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Abstract:  
During development of innovative automotive safety 
features (and therefore well before market introduction) 
it is common practice for OEMs and their suppliers to 
do predictive analyses of the anticipated benefit of these 
systems. It is also common practice that stakeholders do 
a retrospective analysis once the system in focus is in 
production. Real-world data is then used to identify the 
“true” effect of the new system. There are however 
certain constraints to this approach. The varying degree 
they are met explain the difficulty to find consistent 
results and also the time span it takes before such results 
can be taken with any degree of certainty. It is therefore 
not surprising that even for systems that are now widely 
recognized as highly efficient it has taken several years 
before effectiveness numbers turned out to be stable. 

INTRODUCTION 
During development of innovative automotive safety 
features (and therefore well before market introduction) 
it is common practice for OEMs and their suppliers to 
do predictive analyses of the anticipated benefit of these 
systems. These analyses are usually limited to “what-if” 
simulations which is why they are not affected by take 
rate / fleet penetration issues. Moreover all parameters 
in the study can be controlled, i.e. the isolated effect of a 
single system can be easily shown. On the other hand 
however assumptions, e.g. about long-term driver 
behavior adaptation, and other simplifications are 
usually needed even if their validity can not be guaran-
teed at this stage. 

It is therefore also common practice that stakeholders do 
a retrospective analysis once the system in focus is in 
production. Real-world data is then used to identify the 
“true” effect of the new system. There are however 
certain constraints to this approach: 

• the system in focus must be sufficiently fre-
quent in the real world accident data for its ef-
fects to be visible. 

• it must be possible to distinguish vehicles with 
the system from vehicles without the system in 
the accident data since any misclassification of 
vehicle equipment or accident situation affects 
the calculated effectiveness. An estimate of the 
effectiveness can only be reliable if the nature 
of misclassifications is non-systematic and its 
extent is limited. 

• the effect of a system that is deployed slowly 
and has small take rates can be “overwritten” 
by other systems or concurrent developments. 

• confounding factors like belt use must be 
known (minor changes in the rate of non-use 
can have dramatic effects on fatality rates).   

• case group and control group should differ on-
ly in terms of presence of the safety feature in 
focus. Other parameters like distribution of 
gender, age, vehicle type, mileage etc. should 
match. If this is not possible multivariate statis-
tical analysis is needed to identify the respec-
tive influence of these parameters. 

• results obtained from national or regional stu-
dies can not necessarily be applied to predict 
the effectiveness for regions with different 
fleet, driver population or infrastructure.  

• accident data reflects only accidents that have 
actually happened, i.e., accidents avoided by a 
certain technology do no longer appear in the 
databases. This influences the baseline values. 

• over time, drivers may get accustomed to the 
system and change their driving behavior. 

• effectiveness figures published by different au-
thors vary widely in terms of the measure they 
quantify – skidding, loss of control, single ve-
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hicle accidents. This makes results hard to 
compare. 

These constraints and the varying degree they are met 
explain the difficulty to find consistent results and also 
the time span it takes before such results can be taken 
with any degree of certainty - systems like antilock 
brakes and daytime running lights have been around for 
decades but are still subject to discussion. It is therefore 
not surprising that even for systems that are now widely 
recognized as highly efficient (such as ESC) it has taken 
several years before effectiveness numbers turned out to 
be stable. 

Electronic stability control (ESC) has been developed to 
assist the driver of a vehicle in critical loss-of-control 
situation which may lead to a (in many cases serious) 
accident. A relevant question of course is whether this 
wanted behavior of ESC can be confirmed from real 
world accident data. Moreover a thorough quantification 
of the effectiveness including confidence limits is 
necessary. Up to today the corresponding literature on 
vehicle safety contains quite a number of papers dealing 
with this question. The assured finding of today is that 
ESC really constitutes a primary safety system which is 
of high effectiveness in critical loss-of-control situation. 
The focus of the present paper is to investigate the 
history of the corresponding research on the quantifica-
tion of the effectiveness of ESC with special focus on 
the question how the confidentiality of the results 
developed over time.  

AVAILABLE STUDIES 
Sferco et al. (2001) is an early paper dealing with the 
potential effectiveness of ESC in Europe. The paper 
itself states that in 2001 it was impossible to undertake a 
fleet study, i.e. a comparison of accident rates between 
two fleets of similar cars, one equipped with ESP and 
the other one not equipped, because at that time too few 
passenger cars on the road were equipped with ESP. 
Instead the paper presented an estimate of the potential 
effectiveness of ESP by analyzing a sample of accidents 
and relying on experts’ opinion deciding, case by case, 
whether ESP would have potentially influenced the 
process of the accident or not (cf. Sferco et al. (2001), 
p.3). The outcome in the paper on the basis of the so-
called EACS (European Accident Causation Survey) 
data was that ESC could have an influence in about 34% 
of fatal accidents and 18% of injury accidents. But at 
that time in 2001 a reliably quantification of the possi-
ble effectiveness of ESC was not at all possible. 

In November 2002 a press release of Mercedes-Benz 
(also see Unselt et al. (2004)) again indicated that ESC 
should be regarded as a driver assistance system which 
may have a significant impact on of loss-of-control 

accidents. ESC is standard equipment of all Mercedes-
Benz passenger cars since summer 1999. So the compa-
ny compared the two groups of Mercedes passenger cars 
first licensed in the model year 2000/2001 with those 
first licensed in 1999/2000.  

On the basis of a large random sample of police record-
ed accident data (including not only injury accidents but 
property damage accidents as well) for the years 1998 – 
2001 from the German Federal Statistics Office it could 
be observed that among all Mercedes-Benz passenger 
cars the share of those involved in loss-of-control 
accidents decreased more rapidly than the share of 
vehicles involved in loss-of-control accidents among all 
accident involved passenger cars of other brands. More 
precisely it was observed that for all brands (excluding 
Mercedes-Benz) the share of passenger cars involved in 
loss-of-control accidents decreased from 14.5% in 1999 
to 14.3% in 2001. The corresponding share for Mer-
cedes-Benz passenger cars only reduced from 15.0% in 
1999 over the same time period to 10.7% in 2001.  

It is argued in the press release that the reason for the 
much faster reduction of the share of loss-of-control 
accidents in Mercedes-Benz passenger cars compared 
with passenger cars from other brands is mainly due to 
the ESC safety system. It is worth mentioning that the 
press release does not contain a serious statistical 
quantification for the effectiveness of ESC and that only 
a reduction of a share was reported upon which in 
theory of course also could be a consequence of an 
increasing number of others than loss-of-control acci-
dents. Nevertheless the study strongly indicates that 
ESC might be an effective system avoiding reasonable 
parts of loss- of-control accidents. But further and much 
more detailed investigations would be necessary to 
obtain reliable and statistically significant quantification 
of the indicated effectiveness of ESC.     

So far all investigations obtained rather crude investiga-
tions about the possible effectiveness of ESC. No one of 
the so far reviewed studies take further variables into 
account. So it is very clear that most vehicles differ not 
only according to the equipment with ESC or not, but 
also typically on other equipment. For example at that 
time ESC equipped vehicles typically belong to an 
upper (luxury) segment of the car fleet on the roads. 
Moreover ESC-equipped passenger cars – especially in 
the year 2002 and earlier – are much newer than ve-
hicles not equipped. Questions of the possible effects of 
vehicle mass, road conditions, gender and age of the 
driver and more general driving behavior in different 
categories of vehicles and so on, have so far not been 
taken into account. 
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In the year 2003 a first much more quantitative study of 
the effectiveness of ESC was presented on the ESV 
conference in 2003 by Tingvall et al. (2003). This study 
uses police recorded accident data from Sweden with at 
least one injured person from the years 2000 until 2002. 
Only vehicles from the model years 1998 – 2003 were 
included in the study. The authors build two groups of 
various case (ESC equipped) as well as control cars (not 
equipped with ESC) where the controls were selected to 
be as close as possible to a case vehicle. In total 442 
case cars and 1967 control cars are considered in this 
study. The main idea of the authors is to compare the 
share of ESC-equipped vehicles in the two accident 
groups of rear-end accidents and all accidents except 
rear-end with each other. The reason for this is, that it is 
assumed that the equipment with the safety function 
ESC more or less has no potential to affect rear-end 
accident situations.  

Under this assumption the share of ESC-equipped 
passenger cars in the group of rear-end accidental 
situations could be regarded as a reliable estimate of the 
share of ESC-equipped passenger cars on the roads. 
And of course this share is the quantity to which we can 
compare the share of ESC-equipped passenger cars 
among other accidental situations in order to see wheth-
er there is a reduction or not. A reduction of the share of 
ESC-equipped vehicles in a specific accident situation 
(other than rear-end) will be interpreted as an effective-
ness of ESC with respect to the specific accidental 
situation considered.  

To understand better this quite important approach let us 
consider a simple example, taken from Kreiss et al. 
(2005) and coming from real accident data. From a large 
sample of about 690’000 police recorded passenger 
accidents of the German Federal Statistical Office for 
the five years period 1988 – 2002 we extract only fatal 
accidents in which passenger cars are involved for 
which we most likely know whether these vehicles have 
been equipped with ESC or not. Moreover we only 
include involved passenger cars into the study if we 
most likely know whether ESC has some potential 
effect on the accident outcome of this specific vehicle 
(accident sensitive to ESC) or if ESC definitely has no 
effect on the accident outcome (accident not sensitive to 
ESC). Doing so we end up from our huge accident data 
base with a sample of n=432 passenger cars involved in 
fatal accidents. The results can clearly be arranged as 
shown in Table 1..  

Exactly as described in Tingvall et al. (2003) we use the 
equipment ratio of 54/68=79.4% for the vehicles in-
volved in accidents not sensitive to ESC to estimate the 
ESC equipment ratio for the vehicles on the road. It is 
stressed that the quantity 79.4% only is an estimator of 

the unknown equipment ratio on the market and that this 
estimator may suffer from systematic (e.g., vehicle 
selection) as well as completely unsystematic (probabil-
istic) fluctuations. Since the equipment ratio of 82/228 = 
36.0% for the vehicles involved in sensitive accidental 
situations is much lower we have an indication of a 
relevant effect of ESC. 

Table 1. 
Cross-tabulation in Kreiss et al (2005) 

Fatal acci-
dents 

Vehicle not 
equipped 
with ESC 

Vehicle 
equipped 
with ESC 

Total 

Accident not 
sensitive to 

ESC 
68 54 122 

Accident 
sensitive to 

ESC 
228 82 310 

Total 296 136 432 
 
 For a precise and correct quantification of the effec-
tiveness of ESC note that according to our assumptions 
ESC only can have an effect on the category of sensitive 
accidents in ESC-equipped passenger cars. That is only 
the number 82 in the above Table 1 might be influenced 
by ESC. Under the assumption that ESC completely has 
no effect we would expect the same equipment ratio of 
79.4% for the passenger cars involved in accidents 
sensitive to ESC. If this would have been the case we 
would have expected a number x instead of 82 accidents 
in Table 1 such that the fictive equipment ratio x/228 
equals 79.4%. This leads to x=181. Thus ESC was able 
to reduce the fictive number of accidents sensitive to 
ESC from 181 to 82 which constitutes an impressive 
reduction rate of 54.7% for ESC in the category of 
accidents sensitive to ESC. Rewriting the reduction rate 
as 

Effectiveness = 1 – OR  
= 1 – (82*68) / (54*228)  

= 1 – 0.453 = 0.547 = 54.7%, 

where   

OR = (82*68) / (54*228) 

is the so-called Odds-Ratio of Table 1.   

This exactly describes what Tingvall et al. (2003) did. 
They considered as the category of accidents not sensi-
tive to ESC rear-end accidents on dry roads. This means 
that the results assume that rear-end accidents on dry 
roads are not expected to be influences by ESC. This 
assumption is justified as long as direct influence is 
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considered. However ESC is usually combined with 
some kind of brake assist (BAS). Such a system may 
have a influence on rear-end accidental situations, so 
there might be an indirect effect of ESC via the link to 
BAS. Fortunately it can be seen that such a possible 
indirect effect typically leads to an underestimation of 
the effectiveness of ESC. (cf. Kreiss et al. (2005)).  

As accidents sensitive to ESC the Swedish study re-
ported upon in Tingvall et al. (2003) selected all acci-
dents except read-end on dry roads. This means that this 
study, in contrast to our example from above, considers 
the effectiveness of ESC to all accidents except rear-end 
on dry roads.  

Since the paper of Tingvall et al. (2003) does not give 
explicit tables like Table 1 but results of the effective-
ness only we could not have used their data for our 
example above.  

The confidence interval [1.1% , 43.1%] for the overall 
effectiveness of ESC on all but rear-end accidents  
given in the paper of Tingvall et al. (2003) is quite 
large. In other words, with 95% confidence we can only 
state a 1.1% effectiveness of ESC. Concerning the 
effectiveness on all but rear-end accidents on dry roads 
the paper states a 95% confidence interval of [-19.0% , 
37.6%], which does not state a significant effect of ESC 
on dry roads at all! On wet roads the study obtained a 
95% confidence interval of [7.8%,  55.2% ] for the 
effectiveness of ESC.  

The authors stress that because of the different weather 
conditions it is impossible to generalize the results of 
their specific study to all other parts of the world. 
Moreover it is remarkable that the Swedish study cannot 
detect a significant effect of ESC on dry roads. Finally 
the Swedish study does take into account varying road 
conditions.   

In the paper Aga and Okada (2003) the authors report 
on a study of the ESC effectiveness in Japan. This study 
not only took accident material (provided by ITARDA) 
into account. Instead the rate or risk of suffering an 
accident when driving on the roads is considered and 
the study gives estimates for this risk of passenger cars 
equipped and not equipped with ESC by computing the 
numbers of accidents per 10’000 registered vehicles per 
year. It is obtained that vehicles equipped with ESC 
have a of about 35% lower risk of suffering a single car 
accident. The investigation and computation of this risk 
rates was done in such a way that vehicles registered for 
the first time in 1994 were investigated according to 
their accident behavior for the period 1994 – 1998, 
vehicles registered for the first time in 1995 have been 
under accident inspection from 1995 until 1999 and so 

on. Since ESC have been introduced somewhere in 
between the study we have to face the fact that in the 
study older vehicles not equipped with ESC and more 
recent and modern vehicles equipped with ESC have 
been considered. And of course and also as already 
mentioned these passenger vehicles of varying year of 
manufacture differ according to their safety equipment 
in more than ESC. Even the mileage per year and this 
means the time under risk on the roads may differ for 
the vehicles and would lead to a biased estimator of the 
reduction of the accident rate!  However the paper of 
Aga and Okada (2003) presented a different and rele-
vant approach for investigating the possible effective-
ness of ESC.  

In a further paper, Page and Cuny (2004) report on a 
study similar to the approach of Tingvall et al. (2003) 
for French cars. In this study the authors compared the 
Renault Laguna 1 (which was not equipped with ESC) 
with the newer vehicles Laguna 2 – equipped with ESC. 
The selected sample consists of 1356 cars involved in 
injury accidents in 2000 – 2003 in France. In contrast to 
Tingvall et al. (2003) the authors have thoroughly 
selected a variety of accidental situations relevant to 
ESC and/or braking. Even more the authors considered 
several different scenarios of driver age, vehicle age or 
year of accident. As described above in detail the 
authors give 1 – Odds-Ratios as estimates of the effec-
tiveness of ESC in accidents sensitive to this system. 
Without taking into account any confounding factors 
(crude approach) Page and Cuny (2004) for example 
obtain the following 2x2 contingency table.   

Table 2. 
Cross-tabulation in Page and Cuny (2004) 

 ESC 
equipped 

No 
ESC Total 

ESC sensitive 
accident 22 177 199 

Non ESC 
sensitive acci-
dent 

71 318 389 

Total 93 495 588 
 
which leads to a (crude) Odds-Ratio of OR = (22*318) / 
(71*177) = 0.56 indicating that 1 – OR = 44% of all 
ESC sensitive accident situations could be avoided by 
the electronic stability program. A corresponding 95% 
confidence interval for the (crude) Odds-Ratio was 
given in the paper as [0.46 , 1.29] and meaning that the 
value OR = 1 could not be excluded on this significance 
level. This means that we unfortunately do not have a 
significant effectiveness of ESC on French roads from 
this study. Of course this is due to the fact that the 
sample size in this study as well as in all other studies so 
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far is limited, even so a period of several years of police 
recorded accidents have been taken into account. The 
reduction of the accident sample because of the necessi-
ty of having knowledge of the equipment with the safety 
function as well as the selection of sensitive and not 
sensitive accidents dramatically leads to a reduction of 
the sample size. This holds true for all studies even in 
large countries and is not a drawback of the study of 
Page and Cuny (2004). A very relevant result from Page 
and Cuny (2004) is the fact that here for the first time 
we obtain indications that the effectiveness of ESC 
varies with confounding variables like driver age, 
vehicle age and year of the accident. Again these results 
are not statistically significant. A certain drawback of 
the study of course is that the comparison of the Laguna 
I and its successor Laguna II leads to the problem that 
these two passenger cars differ in much more than the 
equipment with ESC, only. 

It shows that with an error probability of 5% we can 
expect an effectiveness of the new Laguna 2 in compar-
ison with the old Laguna 1 according to ESC-sensitive 
accidents of at least 7 %. Of course this reduction rate of 
7% is only valid for the group of ESC sensitive accident 
constellation and by no means for all accidents as in the 
study of Tingvall et al. (2003).  

Let us see how sensitive the results reported upon in 
Table 2 are. Sources for uncertainty are 

• precision of the ESC-equipment ratio in the catego-
ry of non ESC sensitive accidents as a surrogate 
fort he equipment rate on the roads  

• Misclassification of vehicles according to equip-
ment 

• Misclassification of accidents according to type 
• Under- or over-reporting of certain accident types 
• Influence of additional factors like age or gender of 

driver, driving behavior depending on vehicle cate-
gory 

• Comparability of vehicles equipped and not 
equipped with ESC  

To investigate possible effects of these facts assume that 
the equipment ratio of 71/318=22.3% in the category of 
non ESC sensitive accidents systematically under- or 
overestimates the equipment ratio on the roads by about 
10%, that is hat the equipment ratio on the roads may be 
either 24.8% or 20.1%. This would immediately lead to 
a quite substantial uncertainty about the effectiveness of 
ESC within the range of (38%, 50%).   

As a further example let us assume that about 10% of 
the reduction of ESC-sensitive accidents in Table 2 are 
completely explained by further safety features (other 

than ESC) and that only the ESC equipped vehicles 
additionally are equipped with this functions. This 
would lead to the following modification of Table 2 
concerning the pure effectiveness of ESC. 

Table 3. 
Cross-tabulation by Page and Cuny (2004), modified 

to account for non-ESC effects 

 ESC 
equipped 

No 
ESC Total 

ESC sensitive 
accident 24 177 199 

Non ESC 
sensitive acci-
dent 

71 318 389 

Total 93 495 588 
 
The same calculation of above would lead to a decrease 
of the computed effectiveness of ESC to 38%.   

Misclassification of vehicle equipment and/or accidental 
situations of course has an effect on the quantification 
of the effectiveness of ESC. From Kreiss et al. (2005) it 
is seen that a completely random misclassification of 
both mentioned types has the effect that we underesti-
mate the effect of ESC. So this in a sense is not that 
problematic. Much more delicate would be a situation in 
which the used accident data base contains some syste-
matic errors or reporting rates of only one type of 
accident or only one group of ESC- or non ESC 
equipped vehicles. This would lead to a systematic 
variation concerning the quantification of the effective-
ness of ESC.  
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Figure 1. Effectiveness of ESC for different years of 
first registration (1999-2002) (black) with 95% 
confidence limits (dotted) and overall effectiveness 
including 95% confidence limits (red) 

Further difficult to detect sources of uncertainty in the 
quantification of the effectiveness of ESC may be 
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hidden in additional and relevant variables. Some 
examples are discussed in Kreiss et al (2005). From the 
already mentioned rather large sample of German 
accidents for the period 1998-2002 this paper reports 
that the effectiveness of ESC varies according to a 
variety of additional variables. For examples the follow-
ing result is obtained concerning different years of first 
registration 

Figure 1 indicates that either the functionality of ESC 
systems in vehicles improved over the years or that 
additional safety equipment in more recent cars has 
some effects on loss-of-control accidents or even both. 
Another possible explanation is that the underlying 
accident data most probably is sampled during the same 
period, i.e. the 1999 cars may simply be older (and 
therefore driven by a different driver population) than 
the 2003 ones. 

Concerning the gender of the driver Kreiss et al. (2005) 
obtain a significantly better effectiveness of ESC in 
women-driven vehicles, cf. Figure 2. 
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Figure 2. Effectiveness of ESC separately for gender 
of driver including 95% confidence limits 

0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8

under 1100 1100-1250 1250-1400 1400-1600 over 1600

curb weights
 

Figure 3. Effectiveness of ESC separately for differ-
ent curb-weights (in kg) including 95% confidence 
limits (black solid and dashed lines) together with 
the percentage of female drivers in the respective 
curb-weight category (red line) 

Since it can be verified at least from accident data that 
women on average drive smaller sized vehicles than 
men the effect seen in Figure 2 may be to some extend 

or even completely be explained by a possible variation 
of the effectiveness of ESC according to vehicle size. 
To this end consider Figure 3 presenting the variation of 
the effectiveness of ESC in comparison to vehicles size 
and also the percentage of women-driven vehicles 
(involved in accidents) according to the different ve-
hicle category. 

Finally Kreiss et al. (2005) obtain from the German 
accident data base that ESC is more effective on dry 
than on wet or icy roads which is in contrast to the 
Swedish results of Tingvall et al. (2003) and underpins 
the remark of the Tingvall paper that results from one 
country can not easily be extended to other countries!  

Weekes et al. (2009) claimed a higher effectiveness rate 
of ESC for young drivers in the UK. More precisely the 
study states that the overall effectiveness of ESC for 
young drivers of about 14% is around double a pre-
viously published overall effectiveness of 7% for all 
ages and all injury severities. Since the paper also states 
that young drivers commonly drive small used cars with 
ESC rarely fitted the question arises how far the re-
ported effectiveness is related for example to the smaller 
vehicle, since ESC if equipped in smaller and lighter 
vehicles might have a dramatically higher effectiveness 
(cf. Section 2 and Figure 3). 

ESC appeared on the U.S. market a few years later 
compared to Europe. Farmer (2004) compared on 
police-reported crashes for seven states from the years 
2001 and 2002 crash rates per registration for selected 
group of vehicles. The main focus was on vehicle 
models which changed from no ESC or optional ESC to 
standard ESC in consecutive model years. Concerning 
the overall crash involvements and the injury crash 
involvements the papers describes slight effects (which 
not in all cases are statistically significant), only. Con-
cerning fatal crash involvements the observed effects 
are larger. A closer look on the reported results shows 
that the picture is indifferent over the considered vehicle 
models. For some ESC equipped vehicle models even 
higher numbers of fatal crashes than expected where 
observed.  

Another inconsistency, likely based on little data, is that 
the observed effectiveness of ESC was larger in the 
group of vehicles which changes from optional to 
standard ESC equipment compared to the group of 
vehicles for which the equipment changes from no ESC 
to standard ESC. However the observed effects of for 
example 41% lower than expected number of  single 
vehicle crashes is quite similar to reduction rates re-
ported for Japan or Europe. Concerning the overall 
multiple vehicle crash-rates Farmer (2004) reported a 
little, if any, effect of ESC, which is in contrast to the 
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studies of Aga and Okada (2003) and Tingvall et al. 
(2004). 

Dang (2004) on the basis of  single vehicle crash data 
from the years 1997-2002 from five US states in her 
evaluation note reduction rates of about 35% for single 
vehicle crashes in ESC equipped passenger cars. A 30% 
reduction is reported for fatal single vehicle crashes 
(also for passenger cars). For SUV’s the obtained 
reductions rates are higher. The effectiveness of ESC is 
computed by using multiple-vehicle crashes as control 
group. Since the belt usage rate among passengers in 
ESC equipped SUV’s (58%) was higher than among 
passengers in non ESC equipped SUV’s (49%) and the 
small samples do not lead to reliable results for SUV’s.  

The paper of Bahouth (2005) reported on six US state 
files of about 14,000 police-reported crashes for the 
years 1998-2002 and 11.2% reduction in multiple-
vehicle frontal crashes as well as a 52.6% reduction in 
single-vehicles crash rates for ESC-equipped Toyota 
passenger vehicle models and SUV’s in the US. Follow-
ing the methodology of Tingvall et al. (2003) the study 
of Bahouth (2005) compares rear impact crashes with 
multi-vehicle frontal crashes and singe-vehicle crashes. 
The obtained results are similar to the findings of 
Farmer (2004). 

AVAILABILITY OF REAL WORLD DATA 

1.1 National statistics 
All major developed countries publish their annual road 
accident statistics, usually based on police accident 
reports. Although concerns about underreporting have 
been voiced (and corroborated by hospital and insurance 
data,[]) the national databases are considered the most 
comprehensive in terms of case numbers. On the other 
hand however, they allow only limited or no access to 
disaggregate data and/or omit detailed injury, technical 
or reconstruction information. Hence, scientific in-depth 
databases have been established to fill this gap.  

1.2 Scientific in-depth databases 
These databases cover only a small fraction of all 
accidents but provide detailed information on the 
vehicles and their safety features, medical data as well 
as reconstruction results for the collision and, in some 
cases, the pre-crash phase. If available, the latter also 
allow for an analysis of accident causation. There are 
different sampling philosophies (random, stratified…,) 
that may or may not allow a projection to national 
statistics. 

GIDAS, the German In-Depth Accident Database is an 
example of a scientific database. It was launched in 

1999 and has BAST (the Federal Highway Research 
Institute) and FAT (an industry consortium) as sponsors. 
Two academic institutes, Hanover Medical School and 
the Technical University of Dresden act as contractors. 
Each contractor collects about 1000 cases per year, 
following a common methodology and storing them in a 
common database. The entry criteria, 

• road accident 
• involving personal injury (of any severity) 
• within defined geographical regions 
• while the analysis team is on call 

should make sure that sampling is random and hence the 
sample is representative. This is true for most key 
variables except accident severity – the more severe an 
accident is the more likely the GIDAS team will be 
notified by the police. This causes a certain bias towards 
severe and fatal cases; however this bias can be cor-
rected by means of weighting factors if necessary. 

1.3 OEM proprietary databases 
Since scientific databases are often designed to be 
representative of national statistics the vehicles sampled 
in them also represent a cross-section of makes, models 
and model years. Manufacturers trying to establish the 
real-world safety performance of a new model or feature 
will however look primarily at accidents involving new 
(and, if possible well-equipped) vehicles from their own 
model range. This is why some OEMs have set up their 
own accident investigation teams, often feeding their 
information into databases even more detailed than the 
scientific databases discussed previously. Due to their 
(intentional) bias in terms of vehicle selection and some 
other (unintentional but sometimes inevitable) bias in 
terms of geography, accident severity, etc… projection 
from these data to national statistics is problematic. 

TIME LAG BETWEEN TAKE RATE AND FLEET 
PENETRATION 
Advanced safety features are usually introduced follow-
ing a top-down approach, i.e. at first they are offered as 
an optional extra for luxury executive vehicles, then 
gradually becoming available in more and more family 
vehicles until, in many cases, the feature becomes 
standard equipment even in compact and economy cars. 
Furthermore, advanced features usually cannot be 
retrofitted, i.e. their fleet penetration can grow only as 
fast as old vehicles are replaced by new ones. 

Both of these effects cause a substantial time lag be-
tween the market introduction of a new technology and 
the time it can be found in significant numbers in the 
fleet. The following example illustrates this. For sim-
plicity it was assumed that both the overall number of 
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vehicles in the fleet and the replacement rate do not 
change over time. This leads to an age distribution like 
the one in the following graph (slightly idealized from 
2009 German registration data): 
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Figure 4. Sample age distribution of a given fleet of 
cars 

Let us further assume that a new promising in-vehicle 
technology will be phased in according to the following 
scenario.  Please note that a time span of 10 years 
between market introduction and 100% equipment rate 
is relatively short by comparison - most systems have 
taken a longer time, some have never become standard.  

1year after market introduction 5% take rate 
2 years after market introduction 10% take rate 
3 years after market introduction 20% take rate 
4 years after market introduction 35% take rate 
5 years after market introduction 50% take rate 
6 years after market introduction 65% take rate 
7 years after market introduction 80% take rate 
8 years after market introduction 90% take rate 
9 years after market introduction 95% take rate 
10 years after market introduction 100% take rate,  

i.e., standard 
 
After the first year approximately 0.4% of all vehicles in 
the fleet will be equipped: 
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Fleet penetration 1 year(s) after market introduction: 0,4%

 

Figure 5. Age distribution and system fleet penetra-
tion 1 year after market introduction 

Another three years later the fleet penetration will still 
be as low as 5%: 
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Fleet penetration 4 year(s) after market introduction: 5%

 

Figure 6. Age distribution and system fleet penetra-
tion 4 years after market introduction 

Even ten years after introduction, i.e., when we assumed 
the system to have become standard on every new 
vehicle there will be many more vehicles without the 
system than with the system on the road: 
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Fleet penetration 10 year(s) after market introduction: 38,4%

 

Figure 7. Age distribution and system fleet penetra-
tion 10 years after market introduction 

This illustrates the difficulty of an early assessment of a 
newly introduced system, a problem that is often made 
even worse when the first buyers (“early adopters”) of a 
new technology are not a representative cross-section of 
the overall population of customers. 

IDENTIFICATION OF SAFETY FEATURES IN 
THE ACCIDENT DATABASES 
For a retrospective analysis of a given system’s safety 
benefit it must be possible to identify the presence or 
absence of this feature in the accident database. Typi-
cally, police data do not contain any such information. 
Given the multitude of makes and models in today’s 
fleet officers on the scene can not tell with certainty 
which systems have been present. Arguably this gap 
could be filled with the help of the respective OEM who 
might (even years after the accident) look up this 
information in its production history data. As many 
systems in question are optional their presence needs to 
be established on a per-vehicle (i,e., VIN) basis. Differ-
ent OEMs however have different systems to record 
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their production history which makes this approach 
tedious. Moreover, forwarding a VIN list to an OEM 
raises privacy issues, so this approach is not even 
legally possible in many jurisdictions. 

Generally speaking, scientific databases are facing the 
same problems. Given the lower case numbers however 
it is often possible for the investigators to gather the 
required information from inspecting the vehicle on the 
scene. In this case however only systems will be identi-
fied whose fleet penetration is high enough to justify the 
effort of introducing the respective variable in the 
database. This adds to the delay described in the previ-
ous section.  

CORRELATION VS. CAUSATION 
One of the most common errors in statistical studies is 
the confusion between correlation and causation. Some-
thing (e.g. a driver action or a safety system) can cause 
another action or occurrence, which means that the 
primary action or occurrence really implies or at least 
has some influence on another action or occurrence. As 
an example, a damaged breaking system in a vehicle is a 
possible cause for a rear-end accident in nose-to-tail 
traffic. And if one action or occurrence causes another, 
then they are most certainly correlated. Correlation only 
means that there is some tendency of two or more 
actions or occurrences to coincide in a (typically com-
plex and random influenced) situation. But just because 
events occur together this does not mean that one causes 
the other, even if it may make some sense. If one 
reduces correlation to the classical statistical correlation 
coefficient, then correlation even measures linear 
dependence, only. And it is rather easy to think of 
variables, which are closely (and even completely) 
dependent – for example in a quadratic or more compli-
cated nonlinear way – and having a correlation coeffi-
cient of exactly zero!   

An extreme difficulty in many statistical methods is that 
they are designed to detect or to test correlation of two 
or more events only! To obtain evidence that observed 
correlation comes from causality of two o more factors 
one has to rule out the possibility that the observed 
factors are caused by one or more further and typically 
not observable factors. Strictly and theoretically speak-
ing this really hardly can be done. In some situation 
causation may be deduced from common or specialists 
sense, but there are of course many cases in which the 
existence of causality of events is not so clear. Studies 
in which only two or a very restricted number of vari-
ables are considered are to a large extend not able to 
give reasonable evidence in direction of causality. 

The applied statistical literature recommends so-called 
controlled studies in order to give evidence that ob-

served correlation is connected to causation. In a con-
trolled study, two or more groups of observational 
objects (e.g. vehicles with drivers on the road) are 
created, which in almost every way are comparable 
(same age and gender of driver, same vehicle and same 
driving and road conditions and so on) except the one 
(e.g. a specific safety function) one is interested in. 
Exactly this is done in serious clinical trials developed 
in order to detect causation between for example lung 
cancer and smoking.  

For the evaluation of the influence of a specific safety 
function or a an complete safety equipment in vehicles 
on the road and based on real-world accident data the 
statistical tool of a controlled study by far is not an 
option. The selection of accidences, which to a suitable 
amount coincide in respect to driving situation, weather 
conditions, driver and vehicle, in many if not all cases is 
impossible because of a limited number of accidents 
available and more seriously because of the lack of 
information. As a example note that the risk of being 
rather severely or even fatally injured cannot be reliably 
computed from an accident database in which the 
information whether the driver was belted or not is not 
available.  

Because of this one has to be really aware of falsely 
jumping to causal conclusions too early. This seems to 
be extremely the case when there is some public suspi-
cion about the reasoning for some observed effects.        

As an example let us consider once again the situation 
reported upon in Figure 2 (Section 2). There we find out 
a statistically significant correlation between the gender 
of the driver of a vehicle and the effectiveness of the 
ESC system in loss-of-control accidents. This result 
does not mean that there necessarily is some causation 
between the two factors, more exactly that an ESC 
system works better in a female driven vehicle than in a 
vehicle driven by men. Of course there may be causal-
ity, but the slightly deeper investigation, which includes 
the size of the vehicle, shows that gender of driver and 
the size of the vehicle are correlated as well (cf. Figure 
3). So it is quite possible that the true causality is 
between the size of the vehicle and on one hand the 
gender of the vehicle (women tend to driver smaller 
cars) and on the other hand between ESC and size of the 
vehicle (the safety increment by ESC in smaller vehicles 
is larger than in larger cars typically having more 
primary and secondary safety equipment on board than 
smaller cars). This really may be the case and really 
may lead to the observed pseudo-correlation between 
gender of the driver and effectiveness of ESC in loss-of-
control accidents. Unfortunately, it may be the case that 
none of the above is true and the true reason for all 
observations is much more complex. A further more 
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complex and still plausible explanation for the observed 
phenomenon may be that women indeed tend to drive 
smaller vehicles but also tend to drive in different 
situations and moreover possess a different driving 
attitude than men and that (young?) men especially in 
small cars tend to overestimate their and the vehicles 
possibilities and are much more exposed to loss-of-
control accidents.  

All this demonstrates how complex reality might be and 
possible is. Thus a reliable conclusion from a single 
accident investigation is difficult if not impossible to 
obtain. It is the variety of accident-based investigations 
leading to comparable and therefore reproducible results 
that forms a convincing picture of a causal dependence 
of the ability specific safety function to partly avoid 
specific types of accidents.        

In case a statistical database analysis shows a positive 
correlation between two variables a and b it takes 
engineering judgement (or at least common sense) to 
determine whether a causes b, b causes a or both a and b 
must be attributed to a third effect, cf. Zobel (2007) 

DRIVER EFFECTS VS VEHICLE EFFECTS 
To demonstrate that driver effects not taken into account 
may lead to a substantial bias in statistical conclusions 
let us consider a thought experiment.  

Assume that we have n=1.000.000 vehicles on the road 
and that 30% of all vehicles are equipped with a specific 
safety function of interest. Let us think for simplicity of 
just one driver related variable (Driver) which can attain 
two value, 0 and 1, say, only. An example is gender of 
the driver. We restrict our investigation to only to 
accident scenarios of two types, namely one sensitive to 
the safety function of interest (Sensitive Accident) and 
the other one more or less neutral (Neutral Accident) 
accidental situation. The assumed model to generate 
accident data is a simple logistic regression model of the 
form 

P(Sensitive Accident | Safety Function = r, Driver = x) 
= exp(β0+β1r+β2x)/ [1+ exp(β0+β1r+β2x)] 

for all r,x =0,1 and β0=-5, β1=-0.35 and β2=0.50. This 
means that we have a positive effectiveness of the safety 
function as well as of Driver = 0. More precisely the 
effectiveness of the safety function on accidents sensi-
tive to it reads as follows: 

Effectiveness = 1- exp(-0.35) = 0.295 = 29.5%. 

Let us further assume that for about 80% of the vehicles 
Driver =0 is true and that we have the following distri-
bution of the variables Driver and Safety Function 

Table 4. 
Driver distribution in equipped and non equipped 

vehicles 

 gender 
safety 
Function male female total 

not  
present 600,000 100,000 700,000 

present 200,000 100,000 300,000 
total 800,000 200,000 1,000,000 
 
Table 4 reflects that 30% of the vehicles are equipped 
with the safety function but that this rate varies accord-
ing to Driver gender equal to “male” or “female”.  

According to our assumption on the probability for an 
accident we obtain by Monte Carlo simulation the 
following tables of accidents. 

Table 5. 
Simulated number of accidents sensitive to the safety 

function 

 gender 
safety  
Function male female total 

not present 4,009 1,097 5,106 
present 951 779 1,730 
total 4,960 1,876 6,836 
 

Table 6. 
Simulated number of accidents neutral to the safety 

function 

 gender 
safety  
Function male female total 

not present 4,050 2,100 6,150 
present 1,350 2,100 3,450 
total 5,400 4,200 9,600 
 
The values in Table 6 accurately resemble the equip-
ment rate within the two driver categories (compare the 
respective columns in Tables 4 and 6). But, the proba-
bility of suffering an neutral accident varies within the 
two driver groups.   

Using the standard SPSS-routine logistic regression the 
following estimators are derived: 

β0 = -0.010, β1 = -0.341 and β2 = -0.640. 
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It can be seen that only the estimator for β1 and there-
fore fort he effectiveness of the safety function satisfac-
torily works, while the estimator for β2 completely is 
misleading. 

Now let us see what happens if we apply the logistic 
regression routine without taking the two different 
driver categories into account, thus what happens if we 
do not take gender into account.  Doing so we end up 
with the following 2x2 contingency table of accidents 

Table 7. 
Simulated numbers of accidents 

 accident type 
safety  
Function neutral sensitive 

not present 6,150 5,106 
present 3,450 1,730 
  
The estimator for the effectiveness of the safety function 
in this simplified situation without any confounding 
variables is rather easy and reads as follows 

Effectiveness = 1 – 6,150*1,730/(3,450*6,106) = 39.6% 

and therefore overestimates the effectiveness by about 
34% when compared to the “true” effectiveness of 
29.5% (see above). 

This simple example demonstrates that it is rather 
essential to include confounding variables when they 
may have a non-negligible influence. 

Summarizing one can say, that the effectiveness of a 
specific safety function reliably can be estimated on the 
basis of real world accident data only if relevant con-
founders are included in the investigation. Falsely 
ignored confounders may lead to substantial errors in 
estimating the effectiveness of a safety function even in 
very simple examples. 

SYSTEM A VS SYSTEM B 
As already mentioned at several places in this paper it is 
most wanted to obtain from real-world accident data 
reliable and significant results on the causal effective-
ness of some safety functions or some safety equip-
ments. To do so and especially to obtain enough reason-
ing for causality it is necessary to include so-called 
explaining variables in the investigations in order to be 
able to (at least partly) control for the influence of these 
covariables. Age and gender of the driver, weather and 
road conditions, seat belt usage and vehicle age, mileage 
and vehicle equipment may serve as examples of cova-
riables, which should be included. So far the theory. In 
real data applications this to a considerable extend is not 

possible because of the lack and reliability of informa-
tion in accident databases. 

But even if we assume that we have all these informa-
tion at hand then in a lot of investigations the total 
number of accidents tends to be way to small to carry 
through a very detailed statistical analysis. Of course 
there exists statistical models, which allow for the 
inclusion of a lot of variables but most often these 
models are of so-called parametric nature, like the 
logistic regression model is. These models and especial-
ly the logistic regression model are rather handy to 
apply to multivariate observed data and the results 
typically look quite nice and easy to interpret so that one 
might be tempted to apply these models without further 
thinking. But a great disadvantage of parametric models 
is hat they by their definition make very strong assump-
tions on the underlying dependence structure of the 
various variables. Of course, when dealing with data a 
linear dependence is the easiest to assume and of course 
the obtained results look nice because they are linear. 
But the assumed model does not allow for anything else 
than linearity! The same objection is true for the logistic 
regression model, which assume after a certain loga-
rithmic transformation nothing else but a linear multiva-
riate model. At least this linearity assumption has to be 
checked on the data before the logistic regression model 
is applied and conclusions are drawn.         

CONCLUSIONS 
For a number of years after the introduction of ESC 
researchers from different regions of the world have 
published retrospective analyses of this system’s safety 
benefit. Using different data sources, mathematical 
approaches and effectiveness metrics the overall results 
were scattered and, in some respects, contradictive. 
Some studies found that – with the data available at the 
time – they could not rule out a negative effect on safety 
at the 95% confidence level. This initial uncertainty is 
caused by various factors, many of them – by nature - 
beyond the control of the respective authors. Any early 
study of a new technology’s safety effect should there-
fore be taken with care. 
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