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This articie sheds light on drivers’ characteristics
and thelr sssoclation with aulo sccident’s severity in
Kuwait. In particular, this study investigzies the exis-
fence of significant association between the severity of
an accident and 2 sst of selectad demographleal pradic-
tors that might characterize drivers according to thelr
anticipated risk; such as age, gender, nationality and
place of aceident. The analysis was conducted based on
a coliection of 345 police reports during the period 1994-
19858. We extended our znalysis to establish a modeat
that guantifies the relationship between the probabifity
of committing a severs or minor sccident with 2 set of
significant prediciors through the logistic approach.
Other interesting results ars also included,

The market determines risk classification schemes and associaled
insurance prices that affect the societal allocation of the cost of risk. The
importance of risk classification in automobile insurance has been
debated for at least two decades. See for example (Spaht and Escolas,
1982; Austin, 1983; McCarthy and Turner, 1983; Harrington and Doerpin-
ghous, 1893; Witt, 1878; Chang and Fairley, 1979; Sant, 1980 and
Tryfos, 1980). Witt, (1979) found some supportive evidence for territorial
rating in auto insurance pricing. However, his recommendation was that
more research is needed in that direction, {Chang and Fairley 1879;
Bennett, 1978 and Sant, 1980) contemplated the use of some traditional
automobile rate making. They also considered the importance of a risk
classification system in auto insurance risk assessment and pricing.
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In many couniries, government reguiations have significantly re-
stricted certain types of information regarding the characteristics of auto
drivers involved in accident, inciuding sex, marital status, nationality, and
territory on discretionary underwriting. Such information can be used by
the insurers to model anticipated risks of auto drivers, see for example
{Shayer, 1978; Abraham 1985, 1986; Austin, 1883; Wortham, 19886 and
Butler and William, 1988) for details.

Actuarial community generally argues that pricing and classification
should be a cost-based process. Thatl is, the price charged o a buyer
should reflect the estimated expscited value of claim. In addition to &
loading cost that covers administrative costs in order to provide compen-
sation for bearing the risk. Therefore, the objective of such price
classification is {o achieve the most homogeneous rate classes and
predictive accuracy. (Spahr and Escolas, 1882) examined the effect of
drivers’ characteristics {age, sex and plece of residence) on the fre-
guency of accidents, the resulting physical injury, and the properly
damage. Their investigation indicated that these variables are reasonably
good prediciors o severity of accident.

The purpose of this paper is t0 examine the effect of drivers’
characteristics on the severity of aulo accldents in Kuwsit. Specifically,
we hypothesized the relationship between the seventy of auto accidents
in Kuwait and a set of selected predictors including age, sex, nationality,
and piace of accident. Therefore, we exlend our investigation to esiablish
a model that might characterize drivers according fo thelr encountered
risks. Moreover, we exlend our investigation to establish 2 model that
guantifies the relationship between significant prediciors and the prob-
ability of committing a severe or a minor accident. Although the main
objective of this paper is to help understand the characteristics of auto
drivers’ severity for the use in insurance business, such classification
would help in other areas as weill. For instance, it would shed light on
traffic issues to find objective solutions. In particular, sirbag legisiative
efforts would be an attemipt to reduce the unceriainty or the likelihood of
severe accidents. Moreover, it would undoubledly serve to set up a meritf
demerit system 10 penalize carsiess drivers... efc,



May 1998 Hamdy et of 521

The Daia

The data used in this analysis was collected from daily police
reporis of auto accidents in Kuwail. We gathered 345 reported cases of
auto accidents in Kuwait over the period 1984-1985. Each report shows
the time and the place of aceident along with the driver's characteristics
(age, sex, and nationality) as well as the severity of the accident as being
severe or minor. However, only 337 cases were included in the analysis
while the remaining 8 were excluded due o thelr insufficient or unsatis-
factory information. All predictors are treated as indicator variables
{dummy vanables) except for age which is treated as & covariate.

Consider ¥ as a dichotomous random variable representing the
degree of severily caused by an aulo accident. The random variable Y
assumes two vaiues, 0 if the severity is minor (bodily injury}, or 1 if the
severity is major (resulling In death). The independent variables consid-
ered in this study are the age of the driver X, and gender of the driver,
X,, as being a male or female driver. The nationality of the driver, X,
where we consider only two groups, Kuwaitl or non-Kuwail, and finally
the place of accident, X,. Furthermore, the place of accident is divided
into & different categorias according to the nature of the road as well as
spaed limits, whether the road is one lane, X4, two lanes, Xy, & free-
way, Xaz. @ high-way, X4, or a ring road, Xss, (Kuwait has seven high-
ways in the forms of rings that run across the couniry, with a maximum
aliowable driving speed of 120 Kilometers/hour).

First we investigate the degree of association between the severily,
Y, and each of the independent variables io select the best subset of
predictors that explain Y. The following Table (1) presents the resulis of
the contingency between Y and the age groups of the drivers X5. Note
that Obs means observed frequency and Exp stands for expected
frequency.
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Table 1

Age Group 18-27 28-37 38-47 48-57 58 or more

Y Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp
G {minor) 15 581 40 3585 57 342 27 1441 5 21
1 (severe) 121 779 43 475 23 458 & 1188 0 29
% of severs
accidents 62.7 22.3 1.9 3.4 0.0

The analysis indicates that 62.7% of all severe accidents were
commitied by drivers in the age group 18-27 while 22.3% of the severe
accidents were committed by drivers in the age goup 28-37. This
percentage decreases in older age groups. lt is also evident that 89% of
total accidents committed by the age group 18-27 were severs. These
observances point out an important characteristic of the risk regarding
the drivers age group. To sum up the above findings, we would say that
younger drivers are more likely to commit severe accidents regardiess of
nationality, sex, and place of accident.

Regarding the nationality of drivers, the following Table (2) provides
details conceming the association between X; and the degree of severity V.

Table 2
Driver's Nationality Kuwaiti Non Kuwaiti
Y Obs Exp Obs Exp
0 (minor) 70 846 T4 59.4
1 (severe) 128 1134 84 798
% of severe accidents 56.3 33.7

Table (2) shows that 58.8% of total accidents were committed by -
Kuwaiti drivers of which 64.7% were severe while 41.3% of accidents
were commiited by non-Kuwaiti drivers of which 46.8% were severe. in
other words, Kuwaiti drivers are more likely to commit severe accidents
than non-Kuwaiti drivers.

With respect to the association between the degree of severity ¥
and the gender of the driver X, a detailed table is omitted for brevity. Yet,
analysis confirms that 70.9% of the accidents were committed by male
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drivers, of which 57.3% were severse. While for female drivers, out of the
289% of their accidents, 57.1% were severe.

Regarding the degree of severity of accidents, the condition of the
road, and the speed limit, the analysis indicates significant association.
between the severity of the accident, the nationality of the driver and the
place of accident. Further details are given in the next section.

Further, if sex is controlled for male drivers Table (3) provides
cross-tabulation results of the degree of severity and the age of both
Kuwaiti and non-Kuwaitl drivers. A similar pattern holds when sex is
controlied for female drivers as shown in Table (4).

Fable 3
Biale
Nationality Kuwaiti Mon - Kuwaitl
Y GAg'e 18- 28- 38 48 58> 18 28 38 48-57 58>
Toup
(mino)Obs 7 16 13 © 2 4 10 29 9 3
Exp 257 99 7.2 34 07 140 124 205 65 18

(evere) Obs 68 13 8 1 0 2z 13 9 3 0
Exp 49.3 19.1 138 66 13 120 106 175 55 14

% of severe
seslAgniE 756 144 89 14 0.0 488 27.7 181 64 6.0

Tabie 4
Male
Nationality Kuwaiti Non - Kuwaitl
Age 4o 95 38 48 58> 18- 28- 38 48-57 58>
Group
{minor) Obs 4 B i 4 - o 8 8 5 -
Exp 106 64 41 19 - 36 42 51 33 .
(severe) Obs 24 9 4 1 - 7 8 2 1 -
Exp 17.4 106 6.9 3.1 - 34 68 48 298 -

% of severe
spcidents 63.2 237 105 26 g 389 444 111 56 0.0
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With regard io the relationship betwean the degree of severily,
nationality, and gender of the driver, Table (5) presents cross-tabulation
results which illustrate the fact that if the severily is classified by gender
and nationaiity, male driver are more likely to commit severe accidents
than femaie drivers in general and among Kuwaiti drivers in particular.
On the contrary, non-Kuwaiti males are more likely to commit minor
accidents than Kuwaiti males.

Table 5 <
¥ ¢ {Minor) 1 (Severe)
Seiven Bl et KWt GO arue
Obs Exp Obs Exp Obs Exp Ohe Exp
fMale 47 B85 55 435 80 785 47 585 0.002
Female 23 261 19 158 38 349 18 211 0.186

So far we have identified some of the significant predictors that
might explain the severity Y. Our goal in the following section is aimed at
building a mathematical model that predicts the probability of committing
severe or minor accidents given some significant characteristics of the
driver. Although ail characteristics as well as all possible interactions up
to the fourth order have been tested against the model, we only report
those terms which declare significance.

Logistic Regression Model

One of the advantages of logistic analysis is that we need only to
know whether an event occurred and use a dichotomous value as our
dependent variable. Since the severity Y is a dichotomous random
variable, the normality assumption of the error term in the ordinary least
square (QLS) method of estimation is no longer valid. Therefore, we
utilize the logistic regression approach (Hair ef al, 1982} to select a set of
significant predictors, along with possible interactions to the fourth order,
that can logically explain the behavior of Y. From this dichotomous value,
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the procedurs predicts its estimate of the probability that the event will
ocour. If the predicted probability is greater than 0.5, then the prediction
is severe accident given the set of predictors, otherwise it is minor. Thus,
the predicted vaiue in this case E(Y) is interpreted as the probability that
the driver commiis a severe of minor accident, given certain characier-
istics of the driver. The basic idea of the logistic analysis stems from the
fact that the random variable Y is a Bernoulli trial, which describes the
occurrence of two mutually exclusive events (either severe or minor
accident).

Therefore, the expectation of the random varibale Y is the same as P
(Y =1). To this end, we write the logistic regression model as:

B +EB!'XI'+ 3 ﬁszlxir'}" ) > ﬁgijiX}’Xk-i- E 6ﬁk€XinXkX£
iz ik ik

i #
1?3 =g (3.1

where, i=j=k=1=1,2,3,41,42, 43,44, 45.

The procedure that calculates the regression coefficients is similar the
least squares criterion. Eventually, it makes comparisons of the probability of
an avent “severe accident” occuring with the probability “minor accident”
occurring given the set of predictors. This odds ratio is expressed in
iogarithms, such that they need to be transformed back by taking the antilog,
of the values so that their relative effect on the probabilities can be assessed
more easily. However, computer programs do this procedure automatically.
To this end we wiite the mods! in the form:

Bo+ E BiXi+ %, ByXiXj+ 7., By + . ,Bl-jng;'X}Xng
vttt B A iFjEk itjEk#EL
%Ymeg = {1~—E%75 S8 {3.2)

To obtain a linear regression model, we transform the ahove exponantial
mode! into the linear form as:
B
in | = =By + T BX+ T ByXiXy+ By Xi XXy + Biaa Xi XX Xy (3.3)
{1—1-—-5}?7)7} oix:u;%q;; iﬁé:;&kukljki#j%c;&fgkﬂljkg

whers, 3 is the intercept (constant), f; is the coefficient of X;, Bij s the
coefficient of the 2-way interaction between X; and Xj, Bz is the
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coefficients of the 3-way interaction between X;, X; and X, and Bijke is
the coefficient of the 4-way interaction between X, X, X, and X,.
Actually, the parameters 5° are measures of the relative changes in the
odds ratio in (3.2). Furthermore, if the coefiicient G is positive the antilog
is greater than one, hence the odds ratio increases. This increase occurs
wheri the predicted probability of the event “severe accident” oceurring
increases and the predicted probability of the event “minor accident”
occurring is reduced. Likewise, if 8 is Zero, this indicates no change in
the odds.

Wald's backward elimination procedure was performed to select
the best subset of predictors that explain ¥. The following Table (6) gives.
the estimates of the encountered parameters and the significance of
each predictor. Other variables indicating insignificant relationship (P-
value > 0.1} were dropped from the model.

Table 6
variables 8 S.E. Wald P-Value R g?
Xaq 3.6815 1.1074 11.052 0.0009 0.1403 39.705
Xa2 6.4028 1.4775 18.7805 0  0.191 603.531
X, by Xaq -0.0883 0.0291 9.2023 -0.0024 -0.1251 0.915
X, by X, -0.115 0.0258 19.8468 0 -0.197 0.891
Xz by X4z -2.3898 0.7968 8.9952 0.0027 -0.1233 0.092
Xy by Xaq 1.2608 0.5304 5.6514 0.0174 0.0891 3.528
X, by X, by Xes 0.041 0.0135 9.2537 0.0024 0.1256 1.042
X; by X; by Xz -0.0548 0.0323  2.88 0.0897 -0.0437 0.047
X, by X; by X3 0.0796 0.0297 7.1728 0.0074 0.108 1.083
X by X3 by Xus -0.0445 0.0142 9.7613 0.0018 -0.1298 0.957

X1 by X5 by X3 by X4 0.0668 0.0342 3.8201 0.0506 0.0629 1.06%
X1 by X, by X3 by X4 -0.0573 0.0299 3.6735 0.0553 -0.0603 0.944

constant -2.3367 1.2531 3.4772 0.0622
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The result of logistic analysis shows that among the encountered
characteristics of the drivers considered in this study and the nature of
the road (being one iane, two lanes, freeway, highway or ring road) affect
the severity of the accident. The interaction between the age of the driver
travelling on a one lane or two lane road also determines the severity. itis
also evident that the gender of a driver, travelling on a two lane road, can
significantly indicate whether the accident resuits in death or bodily injury.
Males are more likely to commii severe accidents than females when
they drive on two lane roads or highways. Young Kuwaiti males driving
on a two lane road or freeway are more likely fo commit severe
accidents. [t would be also of interest to investigate the ability of the
model to correctly classify accidents (severe or minor) hased on their
predicted probability. The following Tabie (7) summarizes the percentage
of correct classifications based on the proposed model.

Table 7
gfsigii Predicted Frequency iﬁﬁzg
Minor (M) Sever (S)
Kinor{M) 103 41 71.53%
Severe(S) 30 163 84.46%
Overall Percentage of Correct Clagsification 78.93%

From Table (7), we see that the total percentage of correct
classification is 78.93%. This means that among 144 minor accidents the
model was able to correctly classify 103 cases. On the other hand,
among 193 severe accidents the model was able to classify 163 cases
correctly. The classification map Fig.(1) provides the predicted probabil-
ities of drivers membership for severe (8) or minor (M) accidents.
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Fig. 1

Ohserved Groups and Predicted Probabilitlies
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As we can see, the model overestimates the percentage of severe
accidenis by ~ 7% relative bias. In contrast, it underestimates the
percentage of minor accidents by ~ 8% relative bias.

Hence, we give the fitted model ag

£ = -2.337-1-3.68}(@1+6.4X¢3~.888X;X41u.115X;X42-2.39}(3)(42 + 126850, +
0.041%, X0 Has ~ 055X, XX ez + 008X X3Xay - Q445X X X5 + DEBBY XX, -
QOSTX HaXa¥a (3.4)

where, # = £n(f/(1-p)) is the logarithm of the rafio between the
probabifity p that the driver with certain charateristics wiil commit a
severe accident and the probability (1-p) that the driver with the same
characteristics will commit a minor accident.

This study reveals several facts concerning classifications of
drivers into severe rislk or minor risk groups. According to their age,
nationality, gender and place of accident. The logistic analysis shows that
the interactions of these characteristics are the hest predictors of the
severity of an accident. Among the detected characteristics in this study,
we find that the age of the driver plays a significant role in determining the
severnity of an accident. For instance, a male Kuwaiti driver belonging to
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the age group 18-27 has a high probability of commiting a severe
accident on @ one lane road or freeway. Accordingly, these highly risk
drivers should be penalized in determining their premiums for auto
insurance. Fig(2) presents the behavior of the predicted probability of
committing an accident versus the driver's age. Apparently, young drivers
(< 35 years) are more likely o commiit severe accidents than older
drivers. The probability drops down considerably for older ages.

Fig 2
Classification of Predicted Risk by age of the driver
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Conclusion

This study discloses several facts regarding classifications of
drivers in Kuwait to high or low risk. We have found that age s a critical
predictor, especially when interacting young drivers with gender {male).
nationality (Kuwaiti), or even higher order interactions {young, male,
Kuwaiti, place of accident). Further, the gendear of the drive is a factor o
be considered, in particular male drivers. Next, the nationality of the
driver appears to play a role in evaluating the predicied probability,
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distinctly Kuwaiti drivers. Finally, road conditions are a significant factor,
specially one lane, two lane, freeway and ring roads.

Although we have considered some major characteristics in this
study to classify drivers according fo their anticipated risk, other impor-
tant factors were not available (not recorded) such as educational level,
marital status, driving experience, alcohslic problems, psychological
stability, driving record, occupation, vehicle specifications, vehicie age,
limits of liability as well as territory. Therefore, we do not claim that we
have reached a final identification model regarding drivers anticipated
risk.

Rather, we say that further studies which include all related
characteristics are required to betier identify drivers according to their
expected risk. While we have focused on human iosses, property
damage should also be addressed in future analysis.

As a closing statement, the natural question wouid be, who should
bear the loss? According to our findings in this study, high risk drivers
(reckless driver) should be penalized in the determination of their auto
insurance premiums. In other words a fair pricing system should be
imposed. 1 is also the responsibility of the authorities io protect other
citizens by applying a merit/ demerit system and enforce safety require-
ments (Peltzman, 1975) such as airbags (Peterson, and Hoffer, 1996)
and seat belt legislation (Adams, 1894). Finally, insurance companies
also have a role to play regarding this issue.
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