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Abstract (200 words):

This paper discusses methods of evaluating interventions. Examples in the transport field
might include improving compliance with speed limits, or boosting the use of public
transport. In recent years there has been a push towards higher methodological standards in
medical research, because of the biases that can easily creep into the comparisons that are of
central interest in a research project. Particular features of this trend are (a) in the conduct of
research, randomised allocation of the experimental units (e.g., people) to treatment or control
groups, and (b) in synthesis of previous research, carrying out what is termed a meta-analysis
rather than a review in narrative style, with the analysis giving much greater weight to studies
that had good methodology than to those which did not. The phrase ‘evidence-based’ is used
in this paper to refer to these features, not to a general hope that research and facts will
influence policy. This paper documents the extent to which high methodological standards
have been adopted in transport and transport safety to date, and attempts to assess what place
they might have in future.
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Introduction

It is now over ten years since the establishment in the United Kingdom of the Cochrane
Collaboration (see http://www.cochrane.org), a centre for the promotion of evidence-based
medicine, primarily through the commissioning and distribution of systematic reviews of
health-related interventions. Since then, similar methods have been used, and similar
organisations have emerged, in fields such as education, criminology and social welfare. This
paper examines the impact of this trend in transport and transport safety research.

For this paper, the phrase ‘evidence-based’ is used, as in medical research, to refer to the
employment of randomised treatment and control groups, and the systematic reviewing of
such research using meta-analysis. The phrase can be diluted to be hardly more than lip-
service to the desirability of having some input to policy from objective research data, but we
do not use it in diluted form. (There are other components of evidence-based medicine,
notably a commitment to understanding both the benefits and limitations of clinical research,
but randomised experimentation and meta-analysis are the most distinctive.)

The aims of this paper are as follows.

e Describe the key features of methods that lead to use of the term ‘evidence-based’.

e Demonstrate that these methods are now being used in some fields of social science
where experimentation is really difficult.

e Report the results of our searches for the use of these methods in transport and
transport safety.

e Discuss bibliographic aspects of these methods in transport and transport safety.

e Assess how relevant are these methods for transport and transport safety.

Many researchers in transport and transport safety must from time to time have felt
dissatisfaction over how methods in our field compare with those in medicine. The present
paper will act as a resource documenting the extent to which high methodological standards
have been adopted in our field to date, will assess how guilty we should feel about high
methodological standards not being more common, and will suggest what we should advocate
for the future.

What is meant by ‘evidence-based’?

In transport safety, things sometimes get changed (e.g., the speed limit might be reduced from
60 km/h to 50 km/h), and people want to know what the effect was. The same goes for
transport more broadly, as when people want to know whether a campaign to encourage use
of public transport rather than the car had any effect. Thus, what might be done is to measure
the situation before the intervention, measure it afterwards, and make a comparison. To be
careful, this before-after comparison might also be made at some other place where the
change had not been introduced. What could possibly be wrong with such a procedure?
Unfortunately, biases can easily creep in. The defence against biases that has become popular
in medicine is the randomised controlled clinical trial. If allocation of experimental units to
treatment or control groups really is random, then it has not been affected by anything capable
of generating a bias. (And the likely size of random variation can be calculated
mathematically.) But it is quite a leap from randomly assigning patients to aspirin or placebo
groups to (say) the random conversion of junctions to roundabout control, or randomly
making some bus routes free. Is that sort of thing at all practicable? The specific stimulus for



Hutchinson and Meier 3

this paper was an editorial by Fitz-Gibbon (2004) that is clear, to-the-point, and inspirational
in its advocacy of higher methodological standards in social research.

Outline of randomised experimentation

Let us set out some features of how research should be conducted.

e Specify the dependent variable (the outcome) of interest.

e Identify the unit to which the intervention is being directed. For example, the units
might be people (or in a transport example, intersections)

e Define all the units of interest, randomly choose some of them, and randomly assign
each unit to either the treatment group or the control group.

e Measure the present condition of each unit.

e Apply the intervention to the units in the treatment group (and do nothing --- or
nothing significant --- to those in the control group).

e (Conceal, both from the people participating and from the researchers who are
evaluating the outcomes, which units are in which of the groups. That is, conduct the
research in a double-blind fashion.

e Measure the condition of each unit again (i.e., after the intervention has taken effect).

e The change of each unit is now known. The changes in the treatment group can now
be compared with the changes in the control group.

Why is research done this way, or, at least, why do textbooks say research should be done this
way? The background is that we typically wish to carry out a statistical test and say that an
observed improvement was or was not statistically significant; or, at least, we wish to view
the average change observed in the context of the natural variation that is present. Now, the
research design sketched above incorporates a double comparison: there is a comparison of
before the intervention with after, and there is a comparison of this (i.e., this difference, after
minus before) between the treatment group and the control group.

e Suppose we did not have a control group. We might decide to treat all the
experimental units, and compare before with after. The problem with this design is
that it is quite common for things to happen that affect all the experimental units (e.g.,
there may be long term trends or specific events may occur); if so, we have no idea
whether the observed change was due to the treatment we imposed or to the
extraneous event. (And we may not even know about the extraneous event.)

e Suppose we did not have a longitudinal comparison. That is, we compare a group of
units that already are in the treatment condition with a group in the untreated
condition. In this case, the variation between units may be so great as to swamp any
difference due to the factor of interest. Furthermore, one does not know why some
units came to be in the treatment condition and others untreated --- for example, in
health-related contexts, some general factor of concern about health may lead to some
people both being more healthy and putting themselves into the treatment condition,
and there is no causal connexion between treatment and health.

Research projects of a purely longitudinal or a purely cross-sectional type certainly are carried
out, but the quality of evidence from them is widely regarded as greatly inferior to that from a
control/treatment before/after comparison.

It should be mentioned that if there are some experimental units on which we have good
reason to think that the experiment does not need to be performed (because we already are
sure that the treatment is better, or the control condition is better, or that there is no
difference), those units are excluded from the randomisation. The conclusions of the
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experiment then apply to the population from which the randomised units came (i.e.,
excluding the types of unit for which we already knew the answer). And if there are some
experimental units that refuse to be randomised, they are excluded also. Provided this takes
place before the randomisation, the experiment remains a valid one; however, the conclusions
will apply only to the population of units that permit themselves to be randomised.

Systematic reviewing and meta-analysis

Randomisation (when doing the research) and systematic reviews (when weighing up
research that has already been done) are the most distinctive features of the evidence-based
approach.

The review process places a lot of emphasis on being thorough, including attempting to
discover unpublished studies, and on weighting studies of high methodological quality much
more heavily than those of lower quality. The basic idea in meta-analysis is to average results
from several different investigations of the same topic --- if each is unconvincing because of a
large standard error of the estimated effect, they may be convincing in total if they are all in
the same direction. There are textbooks by Sutton, Abrams, Jones, Sheldon, and Song (2000)
and Whitehead (2002).

Despite the thoroughness, and the objective combination of evidence from different studies,
there is quite a long list of standard objections to the procedure --- that there may be
publication biases (positive results may be more likely to be written up, and may be more
likely to be accepted for publication when submitted), that the criteria that supposedly capture
the quality of a study may not be valid, that the sampling frames (of the review, and of the
studies included) may not quite correspond to the use we will make of the review, that the end
result of the meta-analysis may depend on some statistical subtlety in the averaging process,
that the principle of averaging results that may come from different populations (and may be
statistically significantly different from one another) is a questionable one, and so on.

There are some features of transport and transport safety research that tend to make these
objections rather more pertinent.

e ‘Grey’ literature (e.g., semi-published, perhaps not refereed, conference papers and
research reports) is more important than in clinical medicine, and is likely to be more
difficult to discover than journal articles.

e As we shall see below, the number of studies of high methodological quality on many
issues is approximately zero. Thus, in weighing and combining the evidence, it
becomes important to make distinctions at the low quality end of the scale. (a)
Concerning before-after treatment-control comparisons, it is usually considered that
such studies have some value if the control group really is an appropriate one. Their
evidence may be almost valueless if that is not the case. No guidance is available to
assist in making this judgment. (b) When there is no other evidence available, we
might look at naive before-after comparisons. There is no general agreement about
whether these are worth something or nothing.

¢ In medicine, a meta-analysis may be conducted on a topic on which dozens, perhaps
hundreds, of studies have been conducted. In transport and transport safety, there are
typically only a small number of relevant studies, and each of these has some good
features and some poor.
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e In transport and transport safety, the relevant studies may be more different from each
other than they are in medicine.

Evidence-based social research

The drive for higher methodological standards has affected other fields, such as education,
criminology, and social welfare. The advocates of randomised experimentation claim that it is
by far the best way of determining what works and what doesn’t work. In these and related
fields of social science, the Campbell Collaboration (http://www.campbellcollaboration.org)
is the equivalent of the Cochrane Collaboration. As to education, a recent document from the
(United States) Coalition for Evidence-Based Policy (2003) strongly advocates using rigorous
evidence to guide the choice and implementation of interventions in schools and classrooms.
In a reflection of how far evidence-based arguments have come in this sector, this document
targets not researchers in the field but the educational administrators who make the decisions
on intervention implementation, and members of the public concerned about the decisions.
The document is explicit in advising how to evaluate the evidence arising from research:

e Strong evidence requires both of the following.

As regards quality, randomised controlled trials that are well designed and
implemented.

As regards quantity, the trials to be in at least two typical school settings, at
least one of which must be similar to the proposed future application.

e Possible evidence would include randomised controlled trials that are good in quality
and quantity but not reaching the standard required for strong evidence, and
comparison group studies in which the intervention and comparison groups are very
closely matched in relevant demographic and other variables.

e Otherwise, the intervention should be judged to be not supported by meaningful
evidence. Included here will be all research using before-after comparisons, or using a
comparison group that is not closely matched with the intervention group, plus meta-
analyses that include such studies.

There is some guidance given as to the meaning of ‘well designed and implemented’. This
refers to matters such as using objective dependent variables, blinding of researchers to which
participant has been allocated to which group, only a small proportion of participants missing
when outcome data are collected, and so on. The document gives reasons why before-after
studies and comparison group studies might fail to give the correct answer, and examples
where they have failed in the past.

If we use this as a yardstick by which to measure the standard of transport research, we come
up short. Most road safety and transport research does not reach the standard even of
‘possible’ evidence: typically, before-after comparisons are made with no control group, or
with a control group that is only approximately suited to its purpose.

Most randomised experimentation in the criminological, educational, and social welfare fields
seems to be from the United States. Presumably the reasons are the size of that country and
the influence that Federal money can have. Riccio and Bloom (2001) give several examples
of social experiments in the United States that involved randomisation. The units that were
randomised were in most cases individuals. An exception was the Jobs-Plus Initiative, in
which several public housing developments in each city were nominated, one of which was
randomly selected to receive the intervention. The document from the Coalition for Evidence-
Based Policy (2003) gives greatest attention to interventions for which individuals can be
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randomised, but it is plainly intended to apply to group randomisations also. The relevance of
this to transport and transport safety is obvious --- while there may be some treatments that
we could imagine randomising individual people to, for others the unit might be an
intersection or a bus route or a whole suburb. For discussions on group randomisation, see
Murray (1998) and Donner and Klar (2000).

As an example of evidence-based methods in a field (criminology) that must be as difficult as
transport for randomised experimentation, Petrosino, Turpin-Petrosino, and Buehler (2003)
conducted a systematic review of the ‘Scared straight’ programmes conducted in the United
States. These involve juvenile delinquents visiting adult prisons and (perhaps) being so
affected by that experience that they do not become inmates of such institutions in the future.
They concluded that such programmes actually tended to increase delinquency. Incidentally,
when the negative results from a programme of this type in California came out, the response
was to end the evaluation, not the programme (Petrosino et al., 2003, p. 27), showing that
society may not react to objective evidence in the way anticipated. Such programmes continue
to be used, supported by evidence of an indirect nature (namely, what prisoners and the
participants say about them). Petrosino et al. (2003) also note that shock value interventions
are tried in other fields, including road safety, and wonder whether the results are as
disappointing as with the ‘scared straight’ programmes. Oakley (2002) comments on this
from the perspective of education research: ‘These findings from research synthesis are
worrying for fields such as education where so much of the ‘evidence’ is derived from small-
scale qualitative research, depends heavily on practitioner judgements about the right thing to
do, and/or is taken from poorly evaluated interventions.’

A pair of papers in the Journal of Economic Perspectives are complementary. That by
Burtless (1995) broadly favours experimentation, whereas that by Heckman and Smith (1995)
emphasises the problems and the alternatives. Useful edited collections are Mosteller and
Boruch (2002) and Sherman (2003).

Transport and transport safety: the state of play

In the context of evidence-based everything, the terms ‘high’ and ‘low’ methodological
quality are taken from controlled clinical trials: if a study does not involve randomised
experimentation, then it is likely to be labelled as low quality. (See the report by the Coalition
for Evidence-Based Policy, 2003, referred to above, and various research quality checklists.)
We hope that is not considered offensive --- the discussion below will make clear that we
think that transport and transport safety researchers have a good partial defence along the
lines of ‘It’s the best that can be done in our field. Besides, randomised experimentation has
its own set of problems’.

Earlier material

Well before the phrase ‘evidence-based’ began spreading through the world of research and
evaluation, there were those in the transport sector who recognised the merits of stronger
evidence.
e Helliar-Symons (1981), for example, evaluated yellow bar transverse carriageway
markings at the approach to a roundabout. The bars decrease in separation as the
roundabout is approached, creating a visual impression of speeding up, unless the
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driver reacts properly by slowing. Helliar-Symons examined whether this had had any
effect on crash rates. Whilst not explicitly stating that assigning sites to test and
control groups was wholly random, Helliar-Symons did avoid using crash record as a
selection criterion, because of the problem of regression towards the mean.

e Nichols, Ellingstad and Reis (1981) documented the evaluations of drink driving
education and treatment programs through the 1970’s in the United States, producing
a review of the various studies and their methods and noting the progression towards
the end of the decade to randomisation.

e McKnight and Edwards (1982) conducted an evaluation of written driving manuals
and tests in Virginia, United States, with random assignment and control groups to
examine the effect on crash rates. Significantly, their final conclusion is a call for
further research in this area to use large sample sizes.

e Fosser (1992) evaluated the effect of periodic vehicle inspection on crash rates in
Norway, with a randomised controlled experiment that was devised in the light of the
methodological weaknesses of previous studies in the field.

It may be difficult, in transport, even to achieve the elementary requirement that if you want
to know the effect of intervention I, then that intervention alone must be made. If there is a
package of interventions I, J, and K that are all made at once, it is impossible to disentangle
their separate effects. The Stevenage Superbus experiment (Buckles, 1975) was a case where
a serious attempt was made to implement different interventions (to increase patronage, via
service improvements and fare reductions) at different times, though it was not possible to
follow that strategy fully.

These are examples and are no doubt not the only early efforts to evaluate and review with
evidence based principles. But they suffer from a lack of ‘branding’ in their titles and
abstracts of the words and phrases that indicate evidence based literature and so their citations
in bibliographic databases are highly unlikely to have been indexed with such terms. A fuller
discussion of information retrieval concerns follows later in this paper.

Cochrane reviews

The Cochrane Collaboration (http://www.cochrane.org) commissions and makes available in
electronic and hard copy formats systematic reviews of interventions in health-related areas,
not only medicine. Several Cochrane reviews have been devoted to transport safety issues
(see Table 1). The majority have covered driver and other road user education interventions
but there have also been reviews of traffic calming, bicycle helmets and pedestrian and cyclist
visibility measures. A review of injury prevention for problem drinkers includes driving-
related injuries. There are also protocols for reviews currently underway (also listed in Table
1) which cover similar topics but with several more studies in the traffic arena, covering
issues such as speed enforcement and red light cameras.

The completed reviews were conducted and reported in the standard Cochrane format of
documented search strategy (electronic databases, manual checking of reference lists,
consultation with experts in the field), identification of randomised controlled trials (and in
some cases controlled trials), meta-analysis of methods, comparisons, and conclusions. These
reviews show that evidence-based transport safety research is in its infancy. From the trials
that were initially located, very few were identified that had been conducted to good
methodological standards (see Table 2). For example, in their review on safety education for
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pedestrians, Duperrex, Roberts and Bunn (2004) could only locate 15 randomised controlled
trials conducted between 1976 and 1997, and the general quality of these studies was rated as
poor.

There is overlap of authorship between nearly all of the studies. Evidently there is a small
core group promoting the evidence-based methods, and not many other people.

Table 1 Titles of Cochrane reviews of transport safety issues, and those in
preparation (from http://www.cochrane.org/cochrane/revabstr/mainindex.htm)

Area-wide traffic calming for preventing traffic related injuries. F Bunn et al. (See
also Bunn et al. (2003))

Helmets for preventing head and facial injuries in bicyclists. D C Thompson et al.
(There are comments disputing the conclusions of this review at
http://www.update-software.com/comcritusers/)

Interventions for increasing pedestrian and cyclist visibility for the prevention of death
and injuries. I Kwan and J Mapstone. (See also Kwan and Mapstone, 2004.)

Interventions for preventing injuries in problem drinkers. T Dinh-Zarr et al.

Post-licence driver education for the prevention of road traffic crashes. K Ker et al.

Safety education of pedestrians for injury prevention. O Duperrex et al.

School based driver education for the prevention of traffic crashes. I Roberts et al.
(See also Cochrane Injuries Group Driver Education Reviewers, 2001.)

Cochrane Protocols (systematic reviews currently being undertaken):

Alcohol ignition interlock programs for reducing drink driving recidivism

Graduated driver licensing for reducing motor vehicle crashes among young drivers

Helmets for preventing injury in motorcycle riders

Increasing motorcycle and rider conspicuity for preventing death and injury in
motorcyclists

Interventions for promoting use of booster seats for children aged 4-8 traveling in cars

Interventions in the clinical setting for preventing unintentional injuries among
children and teenagers aged 0-19 years

Non-legislative interventions for the promotion of cycle helmet wearing by children

Red light cameras for the prevention of road traffic crashes

Speed enforcement detection devices for preventing road traffic injuries

The “WHO safe communities’ model for the prevention of injury in whole populations
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Table 2

Numbers of trials identified as satisfying the inclusion criteria for several
systematic reviews relevant to transport safety; for details of these reviews, see
http://www.cochrane.org

Notes:

(1) Grounds on which reviewers are likely to class trials as poor in methodological
quality include: inadequate concealment of allocation, failure to blind when assessing
outcome, loss of many subjects to follow-up, failure to report outcome measures of
the relevant type, failure to implement the experimental condition as intended.

(2) These seven systematic reviews were not by seven unrelated groups of researchers.
Except for the group responsible for the Thompson et al. review, the others are
connected by common members.

Bunn et al. aimed to evaluate the traffic safety benefits of area-wide traffic calming. They
searched for randomised controlled trials and controlled before-after studies.
No randomised controlled trials were identified. 16 controlled before-after trials were
identified (14 in western Europe, 2 in Australia).

Thompson et al. aimed to determine whether helmets for bicyclists tend to reduce head, brain,
and facial injuries. They searched for controlled studies evaluating helmet use in bicyclists
who had a crash.
No randomised controlled trials were found. 5 well-conducted case-control studies
were found.

Kwan and Mapstone aimed to quantify the effect of aids to pedestrian and cyclist conspicuity
on accidents and on drivers’ responses. They searched for randomised controlled trials and
controlled before-after trials.

Accidents: no trials were found.

Drivers’ responses (such as reaction times) in experimental settings: 37 trials were

found.

Dinh-Zarr et al. aimed to assess the effect of interventions for problem drinking (i.e., alcohol
dependence, alcohol abuse, or hazardous use of alcohol) on subsequent injury risk. They
searched for randomised controlled trials.

4 trials were found that assessed the effect on motor vehicle trauma.

Ker et al. aimed to quantify the effectiveness of post-licence driver education in reducing
crashes. They searched for randomised controlled trials.
24 trials were found (23 were in the U.S.A.), 20 being remedial in nature and 4 being
advanced. However, Ker et al. considered their methodological quality to be poor.

Duperrex et al. aimed to quantify the effectiveness of pedestrian safety education
programmes. They searched for randomised controlled trials.
Accidents: no trials were found that used accidents as the outcome measure.
15 randomised controlled trials were found that used some other outcome measure,
such as observed behaviour. However, Duperrex et al. considered their
methodological quality to be poor (poor concealment of allocation, inadequate
blinding of outcome assessment).

Roberts et al. aimed to quantify the effect of school-based driver education on licensing and
accidents. They searched for randomised controlled trials.
3 trials were found that used accidents as the outcome. (These were conducted
between 1982 and 1984, in the U.S.A., Australia, and New Zealand.) 2 of these also
examined the effect on licensing.
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Table 3. Some traffic engineering papers that show the influence of evidence-
based medicine

Elvik (1995) --- lighting

Elvik (1995) --- guardrails and crash cushions

Burke et al. (1996) --- modification to bus stop

Elvik (1997) --- blackspot treatment

Vaa (1997) --- speed limit reduction

Elvik and Mysen (1999) --- accident reporting

Elvik (2001) --- traffic calming

Elvik et al. (2001) --- bypasses

Towner et al. (2001) --- children (including traffic calming)
Retting et al. (2002) --- traffic signal retiming

Egan et al. (2003) --- road building and health

Elvik (2003) --- roundabouts

Elvik and Greibe (2003) --- porous asphalt and safety

Flannery and Maccubbin (2003) --- red light cameras

Retting et al. (2003) --- traffic engineering measures for pedestrians
Ulleberg (2003) --- motorcyclists (including road environment)
van Driel et al. (2004) --- edgelines

Systematic reviewing sometimes leads to conclusions that contradict conventional opinion.
Because of the emphasis on studies of high methodological rigour, and the objective way in
which systematic reviewing is conducted, the people who do this may feel they have
discovered a truth that has not been revealed to others, and combat may ensue. For example,
in our own field, the Cochrane Injuries Group Driver Education Reviewers (2001) reviewed
the effect of school driver education on licensing and crashes, restricting attention to
randomised controlled trials, and concluded that the (three) studies found provide no evidence
that driver education reduces road crash involvement; indeed, it may worsen things, by
leading to earlier licensing. Such a finding is contrary to the (U.K.) government policy
promoting driver education in schools. For a more straightforward medical example, we may
mention the controversy over whether mammographic screening for breast cancer is
beneficial. Who is qualified to weigh up the evidence, a cancer expert or an expert in meta-
analysis? It seems to be the case that despite the supposedly objective methods of systematic
reviewing, it is not controversy-free.

Other papers influenced by the evidence-based approach

Table 3 lists some traffic engineering papers that used methods similar to those accepted by
the Cochrane reviews, though our impression is that most of these were not as strict about
what constitutes good methodology as the Cochrane Collaboration is. (Experimentation that is
not intervention in the real world, such as that in psychological, physiological, engineering,
and other laboratories, is outside our scope, and so are trials of different medical treatments of
the consequences of accidents.) There have been many meta-analyses published in the public
health literature, some of which were able to include numerous studies that involved the
randomisation of individual people. Especially noteworthy are:
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e Supplement 1, Volume 16 (1999), of the American Journal of Preventive Medicine,
which included introductions and comments by Rivara, Thompson, Beahler, and
MacKenzie (1999), Williams (1999), and Wagenaar (1999), and papers on:
Effectiveness of health promotion programs to increase motor vehicle occupant
restraint use among young children; Evaluating interventions that promote the use of
rear seats for children; Effectiveness of primary and secondary enforced seat belt laws;
Effects of high school driver education on motor vehicle crashes, violations, and
licensure; Effectiveness of graduated driver licensing in reducing motor vehicle
crashes; The effect of random alcohol screening in reducing motor vehicle crash
injuries; The specific deterrence of administrative per se laws in reducing drunk
driving recidivism; Evaluation of the effectiveness of low blood alcohol concentration
laws for younger drivers; Effectiveness of ignition interlock devices in reducing drunk
driving recidivism.

e Supplement 4, Volume 21 (2001), of the American Journal of Preventive Medicine,
which included Zaza et al. (2001), and papers on: Reviews of evidence regarding
interventions to increase use of child safety seats; Reviews of evidence regarding
interventions to increase the use of safety belts; Reviews of evidence regarding
interventions to reduce alcohol-impaired driving.

e A review of 28 systematic reviews in traffic safety by Morrison, Petticrew and
Thomson (2003).

e Towner, Dowswell, MacKereth and Jarvis (2001) examine the quality of evidence of
a range child injury prevention measures, noting randomised trials in the areas of road
safety education and interventions to increase use of helmets and restraints.

There have been meta-analyses in the economics literature, too --- for example, on the
valuation of traffic noise, air quality, and human life, and elasticities of public transport
demand and fuel demand.

Rivara et al. (1999, p. 4) noted that ‘randomized controlled trials have become the standard
study type by which the effectiveness of therapy for the treatment of medical problems is
evaluated’, but lamented that ‘it is very difficult to conduct randomized controlled studies in
which the intervention is a law’. For the motor vehicle interventions of interest to them, few
randomised trials had been conducted, though there had been many controlled trials (the
groups being assigned by the investigator, albeit not randomised). Commenting in the same
special issue of the American Journal of Preventive Medicine, Williams (1999, p. 1) states,
‘What stands out in these reviews is the paucity of intervention evaluations.... A related theme
concerns the lack of high-quality evaluations.” And Wagenaar (1999, p. 9) concurs, ‘I find the
most interesting implications from the reviews reported here related to research methods used
and how the results are reported. Note the large number of documents screened to find a few
with useful information.... 54708 papers and reports were identified.... only 161 survived
initial screening and were included in the ten review papers.... The pessimist might conclude
that there are just too many useless papers published, and too many incompetently conducted
studies.’
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Table 4. Methodological aspects of studies of the effects of new roads considered
in Egan et al. (2003)

(a) Effects on injuries

Control for general trends

Reliable / representative sample of data

Sufficient data presented to validate results

Control for regression to the mean

Assessment at least 3 years before and 3 years after
Compares more than one new road

Injury severity considered

Number of individual casualties included

Accident migration across wider road network considered

(b) Disturbance of residents

Appropriate sampling

Response rate / follow-up > 60%

Controls / adjustment for confounders
Appropriate exposure measures
Adaptation to disturbance considered
Impact on secondary roads considered
Sufficient data presented to validate results
Compared more than one new road
Prospective study

Egan, Petticrew, Ogilvie and Hamilton (2003) conducted a systematic review of the health
impacts of new roads. They summarised studies on such matters as the effects of new roads
on injuries and of major urban roads and new bypasses on disturbance to local residents and
among residents of the bypassed area. They noted a number of methodological aspects of the
studies they reviewed. These may be of general interest, perhaps almost a checklist of good
methodology, and we have listed them in Table 4.

Forbes (2003) has an appendix, ‘Evidence-based road safety’. By ‘evidence-based’, he means
the same thing we do, noting this ‘is not the tacit acceptance of conclusions from poorly
conducted research, simply because it is published, reported in a trade journal or presented at
a technical conference’ (p. 185). The report deprecates the low methodological standard of
much road safety research: ‘The knowledge base with respect to the safety impacts of traffic
operations and central strategies is underdeveloped... Until sufficient good quality research
has been conducted and made available... the practitioner will likely have to rely on prejudice,
hunch and guesswork’ (p. 190). Much of the document is taken up with reviewing the safety
effects of traffic engineering measures --- and Forbes found almost all of the research projects
were methodologically unsatisfactory. Thus if Forbes had followed his definition of evidence-
based research, almost all the projects he reviews should have been omitted.
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The meta-analysis by Wells-Parker, Bangert-Drowns, McMillen and Williams (1995) was
considered a model example by several commentators. But it is plain why other meta-
analyses do not reach the same standards. Wells-Parker et al. were dealing with remediation
of drinking/driving offenders. These are individual people, who can be randomised to one
group or another in a way familiar to medical researchers. Thus numerous studies of that type
had been carried out, and plenty remained after restricting consideration to those of high
quality. For many other topics in transport and transport safety, the unit of intervention and
randomisation is not a person, and thus very few (if any) randomised experiments have been
conducted. In the meta-analysis, the choice is then between excluding studies of low
methodological quality, and being left with nothing, or basing the averaged results on the low
quality studies, all of which might possibly share the same biases.

In their recently published book, Elvik and Vaa (2004) offer several relevant observations on
the methodological strengths of road safety measure evaluations.

e From their chapter on road design and road furniture (pp. 260-262): ‘The majority of
studies of the effects of road layout and road equipment on accidents tend not to be
based on a random sample of sites drawn from a known population or sampling frame.
This is a basic weakness of studies in this area. Strictly speaking, this means that the
results of many studies cannot be generalised to places and conditions other than
precisely those for which they were carried out. The population to which results are
meant to apply is, in many cases, not clearly defined.... In order to claim that a
particular measure is a cause of changes in the accident figures, one must rule out that
these changes are due to other events or factors. Strictly speaking, such a requirement
can only be fulfilled in experiments. In non-experimental studies, it can never be
totally excluded that changes in the accident figures were caused by uncontrolled
confounding factors. Only one of the measures has been studied experimentally. This
is the use of game mirrors designed to prevent accidents involving wild animals and
game. For all other measures affecting road layout and road equipment, the results
presented come from more or less well-controlled non-experimental studies.’

e They note that experiments or good quasi-experimental studies have been conducted
on (a) salting of roads (p. 408), (b) speed limits, road markings, area-wide traffic
calming, and signal-controlled pedestrian crossings (p. 465), (c) anti-lock brakes,
extra-high mounted stop lamps, daytime running lights on cars, reflective materials
and protective clothing, seat belts in cars, vehicle crashworthiness, and regulating
motor power of mopeds and motorcycles (p. 614), (d) vehicle inspection (pp. 802-
803), (e) basic driver training and the treatment of problem drivers (p. 832), (f)
information and campaigns (p. 940), and (g) police enforcement and sanctions (p.
964).

Comments

The general difficulty of making a search for methodology across a wide subject area, along
with the prevalence of grey literature in transport and transport safety, means that we are sure
to have missed some relevant studies. Even so, it seems safe to conclude that randomised
experimentation is rare in transport and transport safety. Such studies as there have been tend
to be concentrated in public health. Randomisation of units other than people is rare.
(Regarding this, see also the Section on evidence-based social research, above.) Blinding to
treatment or outcome of either participants or researchers is generally so impracticable it is
hardly discussed.
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Meta-analysis, on the other hand, has been much more enthusiastically embraced. However,
our impression is that many meta-analyses have included studies of quite low methodological
quality, because there are so few randomised experiments in our field. They are thus open to
the ‘garbage in, garbage out’ objection. We hasten to repeat that we do not hold the view that
all research that does not use randomised experimentation is garbage.

For us, the key points that have come out of the literature have been:

e There are some people dissatisfied with transport and transport safety research for not
making greater use of randomised experimentation, and openly criticising the field.

e On some topics, especially those close to medicine, randomisation of individual
people is possible and is common.

e Randomisation and treatment of units other than individual people is rare.

e Randomisation and treatment of other units does sometimes happen. For example,
Burke, Lapidus, Zavoski, Wallace and Banco (1996) randomised bus stops, and
Retting, Chapline, and Williams (2002) randomised intersections. And sometimes
groups of people (e.g., a school) are randomised when the treatment is one of
individuals.

e Meta-analysis is common, but often is not fully followed through, in the sense that
studies of quite low methodological quality are retained in the sample.

Bibliographical limitations of the present study

Our search of bibliographic databases utilised ATRI, TRANSPORT, ERIC, PsychINFO,
MEDLINE, ENGINE and Ei Compendex Web. These are citation databases which index
papers in journals and conference proceedings and research reports in the fields of transport,
education, psychology, medicine, and engineering. Search terms included the topics of
randomisation, controlled trials, meta-analysis and evidence-based research. In addition, a
search of the World Wide Web was undertaken, making sure that resources that are not
spidered by search engines were investigated independently. (These include large and
specialist library catalogues and shared catalogues such as TRANSCAT as well as the
Cochrane Library database.) Reference lists from located resources were also manually
checked. In order to be able to have full information on matters such as research
methodology, the search concentrated on English language material.

A state-of-play analysis such as this requires a certain level of qualification as to its
completeness, for there are some hurdles that are encountered in locating material. Most of
these issues apply to some degree to any systematic reviewer in the transport and transport
safety fields, and highlight the differences that exist between medicine and transport. They
have however been more significant for this paper, as it attempts to document evidence-based
activities across the transport sector, rather than focussing on a single intervention or road
user type. Even the phrase ‘evidence-based’ has been an issue, with many papers not actually
coming within the scope of what we mean. Marston and Watts (2003) give some attention to
the dilution of the meaning of the phrase and Dopson, Locock, Gabbay, Ferlie and Fitzgerald
(2003) highlight some confusions that occurred within the medical profession over what
constituted evidence-based medicine. Scanning titles and abstracts in conducting our search
for material showed that awareness of the issue and clarity of definition are not as developed
as in medicine. And of course we should note that papers and reports that used similar
methods but pre-dated the current phrases (‘evidence-based’, ‘randomised control’, etc.) are
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difficult to locate even with the electronic tools available to researchers and information
specialists today.

Systematic reviewing in transport and transport safety

Grey literature has always been important in transport and transport safety, and the rise of
online publishing has led to a rapid growth in reports and papers being produced and
disseminated by small research centres and individual researchers. Such sources were not
traditionally included in databases, though more and more of these are now being included. In
medicine, evidence-based research results are much more likely to be published in journals
which are unlikely to miss inclusion. Difficulties also extend to material that is in databases.
Wentz, Roberts, Bunn, Edwards, Kwan and Lefebvre (2001) highlight the difficulties in
conducting road safety systematic reviews given the current standards of indexing in the field.
They urge authors to take special care to document the study design in their article or report,
and for information specialists to carefully and consistently index study methodology in road
safety databases. Egan et al. (2003) found a much greater proportion of suitable studies by
consulting experts in the field and manually checking reference lists than from electronic
sources, and this is not an isolated example.

Would-be systematic reviewers are likely to find that for many transport safety topics the
evidence base is too small to make meaningful judgments on intervention efficacy. This is not
really a criticism of the sector. There have been researchers looking at evidence-based
principles for some time, as the existence of earlier published material shows. And, while
evidence-based medicine has been widespread for some time, reviews in that area still show
significant gaps. For example, Dickinson, Bunn, Wentz, Edwards and Roberts (2000) found a
distinct lack of sizeable and methodologically sound trials in the area of head injury.

Disadvantages of randomised experimentation

There is an influential body of opinion that says that the only valid way of finding out what
works is randomised experimentation. We have confirmed what others have said, that
randomised experimentation is very rare in transport and transport safety. Can we therefore
conclude that researchers have therefore been wasting their time for the past 50 years? In our
view, no. Those sentences do not take account of the real practical difficulties with
randomised experimentation, the principled objections to randomised experimentation, and
the merits of conventional forms of research. Of these, the objections to experimentation are
the most interesting issue. Even if we know that randomised experiments are difficult to do,
and even if we feel that what we do instead has real worth, we may feel guilty about not doing
the best form of research --- unless we know that randomised experimentation has its own
problems.

A number of principled criticisms of randomised controlled trials will be made below. Many
of them have been considered in the medical and social science literatures. By way of
overview, our impression is that all are intellectually respectable, and there is not a knock-out
response to any of them. That is, they all deserve to be taken seriously, and may or may not
constitute good arguments, depending upon the particular issue being considered. If that is
right, we cannot simply say that randomised experimentation is the one and only correct way
of doing research.
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In medicine, the stimulus (e.g., half an aspirin) may be obviously the same everywhere. Social
treatments (including those in transport and transport safety) are not so standardised. Let’s
suppose that some intervention (e.g., ‘traffic calming’) can be done in several different ways.
Let’s suppose a randomised trial shows it to be ineffective. Let’s suppose our local traffic
engineer says, ‘But I know how to do it properly, and I really will get safety gains’. Is the
randomised trial really evidence against our engineer? Our view is that it may not be. It is
good evidence against the variety of traffic calming that was used in the trial. Extension of the
conclusion to a different variety is a matter of judgment, and it is not obvious that this will
outweigh the arguments of our local traffic engineer. Another version of this point would be
that there is only one intersection (or town, or bus route, or model of car) that has its own
specific characteristics, that no previous randomised trial is relevant, and that the proposed
intervention is designed for it. To support this view, we note that the Cochrane Injuries Group
Driver Education Reviewers (2001) drew certain conclusions from trials of driver education
programmes in Australia, the U.S.A., and New Zealand between 1982 and 1984. But they did
not immediately say those conclusions were valid for a particular driver education programme
in the U.K. in 2001. Rather, they weighed up the characteristics of different programmes, and
made a judgment concerning the relevance of the conclusions.

Thus the difficulty of standardising the intervention may be an issue. So may be the
appropriateness (or otherwise). It may be felt that it ought to be possible to adapt an
intervention to the particular circumstances of a particular place. If it really is standardised,
there is no opportunity to do that.

Indeed, the specification of the intervention that we are interested in needs to include the
degree to which it is standardised. One that is highly standardised is different from one that
involves a considerable degree of local latitude. For example, a ‘traffic calming’ intervention
might involve the local planners and engineers going on a course to understand it, being
provided with textbooks and checklists and objective criteria, and being supervised by an
accredited expert. Or it might involve them being given merely a general strategy and a few
suggestions about speed humps and roundabouts. These are different interventions, and
conclusions from one would not necessarily apply to the other.

Even if the intervention can be closely specified so that it is the same everywhere, it may be
impossible to specify its context or environment. The effect of the intervention may depend
on social, economic, and geographical circumstances. In medicine, this argument turns up in
the form that the results of a randomised trial may apply on the average, but it is difficult to
judge if they apply to a specific patient (Feinstein and Horwitz, 1997). That is, the inclusion
criteria for the trial may have been broad in respect of a variable that the clinician suspects
may be important, and which is known for this patient; the clinician would prefer to have
results for a group that are similar to the patient in this respect. This in no way contradicts an
argument that the trial is not relevant to today’s patient because the inclusion criteria in
respect of some other variable may have been sufficiently narrow to exclude him or her.

Putting this in other words, there may be an interaction of the intervention with the place
where it is made. If we in Adelaide decide to accept the conclusions of a high-quality research
project from Los Angeles (say), we are saying that the difference in conditions will not affect
the effect of the intervention. (We might not know what conditions might be relevant. But an
example is the dependent variable of interest, whatever that is. If this is accident rate, for
example, to transfer a conclusion from one place to another that has a different accident rate
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involves assuming that accident rate does not have a big impact on the conclusion.) Certainly
we are not compelled to accept the conclusions from Los Angeles: among the inclusion
criteria for the experimental units was that they were in Los Angeles, and ours in Adelaide do
not satisfy that. And if we in Adelaide prefer to accept the conclusions of a high-quality
research project from Los Angeles rather than those of a less-rigorous research project from
Perth (say), we are saying difference in conditions from Los Angeles will have a lesser effect
than the methodological deficiencies. These seem to be matters of judgment, not ones that can
be resolved by universally-accepted rules.

The process of adopting explicit criteria for the units to be included in the experiment and
then randomising them to one group or another ensures that the conclusions have internal
validity, but there may be a question mark over their external validity and generalisability.
There is typically a careful definition of the units (e.g., patients) who are permitted to
participate in the trial, with an explicit list of inclusion and exclusion criteria. Conclusions
will only apply only to this population. Any attempt to extend the conclusions to units having
other characteristics is a matter of judgment, not something that can be said to be evidence-
based. Further, some units may refuse to enter the trial. There may be concern that refusal is
not a random matter, but is affected by some characteristics of the units. Conclusions will
apply only to the type of unit that was offered participation in the trial and accepted.

Discussion

We fear that many issues in transport safety and transport will raise insurmountable problems
for randomisation. Nevertheless, it does seem to us that in the case of some issues,
randomisation ought to get more consideration than it does at present. But, because
randomised experimentation is so difficult, it is likely that the process of listing the alternative
methodologies, considering their merits, conducting pilot studies, identifying the problems,
and judging whether the problems can be overcome --- in short, of planning the research ---
will need to take longer and consume more resources than it typically does at present. Thus
researchers and those funding research need to consider how this will be paid for. And this is
not only a matter of finding the dollars: there may be a difference in the mentality and
attitudes of a researcher and a research planner!

Admitting the difficulties, randomised experimentation does have unique advantages. These
need greater publicity than they receive at present --- more opportunities for rigorous
research, and stronger attempts to overcome the difficulties, might emerge if there were wider
appreciation of the benefits. There is a case, too, for closer cooperation between several
jurisdictions on a given research question, and collaboration in large-scale experiments.
Admittedly this will involve surrender of autonomy, and not being able to adapt the
intervention to local conditions and circumstances.

Research projects need to be large enough to lead to a reasonably small standard error of the
estimated effect size. Perhaps more money needs to be spent on experimental interventions
themselves, to make sure they are big enough to have a detectable effect. As to small
interventions, an estimate of their effect is likely to have a large standard error associated with
it. It is to be hoped that they are documented adequately, so that one day all those of similar
type can be included in a meta-analysis.
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The starting point for this paper was:

e The assault by the enthusiasts for evidence-based everything on old ways of doing
research, and their claims that their methods generate evidence that is much more
credible than any other.

e (Common sense objections to those claims, along the lines of ‘Your high-quality
evidence about X is not relevant to me, because the way I will implement X is
different, or my city is different’, and additional problems with practicalities of
randomisation, as the relevant units are often not individual people.

e [t is worthwhile carefully examining evidence-based everything, to determine if there
is some flaw that limits its relevance in road safety and transport. And, on the other
side of the argument, the objections may be weak excuses for keeping things the way
they always have been; is there really any substance to them?

Our present view is:

e The methods of evidence-based everything --- notably, randomised experimentation
and systematic literature review --- do generate uniquely valid and convincing
evidence. This is not some sort of con-trick by snake-oil salesmen.

e The principled objections to evidence-based everything cannot be dismissed out of
hand. The enthusiasts for randomised experimentation have not answered them
comprehensively, they do have substance. The practical difficulties are real, too.

e Consequently, randomised experimentation should be considered more seriously than
it usually has been in the past. It is likely that in most instances it will be rejected,
either because of principled objections or impracticability, and some methodology of
‘lower quality’ chosen instead, but that will not be known beforehand.

e There will be consequences for the organisation of research and the relationships
between those paying for it and those doing it.

There are many questions that randomisation and meta-analysis do not give the answers to ---
what outcome variable to choose, what summary statistic to calculate, what statistical test to
perform, and so on. Enthusiasts for the evidence-based approach will say of course it will not
answer these, as they are not the questions it is addressing. That reply is fair, but raising such
questions does dent the credibility of the more extreme claims about the usefulness of the
evidence-based approach.
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