists answered surveyed their attitudes to higher road tax. They 
stated whether they were willing to pay higher tax if that would lead to improved 
maintenance management. The answer categories were: “definitely”, “maybe”, “most 
likely not”, “definitely not” or “don’t know”. To test if those categories revealed car 
users with different valuation of road standard separate logit models, one for each answer 
category, were estimated. The models can be found in Table 81. 
 
Two of the groups, “definitely” and “don’t know” had to few respondents allow for an 
estimation of separate models. The other groups did not differ significantly from each 
other in terms of monetary road damages. The cost parameter was almost the same in all 
three larger groups. Looking closer to the parameter value for travel time, a pattern were 
the value of time decreases for the motorists in the groups who would not like to pay 
higher road tax could be noticed. 
 
The conclusions from Table 81 were that it is not likely that the models are significantly 
biased with policy answers. With that is understood that the respondents actually have 
made reasonably careful choices between the choice sets. They have obviously not been 
trying to influence the result of the stated choice experiment with their own attitudes to 
increased road tax. 
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Table 82. Comparison of the JackKnife procedure and the combined MNL. 
 

 Combined MNL JackKnife 

 Parameter estimates (t-value) Parameter estimates (t-value) 

Cost  -0.0274 (-8.1) -0.0272 (-7.3) 

Time -0.0387 (-7.6) -0.0367 (-7.0) 

Wheel tracks -1.1211 (-10.7) -1.1111 (-9.5) 

Cracks -0.6667 (-9.1) -0.6621 (-9.0) 

Roughness -2.2025 (-14.8) -2.1837 (-12.0) 

Game fence 0.9750 (11.0) 0.9559 (8.8) 

Number of individuals 612 612 

Number of observations 3060 3060 

 

The JackKnife procedure was introduced and compared with the combined fixed logit 
model in order to cope with the problem of underestimation of standard errors.  
 
As can be seen in Table 82 above, the t-values from the JackKnife procedure are quite 
close to the t-values from the original logit model. That indicates that the panel effect 
(every interview person made five choices each) does not have a great impact on the 
result. 
 
Cluster groups were created in a cluster analysis as described in a previous section. For 
each cluster group, a combined (cost and time) logit model was estimated.  
 

Table 83. Combined logit models for the cluster groups, experiment 1A and 1B. 
 

 MODEL 1A+1B MODEL 1A+1B 

 Cluster 1p Cluster 2p 

Variable Parameter estimates (t-value) Parameter estimates (t-value) 

Cost  -0.0241 (-4.9) -0.0321 (-5.8) 

Time -0.0400 (-5.3) -0.0350 (-4.6) 

Wheel tracks -1.1519 (-7.6) -1.0588 (-6.3) 

Cracks -0.6883 (-6.5) -0.5581 (-4.9) 

Roughness -2.1604 (-10.5) -2.1631 (-8.6) 

Game fence 0.9889 (7.9) 0.8904 (6.3) 

Constant-cost 0.3392 (3.2) 0.1227 (1.0) 

Constant-time 0.3473 (2.9) 0.1849 (1.6) 

Scaling factor 1.0854 (7.2) 1.1276 (6.1) 

Observations 1426 1150 

Final log(L) -626.3121 -522.6978 

D.O.F. 9 9 

Rho²(adjusted) 0.3657 0.3436 
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A comparison between the coefficients in the models shows that cluster group 2p was 
more sensitive to cost than cluster 1p, whereas group 2p was more affected by travel 
time. The differences between the pavement maintenance coefficients were small, 
avoiding cracks and having game fence was a bit more desirable to the respondents in 
cluster 1 than to cluster 2. 
 
The constant terms for choosing the left hand alternative were significantly different 
from zero for cluster 2 but not for cluster 1. Frequency analysis showed that 17 persons 
in cluster group 1 choose the left hand alternative for every single pairwise choice and 
only one did in group 2. Therefore it is possible that the respondents in cluster group 1 
had a predilection for choosing “Alternative A” before “Alternative B”. There was no 
design reasons for that so the respondents in group 1 might have chosen the left hand 
alternative in order to more easily get through the questionnaire. 

6.5.2 Stated choice experiment 2: Comfort 

Most and least important attributes 

 

 
Figure 65. Most and least important attribute in the Stated choice experiment 2. 

 
In stated choice experiment 2 maintenance was the most important attribute and cost 
(parking fee) the least important. The answers were more symmetric than for experiment 
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1. Travel time and game fence were chosen as the most important attribute among some 
interviewees and least important attribute among others. 

Logit models 

Table 84. MNL model, experiment 2. 
 

Variable MODEL 2 MODEL 2 - cluster 1p MODEL 2 - cluster 2p 

 Parameter estimates (t-value) 
Alternative A 
(constant) 

0.0881 (1.7) 0.1144 (1.5) 0.0889 (1.1) 

Time -0.0527 (-15.5) -0.0572 (-11.0) -0.0542 (-10.1) 

Average comfort 
compare to good 

-1.2514 (-16.5) -1.3514 (-11.7) -1.2172 (-10.1) 

Poor comfort 
compare to good 

-3.5206 (-25.1) -3.7322 (-17.2) -3.3318 (-15.5) 

Game fence 0.8595 (8.8) 0.9917 (6.7) 0.7354 (4.8) 

Parking fee -0.0305 (-12.0) -0.0288 (-7.5) -0.0306 (-7.6) 

Observations 3645 1711 1377 

Final log(L) -1832.0083 -841.7289 -703.4336 

D.O.F. 6 6 6 

Rho²(adjusted) 0.2724 0.2891 0.2592 

 
The variables in the estimated model in experiment 2 were all statistically significant 
except for the constant for choosing alternative A. 
 
Driving comfort and game fence was more important to the car users in cluster group 1p 
than to cluster 2p. As in model 1 cost was more important to respondents in cluster 2p 
but the difference between the two groups was very small. Time was almost equally 
important to both clusters.  
 
The result from the estimated stated choice models 1p and 2p are in accordance with the 
observed attitudes in the two cluster groups. The respondents in group 1p reported to be 
more influenced by defects in the pavement maintenance than group 2p. Group 1 was 
also more positive towards paying higher road taxes in order to afford more road 
investments and maintenance actions. 
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6.5.3 Stated choice experiment 3: Snow-clearance 

Most and least important attributes 

In the third stated choice experiment, the cost attribute was described as a parking fee to 
half of the respondents and as a discount coupon to the other half. 
 
Two samples were drawn, one containing respondents from the same region as in the 
pavement sample and one control sample containing interviewees used to more severe 
winter conditions. 

 
Table 85. Most and least important attributes in stated choice experiment 3A and 3B. 

 
 Winter Winter - control sample 

 Parking fee Discount coupon Parking fee Discount coupon 

 Most Least Most Least Most Least Most Least 

Snow clearance strategy 67% 6% 59% 4% 71% 5% 68% 2% 

Game fence 17% 28% 31% 17% 11% 28% 22% 22% 

Cost (parking fee or 
discount coupon) 

16% 66% 10% 79% 18% 67% 10% 76% 

 
According to Table 85 the attribute cost is less important depending on if it was 
explained to the respondents as a parking fee or a discount coupon. 66 percent of the 
“parking fee-respondents” and 79 percent of the” discount coupon-respondents” pointed 
out cost as the least important attribute in the choice sets. As a possible result of that, the 
importance of game fence was rated significantly different in the two cost groups. The 
same results are applied to the control sample.  

Logit models 

Due to a design mistake, high correlations between the cost and the game fence variable 
arouse. Therefore cost and game fence were treated as one variable. Cost was then 
separated from game fence by subtraction. The value for game fence, 36 SEK per 100 
kilometres, was obtained from stated choice game 1. 
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Table 86. MNL models, experiment 3. 
 

 MODEL 3 MODEL 3 

 Winter sample Control sample 

 Parameter estimates (t-value) Parameter estimates (t-value) 

Alternative A (constant) 0.0439 (1.1) 0.0104 (0.1) 

Cost and game fence -0.0356 (-21.0) -0.0348 (-9.1) 

Bare drive compared to 
snow on centerfield 

-1.0716 (-10.9) -1.3652 (-5.7) 

Bare drive compared to 
snow on lane 

-1.4868 (-14.0) -0.8885 (-3.6) 

Observations 5012 803 

Final log(L) -2069.0066 -359.2262 

D.O.F. 4 4 

Rho²(adj) 0.4039 0.3511 

 

The variables in the estimated models in experiment 3 were all statistically significant at 
the 5 percent risk level except for the constant for choosing alternative A. 
 
The preferences among the respondents from the southeastern region of Sweden (winter 
sample) and among the northwestern interviewees (control sample) differed from each 
other. Driveway covered with snow was the worst snow removal alternative to the winter 
respondents. Bare lanes with a string of snow on the centerfield were worst according to 
the respondents in the control sample. For pictures, see Appendix 10. 
 
Table 87. MNL models, experiment 3. Cluster w1 and cluster w2. 
 
 MODEL 3 MODEL 3 

 Cluster w1 Cluster w2 

 Parameter estimates (t-value) Parameter estimates (t-value) 

Alternative A (constant) 0.0504 (0.8) 0.0615 (1.0) 

Cost and game fence -0.0375 (-14.7) -0.0328 (-13.7) 

Snow on centerfield 
compared to bare drive 

-0.9666 (-6.8) -1.3688 (-8.9) 

Snow on lanes 
compared to bare drive 

-1.3035 (-8.5) -1.9629 (-11.9) 

Observations 2340 2357 

Final log(L) -971.9624 -934.0593 

D.O.F. 4 4 

Rho²(adj) 0.4001 0.4277 
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The respondents in the control group were excluded from the cluster models. Cost was 
more important to the respondents in cluster 1w. The interviewees in cluster 2w were 
more interested in getting the driveway free from snow. 

6.5.4 Stated choice experiment 4: Winter season 

Most and least important attributes 

The most important attribute in SP-experiment 4 was when the roads were cleared 
closely followed by cost. 
 
Table 88. Most and least important attributes in stated choice experiment 4. 
 

 Winter Winter control sample 

 Most Least Most Least 

Cost (tax for winter maintenance in comparison 
with today’s 630 SEK/Y) 

36% 31% 35% 23% 

Time after snowfall before the road have to be 
cleared from snow – city streets 

14% 28% 14% 16% 

Time after snowfall before the road have to be 
cleared from snow – roads outside city 

38% 11% 47% 14% 

Time after snowfall before the road have to be 
cleared from snow – motorways 

12% 30% 4% 47% 

 
Least important to the winter sample was cost together with motorways and city-streets, 
32, 30 and 28 percent pointed out those attributes.  
 
To the respondents in the control sample, clearance of motorways was the least 
important factor. The explanation could be the lack of motorways in their region. 

Logit models 

In stated choice experiment 4, the respondent made choices about increases and 
decreases in elapsed time before removal of newly fallen snow. 
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Table 89. Logit models, SP game 4. 
 
 MODEL 4 

  Winter sample Control sample 

Variable  Parameter estimates (t-value) Parameter estimates (t-value) 

Alternative A (constant) 0.2240 (4.7) 0.2176 (1.9) 

Cost -0.0059 (-14.8) -0.0065 (-6.1) 

City street, clear the road 

after 4 h instead of 3 h 

-0.6512 (-7.5) -0.7929 (-3.4) 

City street, clear the road 

after 2 h instead of 3 h 

0.0789 (1.0) 0.1913 (1.0) 

Road, clear the road after 

4 h instead of 3 h 

-1.1879 (-14.8) -1.3286 (-6.8) 

Road, clear the road after 

2 h instead of 3 h 

0.3629 (3.9) 0.7413 (3.3) 

Motorway, clear the road 

after 3 h instead of 2 h 

-1.0937 (-12.1) -1.0927 (-5.2) 

Motorway, clear the road 

after 1 h instead of 2 h 

0.4898 (5.6) 0.3525 (1.7) 

Observations 2610 468 

Final log(L) -1360.9348 -243.9190 

D.O.F. 8 8 

Rho²(adjusted) 0.2376 0.2371 

 
The parameter for an improvement of time to clear the city street did not come out 
statistically significant. That indicates satisfaction among the car users with that 
maintenance action as it is today.  
 
The taste parameters were not symmetric - the 1-hour increases in snow clearance time 
had a higher absolute value than the 1-hour decrease.  
 
The interviewees in the control sample were more interested in shorter time for clearing 
roads from snow than the other car users. They were also less interested in motorway 
improvements. The explanation for that could be the longer winter and lack of motor-
ways in Dalarna.  
 
Alternative A was preferable to alternative B according to the statistically significant 
value of the parameter. Since the stated choice experiment was orthogonal and 
unlabelled that should not be the case. A test was made by counting how many 
respondents did always chose the A alternative. It was only 6. However alternative A got 
58 percent of all the pairwise choices and alternative B 42 percent. One explanation 
could be fatigue. The respondents had already answered a number of questions before 
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answering the relatively complicated stated choice experiment and might have simplified 
it by choosing the first alternative. 

In order to cope with the problem of underestimation of standard errors the JackKnife 
procedure was introduced and compared with the combined logit model in the same way 
as with model 1.  
 

Table 90. Comparison of the JackKnife procedure and the MNL model 
 

 MNL JackKnife 

 Parameter estimates (t-value) Parameter estimates (t-value) 

Cost -0.0059 (-14.8) -0.0059 (-12.4) 

City street, clear the road 
after 4 h instead of 3 h 

-0.6512 (-7.5) -0.6361 (-6.9) 

City street, clear the road 
after 2 h instead of 3 h 

0.0789 (1.0) 0.0769 (1.0) 

Road, clear the road after 4 
h instead of 3 h 

-1.1879 (-14.8) -1.1786 (-14.8) 

Road, clear the road after 2 
h instead of 3 h 

0.3629 (3.9) 0.3505 (3.8) 

Motorway, clear the road 
after 3 h instead of 2 h 

-1.0937 (-12.1) -1.0837 (-11.8) 

Motorway, clear the road 
after 1 h instead of 2 h 

0.4898 (5.6) 0.4882 (6.3) 

Number of individuals 435 435 

Number of observations 2610 2610 

 
The table above proves that the panel effect does not have any great impact on the result. 
The t-values from the JackKnife procedure are close to the values from the original 
model.  
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Table 91. SP-game 4, cluster w1 and cluster w2. 
 

 MODEL 4 

 Cluster 1w Cluster 2w 

Variable Parameter estimates (t-value) Parameter estimates (t-value) 

Alternative A (constant) 0.3026 (4.2) 0.1855 (2.7) 

Cost -0.0064 (-10.8) -0.0059 (-9.8) 

City street, clear the road after 4 

h instead of 3 h 

-0.6389 (-5.0) -0.6956 (-5.4) 

City street, clear the road after 2 

h instead of 3 h 

-0.1284 (-1.0) 0.2862 (2.4) 

Road, clear the road after 4 h 

instead of 3 h 

-1.1227 (-9.6) -1.2914 (-10.8) 

Road, clear the road after 2 h 

instead of 3 h 

0.2942 (2.1) 0.3983 (3.0) 

Motorway, clear the road after 3 

h instead of 2 h 

-1.1065 (-8.0) -1.0933 (-8.5) 

Motorway, clear the road after 1 

h instead of 2 h 

0.4200 (3.2) 0.5718 (4.5) 

Observations 1206 1254 

Final log(L) -616.8502 -653.8073 

D.O.F. 8 8 

Rho²(adjusted) 0.2488 0.2408 

 
Cluster group 2w demanded improvements for city streets unlike other groups (total 
winter sample, control group and cluster 1w). Group 2w was also a bit more sensitive to 
other snow clearance actions and less concerned by cost in comparison with group 1 but 
not statistically significantly different from each other. 
 
The results from the estimated stated choice models 1 and 2 for the winter cluster groups 
are in accordance with the observed attitudes. The respondents in group 2 had a higher 
willingness to pay for improvements than group 1. The analysis of the attitudes showed 
that the car users in cluster group 2w were less satisfied with the winter maintenance and 
were also willing to pay higher tax to achieve better winter roads. 
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Table 92. The JackKnife procedure on the cluster groups in model 4. 
 

 JackKnife cluster 1w JackKnife cluster 2w 

 Parameter estimates (t-value) Parameter estimates (t-value) 

Cost -0.0063 (-9.9) -0.0058 (-8.2) 

City street, clear the road 

after 4 h instead of 3 h 

-0.6189 (-5.1) -0.6706 (-4.9) 

City street, clear the road 

after 2 h instead of 3 h 

-0.1390 (-1.0) 0.2891 (2.6) 

Road, clear the road after 4 

h instead of 3 h 

-1.1181 (-9.1) -1.2643 (-10.6) 

Road, clear the road after 2 

h instead of 3 h 

0.2785 (2.3) 0.3777 (2.7) 

Motorway, clear the road 

after 3 h instead of 2 h 

-1.0965 (-7.6) -1.0716 (-8.5) 

Motorway, clear the road 

after 1 h instead of 2 h 

0.4124 (3.6) 0.5687 (5.0) 

Number of individuals 201 209 

Number of observations 1206 1254 

 
The table above indicates that the panel effect does not have any great impacts on the 
result from the cluster groups. The t-values from the Jackknife procedure are very close 
to the values from the original models.  
 
The improvement to clear city street from snow one hour earlier than in the present 
situation, was still significant in cluster group 2w. That was important to confirm 
because it was the only model that came out with that variable significantly different 
from zero. 

6.6 Monetary values 

The car users monetary valuation of different maintenance management actions were 
made by calculating the ratio βx/βy of the marginal utilities of X and Y. 
 
VA = βxX + βyY 
 
where 
VA =  the observed utility for choosing maintenance management action A 
βx  =  coefficient of X 
X  =  maintenance management variable, that describes activity A 
βy  = coefficient of Y 
Y  =  cost variable 
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6.6.1 Stated choice experiment 1: Pavement damage 

Both monetary values and time values for different kind of road damage were calculated 
from the models in stated choice experiment 1.  
 

Table 93. Stated choice experiment 1, willingness to pay to avoid pavement damage. 

 
  Total Cluster 1p Cluster 2p 

MODEL 1 A. Monetary values (SEK/damaged kilometre)    

 Slight occurrence of tracks compared to widely spread 0.9 1.1 0.7 

 Slight occurrence of cracks compared to widely spread 0.6 0.7 0.5 

 Slight occurrence of roughness compared to widely spread 1.7 1.8 1.4 

 Game fence exists compared to non-existing  0.4 0.4 0.3 

MODEL 1A+1 B. Monetary values (SEK/damaged kilometre)    

 Slight occurrence of tracks compared to widely spread 0.8 1.1 0.7 

 Slight occurrence of cracks compared to widely spread 0.5 0.6 0.3 

 Slight occurrence of roughness compared to widely spread 1.6 1.8 1.3 

 Game fence exists compared to non-existing 0.4 0.4 0.6 

MODEL 1. Monetary value (SEK/hour)    

 Value of time 85 99 66 

 
Slight occurrence of damage prevailed if less than about 10 percent of the road was 
affected. If the damage existed on more than about 60 percent, the damage was widely 
spread. The calculated values in Table 93 represent the willingness to pay in order to 
avoid driving one kilometre on a road completely covered with a specific damage. 
 
The worst kind of road damage according to the monetary values was roughness. The 
willingness to pay to avoid it was two times higher than cracks and tracks. 
 
The calculated value of time was in the same range as in the Swedish value of time study 
from 1994. That study was focused on travel time savings and a large number of 
interviews were collected. Consistency in the result indicates that the valuations are 
stable. 



 

  169

6.6.2 Stated choice experiment 2: Comfort 

In experiment 2 the value of time was slightly higher than in experiment 1 whereas the 
monetary value for game fence was insignificant lower. 
 

Table 94. Stated choice experiment 2, willingness to pay for ride comfort. 

 
  Total Cluster 1p Cluster 2p 

MODEL 2. Monetary values (SEK/ kilometre)    

 Good comfort (instead of average, see page x) 0.4 0.5 0.4 

 Good comfort (instead of bad, see page x) 1.2 1.3 1.1 

 Game fence exists compared to not 0.3 0.3 0.2 

MODEL 2. Monetary value (SEK/hour)    

 Value of time 104 119 106 

 
The willingness to pay to avoid bad comfort was lower than avoidance of roughness in 
experiment 1. That is logical because the value from experiment 1 was calculated as 
damage on the complete road section and bad comfort in experiment 2 was described as 
a road sections partly damaged. 

6.6.3 Stated choice experiment 3: Snow-clearance 

The respondents from the south part of Sweden had a higher willingness to pay for 
avoiding snow roads than the control group from Dalarna. They had instead higher 
willingness to pay for avoiding snow on the centerfield. 
 

Table 95. Willingness to pay, different snow-clearance strategies (SEK/ kilometre). 
 
  Winter 

sample 

Control 

sample 

Cluster w1 Cluster w2 

MODEL 3 – Monetary values (SEK/ kilometre)   

 Bare drive compared to snow 
on centerfield (see App. 12) 

0.3 0.4 0.3 0.4 

 Bare drive compared to snow 
on lane (see App. 12) 

0.4 0.3 0.4 0.6 
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6.6.4 Stated choice experiment 4: Winter season 

Before answering the stated choice questions about when to clear to roads from newly 
fallen snow, the respondents were informed about how much tax an average car user paid 
for that purpose per year. The average winter maintenance cost was 630 SEK. 
 

Table 96. Monetary values for better or poorer winter maintenance (SEK/year). 
 

MODEL 4 – Monetary values (SEK/Year) 

 Winter 

sample 

Control 

sample 

Cluster w1 Cluster w2 

City street, clear the road after 4 h 

instead of 3 h 

-110 -121 -101 -118 

City street, clear the road after 2 h 

instead of 3 h 

* * * 49 

Road, clear the road after 4 h 

instead of 3 h 

-201 -203 -177 -219 

Road, clear the road after 2 h 

instead of 3 h 

61 113 46 68 

Motorway, clear the road after 3 h 

instead of 2 h 

-185 -167 -174 -186 

Motorway, clear the road after 1 h 

instead of 2 h 

83 54 66 97 

*not significantly different from 0 

 

6.7 Costs and benefits 

In order to evaluate the impact of the estimated monetary values on maintenance 
management, costs have been compared with benefits for both pavement and winter 
maintenance management. 

6.7.1 Pavement maintenance management 

As much as 10 to 25 percent of the road network with low traffic flows (up to 4000 
vehicles per day) have IRI-values (International Roughness Index) over unacceptable 4 
according to the annual report from the SNRA (2000). The figures for roads with heavy 
traffic (more than 4000 vehicles per day) are 2 to 5 percent. The normal action for 
pavement maintenance management is pavement reconstruction. 
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The cost for full pavement reconstruction has increased in the last three years, sees Table 
97 below. 
 

Table 97. Average pavement reconstruction costs. 
 

Year Cost 

1998 47 SEK/m2 

1999 55 SEK/m2 

2000 62 SEK/m2 

 
In the year 2000 the average cost for pavement reconstruction was 62 SEK per square 
meter. It was in the same year that the interviews with motorists on pavement 
management were carried out. 
 
The costs for a maintenance management action like pavement reconstruction varies with 
the road width see Figure 66. Depending on road width, the cost for reconstruction of 
pavement was around 400 000 SEK to 900 000 SEK per kilometre in the year 2000. 
 

 
Figure 66. Pavement reconstruction costs. 

 
The primary benefit from pavement reconstruction is more comfortable driving 
conditions for the motorists. In this study effort has been made to find out the motorists’ 
monetary value for such actions. The main survey resulted in a willingness to pay for 
driving on roads with good pavement conditions instead of poorer in the range of 0.4 to 
1.6 SEK per kilometre. 
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Normally, pavement reconstruction work is made every 10 to 20 year depending on the 
condition of the wear. In order to calculate the benefit from one pavement reconstruction, 
the following assumptions were made: 
 

• Discount rate 4 percent 
• The new pavement will benefit the motorists’ for 10 years 
• A linear decrease in benefit over the 10 years, Figure 2 

 

 
Figure 67. Assumed decrease in benefit in 10 years after pavement reconstruction. 

 
Figure 67 shows the effect of the assumption of the decrease in benefit when the 
reconstructed pavement degenerates over 10 years. 
 
In this example of a rough cost-benefit calculation, total benefits over 10 years from one 
pavement reconstruction are summed up to a present value by discounting the 
contribution from each year.  
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Figure 68. Benefit for motorists from pavement reconstruction. 

 

In Figure 68, the total benefit from a pavement reconstruction, expressed in monetary 
terms, is calculated as a present value over a period of 10 years. The total benefit over 
ten years is shown for three willingness to pay estimates in order to show the spread in 
motorists’ valuation of pavement management. 
 
If the traffic flow is 1500 cars per day, the benefit is around 1 to 4 million SEK per 
kilometre according Figure 68. In a cost-benefit calculation that value will be compared 
with the cost, which is about 0.4 to 0.9, million SEK for pavement reconstruction. The 
conclusion of this example is that pavement maintenance management actions like 
pavement reconstruction easily pay off when comparing costs with motorists’ comfort 
benefits for higher traffic flows 
 
On roads with low traffic demand, the benefits could be lower than the costs, which 
indicate that it would not be profitable from a cost-benefit analysis point of view. For 
roads with a traffic flow of 500 vehicles per day, a better pavement standard is worth 0.3 
to 1.4 million SEK per kilometre. Table 100 shows the result from a couple of cost-
benefit analysis on roads with different traffic density 
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Table 98. Comparisons between costs and benefits for pavement improvements. 
 

 Traffic-flow    

 500 vehicles/day 1500 vehicles/day 4000 vehicles/day 8000 vehicles/day 

Cost [MSEK/km]     

Road-width 6 m 0.4 0.4 0.4 0.4 

Road-width 9 m 0.6 0.6 0.6 0.6 

Road-width 13 m 0.8 0.8 0.8 0.8 

Benefit [MSEK/km]     

Wtp 0.4 SEK/km 0.4 1.1 2.9 4.7 

Wtp 1.0 SEK/km 0.9 2.7 7.1 14.3 

Wtp 1.6 SEK/km 1.4 4.3 11.5 22.9 

Result (cost-benefit)     

0.4 SEK/6 m 0 0.7 2.5 4.3 

0.4 SEK/9 m -0.2 0.5 2.3 4.1 

0.4 SEK/13 m -0.4 0.3 2.1 3.9 

1.0 SEK/6 m 0.5 2.3 6.7 13.9 

1.0 SEK/9 m 0.3 2.1 6.5 13.7 

1.0 SEK/13 m 0.1 1.9 6.3 13.5 

1.6 SEK/6 m 1 3.9 11.1 22.5 

1.6 SEK/9 m 0.8 3.7 10.9 22.3 

1.6 SEK/13 m 0.6 3.5 10.7 22.1 

 
According to Table 100, the obtained willingness to pay implies that pavement 
reconstruction is profitable on a cost-benefit analysis basis for all roads except those with 
widths over 6 meters and traffic flows around 500 vehicles per day. 

6.7.2 Winter operation maintenance management 

The cost for winter maintenance varies depending on weather conditions. The costs for 
the year 1996 to 2000 are presented in Figure 69. 
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Figure 69. Winter operation costs in Sweden over the last years. 

 
A result from the main survey about winter maintenance management was that motorists 
were willing to pay 60 to 90 SEK per year more in road tax if the starting time for 
ploughing the roads would decrease one hour. The current winter maintenance cost was 
said to be 630 SEK per year. The Government and the municipalities could consequently 
raise taxes with around 60 to 90 SEK per year in order to provide capital for increased 
winter maintenance operation standards. An increase of 10 percent in winter 
maintenance costs is probably not enough in order to guarantee a raise in winter 
maintenance management. The yearly fluctuations in operation costs depending on 
weather are higher than 10 percent. 
 
The costs for winter operation maintenance per kilometre and snow incident could be 
calculated as shown below (SNRA, 2000): 
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SN = Snow depth (cm) 

i = Snow intensity (cm/hour) 
 
SNRA decided the starting time and action time criteria’s for winter operation 
maintenance for roads with different demands of capacity. Example of different starting 
and operation times on roads with different traffic flows are presented in Table 99. For 
instance, if the traffic volume is 0-500 vehicles per day, ploughing has to start within 7 
hours, and has to be completed in 6 further hours.  
 

Table 99. Start and action time criteria for winter operation maintenance (example). 
 

Traffic volume (vehicles per day) Time for operation (hour) Starting time (hour) 

0-500 6.0 7.0 

500-1500 4.5 3.0 

1500-4000 2.0 1.0 

4000-8000 1.5 1.0 

>8000 1.0 0.5 

 
A road with heavy traffic requires more rapid and frequent winter maintenance 
operations than roads with few vehicles per day. Though the accessibility needs to be 
acceptable also for those roads. According to today’s criteria for winter maintenance 
management, starting time for ploughing a road after a snowfall has begun should never 
exceed 8 hours. 
 
The starting times and operation times after a snowfall has begun, as shown in Table 99, 
have been used to calculate the costs for winter maintenance operation per kilometre. See 
Table 100 below. 
 

Table 100. Calculation of cost for winter operation maintenance. 
 
 Road 1 

Traffic flow 500 
vehicles per day 

Road 2 
Traffic flow 1500 
vehicles per day 

Road 3 
Traffic flow 4000 
vehicles per day 

Kh = Ploughing cost (SEK/hour) 900 900 900 

n = Number of driving lanes 2 2 2 

v = Ploughing speed (km/hour) 30 30 30 

X = Time for action (hour) 6 4 2 

y = Starting time (hour) 7 3 1 

λ = Capital factor 2.83 2.83 2.83 

SN = Snow depth (cm) 10 10 10 

i = Snow intensity (cm/hour) 1 1 1 

VK = Cost per kilometre 297 509 976 
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Table 100 shows three examples of cost calculations on winter maintenance operations. 
The costs vary from 300 to 1000 SEK per kilometre road to maintain from loose snow. 
The difference reflects the demand for more rapid service on roads with heavy traffic. 
 
According to the winter part in the main survey, the motorists’ willingness to pay for 
driving on roads cleared from snow were around 0.3 to 0.4 SEK per kilometre. Table 101 
shows a simple comparison between costs for winter maintenance operations and car-
users’ benefit from snow free roads. The result is expressed as the number of hours until 
the benefit is equal to the cost. 
 

Table 101. Comparisons between costs and benefits for winter operations. 
 
 Road 1 

Traffic flow 500 
vehicles per day 

Road 2 
Traffic flow 
1500 vehicles 
per day 

Road 3 
Traffic flow 
4000 vehicles 
per day 

Cost [per kilometre] 297 509 976 

Benefit     

The first 24 hours (wtp 0.3 SEK/km) 150 450 1200 

The first 24 hours (wtp 0.4 SEK/km) 200 600 1600 

Result    

Number of hours until breakeven (wtp 0.3 

SEK/km) 

48 28 19 

Number of hours until breakeven (wtp 0.4 

SEK/km) 

36 20 15 

 
Table 101 shows those motorists’ valuations of driving on winter roads free from snow 
were high enough to allow winter maintenance actions to be made every or almost every 
24 hours. 
 

6.8  Conclusions 

The results from the pavement survey and the winter survey proved that it is possible to 
elicit car users values of maintenance management. The results are however restricted to 
the types and spreads of maintenance measures and damages that were used in the 
survey. A number of questions related to possible sources of bias were analysed, but did 
not reveal any serious problems. As a whole, it seems as the obtained values are 
plausible. 
 
The motorists’ attitudes and valuations were heterogeneous as is shown in the attitude 
measures and the stated choice models for separate cluster groups. The willingness to 
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pay for various maintenance management however is not significantly different for the 
individuals in the separate cluster groups.  
 
Driving on roads in good condition instead of roads with different kinds of serious 
pavement damages was found to be worth over 1 SEK per driven kilometre according to 
the stated choice experiments on pavement maintenance management. Less serious 
damages were valuated to approximately the half, 0.5 SEK per driven kilometre. 
Roughness was the most severe damage according to the car users.  
 
The willingness to pay for bare road lanes in winter was 0.3-0.4 SEK per driven 
kilometre. The average car user could consider spending 60 to 80 SEK more tax per year 
than today if the roads were cleared from loose snow one hour earlier than today. If the 
roads were to be cleared from snow one hour later, the car users would have to get 170 to 
200 SEK to get compensated. This indicate lower willingness to pay valuations than 
willingness to accept valuations. 
 
As many as 40 percent of the respondents could consider to pay higher road tax if it 
would lead to better maintenance management of the road network. That, together with 
the results from the stated choice models, indicates that car users could have rather high 
valuations of improvements of maintenance management. 
 
The attitude measures reveal that maintenance management, both pavement and winter, 
are the single most important factor for driving comfort. Only about 10 percent of the 
respondents stated accident risk as the most important comfort factor. Therefore it is 
reasonable to assume that the respondents, only to a limited extent will take accident risk 
into account when answering the stated choice experiments. On the direct question about 
what influenced the accident risk most respondents pointed out the behaviour of other car 
users. 
 
In both the pavement sample and the winter sample two disparate cluster groups with 
respondents with separate attitudes have been found. The attitudes within the groups 
were stable. Separate stated choice models with car users from each cluster group also 
corresponded to the attitudes specific to each cluster group. Pavement cluster group 1 
consisted of respondents who stated that the pavement standard had great influence on 
their driving behaviour and comfort. Pavement cluster group 2 had lower acceptance of 
higher road tax in order to increase the maintenance management service. The pavement 
standard had also less effect on their driving comfort. The willingness to pay calculations 
shows that cluster group 1 was willing to pay more for higher pavement maintenance 
standard than group 2. That is consistent with the attitude measures.  
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7 Conclusions and recommendations 

7.1 Attitudes 

Motorists’ attitudes towards road maintenance were studied for pavement as well as for 
winter maintenance activities. The most significant factors, and how to address them 
were established by focus groups. The main result from the focus group study was that 
the car users were rather aware of different road conditions and could identify various 
road damages on photographs and videotapes. Their knowledge about different pavement 
conditions opened up the possibility to make mail back surveys with photographs to 
illustrate various levels of maintenance management. The interviewees could accept 
small cracks in the road surface but they did not want to drive on roads with tracks, 
damage repair work, significant unevenness and impact holes. The focus groups also 
revealed that it was incorrect to use the term `ride comfort` to refer to motorists’ 
valuations of road maintenance management. Ride comfort was too much associated 
with vehicle standard. Therefore, in the subsequent studies, various road conditions were 
described to the respondents instead of comfort levels. The significance of road comfort 
among other comfort factors was also investigated as well as the influence from various 
road conditions. 
 
The main survey revealed that road maintenance management was an essential comfort 
factor to the motorists. That was valid for both pavement and winter maintenance. The 
maintenance management standard was essentially more important to the driving 
comfort than the behaviour of other road users, fear of accidents, type of car, road 
design, weather conditions or surroundings.  
 
A majority of the respondents were satisfied with the maintenance management status of 
the road network. Nevertheless, many of them stated that they could consider an increase 
in road tax to make a raise of the road standard possible. That is corresponding to the 
estimated high levels of willingness to pay for driving on roads with higher pavement or 
winter maintenance management standard in the main survey as well as in the 
exploratory studies. Analysis of different segments in the main survey revealed that the 
respondents’ monetary valuation for better road standard was at the same level regardless 
of the respondents’ attitude to road tax. 
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7.2 Valuations 

7.2.1 Methodology 

Valuations of maintenance activities were studied by means of Stated Choice techniques. 
Establishing a value means to relate the sensitivity of a maintenance factor to a cost 
factor. As the cost sensitivity therefore is crucial to the study, much effort was put in 
identifying the most appropriate way of describing costs. A special study into car cost 
and time perceptions was carried out as an in-depth interview series with 100 
respondents. 
 
The main finding was the following. There was an awareness of travel times under 
various conditions, and also a more varying awareness of travel costs. Some car users 
calculated the car cost as the cost of petrol; others estimated the car cost as petrol, 
insurance and the cars depreciation and one group used some form of mileage allowance 
template. There were also participants who did not think about the cost of using a car. 
The spread in cost estimations was considerable, from 0 SEK up to 100 SEK per 10 
kilometres. The individuals’ spread in awareness of car travel costs makes it difficult to 
design accurate stated choice experiments to car users including such costs. 
 
As an additional result, cost variables were expressed in various ways in three different 
stated choice experiments in order to study the effect of the spread in the car users’ own 
travel cost estimations. The models that appeared to work best used the costs from the 
tax authority deduction template instead of the motorists’ own cost estimations. As an 
outcome from these results, the stated choice experiment in the main study was 
formulated with a less ambiguous cost variable, such as parking cost. 
 
Regarding data collection, it showed to be possible to carry out surveys using Internet, at 
least for testing purposes. The current access to Internet would probably make it useful 
for large-scale surveys, but for budget reason a mail back procedure was chosen for the 
main surveys. 

7.2.2 Pavement maintenance values 

The willingness to pay for better pavement standard was found to be quite high, around 
0.5 to 1.5 SEK per kilometre. Comparisons between costs and benefits for higher 
pavement standard showed that most maintenance efforts easily pay return. The 
estimated values reflect the motorists’ demand for a road network with good quality. 
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Demand for well maintained roads also recurs in the results from the attitude questions 
and in the preliminary studies. 

7.2.3 Winter maintenance values 

The winter survey consisted of both motorists from the south of Sweden and a control 
group with car-users from a more northern part of the country. The control sample 
proved to have significantly different valuations for improvements of starting time for 
clearing the roads from snow than the motorists from the south of Sweden. The car users 
in the control group were willing to pay 113 SEK yearly in comparison with 61 SEK if 
the roads were going to get cleared from snow 2 hours after a snowfall instead of three. 
Those differences between different parts of Sweden could also apply to valuations on 
pavement maintenance management but that has not been tested yet. The existence of 
these differences also adds to the credibility of the obtained values, as different values 
are obtained from areas with different conditions, showing a capability of the experiment 
to capture differences in values. 
 
The monetary value for driving on bare roads compared with roads with snow was about 
0.3-0.4 SEK per kilometre. When comparing cost and benefits for winter operations, the 
motorists’ valuations were high enough to allow winter maintenance actions to be made 
almost every 24 hours. 

7.3 Recommended values 

As the survey resources were quite scarce in the project, significant limitations had to be 
imposed on the main surveys. Therefore, only damages of a certain severity, related to 
trips over a certain distance and in a limited part of the country were analysed. The trips 
analysed were private trips with the trip length 100 kilometres. That makes cost benefit 
calculations on shorter trips in other parts of Sweden unreliable until a more 
comprehensive survey has been carried out. 
 
The pavement damages in the illustrations were very severe. Therefore the monetary 
valuations reflects the car users preferences for driving on roads with high pavement 
standard, IRI value around 1, instead of really poor roads with IRI values higher than 5. 
In reality some roads with better standard than that will be considered for pavement 
maintenance management. The benefits in a cost benefit calculation on such roads need 
then to be scaled down a bit. 
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7.4 Further research 

This study has showed that maintenance management is really important for 
motorists. Guidance from the monetary values that have been established in this 
study should make it possible to make a more comprehensive cost-benefit analysis 
than has been the state of the art until now in this field.  
 
Both attitudes and valuations indicate easy return on costs spent on the road 
network with traffic flows over 1000 vehicles per day. However, parts of the road 
network with low traffic flows are quite rough. Those roads might well be 
subjected to a cost-benefit analysis. The outcome depends on the traffic flows and 
the motorists’ willingness to pay for better standard. 
 
More careful analysis should not be made until monetary values for specific roads 
and motorists from the whole country of Sweden have been found. Other aspects 
to consider in further research are to try harder to capture varying spread and 
severity of the road damage. 
 
In order to get a deeper understanding about motorists’ valuations of ride quality 
and road maintenance management, other methods than stated choice models 
could be valuable to test in order to both evaluate the results in this study and 
develop the methods for willingness to pay studies. An example of such methods 
would be to use decisions made by cooperative road associations about road 
maintenance management. 
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