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Abstract: Pedestrian route choice behavior is affected by numerous factors. A lot of research 
has demonstrated that the route length or distance is one of the most important. Since distance 
is related to the network topology, it is desirable to incorporate network topology into 
pedestrian route choice behavior models as a variant. However, unfortunately, although there 
are some conceptual or graph-theoretical studies concerning network topology analysis, the 
studies concerning the real existing network remain uncultivated, especially from the 
perspective of pedestrians. After reviewing the previous studies, this paper proposes a new 
classification methodology which facilitates the topology analysis of real existing networks 
by using Geographical Information Systems (GIS). Considering the pedestrian's distance 
priority, this paper points out the existence of one-route OD pairs i.e. the OD pairs without 
alternative routes, and discusses their relationships with network topologies.    
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1. INTRODUCTION 
 
As the fast expansion of aging population and rapid increase of needs for higher life qualities, 
more decision makers have turned their eyes from satisfying vehicle transportations to 
providing safe and comfortable spaces for pedestrians in city planning. Thus understanding 
and modeling the pedestrian route choice behavior becomes a very important issue.  
 
Pedestrian route choice behavior is considered to be affected by numerous factors. There are 
personal factors such as gender, age and preferences, socio-economical factors such as 
occupation and income, trip characteristics such as trip purpose, length and costs, and 
situations along the route such as the sidewalks, pavement, trees, traffic volumes and 
attractive spots. A lot of research has demonstrated the priority position of route length factor 
or distance factor in pedestrians’ route choice behavior, for example, Takeuchi, 1977, Rori 
and Tsukaguchi, 1979, Garbrecht, 1970, etc. According to their studies, pedestrians are 
seldom observed choosing the route 1.2 times longer than the shortest. From this 
phenomenon, we can infer that there are some relationships between the route choice 
behavior and the network topology, because distance is related to the network topology.  
 
But how does the network topology affect the route choice behavior? And how do we import 
this factor into the models? Before answering these questions, we must understand the nature 
of networks. Unfortunately, although there are some typical patterns often used in network 
comparisons, studies concerning the real existing network remain uncultivated, especially 
from the perspective of pedestrians. After reviewing the previous studies, this paper proposes 
a new classification methodology which facilitates the topology analysis of real existing 
networks by using Geographical Information Systems (GIS). Considering the pedestrian 
distance priority, this paper points out the existence of one-route OD pairs, i.e. the OD pairs 
without alternatives, and discusses their relationships with network topologies. 
 
 
2. NETWORK TOPOLOGY ANALYSIS 
     
(1) Review 
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In transportation network studies, people often use the word “shape” or “pattern” to refer to 
the topological characteristics of road networks. For example, Iida (1992) summarizes inter-
city highways into four typical patterns as shown in Figure 1. For street networks inside a 
city, previous studies often classify the network into grid shapes, radial shapes, circular 
shapes, or their combinations as conceptually illustrated in Figure 2. These hypothetical 
network types are often used in comparisons of their capacities, reliabilities, urban structures 
(Thomson, 1977) and other overall network properties.  
 
 
 
 
 
 
 
 
 
 
      Tree  Grid Grid+ diagonal lines Regular triangle 

Source: Iida (1992) 
Figure 1   Four typical patterns of inter-city highways 

 
 
 

 
 

Figure 2   Network types often used in network comparisons 
 

 
Besides conceptual comparisons, there have been a few studies considering the spatial pattern 
of real existing transportation systems from a graph-theoretical point of view. Mainly two 
approaches have been imported to transportation network analysis. One is using mathematical 
matrices of link connections as the base of analysis, for example, Garrison (1960), and Taaffe 
and Gauthier (1973).  These matrices are often used in numerical computations such as 
Minimum Cuts in calculating network reliability. Another approach is the statistical analysis 
of link numbers, node numbers and other network indices. For example, Kansky (1963) 
applied the graph-theories with statistical methods in detail and proposed 14 indices for 
measuring the topological characteristics of transportation networks.  
 
Unfortunately, conceptual network analysis focuses on the hypothetical network types and it 
is difficult to deal with real existing networks. On the other hand, graph-theoretical network 
analysis can potentially deal with real existing networks, but the matrix approach can seldom 
find its applications because of the progress of other more convenient methodologies such as 
computer simulations. In addition, statistical approach remains a group of unsystematically 
organized indices which can only be applied to network description. 
 
3. Topology Analysis of Real Existing Networks Using GIS 
 
With the fast growth of GIS software and databases, now it becomes possible to combine the 
conceptual network analysis and graph-theoretical network analysis to gain more model 
oriented results by examining individual polygons that compose a real existing network. 
 
From a topological view, a grid pattern network must be composed of polygons with each of 
them in a quadrilateral (4 sides) shape, although there are many variations according to the 
length of each sides or angles inside the polygon (Figure 3). We here define all of them as 
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grid patterns, because none of the real networks can be the same and at present we feel it 
unnecessary to define a regular network, say, all angles are 90 degree and all sides are equal 
length, when dealing with real network analysis. 
 
 

                            
All angles: 90 degree All angles: 90 degree 
Lengths of sides: equal  Lengths of sides: unequal 
 
 

 
 
 
 
 
 
 

Not all angles equal to 90 degree Not all angles equal to 90 degree 
Lengths of sides: equal  Lengths of sides: unequal 

 
Figure 3     Variations of the Grid Networks 

 
 
Figure 4 is a street network of Beppu City, Oita, Japan, using the central line data from 
Digital Map 2500, provided by the Japanese government (Geographical Survey Institute, see 
the website listed in the references). The data is made to a scale of 1/2500 and consists of 
almost all the streets. The database originally included all smallest streets up to individual 
houses, but to make things simple, we excluded the impasses which are the links with only 
one node of its two nodes connecting to the network.  The circled ones are 1 kilometer 
diameter areas with elementary schools at their centers.  
  
Everybody may intuitively consider School G, H and I as more grid-shaped, and consider A 
and B as irregular. If we examine the statistical characteristics of 4-sided polygons in each 
network, we can quantify the differences and similarities between the networks.  
 
We look at the shares of numbers and areas of 4-sided polygons in each network. The black 
polygons showed in Figure 4 are 4-sided polygons, and the gray ones are polygons with other 
numbers of sides. We exclude the polygons which are not completely contained in the 1 
kilometer diameter area, that is, the uncolored areas in Figure 4. Below each image, the share 
of 4-sided polygons’ number in relation to the total polygon number and the share of 4-sided 
polygons’ area in relation to the total polygon area are listed. We can see these two indicators 
fit well to the human perception; and the higher the share are, the more grid-shaped the 
network looks.  
 
Figure 5 illustrates the relationship between the two indicators. We can see that they are 
strictly proportional (R=0.98). Thus any one of the indicators can be used to measure the grid 
degree alternatively. 
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Figure 4     Street network and school areas (A to I) of the case study 
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School  H I  G 
Share of number:  64.9% 62.7%  61.9% 
Share of area: 64.4% 53.0%  57.2% 

 
 

           
School  F D E 
Share of number:  45.5% 36.5% 32.5% 
Share of area: 33.4% 19.4% 24.4% 

 
 

               
School  C A B 
Share of number:  29.5% 26.5% 24.4% 
Share of area: 11.7% 10.1% 14.1% 

 
 

Figure 5    4-sided polygons (black) and other polygons (gray) 
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Figure  6   Relationship between the two indicators 

 
 

3. NETWORK TOPOLOGY AND PEDESTRIAN ROUTE CHOICE BEHAVIOR 
 
As mentioned above, it has been demonstrated by a lot of researches that distance is the 
primary factor that affects pedestrian route choice behavior. Therefore we can infer that there 
are some relationships between network topology and pedestrian route choice behavior. 
Among those few studies concerning network topology and pedestrian route choice behavior, 
Tsukaguchi and Matsuda (2002) statistically analyzed some topological indexes similar to 
those of Kansky’s such as link length and node number, and classified over 100 networks of 
real areas into 4 groups. Then they modeled pedestrian route choice behaviors for each 
network group.  
 
In fact, even in the same network, pedestrian route choice behavior varies according to the 
topology of his start point and his destination. Figure 7 shows numbers of the alternative 
routes from start point A to destinations. The number of alternative routes is printed at each of 
the destinations. The numbers are gained under the assumption that people do not choose a 
route 1.2 times longer than the shortest.  We can see from the figure that there is only one 
route form A to B or from A to D, while 254 choices from A to C. It means that from A to B 
or A to D, the route choice behavior may be solely affected by the factor of distance, while 
the behavior from A to C may be mainly affected by other factors.  
 
 

          

          

          

          

  
      

  

 
 

Figure 7   Alternative route numbers from A to other destinations 
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One-route OD pairs may have great importance in policy-making, because they are almost 
fixed by the distance priority and it might be difficult to make people avoid these routes even 
if some undesirable sections exist. If Point A in Figure 7 is a school and there is a need for 
improving the safety of all OD pairs, then attracting more ODs to choose these routes by 
improving the environment of these links may be an effective implement.   
  
In order to see how these one-route OD pairs distribute in real networks, we plot the shortest 
routes from the center to all destinations in periphery of the school areas in Figure 8. The 
thicker lines shows one-route OD pairs and the thinner lines are routes with alternatives less 
than 1.2 times shorter than the shortest.  

 
Figure 8  One-route OD pairs (thick lines) and OD pairs with alternative routes (thinner lines) 
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Unexpectedly, we find that the total length of shortest routes seems not proportional to the 
network grid degree. In more grid-shaped networks (Network G, H and I), the length of one-
route seems affected by the number of links that radiate from the center. Network G has only 
three roads from the center, while Network G has four and Network I has six, thus making the 
great difference of total one-route length of each other. Although a final conclusion needs 
more statistical analysis, it is likely that the more roads radiating from a center, the more one-
route OD pairs in a more grid-shaped network of this size.  
 
In less grid-shaped networks, the lengths of one-route OD pairs seem not only affected by the 
topology of its center, but also affected by the network density. As seen in Network C and D, 
in networks of less density, it seems more likely to have one-route OD pairs.  
 
 
4. CONCLUSION  
 
Pedestrian route choice behavior is considered to be affected by numerous factors. Among 
them the route length or distance is one of the most important. Since distance is related to the 
network topology, it is desirable to incorporate network topology into pedestrian route choice 
behavior models as a variant. However, unfortunately, although there are some conceptual or 
graph-theoretical studies concerning network topology analysis, the studies concerning the 
real existing network remain uncultivated, especially from the perspective of pedestrians.  
 
After reviewing the previous studies, this paper proposed the share of 4-sided polygons as an 
indicator of measuring network grid degree by using Geographical Information Systems 
(GIS). Considering the pedestrian's distance priority, this paper pointed out that even in the 
same network, pedestrian route choice behavior varies according to the topology of the start 
point and the destination, and that there are some one-route OD pairs existing which can be 
potentially used as policy tools. Through observing the distribution of one-route OD pairs on 
real existing networks, the authors found that these one-route OD pairs may be affected by the 
network grid degree, the number of links that radiate from the start point, and network 
density. In order to gain more statistically acceptable findings, we will analyze more networks 
with different grid degrees in our further researches.    
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