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Modeling mode choice behavior for work-trip of a developing city 

-A case study of Dhaka City- 
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Many practical transportation policy issues are concerned with mode choice.  For example, 
the gain or loss in transit revenues caused by a fare increase depends on how travelers' mode 
choices are affected by the increase. Similarly, the effects of changes in transit routes and 
schedules on ridership, revenues, and traffic congestion all depend on how the changes affect 
individual travelers' mode choices.  The effectiveness of programs to encourage ridesharing 
-- for example, preferential parking or preferential access to freeways for carpools -- also 
depends on how the programs affect mode choice. An understanding of the separate and 
combined effects of these decisions on travel mode choice is essential to selection of the best 
plan to meet specific transportation objectives. Dhaka’s transport system is predominately 
road based. The main characteristic of this transportation system is the low level of 
motorization and sharing of same road space by MT and NMT. In order to improve operation 
of motorized (MT) traffic, the operation of non-motorized (NMT) mode of transport 
especially rickshaw has to be controlled and managed. For developing these management and 
control policies, first of all it is necessary to understand the people’s choice behavior for 
rickshaw and relative attitude towards its two main competitors (bus and taxi). Among many 
available alternative techniques choice modeling can be applied for this purpose. With regard 
to passengers’ mode choice behavior, we probabilistic mode choice models of multinomial 
logit type based on the behavioral theory of utility maximization based on objective factors. 
Then we try to depict the relationship between the mode and the factors other than the 
objective factors by presenting the strength to which the different latent factors influence the 
mode choice through developing causal model of linearized structural relation type. Since, an 
enormous transport-oriented investment in terms of railway development (surface/subway) is 
unlikely to be implemented due to financial constraints, the strategy which facilitates the 
operations of bus scheme as an acceptable means of city public transport system is to be 
worked out and in view of that the sensitivity of different policies on the redistribution of 
mode choice has been tested.  
 

1. Introduction 
Many practical transportation policy issues are 
concerned with mode choice.  For example, the 
gain or loss in transit revenues caused by a fare 
increase depends on how travelers' mode choices 
are affected by the increase. If few current transit 
riders switch to other modes because of the fare 
increase, transit revenues will increase 
proportionally to the increase in fare. But if many 
riders switch to other modes, revenues will increase 
less than proportionally to the fare increase and 
may decrease.  Similarly, the effects of changes in 
transit routes and schedules on ridership, revenues, 
and traffic congestion all depend on how the 
changes affect individual travelers' mode choices.  
The effectiveness of programs to encourage 
ridesharing -- for example, preferential parking or 
preferential access to freeways for carpools -- also 
depends on how the programs affect mode choice.  
In most situations, planners must choose among a 

variety of fare schedules and service designs.  An 
understanding of the separate and combined effects 
of these decisions on travel mode choice is 
essential to selection of the best plan to meet 
specific transportation objectives. 
The choice of transport mode is probably one of the 
most important classic models in transport planning. 
This is because of the key role played by the public 
transport in maintaining congestion at reasonable 
levels. Almost without exception public transport 
modes make use of road space more efficiently than 
the private car. Furthermore, underground and other 
rail-based modes do not require additional road 
space (although they may require a reserve of some 
kind) and therefore do not contribute to congestion. 
Moreover, if some drivers can be persuaded to use 
public transport instead of cars, the rest of the car 
users would benefit from improved levels of service. 
It is unlikely that all car owners are willing to use 
their cars could be accommodated in urban areas 
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without sacrificing large parts of the fabric to roads 
and parking space. 
The issue of mode choice, therefore, is probably the 
single most important element in transport planning 
and policy making. It affects the general efficiency 
with which we can travel in urban areas, the amount 
of urban space devoted towards transport functions, 
and whether a range of choices is available to 
travelers. The issue is equally important in 
inter-urban transport as again rail modes can 
provide a more efficient mode of transport (in terms 
of resources consumed, including space), but there 
is also a trend to increase travel by road. It is 
important then to develop and use models which are 
sensitive to those attributes of travel that influence 
individual choices of mode.  
After this introductory section, section two reviews 
briefly the literature related to discrete choice 
behavior in different field of research including the 
transport planning area. Section three deals with 
data collection and conceptual framework of 
research. Section four enlighten the fundaments 
issues and steps grounding the development, 
specification, estimation and interpretation of 
discrete choice model of multinomial logit type. 
Section five tries to portray the strength to which 
different latent factors influence the mode choice by 
depicting causal path. Section six illustrates the 
possible effects of modal share if certain policies 
are in consideration of the policy-analyst or the 
decision-maker. This thesis terminates section seven 
having concluding remarks about the developed 
models and scenario analyses. 
 
2. Literature Review 
Probabilistic discrete choice models go back to 
Thurstone’s (1927a,b) work in psychometrics. He 
proposed modeling individual choice as an outcome 
of a process in which a random variable is 
associated with each alternative, and the alternative 
with the greatest realization is the one selected. The 
early transport application of discrete choice models 
were made for binary choice of travel mode (e.g., 
Quarmby 1967, Lave 1969, Stopher 1969, Gronau 
1970,  McGillivray 1972, Winger 1973). Further 
progress in transport applications following these 
early studies was the research works during the 
early 1970s oriented towards mode choice models 
with more than two alternatives, application to other 
travel related choices such as trip destination, trip 
frequency, car ownership, residential location, and 
residential location and housing (Rassan et al 1971, 
Brand and Manheim 1973, Richards and Ben-Akiva 
1975, Lerman and Ben-Akiava 1975, Oppenheim 
1995). The choice of mode for travel to work has 
been investigated by some researchers (e.g., 
Artherton and Ben-Akiva 1975, Train 1976). 

Further research about discrete choice model has 
been performed by some other researchers (Ben 
Akiva and Lerman 1985, Morikawa 1989, 
McFadden 2000). Though several studies 
concerning Rickshaw (Gupta 1981, Gallagher 1992, 
Karim 1992, Hoque 1997) were conducted in the 
past in the study area, however, these studies have 
shortcomings in analyzing passengers’ choice 
behavior towards rickshaw and its alternatives.  
 
3. Research design and data collection 
Main features of collected data: 
-Secondary data were collected from Dhaka 
Integrated Transport Study(DITS) and Dhaka Urban 
Area Study(DUAS). 
-Primary Data were collected through household 
interview survey of about two hundred respondents. 
After thorough scrutiny, one hundred and eighty 
(180) samples were selected for further analysis. 
-Since the model was  intended for work-trip of 
middle class people, data were collected  giving 
emphasis on the widely used modes (rickshaw, bus, 
baby-taxi) of the target group. These three modes 
contribute to about seventy percent of all the 
vehicular trips of Dhaka city. 
 
4. Discrete choice model using objective 
factors 
A significant number of variables were initially 
selected for assessing their feasibility of being 
incorporated in the proposed model. After several 
trials, with the variables with reasonable statistical 
significance, two models were specified and 
estimated using different combination of variables 
in table 4.1 and 4.2. 
The first model (trinomial logit model) has been 
estimated by using two alternative-specific 
constants and three travel attributes. The 
specification of the model is given in tabular form 
in table 4.2b. The entries in the table define the 
variables that enter into the model, the coefficient 
estimates and their statistical information. 
 
Table 4.1 (Model one)Trinomial logit model 
using two alternative-specific constants and 
three travel attributes 
Variable 
name 

Coefficient 
estimate 

Standard 
error  

t-statistic 

Const_r  1.23        0.42       2.89       

Const_b 0.94    0.67     1.39       

IVT  -0.06 0.02 -2.75 

OVT -0.11   0.045  -2.55  

TC -0.043  0 .018  -2.36 
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Summary statistics 
Number of observations = 180 
Initial log likelihood, L(0) = -197.75 
Log likelihood with constants only, L(c)= -175.423 
Final log likelihood, L ( β̂ ) =  -169.156 
First likelihood ratio, -2[ L(0)- L( β̂ )] = 57.2 
Second likelihood ratio, -2[ L(c)- L( β̂ )] = 12.5 
Acccording to the model the deterministic 
components of the utility functions are  
Vrickshaw=1.23213-0.060054*IVT-0.115455*OVT-0.
043684*TC 
Vbus= .945505-0.060054*IVT-0.115455*OVT-0.043
684*TC 
Vtaxi= 0.060054*IVT-0.115455*OVT-0.043684*TC  
Where, IVT=In-vehicle travel time, 
OVT=out-of-vehicle travel time, TC= Travel cost, 
Interpretation of estimation results, Const_r 
=alternate specific constant for rickshaw choice, 
Const_b=alternate specific constant for bus choice. 
 

 The most basic test of the model estimation 
output is the examination of the values of the 
co-efficient of estimates. Usually we have a 
priori expectation with respect to the signs and 
relative values of the coefficients. In the 
estimation results given in table 4.1, all the 
coefficient estimates have expected signs. 

 
The second model (trinomial logit model) has been 
estimated by using two alternative-specific 
constants, two travel attributes and one mixed 
travel-socioeconomic attribute. The specification of 
the model is given in tabular form in table 4.2. The 
entries in the first column define the variables that 
enter into the model, the second column 
corresponds to the five coefficients labeled β1 
through β5 and the subsequent columns represent 
the coefficient estimates and their statistical 
information. 
 
Table 4.2 (Model two) 
Trinomial logit model using two 
alternative-specific constants, two travel attributes 
and one mixed travel-socioeconomic attribute 
Variable 
name 

Label 
of the 
coeffi- 
cients 

Coefficient 
estimate 

Standar
d error  

t-stati
stic 

Const_r β1 0.086 0.44 0.19 

Const_b β2 -1.64 0.99 -1.65

IVT β3 -.068 0.024 -2.80
OVT/O

WD β4 -1.42 0.35 -4.00

TC/HI β5 -2211.55 373.22 -5.92
 

Summary statistics 
Number of observations = 180 
Initial log likelihood, L(0) = -197.75 
Log likelihood with constants only, L(c)= -175.423 
Final log likelihood, L ( β̂ ) =  -107.579 
First likelihood ratio, -2[ L(0)- L( β̂ )] = 180.34 
Second likelihood ratio, -2[ L(c)- L( β̂ )] = 135.69 
Rho-square,  ρ2 = 1- L( β̂ )/L(0) = .46 
Modified rho-square, ρ 2= 1 - [L( β̂ )-K]/ L(0) 
= .44 
 
Acccording to the model the deterministic 
components of the utility functions are  
Vrickshaw=.086528-0.068734*IVT 
-1.4295*OVT/OWD-2211.55*TC/HI 
Vbus=-1.64464-0.068734*IVT 
-1.4295*OVT/OWD-2211.55*TC/HI 
Vtaxi=-0.068734*IVT-1.4295*OVT/OWD-2211.55*
TC/HI  
Where, IVT=In-vehicle travel time, 
OVT=out-of-vehicle travel time, TC= Travel cost, 
OWD=One Way Distance, HI=Household Income, 
Const_r =alternate specific constant for rickshaw 
choice, Const_b=alternate specific constant for bus 
choice. 
Interpretation of estimation results 

 The most basic test of the model estimation 
output is the examination of the values of the 
co-efficient of estimates. Usually we have a 
priori expectation with respect to the signs and 
relative values of the coefficients. In the 
estimation results given in table 4.2, all the 
coefficient estimates have expected signs. 

 A ratio of two coefficients appearing in the 
same utility function provides information 
about a trade-off or a marginal rate of 
substitution between two corresponding 
variables. The estimated value of the trade-off 
between two components of travel time, 
out-of-vehicle and in-vehicle, is  
 

      1+ 
cediswayonecedisawayone tan
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which for the sample average distance of  7.06 
km equals approximately 2.95 out-of-vehicle 
minutes per minute of in-vehicle-minute. 
   

 Another important trade-off is between 
components of travel time and cost.  Since the 
specification given in table 4.2 distinguishes 
between in-vehicle and out-of-vehicle travel 
time, there are two relevant rates of substitution 
between time and cost. 
  

 For in-vehicle time the implied rate of 
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substitution is  
  

×
5

3

β
β

 (household income) 

For an average income of taka 16,105 (sixteen 
thousand one hundred and five), the estimate is 0.5 
taka per minute of  in-vehicle time, or  30 taka 
per hour of in-vehicle time.  

  
 In case of out-of-vehicle time the rate of 

substitution is given by  
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Using average distance 7.06 km and average 
income taka 16,105, we obtain an estimated rate of 
substitution of approximately 1.97 taka per minute 
of out-of-vehicle time, or 118.5 taka per hour of 
out-of-vehicle time. 
 
5. Portrayal of mode choice behavior using 
latent factors 
Three causal models were depicted to describe the 
strength to which different latent factors affect the 
mode choice. Table 5.1 shows the direct correlation 
between the latent indicators and the chosen mode. 
Comparison between the causal paths and 
correlation table reveals similar type of strength of 
the latent factors influencing the chosen mode. It 
seems that people’s concern about relax and privacy 
leads them to choose rickshaw, people’s concern 
about reliability leads them to choose bus and 
people’s concern about security lead them to choose 
taxi. 
 
Table 5.1 Correlation of different latent 
indicators with chosen mode 
 Rickshaw Bus Taxi 
Relax .74 .59 .39 
Safety .59 .59 .48 
Reliability .70 .77 .50 
Security .65 .52 .63 
Privacy .66 .51 .48 
User-friendliness .63 .60 .21 

 
In general, rickshaw got high values for most of its 
indicators. This reveals people’s preference towards 
rickshaw at least from psychological point of view. 
Rickshaw got the highest value for its relax and 

privacy indicators because of the inherent nature of 
the vehicle. Bus got the highest score is reliability. 
This may be confusing because the reliability of bus 
is, in general, perceived to be low comparing to 
other modes. Taxi got the highest score is security 
because people may fear the danger of 
pick-pocketing in bus. 
 
6. Policy analysis under different 
scenario 
Since the review of the correlation coefficients 
among different variables of model one and model 
two (table 4.1 and table 4.2 ) developed in section 
four manifests significant correlation at least 
between two variables (IVT and TC) of model one, 
model two has been chosen for policy analysis.  
In case of estimating the effect of change of a 
certain policy variable, it has been assumed that the 
change occurs only on the policy variable in 
concern with all other things remaining the same. 
 
Policies considered for analysis: 
In case of estimating the effect of change of a 
certain policy variable, it has been assumed that the 
change occurs only on the policy variable in 
concern with all other things remaining the same.  
Policies considered for analysis are: 
-If certain improvement plans are implemented for 
decreasing the existing bus in-vehicle travel time in 
order to attract people towards bus, what could be 
the possible shift from other modes. These effects 
have been analyzed under two scenario i.e. decrease 
of bus in-vehicle time ten percent and twenty 
percent (fig. 6.1) 
-If certain actions are taken in terms of increasing 
bus frequency or any other for decreasing the 
existing bus out-of-vehicle travel time in order to 
attract people towards bus, what could be the 
possible shift from other modes. These effects have 
been analyzed under two scenario i.e. decrease of 
bus out-of--vehicle time ten percent and twenty 
percent (fig. 6.2) 
-If certain rickshaw movements are restricted in 
important links/roads, what could be the possible 
shift towards other modes. In this case, rickshaws 
will have to travel more distance than the prevailing 
situation and this will eventually increase the 
rickshaw travel cost These effects have been 
analyzed under two scenario i.e. increase of 
rickshaw travel cost ten percent and twenty percent. 
-The combined effects (combined effect 1) of the 
decrease of bus in-vehicle travel time and bus 
out-of-vehicle travel time have been analyzed under 
ten percent and twenty percent scenario (fig. 6.4). 
- The combined effects (combined effect 2) of the 
decrease of bus in-vehicle travel time and bus 
out-o-vehicle travel time and the increase of 
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rickshaw travel cost have been analyzed under ten 
percent and twenty percent scenario (fig. 6.5) 
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Figure 6.1 Change of modal share due to change 
of bus in-vehicle travel time 
 

0

10

20

30

40

50

60

Ri
ck
sh
aw Bu
s
Ta
xi

P
e
rc
e
n
ta
ge
 o
f 
m
o
da
l 
sh
ar
e Initial 

After 10%
decrease of bus
OVT 

After 20%
decrease of bus
OVT 

 
Figure 6.2 Change of modal share due to change 
of bus Out-of-vehicle travel time 
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Figure 6.4 Change of modal share due to 
decrease of combined effect 1 
 

Figure 6.5 Change of modal share due to 
change of combined effect2 
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7. Conclusion 
The issue of mode choice is probably the single 
most important element in transport planning and 
policy making. Developing of models sensitive to 
those attributes of travel that influence individuals 
choices plays a paramount role in this regard. In this 
paper, two discrete mode choice models of 
multinomial logit type have been proposed and 
subsequently one of these models are used to 
analyze the influence of different policy on existing 
modal share under changed scenario. Policy 
analysis reveals that the out-of-vehicle time is more 
sensitive that the in-vehicle travel time in changing 
the modal share of the mass transit (bus). The 
combined effect of policies manifest that a 
significant amount of modal shift can be expected. 
Model interpretation reveals that people perceive 
roughly three out-of-vehicle minutes per minute of 
in-vehicle time and the rate of substitution 
approximates 30 taka (.05 US dollar) per hour of 
in-vehicle time. 
It has long been recognized that there is a need for 
more research about transport mode choice 
behavior to understand the urban transport policy 
and planning context that could accommodate 
traveler’s demand. In this research, I developed a 
multinomial logit ---model for mode choice 
considering three widely used mode for the case 
study. The model is primarily developed with 
observed factors and later a methodology for 
incorporating latent factors in the model is 
proposed.  
Further improvement in mode choice behavior 
analysis will contribute to help both public and 
private organizations to address specific problems 
more quickly and efficiently in the context of 
transportation demand and planning of transport 
investment. 
 
References 
Ben-Akiva, M., and Lerman, S. (1985).Discrete 

Choice Analysis: Theory and Application to 
predict travel demand. Cambridge: MIT press. 

Berkson, J. (1944). Application of the Logistic 
Function to Bio-Assay. Journal of the American 
Statistical Association. 39:357-365. 

Brand, D. and Manheim, M.L. (1973). Urban Travel 
Demand Forecasting. Special Report 143. Highway 
Research Board. Washington D.C. 

DITS (1994) Dhaka Metropolitan Area Integrated 
Transport Study. Dhaka: Planning Commission, 
Government of Bangladesh. 

DUAS (2000) Dhaka Urban Area Study. Dhaka: 
RAJUK (Development Implementation Trust. 

Gallagher, R. (1992) The Rickshaws of Bangladesh. 
Dhaka: The University Press Limited. 

Gronau, R. (1970). The Value of Time in Passenger 

Transportation: the demand for air travel. New 
York: National Bureau of Economic Reseach. 

Gupta, T. K.D. (1981). The Role of Rickshaw in the 
Economy of Dacca City. Master Thesis. 
Department of Urban and Regional Planning, BUET. 
Dhaka. 

Hoque, SAM Aminul (1997). Modal Choice 
Behavior for Rickshaw in Dhaka City. Master 
Thesis. Department of Urban and Regional Planning, 
BUET. Dhaka. 

Kanafani, A.(1983) Transportation Demand 
Analysis. NewYork: McGraw-Hill. 

Karim, I. (1992). Rickshaw Capital of the World. 
Draft Paper. UNDP. Dhaka. 

Lerman, S. and Ben-Akiva, M.E. (1975) Disaggregate 
Behavioral Model of Automobile Ownership. 
Transportation Research Record 569:43-51 

Lave, C.A. (1969). A Behavioral Approach to Modal 
Split Forecasting. Transport Research, 3:463-480. 

McFadden, D. (2000). Disaggregate Behavioral Travel 
Demand’s RUM side: A 30-year perspective, March 
2000, unpublished manuscript presented at 
International Association for Travel Behavior 
Conference, Gold Coast, Queensland, Australia, 
July2-7, 2000. 

McGillivray, R.G. (1972). Binary Choice of Urban 
Transport Mode in the San Francisco Region. 
Econometrica  40:827-848. 

Morikawa, T. (1989). Incorporating stated 
preference data in travel demand Analysis. 
Doctoral Disseration, MIT, Cambridge, 
Massacussetts. 

Oppenheim, N.(1995). Urban Travel Demand 
Modeling: from Individual Choices to General 
Equilibrium. New York: Wiley. 

Quarmby, D.A. (1967). Choice of Travel Mode for the 
Journey to Work: Some Findings. Journal of 
Transport Economics and Planning, 1:273-314. 

Rassan, P.R., Ellis, R.H. and Bennete, J.C.(1971). The 
n-dimensional Logit Model: Development and 
Applcations. Highway Research Record 
369:135-147. 

Richards, M.G. and Ben-Akiva, M.E.(1975). A 
Disaggregate Travel Demand Model. 
Massachusetts: D.C. Health. 

Stopher, P.R. (1969). A Probability Model of Travel 
Mode Choice for the Work Journey. Highway 
Research Record  283:57-65. 

Thurstone, L. L. (1927b). A law of comparative 
judgment.  Psychological Review, 34: 273-286. 

Train, K. (1978). A Validation Test of A Disaggregate 
Mode Choice model. Transport Research. 
12:167-174. 

Wigner, M.F. (1973). Disaggregate Modal Choice 
Models of Downtown Trips in the Chicago Region. 
Highway Research Record 446:49-65. 

 


