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Abstract

This paper summarises a study designed to answer the following question: what are the
benefits to society of road safety research in Sweden funded by the Swedish Transport
Research Council and the programme for vehicle safety research during the period 1971-
2004? The paper starts by discussing whether research can answer this question at all and
explains why a well-controlled study was not feasible. A case study approach was selected,
and five major research projects were examined in detail for the purpose of trying to
estimate their effects on road safety. Estimates of safety effects were developed for four of
the projects, indicating that road safety measures that were at least to some extent based
on the findings of the research projects have made major contributions to reducing the
number of road accident fatalities in Sweden. The estimates are not analytically rigorous and
should be treated as qualified guesses only. Causal inferences are not possible. Nevertheless,
if taken at face value, they show that the benefits to society of road safety research are very
large and outweigh by a wide margin the costs of the research, and of the road safety
measures developed as a result of research. Thus, even if the estimated safety benefits
grossly exaggerate the true effects, the benefits of applied road safety research are likely to
be far greater than the costs of conducting this research and implementing road safety
measures developed by research.
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1 Introduction

The task given to the study presented in this paper was stated as follows: what are the
benefits to society of road safety research in Sweden funded by the Swedish Transport
Research Council and the programme for vehicle safety research during the period 1971-
2004? The study was commissioned by VINNOVA, a public body funding road safety
research on behalf of the national government and formed in 2001 as a successor to the
transport research council that functioned from 1971 to 2000. The study was conducted as a
joint venture by the Institute of Transport Economics and Molde University College in Norway
(Kolbenstvedt, Elvik, Elvebakk, Hervik and Bræin 2007).

The first issue facing the researchers was whether the question stated in the mandate for
the study could be answered at all by means of research. On the one hand, road safety
research is an applied field of knowledge. One might therefore think that it would be easy to
identify the effects of this research in terms of specific applications, like vehicle safety
devices or highway design elements. On the other hand, the causal chain starting with the
production of knowledge and ending by the successful application of that knowledge is often
more complex than it is in cases when inventions with easily detectable benefits are made.
Although road safety research is an applied field, it is not characterised by the sudden
invention of miracle vaccines that make the problem go away. Rather, it is more aptly
described by Ezra Hauer as a field in which “knowledge tends to come in small doses”
(Hauer 1983). Besides, road safety policy and long-term trends in road safety are influenced
by many factors, not just research. Thus, the team of researchers were faced with the
following questions:

1. Which research design is best suited to the task of evaluating and preferably
quantifying the societal benefits of road safety research in Sweden?

2. How can the output of road safety research be identified in terms of the types of
effects it is likely to produce?

Based on a discussion of these two questions, a case study approach was adopted. The
cases selected for detailed study were, with one exception, cases for which extensive
previous evaluation studies existed and for which the causal chain going from the production
of knowledge to the improvement of road safety was judged to be sufficiently well-known to
support quantitative estimates of the benefits of research. Before presenting the case
studies, the considerations that lead to the adoption of the case study approach will be
briefly reviewed.

2 Finding a defensible evaluation design

Road safety evaluation research employs a wide range of study designs. The main question
all designs should be able to answer is: did the project or treatment cause a change in road
safety? To cause a change in something is to produce a change that would otherwise not
have occurred. To verify a causal relationship, it is necessary to describe the counterfactual
condition, or what would have happened if the causal factor of interest had not been
present. In short: no causes without counterfactuals.

The methodological challenge facing the evaluation was therefore to try to answer the
question: How would road safety in Sweden have developed during the period 1971-2004 if
the road safety research funded by the transport research council had not taken place? Once
this question has been answered, the counterfactual development can be compared to the
actual development and, ideally speaking, the difference interpreted as the effect of road
safety research. To establish the counterfactual condition, a number of research designs
were considered:
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1. A before-and-after study

2. Time-series analysis

3. A comparison of Sweden to other countries

4. Multivariate econometric modelling

5. A case study approach

A before-and-after study was ruled out, since no clearly designated before- or after-periods
exist. In fact, the whole period was what we might call a “during”-period, since research
designed to improve road safety took place the whole period. Besides, a simple before-and-
after study does not control for confounding factors. 

Time-series analysis can be used to discern long-term trends and changes in these, seasonal
variations and sudden jumps in the series. Most applications of time-series analysis in road
safety evaluation studies are so called intervention analyses, designed to detect a sudden
jump occurring when a road safety treatment is introduced. Figure 1 shows the long-term
trend in the number of road accident fatalities in Sweden from 1970 to 2005. A trend line,
including its upper and lower 95% confidence limits, has been fitted to the figure. The trend
line indicates a constant decline in the number of fatalities of 2.9% per year. There are no
sudden jumps in the long-term trend and most data points lie inside the confidence limits. It
was therefore concluded that a time-series analysis would almost certainly not be able to
identify any changes in trend or sudden jumps that could be related to corresponding
changes in road safety research.

Figure 1: Long-term trend in the number of road accident fatalities in Sweden 1970-2005

Another possible research design would be to compare Sweden to other countries. This was
ruled out for the following reason: Countries that can be regarded as comparable to Sweden
in terms of level of motorization, wealth and past developments in road safety include only
some of the OECD-member countries. However, all these countries have conducted road
safety research and are therefore unsuitable for the purpose of estimating what would have
happened without this research. In fact, international cooperation in research and exchange
of knowledge has always been extensive in the field of road safety.
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Econometric modelling is suitable for estimating simultaneously the effects of many variables
that influence the same dependent variable. This is clearly the case for road accidents: they
are influenced by literally hundreds of variables. Road safety evaluations therefore appear to
lend themselves eminently to the use of econometric modelling. However, trying to estimate
the effects of road safety research by means of econometric modelling was rejected for the
following reasons (Elvik 2005): (1) One year is the only practical unit of analysis. There are
at most 35 units of analysis. In such a small sample, only the effects of a few variables can
be estimated. (2) Data are available for just a few variables influencing road safety. For most
variables, including virtually all forms of road user behaviour, no data are available. (3) Even
the few variables that are available tend to be highly correlated, making an accurate
estimate of their contribution difficult. (4) Road safety research influences road safety
indirectly and may, to some extent, be endogenous, meaning that it may be intensified in
periods when the decline in fatalities appears to slow down or reverse.

Having ruled out all these commonly applied study designs as infeasible, we ended up by
proposing to use a case study approach. The case study approach is described in greater
detail below. 

3 Describing research and ITS possible effects

In most road safety evaluation studies, describing the independent variable, whose effects
the study seeks to evaluate, is quite easy. For several reasons, road safety research is a
difficult independent variable to describe in sufficiently precise terms to enable its effects to
be determined.

In the first place, its effects on road safety are indirect, except perhaps in cases of research
that leads to the development of new safety measures that can readily be introduced. In the
second place, not all road safety research has any immediate or obvious application.
Consider, for example, the development of the Power Model of the relationship between
speed and road safety (Nilsson 2004). The model shows how changes in speed influence
road safety. This is important knowledge, but it does not have any obvious practical
implications. In the third place, road safety research may profoundly influence thinking about
road safety simply by proposing new ideas. The development of Vision Zero as a long-term
ideal for road safety is a case in point. Vision Zero is an idea – it is not a safety measure. It
is, however, an idea that has appealed to many people and thus stimulated new thinking
about ways to improve road safety.

Although road safety research is applied research, it is probably fair to say that only a small
part of it produces knowledge that can readily be transformed into road safety measures
whose effects can be evaluated in a way that permits benefits to society to be estimated.
This evaluation study focused on that part of road safety research for which application in
terms of new road safety measures could most easily be determined.

4 A case study approach 

Cases were selected from a database of research projects. All research projects in this
database were funded by the Swedish Transport Research Council, which existed under
different names from 1971 to 2000, or by VINNOVA, taking over the functions of the
transport research council in 2001. Care was taken to select cases whose history could be
reconstructed in some detail by means of evaluation studies or interviews of researchers or
representatives of the funding body. The criteria for selecting cases were: (1) Cases
represent research whose quality is recognised by the academic community, i.e. the main
findings have been published in scientific journals following peer review. (2) Cases lead to
the development or increased use of road safety measures whose effects have been
evaluated according to accepted scientific standards. (3) Cases were selected to include all
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four major institutions performing road safety research in Sweden: The Swedish Road and
Transport Research Institute (VTI), Lund Institute of Technology (part of The University of
Lund), The Department of Psychology, Uppsala University and The Department of Applied
Road Safety, Chalmers Technical University, Gothenburg. The following cases were selected:

1. Research on urban safety management at the Lund Institute of Technology, in particular
a project in Växjö, designed to reduce speed in inner cities (Hydén and Várhelyi 2000).

2. Research on child restraints at VTI and Chalmers, resulting in the development of child
seats and the ISOFIX-system for attaching seats to the car (Aldman 1962, Carlsson et. al.
1987, Tingvall 1987, Turbell et. al. 1993, Isaksson-Hellman et. al. 1997).

3. Research at Chalmers on neck injury protection and side impact protection, resulting in
the development of new car seats and side airbags (Håland 1994, Viano and Olsén 2001,
Braver and Kyrychenko 2003, Eriksen et. al. 2004).

4. Research on police enforcement at VTI and the Department of Psychology, Uppsala
University (Nilsson and Åberg 1986; Nilsson and Engdahl 1986).

5. Research conducted by means of the driving simulator at VTI (Törnros 1998).

For all these cases except case number 5, estimates were developed of the macro effects on
road safety in Sweden. Details of these estimates are described elsewhere (Elvik 2006). In
addition to studying the cases in detail, the study also attempted to describe how research
has lead to changes in thinking about road safety – changes that are not related to the use
of specific road safety measures.

5 Evaluation of the case selected 

In order to estimate the contributions of the selected cases of road safety research to
reducing the number of road accident fatalities in Sweden, an attempt was made to estimate
the effects of as many factors as possible. The estimates relied to a major extent on previous
estimates developed by VTI (Nilsson et. al. 2002). Given the fact that the number of road
accident fatalities in Sweden has declined from 1307 in 1970 to 440 in 2005, analysis
focused only on factors that might explain this decline, not on factors that are associated
with an increase in the number of fatalities, such as increased traffic volume or increased
speed. It should be remembered, however, that factors tending to increase the number of
fatalities have been present throughout the period. Hence, it would not be logically
impossible if one were to find that factors tending to reduce the number of fatalities have
had a greater effect than the observed decline, since, absent these factors, the number of
fatalities would have been likely to increase.

Table 1 summarises the estimated contributions of a number of factors to reducing traffic
fatalities in Sweden from 1970 to 2005. It is clear that all these estimates are “ballpark
estimates”, i.e. rough estimates indicating order of magnitude only. Moreover, not all factors
that may have contributed to reducing the number of fatalities are included. Factors not
included are, for example, a gradual shift towards a more experienced population of drivers
(i.e. the average driver is more experienced today than the average driver was in 1970), a
number of highway improvements (road lighting, guardrails, other minor improvements) and
more subtle changes in safety culture not easily measured.
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Table 1: Estimated effects of selected road safety measures and other factors and appraisal
of the extent to which the factors are based on research

Factors contributing to reducing the number of
fatalities

Estimated first
order effect of
factor in 2005;

reduction of
fatalities

Period
during

which effect
accumulated

Possible
contributing of
research to the

effect of the factor

Reduction of walking, cycling and motor cycle riding 50 1985-2005 None

Reduction of young driver exposure 20 1990-1994 None

Construction of motorways 30 1970-2005 Small

Construction of median guard rails on undivided roads 30 1998-2005 Large

Urban safety management; speed reduction in towns 40 1976-2005 Large

Increased seat belt wearing 150 1970-2005 Small

Increased use of child restraints in cars 16 1970-2005 Large

Increased market penetration of cars with airbags 55 1990-2005 Small

Improved side impact and neck injury protection 10 1996-2005 Large

More effective police enforcement 150 1981-2005 Small

Sum of first order effects 551 Large: 96 Small: 385
None: 70

Total effects adjusted for double counting 438 Large: 77 Small: 306
None: 55

Each of the estimates of safety effect listed in Table 1 represents the so called “first order”
effect of a factor. The first order effect is the effect of a factor provided it is the only factor
that has an effect and everything else remains unchanged. When estimating the combined
effects of the factors, first order effects have to be adjusted for double counting, since all
factors influence the same group. Thus, if for example, more effective police enforcement
has reduced the number of fatalities by 150, the other factors can only have an effect on the
fatalities remaining after these 150 have been subtracted. Combined effects adjusting for
double counting were estimated by assuming that first order effects are independent of each
other, i.e. the first order effect attributed to a specific factor does not change if another
factor is introduced.

Combined effects were estimated to a fatality reduction in 2005 of 438. This means that if
none of the safety measures had been introduced, the number of fatalities in 2005 would
have been 438 more than it actually was, i.e. 878 rather than 440. The factors listed in Table
1 are thus estimated to have reduced the number of fatalities by 50%. It should be noted
that adjustment for double counting was not made in the main report from the project
(Kolbenstvedt et. al. 2007).

To what extent are these factors based on research, more specifically on the cases that were
selected for detailed analysis in this study? An attempt has been made in Table 1 to assess
this. The classification is crude and not based on very precise criteria. Research was judged
not to influence changes in exposure. It was judged to make a major contribution to the use
of median guard rails on undivided roads. This safety measure has been extensively used in
Sweden after 1998 and is very much a result of new thinking stimulated by Vision Zero.
Urban safety management, including the use of speed reducing devices, has also been
strongly influenced by research, in particular the Växjö project mentioned above. Child
restraints has been a major research topic in Sweden since the early nineteen sixties. Finally
measures improving side impact protection and neck injury protection are the result of
targeted research at Chalmers starting in 1985 (Eriksen et. al. 2004). The other factors may
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to some extent have been influenced by research, but not so much Swedish research
primarily.

Based on Table 1, Figure 2 provides a breakdown of major factors that have contributed to
the decline in road accident fatalities in Sweden from 1970 to 2005. The horizontal lines at
the top and bottom of the Figure show the recorded number of fatalities in 1970 and 2005,
which was 1307 and 440, respectively. The curve sloping down to the right is the curve fitted
to the fatality counts in Figure 1. It slopes down from a fitted value of 1258 in 1970 to a
fitted value of 454 in 2005. This curve represents the systematic long-term trend, resulting in
a decline of 804 fatalities from 1970 to 2005. The deviations of the recorded numbers from
the fitted values in the years 1970 and 2005 are well within the 95% confidence interval,
and are thus best viewed as random variation. It so happens that the recorded number of
fatalities in 1970 was higher than the expected number, whereas the recorded number of
fatalities in 2005 was lower than the expected number.

Figure 2: Factors contributing to the long-term decline in the number of road accident
fatalities in Sweden

The decline in fatalities attributed to the factors whose effects have been estimated is 438,
of which a decline of 383 is due to road safety measures. The breakdown thus becomes:
Total decline in the number of fatalities = 867, of which:

63 due to luck of chance fluctuations in 1970 and 2005;

383 due to road safety measures to a large or small extent based on research;

55 due to other factors known to have contributed to fewer fatalities;

366 due to other factors not identified in the present study (residual decline).

It seems likely that some of the residual decline is also attributable to road safety measures.
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6 Cost-benefit analysis

Cost-benefit analyses have been made for the road safety measures covered by four of the
five case studies. No cost-benefit analysis was made for the VTI driving simulator. The cost-
benefit analyses were based on the estimated safety effects, as well as estimates of the
costs of safety measures that were introduced as a result of the research performed in the
four cases included. Official Swedish values were used for the monetary valuation of the
prevention of fatalities and injuries (SIKA 2005). In addition to fatalities prevented, the cost-
benefit analyses also included estimates of the number of injuries prevented. The prevention
of a fatality was valued at SEK 17,511,000 (Euro 1,870,000), the prevention of a serious
injury at SEK 3,124,000 (Euro 334,000) and the prevention of a slight injury at SEK 175,000
(Euro 18,700). A discount rate of 4% per year was used. Public outlays were multiplied by a
factor of 1.53 to obtain their social opportunity cost. Table 2 presents the results of the
analyses.

Table 2: Cost-benefit analysis of cases selected for detailed study

Measure
Fatalities
prevented

(adjusted for
double counting)

Present value
of benefits

million SEK (#)
Costs million

SEK
Benefit-cost

ratio

Urban safety management 32 19213.2 6885.0 2.8

Child restraints in cars 13 1844.0 210.0 8.8

Neck injury protection 0 1653.2 100.0 16.5

Side impact protection 8 5266.2 1300.0 4.1

Police enforcement 119 3313.3 765.0 4.3

The analyses took the estimated effects of the measures in the year 2005 as the basis for
estimating costs and benefits. No attempt was made to reconstruct the historical
development of costs and benefits in past years. The analyses adopted a forward looking
perspective to estimate the present value of benefits assuming that these last 20 years for
urban safety management, 15 years for vehicle safety features, 3 years for child restraints
and 1 year for police enforcement. As can be seen from Table 2, benefits exceed costs by a
wide margin for all safety measures. In other words, investment in research has resulted in
the introduction of road safety measures whose benefits greatly exceed the costs of these
measures. Even if the true benefits are less than half of those estimated, they would still
clearly exceed costs.

7 Discussion

The study presented in this paper was given the mandate of producing an estimate of the
benefits to society of road safety research funded by the Swedish Transport Research
Council and VINNOVA during the period 1971-2004. This task is almost impossible to fulfil,
since there is no way of knowing how road safety in Sweden would have developed if the
research had not taken place. The case study design adopted does not satisfy the most basic
condition for causal inference, that of describing counterfactual changes. This condition is
best fulfilled in experimental study designs, in which the control group serves to establish the
counterfactual.



20th ICTCT workshop Proceedings

SESSION II: ASSESSMENT 9

No control group was available for this study. We are therefore not in a position to claim that
we have shown that road safety measures based on research have caused the observed
decline in road accident fatalities in Sweden after 1970. Nevertheless, such a claim is at least
plausible. 

The study has several limitations. It selected just a few research projects for detailed
examination. Among the very many projects not studied in detail, there will surely be some
that were unsuccessful. Besides, the Swedish Transport Research Council was not the only
public body funding road safety research in Sweden. Research funded by other agencies is
possibly of equal importance for changes in road safety.

The analysis of benefits is crude and the estimated effects of the safety measures seem
implausibly large. Nevertheless, it is highly likely that various road safety measures have
contributed to a major part of the reduction in road accident fatalities in Sweden, as well as
in other countries that have experienced similar changes. Despite the uncertainty of any
estimate of the contribution of a specific road safety measure, the main finding of the study
is robust. Even if benefits have been grossly overestimated, they still exceed costs by a wide
margin.

8 Conclusions

It is concluded that road safety research funded by VINNOVA and its predecessor, the
Swedish Transport Research Council, during the period 1971-2004 has resulted in the
development and implementation of road safety measures that have contributed importantly
to the decline in road accident fatalities in Sweden between 1970 and 2005. The benefits of
these measures exceed the costs by a wide margin.
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