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A B S T R A C T

There are interrelationships between crash causes, countermeasures, and policy implications, but they are not
necessarily direct and obvious. Part of the problem is the definition of a cause. The seminal 1979 Indiana
University “Study of Accident Causes” has cemented some false assumptions that must be overcome to yield an
effective crash countermeasures policy. The taxonomy of crash causes and the prevalence of different causes are
determined by the investigators, who are biased in different ways. The prevalent notion that approximately 90
percent of the crashes are due to human errors or failures is due to a threshold bias, and the implied notion that
90 percent of the countermeasures should be directed at changing these behaviors is based on an erroneous
assumption that the cure must be directly linked to the stated cause. A more balanced approach to the definition
of a cause and to the search for crash countermeasures is needed, and the safe system approach appears to be a
most promising one.

Crash cause is similar to beauty: it is in the eye of the beholder. Ask
any taxi driver and he or she will have a very definite opinion of the
causes (and singular solution) for most crashes. And they can be as
numerous as the number of taxi drivers, or other stakeholders (such as
driver education teachers, crash reconstructionists, automotive en-
gineers, road planners and designers, and epidemiologists). A shared
conviction of all of these sources is that crashes are not random un-
predictable events. Unfortunately, this is where the communality ends.
Nonetheless, many if not most of these experts believe that as road users
the fault lies mostly in ourselves.

In this short treatise, I demonstrate the link between the cause as-
sessment methodology and the resulting causes of crashes, and the as-
sumptions that underlie the linkage between cause and counter-
measure. The last section provides a recommended approach to free us
from some misperceptions and false assumptions in order to arrive at
better, practically feasible improvements in road safety.

1. Crash causation assessment depends on:

Who you ask, and what is 'normal'.
A crash cause is not something we can see, but something we sur-

mise from what we see. In what is arguably the most extensive in-depth
multi-disciplinary study of crash causes, the U.S. NHTSA half a century
ago (1969) commissioned a seminal study analyze crash causes. The
study followed Ralph Nader's 1966 best-selling book "Unsafe at Any
Speed", in which he faulted Detroit for manufacturing and marketing

cars that are death traps. It was therefore not surprising that the study
was headed by a physicist (Kent Joscelyn) and an automotive engineer
(John Treat). With the aid of a multi-disciplinary team - consisting of at
least one automotive engineer, one crash reconstructionist, and one
psychologist - they examined crashes very shortly after they occurred.
Although the study (1971) was labeled "A study to Determine the
Relationship between Vehicle Defects and Crashes" the team's conclu-
sion was that in most crashes of the three principal components -
human operator, vehicle, and environment – the human was the one
most responsible for the failure that made the crash inevitable. It was
the follow-up study by the same team, "Tri-Level Study of Accident
Causes", that established the current consensus that the human is re-
sponsible for approximately 90% of all crashes. In this study cause was
defined as a "deficiency without which the accident would not have
occurred". Other, and more recent studies – using similar definitions –
conducted in the U.S. and Europe arrived at similar conclusions
[NHTSA (2008) NMVCCS – 'Critical reason' for crash – Human 94%;
GIDAS (Otte et al., 2009) – 'Human failure' 97% of crashes; SHRP2
(Dingus et al., 2016) – Human failure 88%].

Unfortunately, there is one critical invalid assumption that these
studies share: the assumption of what is 'normal' or expected and what
is a deviation that should be considered as a 'failure', an 'error', or a
'fault' that underlie a cause. In the case of the human element, normal is
an alert and attentive driver (Treat et al., 1971). This assumed 'normal'
is exemplified in an early study of 148 fatal crashes in Oxfordshire
County, England. In that study crash data were analyzed twice. The first
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analysis was conducted by the police and was based on the police crash
investigations of these crashes. It concluded that 146 crashes (98.6%)
involved a "human error". However, a reanalysis of the same crash data
conducted by roadway engineers concluded that "ordinary and/or
major road defects contributed to 76% of the crashes (Gilutz, 1937).
This discrepancy highlights a critical difference between the two ana-
lyses: who analyzes the data, and the assumed 'normal' situation. The
police investigators, for the most part took the road design and condi-
tion as a given, while attributing unrealistic capabilities (to remain alert
and attentive to the road and traffic at all times) to the drivers. A Ple-
thora of studies – from basic cognitive psychology (e.g., Mackworth,
1968) to driving behavior (e.g., Shinar and Drory, 1983) – have de-
monstrated that this is nearly impossible. The difference between the
two analyses also stems from the different orientation of the police
investigators and the highway engineers. The former are tasked with
identifying violations of the traffic laws while the latter are tasked with
designing a safe road. It is true that at the last moment before the crash
only the driver could have reacted to the emerging danger to avert the
crash, but if we go back in the chain of events, in terms of weeks,
months and years, we can definitely fault the designer of the road or its
maintenance crews for many of the crashes. The tendency to focus on
events that preceded the crash by a few seconds only is very myopic as
has been pointed out by Hauer (2016).

The tools you have for gathering data: objective case details vs. inter-
views vs. statistical data

There are essentially three primary methods for crash causation
analyses. 1. Post-crash clinical analysis (i.e., subjective evaluations) by
experts in ‘relevant areas’. 2. Naturalistic driving studies (NDS) that
track and monitor vehicles and drivers as part of their normal driving,
and record pre-crash and crash events as they happen. 3.
Epidemiological studies that typically rely on a crash and a matched
non-crash database and then try to tease out factors that are more
prevalent in the crash than in the non-crash database. The three ap-
proaches employ different tools and differentially focus on prevalence
and over-involvement of various causes as illustrated in Table 1.

When the database consists of crashes only, analyzing the data can
only yield the frequencies, or prevalence, of the various factors asso-
ciated with the crashes, not the risk associated with them. To illustrate,
clinical in-depth studies typically identify one form of inattention or
another as a frequent crash cause (e.g., inattention due to preoccupa-
tion with non-driving-related thoughts, distraction from various sources
such as a cell phone). Thus, both the early Indiana University study
(Treat et al., 1971) and the more recent GIDAS study (Otte et al., 2009)
identified inattention as a fairly common cause of crashes: 48% in the
former and 40% in the latter. In both studies, the estimates were based
on subjective reports, mostly of the drivers involved. Thus, the strength
of that conclusion does not rely on the objectivity of the data, but rather
on its replicability across studies conducted by different teams in dif-
ferent countries at different times. In-depth interviews can reveal the
relative frequencies of causes that are not directly observable but can be
derived from a combination of theory (such as human information
processing) and driver reports. These have yielded 'causal' human fac-
tors such as inattention, improper lookout, emotional upset, roadway
unfamiliarity, false assumptions, etc. But these studies cannot reveal
which of the prevalent causes are actually a crash risk factor; i.e, to
what, if any, extent they increase the likelihood of a crash. To

determine crash risk we need a control database. A typical one is a
study of the occurrence of these factors in the general driving popula-
tion. In the case of inattention, we then need to show that inattention is
more frequent in crashes than in non-crash events. For example, if we
stop a random sample of drivers on the road and find out that close to
fifty percent of them admit to being inattentive to the road just prior to
being stopped, then a 50% occurrence of inattention in the crash
sample does not indicate that inattention increases the risk of a crash.
As an extreme illustration, in the absence of any theory of the role of
attention or any other factor in driving, on the basis of frequency of
occurrence in the crash sample alone we could easily conclude that
wearing shoes is almost an inevitable crash cause as nearly all drivers
wear shoes at the time of the crash.

The second type of an in-depth study of crash causes is the natur-
alistic driving study (NDS). The most extensive study of this sort is
SHRP2 NDS (Dingus et al., 2016). In this study data were collected in
six U.S. states from over 3000 drivers who drove and were monitored
for a total of approximately one million hours covering a total of ap-
proximately 35 million miles, that yielded approximately 1000 crashes
of which 250 were of police-reportable severity (Njord and Steudle,
2015). The data from this study was richer in some respects from the
traditional information available to investigators in post-crash analysis,
but in other respects it was lacking. In the SHRP NDS study, the last few
seconds that preceded a crash were documented objectively by re-
corders and vehicle-mounted cameras. This enabled the researchers to
actually observe where the driver was looking, what the driver and car
were doing, and what the immediate roadway and traffic looked like
just prior to the crash. In the previous studies, most notably the Indiana
University study, this information had to be deduced from post-crash
interviews with the drivers and passengers, and crash reconstructions
based on roadway markings and post-crash vehicle condition. This re-
sulted in some very significant differences between the two studies. A
prime example, is the prevalence of inattentive or distracted driving.
With NDS, one can actually observe whether the driver was looking at
the road ahead or not. On the other hand, the SHRP NDS does not in-
clude manual in-depth investigations of the driver(s), vehicle, and en-
vironment and thus misses some issues, especially the non-observable
factors such as fatigue and inattention (i.e., even when the eyes are
fixated on the road the driver may be inattentive to it, as in talking on
the phone) – key crash causes in most retrospective crash cause studies.
For example, the NDS does not consider a fairly common phenomenon
as "looked but did not see" where the fixation is directed at the road
ahead but the driver's attention is directed elsewhere, such as to other
thoughts (often labeled cognitive distraction). Another example is DWI.
Alcohol impairment is, among others, manifest in a significant reduc-
tion of saccadic eye movements to important sources of information
that may not be directly ahead of the driver, such as children on the
sidewalk, and crossing or merging vehicles. In such cases NDS data
would not reveal any inattention or distraction. On the other hand, in
the SHRP2 NDS all glances away from the road (as deduced from the
video of the driver's face) are considered distraction, even safe beha-
viors such as checking the mirrors for other cars. Thus, a crash cause
may share the same label, e.g., inattention, but the operational defini-
tions that underlie this concept may differ significantly and conse-
quently so will the involvement of this cause in crashes.

But the NDS does have a very significant advantage over the

Table 1
Principal approaches to crash cause analyses and their outcome measures.

Type of Study

Outcome Measures In-depth crash analyses Naturalistic Driving Studies Epidemiological studies

Prevalence (frequencies) V V
Over-involvement (OR or RR) V V
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traditional post-hoc in-depth investigation of crashes. It also collects
data on non-crash driving events by the same drivers. By comparing the
frequency of occurrence of a particular cause in the crash data to its
frequency of occurrence in the control data of the same drivers (e.g.,
short driving periods under similar conditions) this type of study can
yield information on both the prevalence of various crash causes, and
on the risk involved in these factors. The risk is typically stated in terms
of odds ratios (ORs) and relative risks (RRs) (for a discussion of the
difference see Shinar, 2017, pp. 78–79; Schechtman, 2002). Thus, the
SHRP2 NDS findings (Dingus et al., 2016) demonstrate that although
"sudden or improper braking/stopping" constitutes a huge crash risk
(with an average OR=247.8), its prevalence in the control sample of
driving segments is only 0.01% (one hundredth of one percent). This is
consistent with most drivers' experience that sudden braking in the
normal course of driving is quite rare, but just before an impending
crash it is quite likely. On the other hand, "observable distraction"
(noted whenever the driver glanced away from the road ahead) was
quite frequent in both the crash sample of events (accounting for 68%
of the crashes) and the non-crash situations (52%), yielding only a small
crash risk (with an average OR=2.0).

The third type of studies, the epidemiological studies, typically
focus on preselected factors that are already hypothesized to be both
risky and prevalent in the study population (such as young drivers), on
the basis of observational and questionnaire surveys, public media, and
police reports, or even a researcher's intuition. Epidemiological studies
then test whether or not these factors are over-involved in crashes, and
consequently whether or not they constitute a significant crash risk.
This approach is or can be nearly theory-free in the sense that the in-
vestigator does not pursue a cause-and-effect approach, but only con-
siders the over-involvement of some situations in crashes relative to the
traffic in general. The validity of the claim for a cause-and-effect re-
lationship then depends on the care taken in the collection of the crash
and control data. Consider, for example, the epidemiological approach
to the study of driving under the influence of drugs and alcohol, and
driving while distracted by the cell phone. The 'acid test' for both issues
came from epidemiological studies. The role of alcohol in crashes was
most convincingly first demonstrated by Borkenstein (1964) who
showed that significant amounts of alcohol were much more common
in crash involved drivers than in non-crash involved drivers. Half a
century later, after controlling for some confounding factors in Bor-
kenstein's study, Blomberg et al. (2009) found a similar relationship
between blood alcohol level and the likelihood of crash involvement,
and further demonstrated that the crash risk of alcohol was even greater
than thought before.

The risk of using a cell phone while driving was quantified by
Redelmeier and Tibshirani (1997) in Canada and by McEvoy et al.
(2005) in Australia. Both teams found that using the cell phone in-
creased the risk of a crash fourfold over driving by the same drivers at
the same time-of-day while not using the phone. Incidentally, both
studies found that the effect was essentially the same with hand-held
phones and with hands-free phones, and for men and women. None-
theless, since then the effects of talking on the phone while driving -
have been hotly debated using both epidemiological investigations
(Young, 2013) and NDS. Estimates of the crash risk have been as high as
twenty fold for texting, and as low as nil for conversing (Kidd and
McCartt, 2015; Young, 2013), and anywhere in-between depending
mostly on the control sample used for the baseline (e.g., Elvik, 2011;
Shinar, 2017, pp 752–757). Epidemiological examinations have not
been limited to 'human' causes of crashes and have included environ-
mental factors, such as billboards (Gitelman et al., 2014) and various
vehicle defects (Elvik et al., 2009).

An interesting example is provided by an epidemiological study that
assessed the relationship between car color and its crash involvement
(Furness et al., 2003). In this study the authors found that white cars
were involved in more crashes than cars of any other color. To assess
the crash risk of white cars they then divided the frequency of their

crashes by their frequency in traffic. This revealed that white cars are
not at high risk at all (with an odds ratio= 1). After controlling for
additional factors they found that the only color that is associated with
a slightly significant above-average crash risk was brown (OR=2.0).
While this study can serve as a good illustration of the epidemiological
approach to crash causation, it also leaves us guessing why are brown
cars over-involved? Is it because of the drivers who pick that color? The
poor nighttime conspicuity of these cars? Or is it just an artifact of
statistical error? Thus, without a strong theoretical foundation, high
crash risk in an epidemiological study may still leave us guessing as to
the cause of these crashes.

The crash data source: police accident reports (PARs) versus other
sources.

The ubiquitous source of crash data in most countries are the police
accident reports (PARs). But there are other sources that researchers
use, such as insurance companies' claim files, registries of trauma
centers, and independent crash investigation teams. It is important to
stress, that except for data from independent (relatively) objective crash
investigation teams, all other sources are created for reasons other than
finding the prevalence of various causes. For example, police reports
are designed to primarily assess who is at fault, i.e., who – if anyone -
violated a legal requirement. Insurance records are designed primarily
to assess both who is at fault and what is the true nature of the damages.
Trauma centers data are excellent at detailing the nature and severity of
the injured participants, but not at documenting the crash details, in-
cluding the possible cause. In addition, pooling of such data from dif-
ferent jurisdictions and countries raises significant issues of compat-
ibility in the data collection methods and definitions. The definition of a
crash differs among the different agencies. Police typically have a ve-
hicle damage or injury threshold for PARs, the crash has to be on a
public road, and often a motor-vehicle has to be involved. These dif-
ferences in causality assessment have very significant and practical
implications for assessing the prevalence, risk, and counter-measures as
discussed below.

One practical implication of these differences is the assessment of
cause for different vehicle types. Of particular growing interest are bi-
cycle crashes, which unfortunately are significantly under-reported by
the police relative to hospital records (Schepers et al., 2015), and even
those are under-reported relative to self-reports by bicyclists (Shinar
et al., 2018). Another example is rear-end crashes. These are quite
frequent among all crashes. (approximately 25–30%), but because they
are often mostly minor damage/minor injury or property damage only
many of them are not reported in the police data and statistics. For
example, in the U.S. in 2015 they constituted 33.4 percent of all injury
and property-damage crashes, but only 6.8 percent of all fatal crashes
(NHTSA, 2017). Therefore, in PARs their prevalence and societal cost is
significantly underestimated and the cost-benefit analysis of counter-
measures to prevent them is quite erroneous. Thus, when the effec-
tiveness of the Center High-Mounted Stop Lamp (CHMSL) had to be
evaluated a special database that included minor rear-end crashes had
to be created. It showed that the novel CHMSL reduced the relative risk
by approximately 50% and even after several years of exposure invol-
ving the requirement that all new cars have one, the expected smaller
risk reduction was still cost-effective (Kahane and Hertz, 1998).

The orientation: focus on ‘why’ vs. prevention
One might presume that the only purpose of crash causation ana-

lysis is to find crash countermeasures, as would be implied by the
medical model (see below). Yet, this is not necessarily the case. Police
analyses of the cause of a crash, and in-depth multi-disciplinary clinical
analyses, such as the Indiana University (Treat et al., 1971) and SHRP2
studies (e.g., Dingus et al., 2016) do not define causes in terms of po-
tential countermeasures, but in terms of conditions and behaviors that
immediately preceded the crash and made it inevitable. In fact, most
causation studies end with just these conclusions, and not with quan-
tified estimates of the number of crashes that would be prevented by
different countermeasures (these are treated in studies of Crash
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Modification Factors, or in NHTSA's Countermeasures that Work;
Goodwin et al., 2015). For example, commonly cited human causes of
crashes such as "inattention" fall quite short of giving us insights into
countermeasures. Even objectively determined operationally defined
causes such as "failure to obey a STOP sign" do not provide insights into
the relevant countermeasures. These could range from making STOP
signs more conspicuous or predictable, changing the road geometry, to
eliminating sources of distraction, and reducing risky driving. When the
prevalence of the behavior is high, it warrants a search for and analyses
of the location-specific or driver population specific countermeasures.

If we start from the countermeasure rather than the cause the ap-
proach is different. For example, the design-based countermeasures of
grooved edge lines or center-lines are not specific to a singular crash
cause. The grooved pavement mitigates the tendency to drift off the
road or into the opposite lane. This in turn may be caused by different
factors such as driver fatigue, distraction, poor wheel alignment, un-
even air pressure in the tires, or a poorly designed crown or relative
super elevation of the road. Thus, for example, the grooves do not
mitigate fatigue or compensate for poor alignment, but they are a good
environmental treatment to temporarily and momentarily alert a fati-
gued or sleepy or distracted driver from committing one of the many
possible errors; i.e., going off the road or into the opposite lane (Merat
and Jamson, 2013). Simply collating many instances of crashes where
the cause was labeled "distraction" would most likely not lead to this
countermeasure.

To study the potential benefits of various preventions we need to
empirically evaluate individual treatments, using methodologically
robust study designs, as in quasi-experimental before-after studies
(Hauer, 1997). The Causation studies, at best provide the theoretical
basis for hypothesizing the effectiveness of potential countermeasures,
or for accounting for their effectiveness in retrospect. In contrast, Crash
Modification Factors (CMFs) that provide estimates of effectiveness for
various countermeasures do not necessarily rely on a strong theoretical
foundation and should be regarded as random variables with associated
variance and not as constants applicable to all locations and situations
(Hauer et al., 2012). As such, they should be treated with caution,
because the pooling of different studies conducted at different times,
different environments, with slightly different definitions of the in-
dependent and/or dependent variables, may yield conflicting or puz-
zling results. For example, as an extreme example, the benefit/cost
estimate for "Traffic surveillance and control system for an urban
freeway in Israel" yielded two estimates from two sites with similar
geometry along the same road of 1.7 and 6.3; EC, 2003). Only personal
and intimate familiarity with the characteristics of the two segments
could account of this difference: the higher effectiveness was for the
digital sign that preceded several interchanges that allowed the drivers
to modify their route, while the one with the lower effectiveness ap-
peared only after the driver was essentially committed to that route. As
most readers cannot have all the relevant information for the different
results obtained for a given CMF, the larger the sample the more reli-
able the meta analysis.

2. Prevalence versus risk

For years drinking and driving went hand-in-hand, and occasional
DWI charges were often dismissed by judges or juries who often iden-
tified with the defendant as a 'normative' social drinker, accustomed to
driving after a few drinks. All this changed after a succession of three
transformative events. Borkenstein published in 1964 the first extensive
epidemiological study that demonstrated that the crash risk increases
exponentially with the blood alcohol concentration (BAC) level. The
newly established U.S. National Highway Traffic Safety Administration
began to focus on the issue and promote impaired driving laws. Two
very effective anti-drinking and driving grass roots movements were
founded: Mothers Against Drunk Driving (1980) and Students Against
Driving Drunk (1981). More recent research confirmed the strong

relationship between BAC and the risk of fatal crashes, and better
controlled studies indicated that the rate of increase was even higher
(Blomberg et al., 2009; Compton and Berning, 2016).

However, as a public safety issue an elevated risk – in terms of re-
lative risk or odds ratio (see Schechtman, 2002) - is a necessary but not
a sufficient criterion. Prevalence is also important. Prevalence is a
measure of the frequency of a phenomenon in either the at-risk popu-
lation or the normal driving population. The ratio or relative ratio be-
tween the two is the measure of risk. In the case of DWI, both its pre-
valence in the crash population and its risk are very high (NHTSA,
2017).

Unfortunately, both researchers and laymen often sound the alarm
to address a specific behavior even when one of the two criteria is
missing. A case in point mentioned above is the crash risk of talking on
the phone while driving. Two highly publicized articles, (Redelmeier
and Tibshirani, 1997; McEvoy et al., 2005), that looked at the risk of
talking on the phone while driving obtained remarkably similar results.
Talking on the phone while driving increased the risk of a crash (both
property damage and injury crashes) by a factor of 4; for both men and
women, and regardless of whether it was hand-held or hands-free. At
about the same time an early and much publicized naturalistic driving
study involving 100 cars concluded that cell-phone distraction was a
major risk factor in all crashes accounting for approximately 25 percent
of the 69 crashes documented in the study (Neale et al., 2005).

As the use of cellphone while driving increased over the past 15
years, especially for texting, so did the research on its potential harm.
Two patterns emerged over time: talking on the cellphone while driving
increased for all age groups and texting and other operations increased
most rapidly among the most at-risk: young drivers. During the same
period research methods that allowed the separate analyses of the ef-
fects of the various tasks involved in talking on the phone (mostly NDS
with online monitoring cameras), showed that the process of talking
and listening – the most common and time-consuming phone task - did
not significantly increase the crash risk. However, the relatively short
manual and visual processes involved in dialing/picking up/putting
down the phone greatly increased crash risk. In addition, several studies
showed that drivers tend to engage in this high risk visually distracting
process mostly while standing in traffic. Ignoring these differences in
risk, location of the activities, and task duration, may account for the
very low U.S. national estimate of the prevalence of phone-related
traffic fatalities (approximately 1% of all fatalities according to the
NHTSA, 2016). The danger in relying on this estimate is that people
may ignore the real risk of injury while engaged in high risk activities
such as texting while driving in traffic.

In short, to be of significant public safety sequence, a behavior/
factor must be both prevalent in the driving population and sig-
nificantly more prevalent in the accident or injury population; i.e., be
high-risk. When the prevalence of a factor in the driving population is
very low, such as driving under the influence of heroin (Shinar, 2017),
the safety issue is quite marginal, no matter how high the risk.

3. Need for norms for normal and criteria for deviations from the
norm

In creating a taxonomy of crash causing factors, we must agree on
what is a 'normal', 'expected', or 'safe' behavior or situation. Only then
we can define a deviation that can be considered 'crash-causing'.
Interestingly, there is often no agreement among researchers in defining
what is a "normal" or "expected" behavior. Consequently, without an
agreement of the 'normal' situations it is hard to define deviations from
it. For example, once we agree on what is required to be an attentive
driver, we can agree on what is inattention or distraction. However,
while most studies that have investigated inattention are careful to
define it, they do not to define attention. If using the cell phone is tested
for its distraction, what is the baseline for distraction? Just driving and
doing nothing else? Driving while listening to a passenger or the radio?
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Driving while thinking about other matters? This is in contrast to
simpler observable concepts such as good and bad tires, proper and
improper speed, and sober versus an alcohol-impaired drivers. In these
cases both the "normal/expected" and the deviate are defined oper-
ationally in terms of above or below a certain depth of tread, legal
speed limit, and maximal allowed blood alcohol level, respectively.
Furthermore, when the same – typically unobservable - term, such as
inattention, is given different operational definitions, we have a
quandary: is it limited to observable glances away from the road (as in
the SHRP2 NDS) or does it include "looking but not seeing" (as in the
Treat et al. study)? Thus, we get confusing and inconsistent results that
are hard to reconcile. Mathematical procedures, such as meta-analysis,
typically make a noble attempt to combine results only of similar stu-
dies: similar in method, measures of performance, and if possible con-
text variables (Elvik et al., 2009). Yet, behind the obtained averages
there is always a variance: explicit variance in the Odds Ratio (in terms
of confidence interval) and implicit variance in subtle or glossed over
differences in the study designs and in definitions of the independent
and dependent measures. Prime examples are speeding and driving
while impaired by alcohol. The relationships between these variables
and crash risk are typically presented as tables or smoothed curves that
mask the large variance due to individual differences and context
variables. In the case of speed, some measures of speed variability are
just as or possibly more important than the mean speeds (Lave, 1985;
Rodriguez, 1990). In the case of impaired driving, most studies that
summarize their findings in smoothed curves relating the risk of injury
or fatality to BAC (Compton and Berning, 2015; Keall et al., 2004),
rarely acknowledge the significant individual differences in the rates of
alcohol absorption and elimination (Christoforou et al., 2013). Fur-
thermore, both speed and alcohol are non-linearly related to crash and
injury risk, with the impact of speed and alcohol accelerating with
linearly increasing levels of the two factors.

At the highest level of analysis, multiple studies have pointed to the
overwhelming role of the human in crash causation. Indeed, it is hard to
find vehicle components who failed and made the crash inevitable, and
most roads do not sprout potholes and obstacles in the middle of the
lane just before the crash. And so, the flexible human is the only actor
who is often faulted for failing to perceive the imminent danger, failing
to take a proper evasive action, or failing to properly execute a correct
evasive action.

Our failure to cite environmental and vehicular factors as crash
causes is not because they are not there, but because our definition of
these causes is very restrictive, while our definition of the baseline or
normal is very inclusive. For example, in the case of road geometry and
markings we accept the 'current practices' or current design as a stan-
dard to which the driver should accommodate himself/herself, without
considering how a better possible design would have prevented the
crash. For example, it has been shown quite consistently that traffic
circles reduce crashes when they replace signal- or sign-controlled in-
tersections (Elvik, 2003; Persaud et al., 2001). Yet, I am not familiar
with any study that cited a signalized or sign-controlled intersection for
the absence of a roundabout as being the cause of an intersection-re-
lated accident. Similarly, functioning drum brakes are not cited as a
crash cause when long braking distance or skidding is involved even
though presently available disc brakes or ESP could have prevented the
crash. In both cases we accept the existing inferior design – of the road
or the car – as a given, but we do not accept commonly acknowledged
human limitations, such as the well-documented inability to maintain
high level of vigilance for more than 30min. Attention is effortful
(Kahneman, 1973). Just attending to all signs is extremely fatiguing
(Summala and Näätänen (1974), and therefore it is unreasonable to
expect drivers to attend to all of them and all of the immediate traffic all
the time. Yet missing a sign is most often cited as a human crash cause.

4. Link between cause and countermeasure

When viewed as a public health issue it is tempting to adopt the
medical model to find a cure for this 'disease'. According to this model
to provide a 'cure' we need to (1) find the 'cause' (e.g., germ), and then
(2) find a way to either kill it (the germ) or eliminate its breeding
ground. Thus, in this model there is a direct link between the cause and
the cure or countermeasure. The countermeasure can be found if and
only if we identify the cause first. This approach has worked very well
for medical epidemics such as typhoid, polio, and AIDS.

Unfortunately, this model cannot be so easily applied to crash
causes. Faulting the road user's behavior does not imply that we can
either stop this behavior (kill the source) or eliminate it by changing the
context (eliminate the road). These are definitely not the best ap-
proaches to crash prevention. Human causes can often be best elimi-
nated through vehicle and/or environmental changes. In the absence of
vehicle and roadway modifications, attempts to directly force drivers
and pedestrians to change their behaviors involve enforcement: a
Sisyphean, expensive, never-ending, cat-and-mouse game. A more
fruitful solution is to use the cause or causes as clues to environmental
or vehicular changes that would eliminate this 'cause' and in effect 'kill
its breeding ground'. Thus, the impetus to greater safety is not ne-
cessarily to identify the underlying (human) cause (e.g., fatigue) but to
focus on the descriptive situation that preceded the crash and then try
to change the complete context. This, in fact, is also the epidemiological
approach to some life-style based chronic diseases such as obesity,
where contextual changes such as eliminating sweetened drinks at
schools, and eliminating very large cups in fast-food restaurants may be
more effective than pursuing direct behavior modification. In the road
safety domain, significant progress in this area has been made through
the multiple evaluations of environmental modifications often labeled
Crash Modification Factors (CMFs) (Carter et al., 2012). Still, one must
be careful in the interpretation and generalization of CMFs across dif-
ferent cultures, times, and locations (Hauer et al., 2012). CMFs can be
effective means of reducing crashes stemming from several causes, or
even from unknown causes, but they are limited to measures that have
already been implemented and evaluated, and cannot be applied to new
untried measures. Thus, post-hoc identification of crash causes, espe-
cially the 'human' ones, can be used to generate ideas for counter-
measures that would make these behaviors impractical or even im-
possible. For example, rather than asking motorists (through public
information and education campaigns, and road signs) or threatening
motorists (through enforcement) to reduce their speed on streets with
high pedestrian volume, the Dutch have developed Woonerf: a living
street with traffic calming features that make driving at high speed
essentially impossible. These include narrow streets, bumps, and sharp
turns (Ben-Joseph, 1995) as well as "share the road" signs at their en-
trance. Another example is the use of milled median and/or edge lines
that provide audio-tactile (jarring) feedback to drivers whenever they
cross these lines. Though experimental evidence is still equivocal about
their safety benefits (Hatfield et al., 2009; Wu et al., 2018), they seem
to be quite effective in waking up drivers who fall asleep at the wheel
and drift across the shoulders or median (Phillips et al., 2010). They are
probably much more effective than warnings against distractions and
fatigue that typically lead to lane deviations. Similarly, in the vehicular
domain advanced driver assistance systems (ADAS) such as auto-stop
and automated driving can prevent many distraction related collisions
(Inman et al., 2016; Noy et al., 2018).

Linking countermeasures to crash cause is also prone to different
biases by different stake-holders (e.g., the example of the Oxfordshire
crash analysis, above). To illustrate, with the highest rate of guns per
inhabitants, the U.S. leads the western world and OECD countries in
gunshot homicides (12 per 100,000 inhabitants. Wikipedia, 2018). Yet
the countermeasures proposed by the gun lobby (people kill therefore
they should be trained) and the safety community (guns kill and
therefore they should be banned) are worlds apart. In the realm of
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traffic safety, although the Indiana University study defined a cause as
one that "in its absence the accident would have been prevented", the
study team members were highly biased in their definition of the "ac-
ceptable" human, environment, and vehicle standards for "normal" and
"appropriate" versus deficient/causal. The threshold was very low for
the human errors – meaning intolerant of errors even when they could
be expected as a part of 'normal' behavior. For example, expecting the
driver to be attentive and alert at all times, contrary to the literature
that notes that sustained attention is effortful (kahneman, 1973) and in
a long drive it is quite fatiguing (Summala and Näätänen, 1974). In
contrast, the thresholds were very high for the environment and the
vehicle – meaning tolerant of vehicle and roadway design deficiencies
even if research had identified technologically feasible better designs.
For example, accepting drum brakes as a standard even though disc
brakes were already introduced in mass production in 1955 (American
Motors) and 1965 (Ford and GM) and were quite common by the mid-
seventies. This is schematically illustrated by the hypothetical levels
presented in Fig. 1 below.

In summary, the prevalence of various causes changes as a function
of the thresholds we adopt for normal and faulty. In addition, the lower
the threshold in each domain, the more causes can be listed for a crash.
Similarly, causes can be treated and eliminated by multiple counter-
measures; not necessarily ones that are directly derived from them.
Consequently, a given crash can be described in terms of both multiple
causes and multiple countermeasures, with some of the causes linked to

several countermeasures and some countermeasures linked to several
causes. With so many options for defining a crash and its prevention,
how do we choose? This is where external factors enter to yield policy
implications.

5. Safety policy implications

Like any good policy, a sensible safety policy would be one that
would both minimize costs of crash countermeasures and maximize
their value (in terms of lives saved, injuries reduced, and property da-
mage reduced), within some constraints such as accessible mobility. As
such, there is probably no universal optimal policy, as the costs, the
values, and the constraints can vary greatly among cultures and coun-
tries. Policy cost can be calculated in terms of cash or less tangible
measure such as inconvenience and time loss. Values can be measured
by simple means such as fatalities and injuries reduced, or more so-
phisticated measures of savings in Quality Adjusted Life Years
(QUALYs). Value is also related to national policies on sustainable
mobility and healthy living (e.g., to promote healthy modes of transport
such as bicycling and walking, or to facilitate motor-vehicle traffic so-
cietal expectations from the government and the user population), and
these tend to vary across countries.

Given the interrelatedness of the different issues, the safe system
approach seems to be an appropriate one. Its unifying principle is that
safety can be improved only if all of the traffic system components

Fig. 1. Hypothetical thresholds for different 'causes' that may be associated with failure to stop in time at a STOP sign. (Note: the Percent cited is inversely related to
the threshold that is noted by the dashed line).
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(vehicles, road users, and infrastructure) and stake-holders (users,
government, manufacturers, planners) are considered simultaneously.
This approach also assumes that traffic safety – like basic health, se-
curity, and education - is the ultimate responsibility of the government.
Furthermore, the government should acknowledge human failures by
ensuring that when they occur their injury consequences are mini-
mized. This approach has been embraced by the European Commission
in its most recent 2018 10-year plan which includes strategies for ve-
hicle safety standards, infrastructure safety, and even automated
driving safety. For example, infrastructure should be consistent with the
speed limits that should be set according to the functional road use,
such as 30 kph in built-up areas and roads shared with vulnerable road
users, 70 kph in rural roads without a median barrier, etc. (ITF, 2018).
In short, though the safe system approach includes strategies for be-
havior modifications "the buck stops" with the regulators and not with
the users.

In accordance with these assumptions, the two often cited applica-
tions of the safe system approach are considerate of all the system
components, but put most of the responsibility for the safety of the road
users on the government, and consequently focus on government con-
trolled countermeasures, especially the infrastructure, with vehicle
regulations and road user education taking a secondary role. The two
approaches, Sweden's Vision Zero (Fahlquist, 2006; Johansson, 2009;
Larsson et al., 2010) and The Netherlands' Sustainable Safety (Wegman
and Aarts, 2006; Wegman et al., 2012; Weijermars and Wegman, 2011)
both emphasize infrastructure-based solutions. Putting the responsi-
bility on the road user is then a solution of last resort – as in the case of
creating and enforcing laws against DWI, and requiring installation of
alcohol ignition interlock systems on repeat DWI offenders. Albeit, this
approach is an expensive one; certainly more expensive than passing
restrictive traffic regulations and heavy fines for their violations.
However, in the long run it is more efficient as infrastructure mod-
ifications apply at once to all road users in that location, whereas
changing driver behavior relies on repeated expenditures to sustain the
desired effect. Similarly, for the same reasons, regulating vehicles can
be more cost-effective as it applies at once to all vehicles at all locations.
The safety record of the few countries that champion the safe systems
approach is a testimonial to its effectiveness (ITF, 2018). Furthermore,
it is likely that government intervention in vehicle safety systems will
only increase following the rapid integration of 'smart' safety systems
such as auto braking, blind spot vehicle detection, rear view cameras,
and lane position control, just as governments currently require elec-
tronic stability control.

In brief, the safety system approach is a counter-measure oriented
approach to crash causation. Though the prevalence and risk related to
human causes are still useful starting points, the orientation is to con-
sider the countermeasures that would be most effective in eliminating
these causes, and not necessarily the ones that would deter and punish
these behaviors. The International Transport Forum summarized it
most succinctly by highlighting these central principles of the safe
system approach: “First, people make mistakes that can lead to road
crashes. Second, the human body has a known, limited physical ability
to tolerate crash forces before harm occurs. Third, while individuals
have a responsibility to act with care and within traffic laws, a shared
responsibility exists with those who design, build, manage and use
roads and vehicles to prevent crashes resulting in serious injury or
death and to provide post-crash care. Fourth, all parts of the system
must be strengthened in combination to multiply their effects, and road
users are still protected if one part fails … (Furthermore) there is no
single way for the adoption, establishment, and implementation of a
Safe System …. The experiences of the pioneering countries show that
each follows its own journey, shaped by the cultural, temporal and local
context, but guided by the four underlying principles” (ITF, 2016, p.
12).

To be effectively utilized, the safe system approach to road safety
must be spearheaded by the regulator/government, with the

commitment to spend the necessary funds to implement it. This means
that policy must be (1) intimately linked to scientifically proven
countermeasures, that (2) it can be linked to empirically determined
crash causes (based on both prevalence and risk), and that (3) it must be
followed by valid evaluation studies. Though this appears to be an in-
tuitively obvious conclusion, it is not yet commonly practiced in many
countries.
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