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This study contributes to the literature on route choice modeling through an empirical examination of the 

effects of road network characteristics. The main objective of this study is to explain travelers' route choice 

behavior of motorized movements by the mode based on road network characteristics and investigate the 

influence based on their different levels of knowledge and understanding of the network; and journey 

length. This research is built on travelers’ movement traces which have been collected by a study conducted 

in Colombo, Sri Lanka. 500 travelers were asked to record all the journeys they took for their day-to-day 

activities during a period of one week using Open Source Mobile GIS application imbedded to cell phone. 

The study has been used ‘distance’ of selected route in terms of ‘metric distance’, ‘topological distance’ and 

‘geo-metric distance’ and to measure the centrality of selected route considering ‘Connectivity’, ‘Close-

ness’ and ‘Betweenness’ as road network characteristics. Relationship between travelers’ route choice and 

road network characteristics of each route were analyzed with Logistic Regression Model. The results re-

vealed that the claim of shortest cost path in terms of travel time is not always the most significant factor in 

travelers’ route choice. Shortest path in terms of metric distance has become the most significant factor of 

the travelers who use taxi whereas travel time has becomes a less-significant factor. Travelers who do not 

have very good knowledge or experience on route -less frequent travelers- are less sensitive to travel time. 

Furthermore, results indicate that betweenness centrality is not significantly determined by travelers’ 

knowledge or experience on a given route. 
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1. INTRODUCTION 
 

Travelers do choose and follow a range of routes 

within the complex environment 1) while modeling 
driver route-choice behavior and development of 

navigation system have extensively focused on 

identifying and quantifying the most suitable or op-
timal path for travelers 2) in the fields of traffic and 

transport planning and engineering. Accordingly, the 

process in which travelers perceive, memorize, 
evaluate and choose from the best or the most pref-

erable route of travel has been the main focus in route 

choice modeling. ‘Rational behavior theory’ refer-

ring to the domain of traffic assignment explains that 
individual travelers select the best route that max-

imizes their utility by comparing all possible alter-

natives and measuring their attributes. As explained 
in ‘Wardrop’s user equilibrium theory’, travelers are 

assumed to choose the route which has the shortest 

travel time 3)- 4). Accordingly, distance and travel time 
(either free-flow or estimated travel time) are com-

monly used in the utility functions of the route choice 

modelling while assuming that travelers choose the 

shortest time paths. Turner & Dalton 5) explained 
that, utility function of route choice molding is a 

complex item comprising many factors and it differs 

by people to people based on their different levels of 
knowledge and understanding of the network. Recent 

researches explain that trip length, travel time, traffic 

congestion and environmental qualities are contrib-

uted to the travelers’ utility.  
However, another cluster of studies including 

第 52回土木計画学研究発表会・講演集

 1092

153



 

  

works of Zhang 6), Turner & Dalton 5),Jan, Horowitz, 

& Peng 7), Tversky 8) highlighted that utility function 

develops based on length, congestion, travel time are 
far away from actual situation and has been over-

looked the traveler’s own perceptual and cognitive 

understanding of the road network. Further, Hillier’s 

works in ‘Cities as movement economics’ argued 
that movement of both pedestrians and vehicles are 

driven by topological properties rather metric prop-

erties of transport networks 9).  At the same time, 
Chiaradia pointed that “models have traditionally 

characterized network performance in terms of an 

average travel time associated with each link in the 
network, which varies according to the level of traffic 

using the link while ignores the influence of road 

network characteristics (i.e. network geometry) on 

route choice behavior” 10). Further to this, recent re-
searches which have been carried out by Cutini 11), 

Holme 12), Crucittia, et al., 13), Hillier & Iida,  9), 

Altshuler, et al.,  14), Jiang & Jia, 15), Galafassi & 
Bazzan 16) and Jiang, et al., 17) highlighted the im-

portance of considering the road network character-

istics in the process of modeling or simulating traffic 
flow patterns. 

Despite the importance of simple travelers’ route 

choice model which explains how travelers search 

for and select routes based on individual and trans-
portation system characteristics; and develop more 

“human like” navigation systems, little research has 

been published in the fields of traffic and transport 
engineering and panning. Accordingly, this study 

contributes to the literature on route choice modeling 

through an empirical examination of the effects of 

road network characteristics. The main objective of 
this study is to explain travelers' route choice be-

havior of motorized movements by the mode based 

on road network characteristics and investigate the 
influence based on their different levels of 

knowledge and understanding of the network; and 

journey length. 
 

 

2. METHOD OF STUDY 
  

(1) Study area 
The study conducted in Colombo Metropolitan 

Area (CMA), which is the main urban agglomeration 

area in Sri Lanka. CMA is one of the emerging urban 

agglomerations in South Asia with 5.8 million resi-

dential population and its account 30% of the coun-
try’s population 18). Table 1 gives a brief description 

about the traffic and transport characteristics of CMA 

area.  

 

 
 

Table 1 Traffic and transport characteristics of the CMA area 

 

Mode 

Modal 

Share 

Average Journey 

Length (km) 

Public Transport  40.4% 13.2 

Three Wheeler 12.9% 4.1 

Motorcycle 14.1% 6.7 

Car 11.1% 7.6 

 

(2) Data collection 
This research is built on travelers’ movement 

traces which have been collected by a study con-

ducted in CMA, from January 2015 to May 2015. 

500 travelers were asked to record all the journeys 
they took for their day-to-day activities during a pe-

riod of one week. To collect movements traces, the 

study used Open Source Mobile GIS (OSM-GIS) 
application imbedded to cell phone and participants 

were asked to switch on the mobile tracking appli-

cation, which was installed in their cell phones, in all 

the journeys they took for their day-to-day activities. 
Each participant completed a survey form which was 

designed to gather data about socio-economic char-

acteristics of the respondents and their familiarity to 
the area. 6,147 individual movement traces were 

collected from the survey and stored in a computer as 

GIS shape files. Then, the GIS database on move-
ment traces was developed and adjusted to the actual 

GIS database of the road network of the study area 

eliminating spatial errors. Then routes were catego-

rized into 33 O-D pairs representing key origins and 
destinations within the study area. Table 2 summa-

rizes the characteristics of the sample. 

 
Table 2 Characteristics of the sample 

 

Mode % 

Car 29 

Motorcycle (MC) 24 

Taxi 24 

Public Transport (PT) 23 

Sex % 

Male 63 

Female 37 

Age % 

<20 5 

20-30 22 

30-40 25 

40-50 23 

50-60 20 

>60 5 

Income level in Sri Lankan Rupees % 

<10,000  12 

10,000-25,000 43 

25,000-50,000           37 
>50,000 08 
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Road network data were collected from secondary 

sources and stored in ArcGIS database. Table 3 

gives a brief discerption about those data. 
 

Table 3 Road network data 

 

Data Type Source Description 

Road net-
work 

Survey Depart-
ment, Sri Lanka 

(2010) 

Road centerline, 
Include the type of 

road  as A-class, 

B-Class, C-Class and 

D-Class  

 

Vehicle flow 

speed  

JICA Report 19) Link source, 

Daily average speed 

Moning and evening 

peak time speed 

 

(3) Road network characteristics 

As mentioned above, the objective of this study is 

to explain travelers' route choice behavior of motor-

ized movements by the mode based on road network 
characteristics and investigate the influence based on 

their different levels of knowledge and understand-

ing of the network; and journey length. Hence, the 
study has been used ‘distance’ of selected route in 

terms of ‘metric distance’, ‘topological distance’ and 

‘geo-metric distance’ (refer table 4 for method of 
calculation) and to measure the centrality of selected 

route considering ‘Connectivity’, ‘Closeness’ and 

‘Betweenness’ as road network characteristics.  

This study used ‘Road Segments’ graph which has 
been introduced to represent road network by Turner 
20) and calculated (refer table 5 for method of calcu-

lation) the above mentioned road network charac-
teristics by using Spatial Design Network Analysis 

(sDNA) extension in ArcGIS software application.   

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

Table 4 Method of calculation – Distance of the route 

 

Parameter Definition Method of calculation 

Metric dis-

tance*  

The shortest 

metric dis-
tance be-

tween two 

points 

Distance of the RouteAE 
= 5+7+10.6+5.7 

 = 28.3km 

  

Topological 

distance*  

The fewest 

turns be-

tween two 

points 

 Distance of the RouteAE 

=Turn at B + Turn at C 

 = 2 

 

Geo-metric 

distance*  

The least 

angle change 

between two 

points 

Distance of the RouteAE    

= 90/180×2 + 45/180×2 

= 1.5 

Note: *as introduced by Xia20) 
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Table 5 Method of calculation – Centrality of the route 

 

Parameter Definition Method of calculation 

Connectivity*  The level of 

connectivity 

refers to the 

number of 

links to which 

the particular 

link is di-

rectly con-

nected 

 

 

= Connectivity of link 

i in road network of the 

study area,  

k = number of direct 

connections to link I, 

= Sum of connectivity 

of all links in route x. 

 

Closeness 

Centrality*  

Level of 

closeness 

refers to the 

extent that a 

given link 

closes to all 

other links in 

the network.  

 

 

 

= Closeness of link i 

in road network of the 
study area,  

dik= shortest-path be-

tween link  i and line k, 

= Sum of closeness 

of all links in route x 

 

Betweenness 

Centrality*  

Level of be-

tweenness 

refers to the 

extent a given 

link belongs 

to the short-

est-path be-
tween any 

pairs of two 

links in the 

network  

 

 
djk = shortest-path be-

tween link  j and link k, 
djk(i)=shortest-path 

containing links i be-

tween link j and link k,  

= Sum of between-

ness of all links in route 

x 

 

Note: *as introduced by Hillie & Iida 9), shortest-path was 

calculated in terms of metric distance, topological dis-

tance’ and geo-metric distance 

 

(4) Route choice rules 
Study hypothesized that travelers’ select route 

while maximize the general cost of the route in terms 

of following factors. 

1. Metric distance of selected route  (MD)  
2. Topological distance of selected route (TD)  

3. Geo-metric distance of selected route (GMD)  

4. Sum of connectivity of all links in selected 

route (C)  
5. Sum of closeness which calculate in terms of 

metric distance of all links in selected route 

(MD_CC) 

6. Sum of closeness which calculate in terms of 
topological distance of all links in selected 

route (TD_CC) 

7. Sum of closeness which calculate in terms of 
geo-metric distance of all links in selected 

route (GMD_CC) 

8. Sum of betweenness which calculate in terms 
of metric distance of all links in selected route 

(MD_BC) 

9. Sum of betweenness which calculate in terms 

of topological distance of all links in selected 
route (TD_BC) 

10. Sum of betweenness which calculate in terms 

of geo-metric distance of all links in selected 
route (GMD_BC) 

11. Travel time at peak hour (TTP) 

12. Average travel time (TTA) 
13. Road condition (RC) 

 

Accordingly, General cost of route (C) is computed 

as followers. 
 

C = a*1/MD + b*1/TD + c*1/GMD + d*C + 

e*MD_CC + f*TD_CC + g*GMD_CC + h*MD_BC 
+ i*TD_BC + j*GMD_BC + k*1/TTP + l*1/TTA + 

m*RC                                                                 (1) 

 

One basic assumption in route choice model is that 
not all drivers use the optimal general cost route but 

all routes available between O-D can be used. Ac-

cordingly, more travelers’ should be used optimal 
route compare to other routes. Accordingly, optimal 

route is select based on utility of the route. Study 

used as a utility function the reciprocal of the general 
cost; 

  

                           (2) 

Uj=utility of route j, Cj=general cost of route j 

   
The wieldiest used model to analyzed discrete 

choice behavior is the Logit function; 

 

                    (3) 

Uj=utility of route j, =probability of route j to 

be chosen, μ=sensitivity factor of the model (>0) 
Sensitivity factor of the model is determines how 
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much the distribution reacts to differences in the 

utilities. But very low factor would lead to a rather 

negligible variation with no or very low impact on 
utility. If study uses the Logit function with a utility 

function as indicated in equations (2) model consid-

ers the difference between 7010m and 7020m of 

metric distance same as the difference between 10m 
and 20m, since the Logit function is invariant against 

translation and considers only the absolute difference 

of the utilities. To avoid that study used the ‘Kirch-
hoff’ 21) distribution formula,  

                  (4) 

Cj=general cost of route j, k=sensitivity factor of the 

model 

 

 

3. ANALYSIS AND RESULTS 
  

Initial analysis indicated that values of 13 factors 

couldn’t be directly compared as they are in different 

scales. Therefore, study used Z score standardized 

the values of 13 factors. Relationship between trav-
elers’ route choice and road network characteristics 

of each route were analyzed with Logistic Regression 

Model (LRM). LRM was formed in which the se-
lected route was denoted with 1 and non-selected 

with 0 use to evaluate the level of significance of 

each factor on travelers’ route choice. To provide a 
better explanation results were categorized by mode 

of travel. LRM is developed corresponding to 95% 

confidence interval. 

 

(1) Travelers who travel by car 
Table 6 summarizes the model results. 

 

Table 6 Summary of LRM results - Travelers who travel by car 

 

Factors 

Frequent  

travelers* (FT) 

Less frequent 

travelers** (LFT) 

Sig. Exp(B) Sig. Exp(B) 

1/MD 0.0070 1.08 0.1501 1.07 

1/TD 0.0000 2.01 0.0210 1.01 

1/GMD 0.0001 4.86 0.0001 1.14 

C 0.0520 1.00 0.0321 1.10 

MD_BC 0.0051 2.17 0.0540 1.17 

MD_CC 0.2790 1.04 0.3790 1.09 

GMD_BC 0.0000 4.66 0.0000 5.46 

GMD_CC 0.0071 2.49 0.0011 3.28 

TD_BC 0.0000 1.05 0.0210 1.50 

TD_CC 0.0000 2.02 0.0020 2.40 
1/TTP 0.0000 4.04 0.0310 1.44 

1/TTA 0.0000 1.01 0.1100 1.24 

RC 0.0000 1.98 0.0501 1.24 

Note: LRM predictability for selecting route (1) for FT is 

69%* and LET is 64%**  

 According to the results obtained from analyzing 

the frequent travelers who travels along each O-D 

pair, shortest path in terms of geo-metric distance 
(Exp(B) = 4.86, sig. 0.0001), betweennees centrality 

in terms of geo-metric distance (Exp(B) = 4.66, sig. 

0.0000) and travel time at peak hours (Exp(B) = 4.04, 

sig. 0.0000) are appeared as key factors which in-
fluence on route choice of travelers who travel by car 

compare to other factors.  

When it comes to the less frequent travelers, be-
tweennees centrality in terms of geo-metric distance 

have become the key factor for travelers who travel 

by car (Exp(B) = 5.46, sig. 0.0000) while travel time 
at peak hour (Exp(B)=1.44, Sig 0.0310) and 

geo-metric distance (Exp(B) = 1.14, sig. 0.0001) 

become less important factor compare to between-

nees centrality. 
 

(2) Travelers who travel by motor cycles (MC) 
Table 7 summarizes the model results. 

 

Table 7 Summary of LRM results - Travelers who travel by MC 

 

Factors 

 

Frequent  

travelers* (FT) 

Less frequent 

travelers** (LFT) 

Sig. Exp(B) Sig. Exp(B) 

1/MD 0.1100 1.00 0.3000 1.01 

1/TD 0.0000 5.32 0.0002 2.24 

1/GMD 0.0070 1.37 0.0007 1.64 

C 0.0000 0.00 0.0000 0.00 

MD_BC 0.0000 1.36 0.0020 0.36 
MD_CC 0.0000 0.00 0.0000 0.00 

GMD_BC 0.0000 4.53 0.0000 3.32 

GMD_CC 0.0001 4.28 0.0021 2.92 

TD_BC 0.0880 1.06 0.1830 1.03 

TD_CC 0.0000 2.40 0.0360 1.95 

1/TTP 0.0020 2.81 0.0090 1.08 

1/TTA 0.0000 1.02 0.0120 1.21 

RC 0.0031 1.05 0.1030 1.03 

Note: LRM predictability for selecting route (1) for FT is 

76%* and LET is 72%**  

 
The travelers who travel by motorcycles, the 

shortest path in terms of topological distance (Exp(B) 

= 5.32, sig. 0.0000), betweennees centrality in terms 
of geo-metric distance (Exp(B) = 4.53, sig. 0.0000) 

and closeness centrality in terms geo-metric distance 

(Exp(B) = 4.28, sig. 0.0001) are appeared as key 

factors whereas travel time at peak hours (Exp(B) = 
2.81, sig. 0.0020) has obtained comparatively low 

level of importance.  

Further, betweennees centrality in terms of 
geo-metric distance have become the key factor for 

frequent travelers (Exp(B) =3.32, sig. 0.0000) while 

travel time at peak hour (Exp(B)=1.08, Sig 0.0090) 

become less important factor compare to between-
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nees centrality. 

 

(3) Travelers who travel by taxi (MC) 
Table 8 summarizes the model results. 

 

Table 8 Summary of LRM results - Travelers who travel by taxi 

 

Factors 

 

Frequent  

travelers* (FT) 

Less frequent 

travelers** (LFT) 

Sig. Exp(B) Sig. Exp(B) 

1/MD 0.0010 6.46 0.0011 6.66 

1/TD 0.0000 0.00 0.0100 0.01 

1/GMD 0.0000 1.53 0.0231 1.33 

C 0.0000 1.80 0.0020 1.51 

MD_BC 0.0000 1.23 0.0111 1.33 

MD_CC 0.0040 2.20 0.0040 2.90 

GMD_BC 0.0000 1.97 0.0010 1.70 

GMD_CC 0.0020 1.20 0.1120 1.40 

TD_BC 0.0000 1.08 0.0101 1.05 

TD_CC 0.1410 0.00 0.1114 0.00 
1/TTP 0.0000 1.11 0.0010 1.02 

1/TTA 0.0000 1.09 0.0021 1.01 

RC 0.0000 2.10 0.0020 2.20 

Note: LRM predictability for selecting route (1) for FT is 

60%* and LET is 63%**  

 
Regarding, travelers who travel by taxi shortest 

path in terms of metric distance (Ex, FT scenario, 

Exp(B) = 6.46, sig. 0.0010 and LFT scenario, Taxi 

Exp(B) = 6.66, sig. 0.0011) indicate very significant 
influence on route choice compare to other factors in 

both the scenarios.          

 

 

3. CONCLUSIONS AND WAY FORWARD 
 
Accordingly, the findings of this study on one hand 

strengthen some of the arguments put forwarded by 

previous studies and on the other hand make novel 

contribution on the domains of studies related to 
travelers’ route choice modeling. The results re-

vealed that the claim of shortest cost path in terms of 

travel time is not always the most significant factor in 
travelers’ route choice. Shortest path in terms of 

metric distance has become the most significant 

factor of the travelers who use taxi whereas travel 
time has becomes a less-significant factor. Travelers 

who do not have very good knowledge or experience 

on route -less frequent travelers- are less sensitive to 

travel time. Hillier and Iida
11)

 as well as Turner
28)

 
have found that human beings perceive the space 

mostly from geo-metric distance rather than metric 

distance.  The results of this study too revealed a 
similar kind of relationship. Further, previous studies 

of Puzis, et al and Galafassi & Bazzan has argued 

that, ‘choice’ (similar to betweenness) which is 

computed based on geo-metric analysis method sig-

nificantly influence in predicting traffic volume and 

‘choice’ (similar to betweenness) should form a 
better model of movement data than closeness cen-

trality parameter 
11)

. This study also found a similar 

kind of relationship in case of travelers who use car 

and motorcycles while travelers who use taxi were 
more sensitive to closeness centrality factor compare 

to betweenness centrality. Furthermore, results in-

dicate that betweenness centrality is not significantly 
determined by travelers’ knowledge or experience on 

a given route.  
In forthcoming works, the authors are working to 

extend the investigation described here to analysis 

influence of above mentioned factors on travelers’ 

route choice with the journey length. Subsequently, 

authors is going to create robust and accurate gener-
alized-cost representation for travelers’ mode choice 

that can be integrated into a broader traffic forecast-

ing framework.  
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