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EXTENDED ABSTRACT 
 
Due to the rapid advancements of computing, telecommunication and control technologies, the 
use of Transportation Information System (TIS) has become very popular. Under such system, 
the public would be able to obtain traffic and transport information in real time through private 
or public service providers via various means such as variable message signs, Internet, and 
mobile phones, etc. The amount of traffic information available to road users will definitely be 
much more than what we are experiencing now. However, while some of these services are 
free, many come with a price. As a result, the amounts of traffic information received by drivers 
on the road would vary a lot, depending on how much the drivers are willing to pay for the 
traffic information. How drivers with different degrees of uncertainty about traffic conditions 
make their route choice is an important and interesting issue.  
 
One immediate casualty of the popular use of the TIS is the multinomial logit model in the 
study of route choice of drivers. Up till now, the standard use of the multinomial logit model 
assumes that the degrees of knowledge of drivers about traffic conditions are similar and 
uniform across the whole population. This is because there is no parameter contained in the 
standard multinomial logit model that accounts for the knowledge of traffic conditions. If 
drivers on the road are with different degree of information about traffic conditions when the 
TIS is widely used, the assumption of a homogeneous population can no longer be valid and it 
is not appropriate to use a single multinomial logit model for all the drivers. This is because 
under such heterogeneous population, the degree of uncertainty about the traffic conditions 
among drivers varies and their choice data cannot be combined directly (Louviere et al. 2000). 
One approach that has been suggested to solve this problem is to use different multinomial logit 
models for multi-class drivers. However, this approach requires two assumptions to be 
satisfied: (i) drivers can be explicitly grouped into specific classes such as the class of private 
car drivers and the class of truck drivers etc. (ii) the classes are independent of each other so 
that separate estimates of parameters of the logit models are produced for each class. Both of 
these two assumptions may not be satisfied for drivers under the TIS. This paper proposes to 
develop an alternative approach to tackle the problem by modifying the multinomial logit 
model.  
 
One popular version for the development of the multinomial logit model is the use of a random 
utility function and the Gumbel distribution. The random utility function is represented as the 
sum of two components: A deterministic components, V, that depends on observable attributes 
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of alternatives and characteristics of individuals, and a random component, ε, that represents 
the effects of stochastic behavior of individuals and unobservable attributes and characteristics.  
 
The random utility function for individual i and alternative j can be written as: 
 
   Uij = Vij (yi, wj) + εij      (1) 
 
where yi denotes the observed characteristics of individuals i and wj denotes the observed 
attributes of alternative j. 
 
Statistically, the models considered here assume that the deterministic component, Vij, is a 
linear function of the attributes of alternative, wj, and the individual’s attributes, yi. More 
precisely, we can write Vij(yi, wj) = β’Xij, where Xij = (xij1, xij2, …, xijk)’ is a vector of 
characteristics of individual i and attributes of alternative j, and β is the vector of coefficients. 
This X-vector might include simple attributes (e.g. income, price per trip, etc), transformation 
of attributes (e.g. the log of income or price), or explicit interactions of the attributes of the 
alternatives and the individuals (e.g. price/ income). The coefficient vector β reflects the tastes 
of individuals in the population. 
 
The random component is included in the utility function because there are fluctuations 
inherent in the process of evaluating alternatives. The choice is the outcome of a probabilistic 
process. The randomness of the utility function can be attributed to two sources. The stochastic 
behaviour of the decision maker and the inability of the modeller to formulate individual 
behaviour precisely (Lam and Lo, 1997). Lack of information about the road network also leads 
to the use of random utility functions. As Manski 1977 put it, “Such rules are introduced not to 
reflect a lack of rationality in the decision-maker but to reflect a lack of information regarding 
the characteristics of alternatives and/ or decision makers on the part of the observer.” 
 
The random components of the utilities of the different alternatives are assumed to be 
independent and identically distributed (IID) with a Gumbel (a type I extreme value) 
distribution. 
 
The Gumbel distribution has the distribution function, F(ε), and probability density function, 
f(ε) as follows: 
 
F(ε) = exp[−e− µ (ε−η )]  and        (2) 
f (ε) = µe−µ (ε−η ) exp[−e−µ (ε −η )],   µ > 0,  -∝  < ε < ∝     (3) 
 
Without loss of generality, set η=0 and the following multinomial logit model can be obtained: 

P[alternative 1 is chosen] = eµV1

eµV1 + eµV2 + ... + eµVJ
    (4) 

 
Note that equation (4) is a modification of the traditional logit model used in practice in that 
there is a factor µ in front of the utility function of each alternative. Equation (4) cannot be used 
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directly in discrete choice modelling as the parameter µ of the Gumbel distribution is now 
confounded with each coefficient of the utility function:  
 
µVj =  µ(β’X) = µβ0 + µβ1 + µβ2 + … + µβk.    (5) 
 
The convention in practice is to assume µ = 1 for all alternatives and for all individuals. This 
assumption may be correct when the population is homogeneous and that the degrees of 
drivers’ knowledge of traffic conditions are of similar level. When the TIS becomes more 
popular and widely used, this assumption may be questionable. This is due to the fact that µ is 
related to the degree of knowledge of traffic conditions of a driver. The parameter µ should not 
be the same and set to 1 but should be different for different drivers. We therefore propose to 
treat the parameter µ as a random variable and propose to use equation (4) as the modified 
version of the multinomial logit model of route choice for drivers using TIS.  
 
Consider a discrete choice situation where drivers i = 1, 2, …, I choose one route among  j = 1, 
2, …, J available ones on occasion t = 1, 2, …, T. The following logit formulation can be used 
for studying individual route choice behaviour where; 

   Pit( j) =
exp{µ i(β0 j + βkxijkt)}

k =1

K

∑

exp{µi(β0l + βk xilkt )}
k =1

K

∑
l =1

N

∑
   (6) 

 
Pit(j) = the probability that the ith driver choose route j on the tth occasion (i = 1, 2, …, I;  j = 1, 
2, …, J; and t = 1, 2, …, T). 
Xijkt  = the value of the kth factor for route j faced by driver i on the tth occasion. 
β0j   = the intercept term representing the intrinsic preference for route j. 
βk    = the response coefficient for the kth factor (k = 1, 2,  …, K).  
 µi    =  the scale parameter for driver i for the Gumbel distribution. 
   
It is clear from the formulation in (6) that the parameter µi is individual specific. If there are 
many observations for each driver, then it is possible to consistently estimate these parameters. 
In most data sets, there will not be an adequate number of observations for every individual to 
accomplish this task. Hence estimating the individual-specific parameter µ is generally not 
feasible. 
 
One solution to the problem is to use a random-µ specification, in which the micro-level 
parameter µ is assumed to be randomly distributed across individuals with a probability 
distribution G(µ). 
 
For a particular individual i, the parameter µi is assumed to be a realisation from G(µ). 
Conditional on the value of µ, the probability of a randomly drawn driver choosing route j on 
occasion t will be given by  

OSPITE
297



   

8

Pt( j | µ) =
exp{µ(β0 j + βk xijkt )

k=1

K

∑ }

exp{µ(βoj + βkxilkt)
�=1

J

∑ }
�=1

J

∑
   (7) 

 
For any randomly drawn individual, the unconditional probability of choosing alternative j on 
occasion t will be:  
   Pt( j) = Pt( j | µ)dG(µ)

µ
∫      (8)  

To estimate the model parameters, one can assume a specific parametric form for G(µ) and use 
the method of maximum likelihood to estimate the coefficient vector β.  
 
In this paper, a stated preference survey is described which involved a random sample of 202 
drivers in Hong Kong. The modified multinomial logit model is used to study the route choice 
of drivers who are assumed to have different degrees of uncertainty concerning the traffic 
conditions. Factors affecting drivers’ route choice include travel time, travel cost and travel 
time reliability. The distribution of unobservable heterogeneity, G(µ), is assumed to be a 
normal distribution N(1, σ2), where the variance σ2 is to be estimated from the data. Figure 1 
below shows the effect of σ of the scale parameter µ on the value of the likelihood function. It 
is clear that when σ equals 0.70, the likelihood of the sample attains its maximum. The 
corresponding estimates of the coefficient vector can be found accordingly.  
 

Effect of dispersion of mu on 
the -log-likelihood
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             Figure 1: Effect of dispersion of Mu 

 
This paper demonstrates that if the assumption of homogeneous population in term of the value 
µ is violated, which could be the case when the TIS becomes very popular, the traditional 
multinomial logit model cannot be used directly. A modified version of the multinomial logit 
model that includes the µ as an additional parameter is introduced. Empirical data obtained 
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from a recent survey confirm that the modified version of the multinomial logit model could 
provide better fit to the data.  
 
 
REFERENCE 
 
Lam, W.S.P. and Lo, H.P. (1997). A Random-Coefficients Logit Model Applied to 
Transportation. Proceedings of the Second Conference of Hong Kong Society of Transportation 
Studies, Hong Kong December, pp. 225-231.   
 
Louviere, J.J., Hensher, D.A., and Swait, J.D. (2000). Stated Choice Methods-Analysis and 
Applications. Cambridge University Press. 
 
Manski, C.F. (1977). The Structure of Random Utility Models. Theory and Decision, 8, pp 229-
254. 

OSPITE
299




