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This paper develops an economic model of driver behaviour and discusses the traffic safety implications when the
driver listens to the radio, uses a mobile phone, and has passengers in the car. The main findings are that, even
though engaging in the three distractions reduce the driver’s concentration and his driving performance, they
can improve the traffic safety situation for both himself and the passengers. By reasoning a little beyond the pure
results of the model the paper also suggests that having access to the radio and a mobile phone can improve
safety due to the driver being able to receive information about driving conditions and inform people about
lateness. The safety implications of having passengers in the car will also depend on how much the driver is
attached to the passengers; the more concerned he is about their safety, the more careful he becomes.
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1. Introduction
Annually, more than 1.2 million people die, and more than 50
million incur non-fatal injuries, in accidents on the world’s roads (World
Health Organization, 2015). Therefore, identifying the factors contrib
uting to road traffic accidents is of great importance. Several studies
suggest that driver distraction is one of the major causes (see e.g.
Huemer et al., 2018; McEvoy et al., 2006).
Therefore, it is disturbing that a systematic literature review by
Huemer et al. (2018) finds that more than 20% of drivers engage in
secondary tasks, such as using mobile phones and other electronic de
vices, while driving. The most common secondary task engagements
while driving are, according to an observational study conducted by
Kidd et al. (2016) in Northern Virginia, USA, holding a mobile phone
(5.1% of observed drivers), talking on a hand-held mobile phone (4.2%),
either eating or drinking (3.1%), either talking or singing with a pas
senger present (2.7%), manipulating a mobile phone (2.3%), and either
talking or singing without a passenger present (2.1%). A somewhat
lower total secondary task engagement (16.8% of drivers) was observed
in St. Albans, UK (Sullman et al., 2015), where the most common sec
ondary tasks were talking to passengers (8.8%), smoking (1.9%) and
talking on a hands-free cell phone (1.7%).
By using data from 905 crash events, Dingus et al. (2016) analysed
the accident risks associated with a range of observable distractions
while driving, such as in-vehicle radio use, mobile phone use, and

interaction with passengers. These three prevalent activities increased
accident risks by 1.9 times, 3.6 times, and 1.4 times, respectively.
However, it is worth noting that the effect on accident risk from having
passengers in a vehicle is influenced by the age of the driver (see e.g.
€m et al., 2008; Rueda-Domingo et al.,
Doherty et al., 1998; Engstro
2004). Moreover, a meta-analysis that assessed changes in accident risk
associated with mobile phone use (Elvik, 2011) concluded much the
same as Dingus et al. (2016); using a mobile phone while driving led to a
threefold increase in accident risk.
Therefore, it is well-established in the literature that secondary task
engagements are widespread among drivers and that driver distraction
is a frequent contributor to driving errors (Young and Salmon, 2012)
and, consequently, increasing the accident rate. Nevertheless, the
problem of driver distraction and its contribution to road traffic acci
dents is still not very well known (World Health Organization, 2011).
Therefore, the aim of this paper is to analyse the safety impacts of
engaging in secondary tasks while driving by introducing an economic
model of drivers’ behaviour. We will focus on the most prevalent dis
tractions, such as radio listening, mobile phone use, and interaction with
passengers (Dingus et al., 2016). The model presented here assumes that
the drivers are subjective, risk-neutral utility maximisers. Thus, we
make a clear distinction between drivers’ accident perception, i.e. the
perceived level of accident risk and accident loss, on the one hand and
their respective objective values on the other hand. For similar models
analysing traffic safety issues and taking economic models as starting
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points, we refer to O’Neill (1977), Blomquist (1986), Janssen and Ten
kink (1988), Jørgensen (1993), Jørgensen and Polak (1993) Jørgensen
and Wentzel-Larsen (1999), Levy and Miller (2000), Jørgensen and
Pedersen (2002), Elvik et al. (2004) and Elvik (2009, 2014). However,
none of these studies have analysed traffic safety issues in the same
manner as it is done in this one.
The rest of this paper is organised as follows. In Section 2, we
describe briefly the model of a driver’s behaviour and the interpretation
of its parameters. Further, in Section 3, we discuss the influence on the
model’s parameters when the car driver starts either using the radio,
using a mobile phone, or interacting with the passengers. A special focus
is placed on discussing the conditions that must be met for the driver
wishing to engage in these activities. The latter is an important issue,
because devices like radios and mobile phones in the cars do not affect
safety if the driver does not use them while driving. Finally, the main
conclusions and the most relevant weaknesses of the analysis are sum
marised in Section 4.

must be possible to conclude in which directions the model’s parameters
will change when the car driver becomes involved in the three distrac
tions mentioned earlier. From the above considerations, it follows that
we employ the following objective relationships over the relevant range
of speed:
1
T O ðXÞ ¼ k⋅ ; PO ¼ a0 X a1 ; LO ¼ b0 X b1 ; a0 ; b0 > 0; a1 ; b1 > 1
X
and the following subjective ones
T S ðXÞ ¼ μ⋅T O ðXÞ ; PS ¼ α⋅PO ðXÞ ; LS ¼ β⋅LO ðXÞ μ; α; β > 0

(3)

where k is the driver’s time costs per unit of travel time, X1 is driving time

per km, and PO and LO are objective values of the probability of an ac
cident per km driven and private accident loss if an accident does occur,
� �
respectively. Hence, k ⋅X1 are time costs per km driven. The power
functions between PO and X and between LO and X are used commonly in
driver speed selection models, see, for example Elvik et al. (2004), Elvik
(2009, 2014) and Elvik et al. (2019) for a thorough review and discus
sion of the validity of power and exponential functions in traffic safety
models. The specifications in (2) have the useful properties that the
parameters a1 and b1 and the sum (a1 þ b1 ), in particular, display
considerable stability throughout the driving population and the total
stock of cars and under different driving conditions (Jørgensen and
Polak, 1993). Increasing (decreasing) values of a0 and b0 in equation (2)
indicate that the objective probability of being involved in an accident
and its objective private loss increase (decrease), respectively. When the
driver, for example, improves his vehicle handling skills, the value of a0
will decrease, whereas a safer car will decrease b0:
Finally, in (3), we assume proportional relationships between
perceived values of time costs, accident risk, and accident loss on the one
hand and their respective objective values on the other hand; that is the
percentage differences between objective and subjective values are the
same at any speed. If, for example, α > 1 the driver overestimates the
probability of an accident, if α ¼ 1 he correctly estimates it, and, finally,
if α < 1, he underestimates it. Thus, the values of α and β signal the
driver’s accident perception, that is his or her ability to judge the driving
risk and the consequences of an accident; when their values tend to one,
the better are their accident perception. From equation (3), it follows
that the PO ðXÞ and Ps ðXÞ relationships and the L0 ðXÞ and Ls ðXÞ re
lationships will never intersect each other when X > 0. This means that,
if the driver overestimates the probability of an accident and accident
loss (α; β > 1) at low speed he will do the same at higher speed.
Empirical studies show that drivers’ perceived relationship between
driving time and speed decreases convexly (Elvik, 2009) and are, hence,
in line with the signs of the derivatives of the TS ðXÞ function employed
above. The slope of the curve is, however, flatter for low speeds and
steeper for high speeds than is the objective curve.1 This means that
drivers underestimate (overestimate) the time savings of increasing
speed when it is initially low (high). In the following, to reduce the
number of symbols, and without much loss of generality, we will assume
that the driver has correct perception of the real time-speed relationship;
that is, μ ¼ 1 in (3).

2. A model of driver behaviour
2.1. General model
When assuming that the driver’s perceived pecuniary costs per km
are independent of speed (X), a subjective, rational, risk-neutral car
driver will select a speed that minimises the sum (TCS Þ of time costs and
subjective expected private loss per km driven; that is:
MinX TCS ðXÞ ¼ T S ðXÞ þ Ps ðXÞ⋅LS ðXÞ; T SX < 0; T SXX > 0; PSX > 0; PSXX
> 0; :::::::LSX > 0; LSXX > 0

(2)

(1)

where Yz ¼ ∂∂Yz . T S ðXÞ are the car driver’s perceived time costs per km
driven, Ps ðXÞ is the perceived probability that an accident will occur per
km, and, finally, Ls ðXÞ is the perceived private accident loss if an acci
dent does occur. The T S ðXÞ relationship is, among other things, influ
enced by the driver’s income, the purpose of the journey, the comfort of
the car used (see e.g. Gunn, 2008; Wardman et al., 2016), and, finally,
his knowledge about the time–speed relationship. The PS ðXÞ relationship
is influenced by the driving characteristics of the car, the quality of the
roads, and the levels of the driver’s accident perception and
vehicle-handling skills. Finally, the LS ðXÞ relationship is influenced by
how safe the car he is driving is, his conditions of insurance (Hsu et al.,
2015), and by the number of passengers. The latter influences LS ,
because the car driver is concerned about the safety of the passengers,
see the breakthrough works by Jones-Lee (1989, 1991). The stated signs
of the derivatives are in line with ordinary assumptions in moral-hazard
models; an increase in safety effort (a reduction in X) reduces the
probability of an accident and accident loss at diminishing rates and
increases the cost of care (time cost) at an increasing rate.
With the restrictions placed on the signs of the derivatives in Eq. (1),
it is straightforward to prove that TCSXX > 0, which implies that the value
of X (X* ) that leads to TCSX ¼ 0 is a global optimal value. It is worth
noting that we have disregarded speed limits in the above model and,
thereby, the influence on speed selection of the driver’s perceived
probability of being caught speeding and his perception of the magni
tudes of penalties for speeding. These factors could be incorporated in
the model, but they would lead to unnecessary complications of later
formulae without providing the analysis with much new insight.

2.3. Model results
Plugging Eq. (3) into Eq. (1) result in the driver wanting to minimise
the following expression:

2.2. Specification of the actual functions
For later use, we will specify more precisely the functions above. The
choice of functional forms is made under three main considerations.
First, they must be intuitively reasonable, and the signs of their de
rivatives should be in accordance with those that are imposed in Eq. (1).
Second, they must lead to mathematically tractable solutions. Finally, it

1
From Elvik (2009), the perceived relationship between travel time per km
(T) and speed measured in km per hour can be derived as TðXÞ ¼ 0:129⋅e 0:025X :

2
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thereby, the c and d parameters in Eqs. (4) and (5) will remain constant.
This means that radio listening will alter the objective probability of an
accident by the same percentage at any speed. Furthermore, another
essential, but sensible, assumption is that the driver’s time costs per unit
of time (k) are lower when the radio is switched on than otherwise. The
more he enjoys and gets involved in the radio programme, the more
significant are the changes in a0 and k likely to be.
When evaluating the behavioural and safety consequences of radio
listening, it is essential to discuss the extent to which the driver’s acci
dent perception (the value of αÞ change. In the following, we will focus
on two instances.

(4)

γ ¼ αβ; b ¼ a0 b0 ; c ¼ a1 þ b1

in which γbXc ¼ QS is expected subjective accident private loss per km
driven. The first-order conditions for minimum value of TCs imply that
the driver’s perceived optimal value of speed (X* Þ is2:
� �d
k
1
X* ¼
(5)
where d ¼
γbc
1þc
Because c > 0, it follows from Eq. (5) that 0 < d < 1. Eq. (5), in
combination with the functions in (2), gives the following expressions
for the values of the driver’s objective probability of an accident (PO* )

3.1.1. Accident perception is changed
This means that α is constant and that the percentage changes in the
PO ðxÞ and the PS ðxÞ relationships will be the same. Broadly speaking, the
car driver is aware that he becomes less attentive when he starts
listening to the radio. Thus, in summary, radio listening will reduce k,
increase a0 , and, thereby, b, while the other parameters will remain
constant.
By inspecting Eqs. (5) and (6), it is easy to verify that radio listening

per km, objective private accident loss (LO ), and expected objective
*

private accident loss per km (Q ):
� �da1
� �db1
� �1
k
k
k
*
*
*
*
PO ¼ a0 ⋅
; LO* ¼ b0 ⋅
; QO ¼ PO ⋅LO ¼ b⋅
γbc
γbc
γbc
O*

d

(6)

Further, from Eqs. (4) and (5), it follows that driver’s expected
perceived optimal costs (TCs* ) and expected objective optimal costs
ðTCO* Þ per km driven are:
� � d
� �1 d
� � d
� �1 d
k
k
k
k
TCS* ¼ k⋅
þ γb⋅
and TCO* ¼ k⋅
þ b⋅
⇒
γbc
γbc
γbc
γbc
(7)

*

will reduce both speed ðX* Þ and the private loss of an accident (LO Þ. To
O*

deduce the influence on the probability of an accident (P ) and ex
*

h
�i
h
�i
TCS* ¼ k1 d ⋅bd ðγcÞd þ γ d ⋅ cd 1 and TCO* ¼ k1 d ⋅bd ðγcÞd þ cd 1

ELk TCS* ¼ 1

3. The effect on traffic safety – model discussions

*

(9)

d; ELa0 TCS* ¼ d;

where ELk TCS* and ELa0 TCS* denote the elasticities of TCS* with respect
to k and a0 , respectively. Hence, from Eq (9) and inequality (8), it fol
lows that the driver will listen to the radio if

Commonly, in terms of driver behaviour, radio listening, mobile
phone use, and passenger conversation will, broadly speaking, influence
the driver’s time costs per unit of time (k), his objective and perceived
probabilities of being involved in an accident (the a0 and α parameters),
and his objective and perceived private accident loss (the
b0 and β parametersÞ: However, the three activities above will influence
the model’s parameters and, thereby, traffic safety in different ways
(Dingus et al., 2016). Consequently, we will analyse them separately. In
line with our earlier statement, we assume that the values of a1 and b1
are unaffected by the above engagements and also apply at any speed.

rk ⋅ ð1

dÞ > ra0 ⋅d ⇒

rk
d
>
ra0 1 d

(10)

where rk and ra0 denote percentage decrease in k and percentage in

crease in a0 , respectively. From physical rules, it can be deduced that
approximate values of the elasticities of accident rate and accident loss
with respect to speed are 1.7 and 2.3, respectively (Jørgensen, 1991).4
This implies that a1 � 1.7 and b1 � 2.3 in our model which subsequently
result in c � 4 and d � 0.2 in the formulas above. Thus, inequality (10)
shows that the driver will listen to the radio if the percentage reduction
�
�
in his time costs ðkÞ is at least 1 =4 ¼ 1 0:2
0:2 of the percentage increase

3.1. The effect of radio/stereo listening
In the following, we assume that the car driver controls the use of the
radio. Thus, a subjective and rational car driver will use the radio if:
TCsR* < TCsW*

*

pected private loss (QO ¼ PO ⋅LO ) it is useful to infer when the car
driver wishes to listen to the radio. From the TCS* - function in (7), it
follows, after some mathematical computation, that

in a0 . If, for example, radio listening increases the probability of an
accident by 10% (a0 increases by 10%), he must experience at least a
2.5% decrease in time costs (kÞ if he wishes to use the radio. In other
words, a radio in the car has no influence on any traffic safety measure if
(rk =ra0 Þ < 0:25, because then the drivers will not use it.
It can be verified from the equations in (6) that

(8)

where TCsR* and TCsW* denote total perceived optimal costs per km driven
when the car driver uses the radio and when the radio is switched off,
respectively. A sensible assumption is that, when the radio is switched
off, it has no impact on any of the relationships above and, thereby, also
has no impact on the safety measures.
Moreover, the L0 ðxÞ and Ls ðxÞ functions and, thereby, the b0 and β
parameters will not be influenced by radio listening either; if an accident
does occur, its perceived and objective consequences are independent of
whether the radio is switched on. If we recognise that the driver be
comes less aware when he starts listening to the radio, the PO ðXÞ rela
tionship shifts upwards.3 This will increase a0 and b, whereas a1 and,

ELk PO* ¼ da1 ; ELa0 PO* ¼ 1

(11)

da1

4
Quite a few of the works mentioned above using power functions in speed
selection models suggest that c ¼ a1 þ b1 � 4: From physical rules follow that
1
the stopping length (ST) of a car is:ST ¼ R ⋅X þ 2⋅S
⋅X2 in which R is the driver’s
reaction time, X is speed in meter/second and S the deceleration factor in

R⋅Xþ1⋅Xs

meter/second2 : It then follows ELX ST ¼ R⋅Xþ 1S ⋅X2 where ELX STis the elasticity of
2⋅S

ST with respect to X. For reasonable values of X between 14 and 28 m/second, R
between 1.0 and 1.5 s and S between 3.0 (winter driving) and 7.0 (summer
driving) (Jørgensen, 1991) it follows that ELX ST varies between 1.3 and 1.9 and
with an average around 1.7. If we take ST as an indicator of accident occurrence
(Elvik et al. (2004) it follows that ELX PS ¼ a1 � 1:7. When c ¼ 4 follows
b1 � 4 1:7 � 2:3:

2

It is easy to verify that the second-order conditions for a global minimum
value of TCs are met; that is T SXX > 0 for all X:
3
Dingus et al. (2016) have estimated that crash risk almost doubles when
drivers are adjusting the radios. When they are only listening, the increase in
crash risk is probably much lower.
3
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will reduce QO if the relative reduction in time costs (k) is more than
1.25 of the relative increase in a0 . Thus, contrary to the case when the
driver’s perceptual skills are independent of whether he listens to the
radio ðα is constant), access to a radio in the car may increase expected
objective private accident loss. However, it is interesting to note that,
even though the driver is not aware that his driving skills are being
reduced by radio listening, his safety situation can improve, providing
that the reduction in his time costs is sufficiently large.
*

where ELk PO* and ELa0 PO* denote the elasticities of PO* with respect to k
and a0 , respectively. Consequently, radio use will reduce (rk ⋅da1 > ra0 Þ,
not alter (rk ⋅da1 ¼ ra0 Þ, and increase (rk ⋅da1 < ra0 Þ, the objective
probability of an accident if:
rk
1 da1
da1 Þ ⇒ � ð < Þ
r a0
da1

rk ⋅ da1 � ð < Þ ra0 ⋅ð1

(12)

From the stated parameter values above, radio listening will decrease
the accident rate if the ratio to the percentage reduction in time cost to
the percentage increase in objective risk of an accident is greater than
�
�
0:2⋅1:7
1.9 ¼ 1 0:2⋅1:7
. When combining inequalities (10) and (12), it follows
� ��
that, when 14 < rrak
1:9, the driver wishes to listen to the radio even

3.1.3. Additional comments to radio/stereo in the cars
There are two important circumstances pointing in opposite di
rections that are not considered above. Radio listening can inform the
driver about future driving problems, like closed roads, slippery roads,
and traffic jams leading to the model above underestimating both the
safety benefits as well as the overall benefits of having radio in the car.
On the other hand, our results hinge upon the assumption that the driver
controls the use of the radio. This is, of course, true when he drives alone
but may not be true when having, for example, his own children as
passengers. He may then have to listen to music that he is very tired of
and which he does not like at all. Then his time costs (k) will increase,
causing less safe driving. However, one can argue against this again that
without the radio/stereo, the driver must listen to more of the young
sters’ quarrel, which can be even more disturbing than the music.

0

though he realises that it will increase the probability of an accident. If
radio listening increases the probability of an accident by, say, 10%,
having a radio in the car will increase the accident rate if the reduction
in time cost is greater than 2.5% but less than 19%.
Finally, it can be deduced from equation (6) that
ELk QO* ¼ 1

(13)

d and ELa0 QO* ¼ d

where ELk QO* and ELa0 QO* are the elasticities of QO* with respect to k
and a0 , respectively. Hence, radio listening will reduce, and not alter or
increase, the driver’s expected accident loss if
rk ⋅ ð1

rk
d
dÞ � ð<Þra0 ⋅d ⇒ � ð < Þ
1 d
ra0

3.2. The effect of mobile phone use

(14)

In the following, we assume that the car driver controls the use of the
mobile phone while driving and that it has no impact on safety when it is
switched off. If mobile phone use has no lasting value to the driver
beyond the time the call lasts, a subjective rational car driver will use the
phone if

Inequality (10) and (14) in combination imply that the condition for
increasing total driving costs is identical to the condition for turning the
radio on. Hence, having a radio in the car can never increase the ex
pected objective private accident loss when the driver’s perceptual skills
ðαÞ are constant. Consequently, the most relevant measure of the driver’s
overall safety situation indicates that his safety will be improved by
having access to a radio in the car.

TCsM* < TCsW*

where TCsM* and TCsw* denote total expected perceived optimal costs per
km driven when the car driver uses the phone and when he does not use
it, respectively. When the driver starts talking on the phone, the model’s
parameters in equation (2) will change in the same directions as when he
starts listening to the radio; that is, k will be reduced and a0 will in
crease.5 Even though the phone is hands-free, talking on it is likely a
more demanding activity for the driver than is listening to radio; pri
marily because of poor sound quality and the driver having to make an
active contribution to the conversation. Thus, in general, the percentage
increase in a0 will be far more significant when the driver uses the
mobile phone than when he starts listening to the radio. Dingus et al.
(2016) suggest that there is, on average, more than a fivefold increase in
accident risk when using handheld mobile phones.6
The model analysis of the influence of mobile phone use on driver’s
risk will be the same as in the previous analysis of how the radio affects
driver behaviour and traffic safety. In our opinion, a large proportion of
drivers think that their driving skills are poorer when they talk on the
phone because traffic safety campaigns in many countries have focused
greatly on this issue. Thus, the assumption that the driver’s perceived
risk does not change, meaning that the Ps ðxÞ function is constant, is less
relevant for phone use than for radio listening.
When assuming that the driver is aware that his technical driving
skills are being deteriorated ða0 increases) so that his perceptual skills
ðαÞ are constant, his desired speed (X* ), objective private accident loss

3.1.2. Accident perception is unchanged
This means that the driver thinks that his driving performance and,
thereby, his PS ðXÞ function is the same whether he is listening to the
radio or not. Hence, since a0 increases, α will be reduced such that (αa0 )
and thereby (γb) are constant; see equation (2) and equation (3).
The left-hand equation in (7) and inequality (8), in combination,
imply that the driver will always listen to the radio if the time costs (kÞ
are less when the radio is turned on than otherwise; that is, when rk > 0.
Then, it is easy to confirm from Eq. (5) and the equations in (6) that
radio listening in this case also will reduce speed (X* ) and private ac
*

cident loss (LO ).

*

*

Moreover, it follows from the PO and QO expressions in (6), that
radio listening will reduce, and not either change or increase, the
*

objective probability of an accident (PO ) if
rk ⋅ da1 � ð<Þra0 ⇒

rk
1
� ð�Þ
da1
ra0

(15)

From the previously stated parameter values, this means that radio
listening will reduce the objective probability of an accident if the per
�
�
1
centage reduction in time cost (kÞ, is greater than 2.9 ¼ 0:2⋅1:7
of the
percentage increase in a0 ; if, for example, a0 increases by 10%, k must be
reduced by at least 29%. Second, radio listening will reduce, not change
or increase expected objective private accident loss (QO ) if:
*

rk ⋅ ð1

dÞ � ð < Þra0

⇒

rk
1
� ð�Þ
1 d
r a0

(17)

5
It may be debatable whether k always decreases when the driver starts
talking on the phone. It could be an unpleasant conversation, but, according to
our model, a subjective rational driver will not use the phone if k increases,
providing that the call has no lasting effect.
6
In many countries, the use of handheld mobile phones while driving is
prohibited. Dingus et al. (2016) have no estimates for hands-free use.

(16)

This means, using our stated parameter values, that radio listening
4
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them. Thus, it may be fruitful to distinguish between “considerate”
passengers and “less considerate” passengers. We assume that taxi
drivers are familiar with this problem.

*

(LO ), and expected objective accident loss (QO ) will be reduced,
*

whereas the influence on the objective probability of an accident (PO ) is
ambiguous. The fact that talking on the phone leads to a greater
reduction in objective and perceived driving performance than does
radio listening points in the direction that the driver wishes to spend less
time on the first activity than on the latter. From inequalities (10) and
(12), it follows that, if phone use, say, doubles the driver’s objective
accident risk (a0 doubles), his reduction in time costs (k) must be at least
25% lower making him willing to use the phone and nearly 50% lower if
his accident risk should be reduced.7

3.3.1. Considerate passengers
Considerate passengers are afraid to disturb the driver and will
neither talk to each other nor take the initiative to talk to the driver, but
they will respond if he starts the conversation. Thus, the driver controls
when he talks to the passengers, and he will not talk to them if his total
perceived driving costs (TCS* ) are being increased.
If the driver prefers not to interact with the passengers, it is
reasonable to assume that they have minimal influence on his time cost
(k) and driving skills (a0 ) but that the value of b0 increases because of his
concern about the passengers’ safety.9 Hence, if we assume that the
driver’s ability to evaluate his accident loss is the same regardless of the
number of passengers ðβ is constant), his perceived accident loss (LS )
changes with the same rate as L0 : Then, it is easy to verify from Eqs. (5),
(6) and (7) that

3.2.1. Additional comments to mobile phone use
The above analysis rests upon the assumption that the driver will
only use the phone if his total subjective perceived driving costs ðTCS* Þ
are being reduced. Thus, a phone call has no lasting effect. However,
when appraising the overall effects on safety from mobile phones, we
must also consider the other effects on safety arising from being able to
communicate while driving.
Let us first focus on one important positive one. Assume that the
driver realises that he will arrive too late for work, an appointment or
home for dinner. His time cost (k -value) for the rest of the journey will
then increase significantly, since the time costs of late arrival are valued
particularly highly (Abrantes and Wardman, 2011). The driver’s stress
due to lateness can also reduce his driving skills (Fuller, 2005); that is a0
will increase. When both a0 and k increase, while α and β are constant, it

ELb0 X * ¼

d ; ELb0 PO* ¼

da1 ; ELb0 LO* ¼ 1

¼ d ; ELb0 TC

O*

db1 ; ELb0 QO*
(18)

¼d

Hence, speed (X* Þ and the objective probability of an accident (PO )
*

will decrease, whereas the driver’s objective private loss (L ), objective
O*

expected private loss (QO ), and total objective driving costs ðTCo* Þ in
crease. Notably, the driver’s perceived total driving costs will also in
crease under these circumstances ðELb0 TCS* ¼ d > 0Þ indicating that he
would prefer to drive alone. However, the decision to either take on
passengers or not is normally based on factors beyond their influence on
the driver’s total driving costs.
When the driver starts talking to the passengers, the model param
eters will change in the same directions as for radio listening; k will be
reduced and a0 will increase, whereas the other parameters will remain
constant compared to no interaction with the passengers.10 It is
reasonable to assume that interaction with passengers is a more
demanding activity for the driver than is passive listening to the radio
but less demanding than is talking on a mobile phone (Dingus et al.,
2016). The former assumption stems from the fact that the driver must
behave actively toward other persons, whereas the latter assumption
stems from the fact that mobile phone use often implies poor sound
quality and lack of possibilities for non-verbal communication.
Therefore, the implications for the driver when he starts talking with
the passengers will, broadly speaking, be the same as when he starts
*
listening to the radio; speed (X* ) and private accident loss (LO ) will be
*

is easily seen from the equations in (6) and (7) that the values of PO* ;

QO ; TCO* increase. The values of X* and LO* will increase (decrease)8 if
the percentage increase in time costs is lower (higher) than is the per
centage increase in accident risk (a0 Þ: If the driver underestimates the
fall in driving performance ðα decreases), the increase in objective
values of risk and total costs will be even higher.
A phone in the car will moderate the driver’s stress in respect of
lateness and, thereby, the increases in a0 and k, because the mobile
phone makes it possible for him to inform the relevant persons that he
will be delayed. It is worth noting that this positive effect on traffic
safety is present throughout the rest of the journey. This indicates that
this positive effect on safety is greater the longer the distance to the
destination.
To be reached by phone while driving can, however, in some cases
cause more stress and time pressure and thus increase the value of time
(k); for example when learning that a client is waiting at work or that
some close friends or family members have suddenly become ill. We do
think, however, that the positive effect of being able to inform about
own lateness outweighs the negative effect of learning about negative
news because such news will occur quite rarely.
*

*

reduced, whereas the influence on the probability of an accident (PO ) is
uncertain. When the driver is aware that his driving skills are being
*

reduced (α is constant), expected accident loss (QO ) will decrease.
Because the percentage increase in a0 ðra0 Þ is probably greater at that
point than when he listens to the radio, the threshold decrease in his
time costs must then be greater making him willing to interact with the
passengers. If he, for example, thinks that a0 increases by 20%, his time
costs must be reduced by 5% if he wishes to talk to the passengers. When
he thinks his driving skills are unaffected, it is uncertain in what di

3.3. The influence from passengers
Because the driver is concerned about the safety of the passengers
(Jones-Lee, 1989, 1991) and Jansson (1994) his objective accident loss
(LO ) increases with the number of passengers. This can be interpreted
such that the value of b0 in the loss function in (2) increases. The more
attached the driver is to the passengers (his wife, children, relatives,
friends), the greater the “warm-blooded costs” (Jansson, 1994; Steimetz,
2008) and consequently the increase in b0 : Thus, the driver’s relation
ship to the passengers and their number will influence his speed and
safety measures, even though the passengers do not influence his time
cost (k) and driving performance. Therefore, it is a sensible procedure to
deduce the safety effects of having passengers in the car by discussing
the “intrinsic” effects of the passengers and the effects of talking with
7

*

rection QO changes. The safety implications for the passengers will be
the same as are those for the driver.

9
It is debatable whether having quiet passengers in the car will reduce the
driver’s time costs; if he feels safer than when driving alone, k may reduce. On
the other hand, if passengers cause him stress and limit his driving behaviour, k
may well increase.
10
If an accident happens, its objective and perceived consequences
ðLO* and LS* Þ are independent of whether the driver interacts with the
passengers.

Here, rk and ra0 in (10) and (12) denote percentage decrease in k and per

centage increase in a0 , respectively when using a mobile phone.
8
ELa0 LO* ¼ db1 ; ELk LO* ¼ db1 .
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3.3.2. Less-considerate passengers
Less-considerate passengers will talk to the car driver and to each
other as they feel. They may be adults as well as children; the driver’s
own children, for example, obviously belong to this group. In line with
travelling with considerate passengers, if no one talks to each other,
passengers in the car will probably not affect the driver’s time cost and
driving skills; they will increase the value of b0 only with the conse
*

*

using the mobile phone (which increase PS Þ:
A few works dealing with economic models of drivers’ behaviour
assume risk averse drivers, for example Steimetz (2008) and Fridstrøm
(1999). Like this paper, Steimetz (2008) develops a model of how ac
cident risk and safety effort are balanced but with emphasis on delays
and external costs. The paper does not specify safety effort by speed as
our paper and Fridstrøm (1999) do. By introducing a quadratic utility
function, which implies risk averse behaviour, Fridstrøm (1999), con
cludes that accident reducing measures and severity reducing measures
will influence speed in the same direction, no matter whether the driver
is risk neutral or risk. Whether the effect on speed will be higher or lower
when the driver is risk averse rather than risk neutral is, however,
ambiguous. Transferred to our model these results suggest that reduced
values of a0 and b0 also will increase speed when the driver is risk averse
but is hard to say how the magnitude of the increase in speed is affected
by the driver’s attitude towards risk.

*

quences that X* and PO decrease and LO ; QO ; TCO* increase.
When travelling with such passengers, the driver may have to talk to
them even if he does not wish to; that is, his perceived total driving costs
ðTCS* Þ are being increased. This implies that the values of both k and a0
increase. When both these parameters increase, while the driver’s
perceptual skills are unchanged (α constantÞ, we have concluded in
*

Section 3.2 that the values of PO* ; QO ; TCO* increase, whereas the value
of X* and LO* will increase (decrease) if the percentage increase in time
costs (k) is higher (lower) than is the percentage increase in accident
risk. When he thinks that his vehicle-handling skills are unchanged,
meaning that ðγbÞ in Eq. (5) is unchanged, his chosen speed ðX* Þ in
creases, which, subsequently, leads to an increase in all objective and
subjective risk components and in his total objective and subjective total
driving costs. Similar results can be deduced when the car driver, for
example, must listen to noise and quarrel from his own children; all
parents experience this situation as irritating and tiring. The traffic
safety implications for the passengers will also in this case to the same
extent as do those for the driver.
It is worth noting that travelling with such a group of passengers can
also have the same impact on traffic safety as does travelling with
“considerate passengers”. It may well happen that the car driver feels
safer and enjoys talking to them and listening to their conversation,
thereby leading to a reduction in his time costs (k).

4. Concluding remarks
The main goal of this paper has been to show that economic models
of a driver’s behaviour may be useful tools to discuss the effects on
traffic safety of common distractions while driving, such as listening to
the radio, using a mobile phone, and interacting with passengers. The
basic assumptions of the analysis are: 1) the driver is risk-neutral sub
jective rational, meaning that he chooses a speed ðX* Þ that minimises the
sum ðTCS ) of his time costs ( Xk ) and expected subjective private accident

loss ðQS Þ; 2) the relationships between the objective probability of an
accident ðPO Þ and objective private accident loss ðLO Þ, on the one hand,
and speed (X), on the other hand, are specified by power functions; 3)
the relationships between subjective values of the probability of an ac
cident ðPS Þ and private accident loss ðLS Þ and their respective objective
values are proportional, implying that the percentage differences be
tween objective and subjective values are independent of the driver’s
speed; 4) the three distractions mentioned above will in total influence
the driver’s time cost (k) and all the relationships mentioned above, but
at different magnitudes; and 5) the driver wishes to use the radio and the
mobile phone and interact with passengers if these activities reduce his
subjective total driving costs ðTCS* Þ. Thus, the distinction between the
driver’s perceived values of accident risk and accident loss and their
respective objective values is essential in our analysis.
Radio listening will reduce the driver’s chosen speed ðX* Þ and the
subjective and objective private consequences of an accident ðLS* and
LO* Þ, and the reductions in these figures are more significant when the
driver is aware that his driving performance is being deteriorated by the
radio (α constant) than when he thinks that his driving skills are un
changed. The latter means that α reduces such that ðα⋅ao Þ is constant:
Expected objective private accident loss ðQO* Þ will be reduced in the
former case, whereas the influence on it is inconclusive in the latter case;
it depends on the relative magnitudes of the reduction in time costs
compared to the reduction in driving performance. Independent of
whether the driver is aware of poorer driving performance when
listening to the radio, the influence on the probability of an accident
ðPO* Þ is uncertain. However, if this figure should not increase, the
reduction in time costs must be rather high compared to the reduction in
driving performance, especially when the driver thinks that his driving
performance remains constant. Thus, the overall conclusion on the
safety effects of radio listening is that it likely leads to more but less
serious traffic accidents. Another benefit of having access to the radio is
the possibility of receiving information about driving conditions on the
stretches of road being driven on.
When the driver uses a mobile phone for chatting with friends only,
the traffic safety implications of the phone are broadly the same as are
those for listening to the radio; the number of accidents may increase,
but their consequences will be reduced. Since the reduction in both his
real and perceived driving performance is greater when he starts using

3.3.3. Additional comments of having passengers
The analysis above rests upon the assumption that the driver only
cares about the passengers’ safety or what Jones-Lee (1991) names
“safety-focused altruism”. The driver may, however, also care about the
passengers’ utility in general (pure altruism) implying that his time cost
(k) also are influenced by the passengers’ own values of time. If their
values are higher (lower) than the driver’s, k will increase (decrease).
How much k changes depends on the driver’s degree of pure altruism
and the differences in the driver’s value of time on one hand and his
passengers’ time values on the other hand. When k increases due to
passengers are in a hurry, it is thus, not certain that the driver will slow
down even though he still cares about the passengers’ safety. When the
passengers are the driver’s young children it is reasonable to assume that
his focus is their safety.
3.4. Other attitudes towards risk
In line with the economic models of drivers’ behaviour referred to in
Section 1 we have assumed that the driver is risk neutral. This implies
that only subjective expected accident loss ðQS ¼ PS ⋅LS Þ means some
thing for his choice of speed ðX* Þ and his total subjective driving costs
ðTCS Þ: Thus, a certain percentage change in the subjective probability of
an accident ðPS Þ has the same effects for his chosen speed and total
subjective driving costs as the same percentage change in. ðLS Þ:
A more realistic assumption may be that the driver is risk averse. It
could then be derived using the results from Shavell (2004) that the
elasticity of the driver’s expected subjective utility with respect to LS is
more negative than that with respect to PS . This implies that a certain
relative change in the driver’s subjective accident loss means more for
his welfare than the same relative change in subjective probability of
being involved in an accident. A reasonable interpretation of this is that
risk averse drivers are less willing than their risk neutral counterparts to
take on passengers (which increases LS Þ than listening to the radio or
6
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the mobile phone than when listening to the radio, the prevalence of
radio use will be greater. The perceived safety implications of mobile
phone use are more severe than are those when using the radio because
the driver is aware that mobile phone use is dangerous. However, the
possibility of sending messages about eventual lateness while driving
can reduce the driver’s stress and time cost and, thereby, improve his
safety for the rest of the journey. The latter positive effect steaming from
mobile phone use is seldom debated.
Even if the driver does not interact with the passengers, his chosen
speed and the objective probability of an accident will decrease by the
number of passengers, whereas both his objective accident loss and his
expected objective accident loss will increase. This comes from the fact
that the driver is concerned about the safety of the passengers. The more
attached he is to his passengers, the greater the changes in the above
figures. If the driver talks deliberately to passengers, his time costs are
reduced, whereas his driving skills become poorer. The safety implica
tions are, broadly speaking, like those for radio listening and mobile
phone use. If the driver must interact with the passengers or listen to
their quarrels against his will, all safety risk components will probably
increase due to increasing time costs and poorer driving performance.
The most important message in this article is that, even though all
three of these secondary engagements while driving are likely to reduce
the driver’s level of concentration and, thereby, his driving perfor
mance, they can improve the traffic safety situation both for the driver
and for the passengers. The outcome depends critically on the relative
changes in the driver’s time costs compared to the relative changes in his
actual and perceived driving performance. For example, although the
driver may become deeply involved in a pleasant conversation with the
passengers, implying that his driving skills deteriorate significantly, the
negative influence on traffic safety may be outweighed by lower time
costs and higher perceived probability of an accident. The above con
clusions correspond to the results in Cheng (2015) which concludes that
banning mobile phone use while driving reduces its prevalence by
around 50 per cent but the ban has no significant impact on accidents
and casualties.
Finally, we find it important to outline the most relevant objections
to the model used. Firstly, the relationships between subjective and
objective valves of accident risk and private accident loss on the one
hand and speed on the other hand, are specified by common but rather
simple power functions. Other assumptions regarding technology and
drivers’ perceptions may have given some other results. Additionally,
our stated values of the parameters a1 ¼ 1:7 and b1 ¼
2:3 used in some of our nummerical examples are uncertain: This im
plies that the threshold necessary percentage reductions in time costs
making some risk components being reduced are uncertain. For
example, when a1 increases the threshold values estimated below Eqs.
(12) and (15) will decrease meaning that the necessary percentage re
ductions in the driver’s time costs leading to lower accident rate are
being
reduced.
The
sum
of
their
values
1
(c ¼ 4Þ and consequently d ¼ 1þ4
¼ 0:2 which we also use in numerical
examples display, however, considerable stability across driving popu
lation and are often used in numerical examples (Jørgensen and Polak,
1993). It is also noteworthy that most of the model’s general conclusions
are based on that a1; b1 > 1; implying convexly relationships between
accident occurrence and accident loss on one hand and speed on the
other hand. These are common and reasonable assumptions. Finally, as
emphasised in Section 3.4, assuming the driver being risk neutral is a
common but debatable assumption in speed selection models of drivers’
behaviour.

both radio listening, mobile phone use and talking to passenger may
reduce both the probability of being involved in accidents and their
severity. Consequently, when evaluating the final effects of safety
measures, it is essential to infer their effects on drivers’ behaviour. Our
model assuming a subjective rational car driver is well designed to deal
with such issues.
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