
A Bus Passengersô Seating Preference Model 

Shah Jamal Alam and Bogdan Werth 
 

Centre for Policy Modelling, 

Manchester Metropolitan University Business School, 

Manchester M1 3GH, United Kingdom 

{shah, bogdan}@cfpm.org 

 

 

 

Abstract 

We present an agent-based model of a public bus where 
some passengers board and exit at every stop. Agents are 
the passengers characterized by their ethnicity, age group 
and cultural backgrounds and respective preferences for 
seats in the bus. Different scenarios are set up whereby the 
bus moves in various parts of the city, which maybe 
segregated residentially, university campuses, and areas of 
mixed background. Emergence of clusters maybe observed 
as passenger agents make decision and adapt their 
strategies. Measures for such emergent clusters are applied 
on a set of scenarios. Utilization of the bus seats are also 
studied from the simulated experiments. The current model 
is scalable to many buses running in the city. Moreover, as 
the next step, human intervention would be possible where 
human agents queued along with the software agents could 
make their own choices for the seats in the bus.  
 
Keywords: agent-based simulation, seating preference, 
average clustering size, model-to-model comparison 

Introduction    

In the late 1960s, Thomas Schelling (Schelling 1969) 
studied the effect of racial segregation of houses in cities 
and suburbs. Whereas segregation in residential areas have 
been studied by social scientists and urban planners, 
modeling ethnic (and other forms of) segregation in public 
transport has received little attention. .  
 An obvious difference in the two modes is that people 
do not move to new households very frequently and have 
usually limited choice in changing their neighborhood. The 
resulting segregations, if any, are strongly-tied networks as 
one does not change their house everyday. In contrast, 
passengersô preference depends far more on a reactionary 
approach and therefore may exhibit volatile behavior. On 
the other hand, on public transport (in the context of this 
paper, a public bus), people have the choice to pick their 
seats based depending upon their preferences and 
convenience. Passengersô preferences may vary based on 
their age groups, genders and cultural and ethnical 
backgrounds, and it is interesting to see if one gets 
clustered seating choices by the passengers.  
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 We present the application of measures of clustering 
when our choices for such measures are constrained. 
Whether the possibility of observing any form of 
emergence depends upon the modeled environment, is also 
discussed in this paper.  
  The results reported in this paper are based on a 
procedural model. Currently, a declarative version is also 
being developed, integrating Repast (North et al.) and 
JESS

1
 frameworks. This is part of our ongoing research in 

comparing procedural and declarative agent-based 
modeling techniques.  

Some Related Work 

There have been studies about modeling the passengersô 
travel behaviors in railway stations and about air 
passengersô seating choices. A similar idea has been 
investigated about peopleôs seating preferences in theatres 
and stadiums. For example, Li et al. (Li et al. 2006) 
investigates the factors that affect travel behavior of 
passengers in terms of time-shifting, route-changing and 
impact of pricing and the service. Their agent-based model 
looks over at the whole train network and looks into the 
trainsô utilization of, and the revenue from the passengersô 
preference for the services. In their case, individual 
passengers are characterized as commuters, leisure 
travelers and business travelers. Each type of agent has 
their choice set in terms of their activity schedule and they 
try to maximize their utility given the various pricing sets 
from the trains.  
 Carrier (Carrier 2003) models the passengersô 
preferences for airlines in terms of the availability of their 
desired seats, prices and the duration of the flight. The 
behavior is modeled as a discrete choice model. A 
passengerôs choice set is based on its desired itinerary, 
seating classes, and the fares. The model assumes a 
network of airlines (typically, 25). Also, the number of 
seats per class is constrained by the aircraftôs capacity.  A 
more relevant work is the homework project at the 2006 
Santa Fe Graduate Workshop in Computational Modeling 
(Miller et al. 2006) about a problem ñNow Boardingò. The 
problem stated as: Consider the following situation: 
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ñAround one hundred travelers are waiting in the passenger 
lounge of the airport. The airline agent at the gate picks up 
the microphone and begins to board the aircraft.ò Of the 
several groups, Haptonstahl and Yusim proposed no prior 
assigned seat and the passenger gets the seat as they board 
the plane. Passengersô have their preference for seats, e.g. 
window, aisle. They measured passengersô satisfaction as 
the number of passengers getting their desired seats. 
Moreover, Bramson and Rohner in (Miller et al. 2006) 
proposed the idea of incorporating passengersô 
characteristics for example, their gender and age. 

Agent-based Social Simulation 

Agent-Based Modeling (ABM) stems from the field of 
Distributed Artificial Intelligence (DAI). The approach of 
DAI deals with systems consisting of many interacting 
entities that possess some level of autonomy. These 
components are able to perceive their environment and also 
react to changes in that environment in accordance to their 
goals (Werth and Moss 2007). In this paper, we report on 
an agent-based simulation model of the passengersô seating 
preferences in a bus. The model is implemented in Java 
and Repast (North et al. 2006).  
 Agent-based models social simulation models provide 
the provision of simulating social behavior of autonomous 
individuals and the interaction among them (Gilbert and 
Troitzsch 2005). The design of such models have been 
found to be suitable for decentralized scenarios, especially 
when individual interactions lead to the emergence of 
collective patterns, which are observed in a variety of 
social phenomena.  As Moss (2007) argues, the real 
strength of agent-based simulation is the design of 
individual agents incorporating the qualitative accounts 
representing a variety of individual perspectives. Design of 
agents should be driven by evidence, wherever possible 
and be validated qualitatively and quantitatively at the 
micro and macro levels respectively.  
 Another virtue of these modeling techniques is that one 
can test different sets of agentsô interaction rules without 
the need to change the modelôs environment. This is useful 
in cases where such micro-level rules are derived, either 
intuitively or from limited observation. Outcomes from 
such different sets can inform questions that can then be 
asked from the stakeholders. 

The Prototype Model 

The prototype model represents the dynamics of a single 
public bus whereby passengers, represented as simple 
agents, board and leave the bus during the journey. We 
first present the environment and the time schedule of the 
model followed by the agentsô characteristics and the rules 
governing their behavior. 
 
 
 

The Environment 
The modeled bus is a single (extendible to double) decked 
bus with four seats in a row; two on each side separated by 
an aisle. The busôs seating capacity is determined as the 
number of seats multiplied by the number of rows. There is 
also capacity for standing passengers (half the seating 
capacity, by default), only for the lower deck of the bus.  
 At any time during the simulation the seats are either 
occupied or vacant. Passengers may opt to stand in the 
aisle. A counter keeps track of the number of passengers 
on board at any time during the simulation. Figure 1 
illustrates the type of bus configuration assumed in the 
model. As we will discuss later, the size and a busôs 
seating configurations affect the passengersô seating 
arrangements.  

 
 

Figure 1: Schematic diagram of the bus, showing a passenger 

perspective on the front and back seat compartments. 

 

The Schedule 
Time is modeled in discrete steps as the busôs stops. The 
bus stops are assumed to be at regular spatial distances and 
so it is easy to view each tick of the simulation as the next 
bus stop. 
 At time t = 0, the bus starts its journey until it stops at its 
first stop t =1 and picks up passengers, if any, and ends at 
the other terminus at time t = T. That is, at each bus stop, x 
passengers try to board the bus and y passengers leave the 
bus.  
 
 Let P be the total number of passengers in the bus at any 
time t: Si be those sitting and St be the one standing, then at 
each time step (i.e. at a bus stop): 
Å Leaving the bus: Y Ì P passengers leave the bus, 

such that yÍY, y Í Si  Ù y Í  St 
Å Re-adjusting: Some passengers who are standing 

may occupy the seats that are now vacant or 
available, depending upon their preferences 

Å Boarding the bus: X passengers enter the bus in a 
queue and get adjusted (i.e. either occupy a seat or 
prefer standing, or in case the bus is fully loaded 
they step-out)  

 
Agents Characteristics 
Agents are the passengers (or individuals) and thus are 
simple agents with the intention to get placed into the bus 
in the best way possible. Agents are of the heterogeneous 
types and can be characterized in terms of their attributes. 
The agents use their own characteristics and the óapparentô 



characteristics of others in the bus, to choose their action 
accordingly. For a simulation run, different configurations 
of the agentsô characteristics maybe setup with varying 
proportions.  
 Agentsô characteristics are defined as follows: 

- Age-Group: {young, adult, mid-age, senior} 
- Gender: {female, male} 
- Size: {not heavy, heavy} 
- Ethnicity: {Asian, Black, White}  

Each passenger agent in the model has a boarding and exit 
bus stop, at which they board and leave the bus, 
respectively. Passengers have slightly varying perceptions 
about the front, middle, and rear area of the bus. These so-
called compartments are set for every agent as they may 
use this information to decide about their choice for a seat. 
  
Seat Preference Rules 
In the previous section, we presented four attributes 
characterizing each passenger agent. We now present the 
rules that define a passengerôs seating preference. We first 
present the general rules that apply in all cases during the 
simulation.  
 
General Rules 
Acquaintance Rule:  
It is possible that a passenger entering a bus may find an 
acquaintance already sitting there. This is modeled as a 
chance parameter. Depending upon the route defined for 
the bus, the chance of finding a known person varies 
accordingly. In case an acquaintance is found, the entering 
passenger looks to see if the adjacent seat is available or 
not. Given that the seat is already taken, a ónearbyô (one 
that lies within the Moore neighborhood of the 
acquaintanceôs seat) is sought. As we will discuss later, the 
busôs structure enforces strict boundaries for the 
neighborhood. The rectangular shape of the busôs seats in 
the model, limits the number of neighboring seats for those 
sitting in the window seats (or front or back rows).  
 
Standing Passengers Rule: 
Often passengers stand in a bus even though there may be 
some vacant seats. This may impact on the incoming 
passengers, who may find the bus too ócrowdedô. This rule 
in the model implies that if there are m number of standing 
passengers, then an incoming passenger does not look for 
back seats even if they are vacant. One consequence of this 
rule is that the passengersô may not find the seats in the 
first half of the bus, and might either prefer standing or 
decline to board the bus. The number of standing 
passengers m is a threshold parameter in the model.  
 
Attribute -specific Rules 
The passengersô characteristics can altogether lead to 48 
different types of agents (see previous section). In this 
paper, we report on the intuitive rules where the same rules 
apply for several agentsô types. In the subsequent version 
of this model, we would like to refine the rules further 

incorporating all plausible range of types defining the 
agents.  
 Rules in the model are classified in terms of the agentsô 
age-groups followed by the gender and the ethnicity of the 
passenger agents. The rules discussed below.  
  
Senior Passenger Rule:  
Senior passengers prefer a window seat on either side at 
the front part of the bus. An agent is only able to occupy a 
window seat in the model, if the adjacent aisle seat is also 
available. If no window seat is available, then the senior 
passengers would take the aisle seat in the front. We model 
two settings for senior passengers. In the first setting, the 
senior passengers do not board the bus if they do not find 
any seat in the front half of the bus. The second setting 
assumes that they would then try to find the nearest seat 
available in the bus.  
 There is a different rule if the senior passenger is a 
woman and an Asian. In this case, when the passenger has 
to look for an aisle seat, the passenger prefers sitting with a 
female, otherwise they take a seat beside a senior or a 
middle-aged male passenger. They do not prefer sitting 
with a young male passenger and would not board the bus, 
and instead wait for another. 
 
Middle-aged Passenger Rule:  
Middle-aged passengers prefer a window seat at the middle 
or if not then at the front of the bus. Here we introduce the 
rule for occupying an aisle seat as well, when a passenger 
takes a window seat. For the middle-aged passengers, there 
is a 45% chance (default) that the passenger will occupy 
both seats. For the seniors, the underlying assumption was 
that they would only take a window seat and the adjacent 
aisle seat would remain vacant. 
 For middle-aged male passengers, there is no particular 
preference for sitting with another passenger. If they do not 
find any seat in the bus and the number of standing 
passengers is less than the fixed upper limit, they would 
stand in the bus. This applies to all female and male 
middle-aged passenger agents.  

Non-Asian female passengers prefer sitting with a 
female passenger at the front if they have to take an aisle 
seat. If that is not possible, they avoid sitting with young 
males or those who are heavy in size. Asian female 
passengers have the same seating preferences as a senior 
passenger.  

 
Young-adult Passenger Rule:  
Young-adult males prefer taking a window seat in the first 
half (otherwise at the back) of the bus and if they find one, 
there is a high chance (75% by default) that they occupy 
the adjacent seat as well. It is also observed that some 
passengers abstain from asking a seated passenger to 
vacate an aisle seat and move to the window seat. This is 
captured by another chance parameter (25% by default). 
Furthermore, our correspondence with a few male bus 
travelers (in their late 20s) has reported on the preference 
for taking a seat beside a woman passenger. The preference 



is to sit beside young or adult women. The only negative 
rule is not to sit beside a person heavy in stature. . 
 Women passengers in this age group prefer sitting in the 
nearest window seat towards the middle of the bus. We 
have also assumed a higher chance of them occupying an 
aisle seat (85% by default). For Asian and Black/White 
women, the same rules apply as for middle-aged women 
passengers respectively.  
 All young-adult passengers would stand if they do not 
find a seat of their choice and the standing passengersô 
capacity is not full.  
 
Young Passenger Rule:  
 There is an additional rule for young passenger agents to 
prefer standing in the bus when their destination is not very 
far. The default threshold is 3 bus stops. The decision may 
prevent some passengers boarding the bus. This rule links 
to the above-mentioned general rule where some 
passengers might find the bus to be óover crowdedô even 
though there are seats available on the bus. 
 Young passengers are typically observed to prefer 
seating at the rear end of the bus. They prefer to take the 
farthest seat available in the bus (window or aisle). Their 
only constraint is whether the person sitting in the window 
seat is heavy or not. Like the middle-aged and the young-
adult passenger agent type, young passenger agents stand if 
they do not find a seat. 

Neighborhood Clustering 

Clustering is explained as the partitioning of the data into 
subsets such that the data in each subset shares a well-
defined characteristic or trait. Jain et al. (1999) provides a 
detailed survey about data clustering and the different 
measures for clustering. Wasserman and Faust (1994) 
discusses the notion of clustering and clusterability from a 
graph (e.g. a social network) perspective.  

Two types of neighborhoods maybe defined in a social 
simulation model capturing a social phenomenon: physical 
and social neighborhood. Social neighborhoods are 
typically defined as graphs (or networks of interacting 
agents). All nodes directly connected to ego, are identified 
as its measures. For such representations, measures such as 
óclustering coefficientô, ónumber of cohesive subgraphsô 
and other forms of data clustering measures, give a better 
account of the clustering in the network.  

A regular lattice (or a grid structure) has been assumed 
to represent the agentsô physical neighborhood. For any 
cell in the grid, a von Neumann or a Moore neighborhood 
can be defined. In many cases, the grid is a toroid such that 
there are no boundary specific neighborhoods for the 
agents located in the cells.  
 For the bus model, defining a neighborhood for the 
passengers is constrained by the busôs structural 
representation. A passenger sitting in a middle row in an 
aisle seat is surrounded by all 8 seats (as in the Moore 
neighborhood). On the other hand, a passenger sitting in 

either the front or back row, or on a window seat, has 3 or 
5 neighbors respectively.  

A bus is rectangular in shape with r rows and c columns. 
Also, a passenger occupying a window seat is not sitting 
ócloseô to another passenger having a window seat being in 
the same row. A toroid structure is therefore infeasible for 
our problem.  
 In this section, we briefly discuss two measures for 
clustering that do not necessarily require an arbitrary graph 
where nodes are linked to other nodes.  
 
Average cluster size density 
Following Hetman et al. (2006), given i be a cell (in our 
context, a bus seat), the cluster C(i) for i, maybe defined 
recursively as: 

- i Í C(i) 
- if j Í C(i) and for any k Í G (j) sk = si  
  then k Í C(i),  
where s represent a particular attribute, e.g. agentsô 
ethnicity.  

 All the neighbors of i sharing iôs characteristic under 
study and are therefore included into the cluster C(i). 
Subsequently, newly members are added to the cluster is 
they too share the same characteristic.  
 Once calculating the cluster size for each cell, one can 
then compute the average cluster size is defined as the ratio 
of sum of all noses of the size of clusters they belong to the 
total number of nodes (or occupied seats in the bus). The 
numerator is the total capacity of the bus. In our 
implementation, we trace passengersô Moore neighbors 
and keep on tracking recursively so long as the neighbors 
meet a certain characteristic (e.g. same gender). Sizes of 
the same clusters are grouped together. This is then 
summed over the frequencies of the respective cluster 
sizes. The denominator we have used is the maximum 
seating capacity of the bus. Standing passengers are 
ignored in the current implementation. 
 
Cluster probability  
According to Bolliger et al. (2003), cluster probability is 
defined as the fraction of points that are part of a cluster. A 
node belongs to a cluster if its four nearest neighbors (von 
Neumann neighborhood) all share its characteristic.  
 Hetman et al. (2006) generalized the clustering 
probability measure to óall nearest neighborsô irrespective 
of the dimensionality of the matrix. They count the nodes 
that share their attitude with all their neighbors and divide 
it by the total number of nodes.  
 An implementation for the cluster probability is 
currently in progress. We plan to present our 
implementation and the comparison of the two clustering 
measures in the near future. 

Simulation Experiments 

The independent variables observed at any time during a 
simulation run are the number of passengers entering and 
leaving the bus, number of passengers sitting, and the 
number of standing passengers. The average cluster size 



for passengersô ethnicity, gender and age-group are also 
reported as preliminary results in this section. In all 
simulations reported in this paper, the total number of bus 
stops was set fixed as 28. The number of rows in the bus 
was set to 12, each with 4 seats.  
 
Three different zone settings 
Three different bus routes were setup: óRandomô, óRoute-
Aô and óRoute-Bô.  
óRandomô route setting:  
In this setting, passengers are created and are assigned 
attributes with equal probabilities. Each passenger is then 
assigned an entry stop and a destination stop uniform 
randomly ranging from 1 to the maximum number of stops. 
At each simulation tick (i.e. a bus stop), passengers with 
their respective entry stops board the bus and leave the bus 
when their destination arrives. In all cases, there is a 15% 
chance of a person being of óheavyô size. Also, passengers 
are assigned their gender with equal probabilities. This is a 
very simple setting and is used as the basis for comparison 
for more realistic scenarios.  
 
óRoute-Aô setting: 
In this setting, we modeled a busôs route in the city of 
Manchester (UK). The bus travels through three different 
zones from where passengers from varying ethnic 
backgrounds board the bus. The time assumed is 8.00 am, 
and so senior/old passengers are very few.  At every stop 5 
to 7 passengers enter the bus. The three zones are set as 
followed: 
- Zone-1: This comprises of the bus stop 1 to 5. 80% of 

the passengers are white, while the blacks and Asians are 
10% each. The chance for a passenger belonging to the 
óseniorô age-group is 15%, ómiddle-agedô is 15%, óyoung 
adultô is 55% and the rest are initialized as óyoungô.  

- Zone-2: This zone represents a mixed community and 
has 7 bus stops. The chance for a passenger to be ówhiteô 
is 30%, óblackô is 25% and the Asian is ó45%ô. In this 
zone, the óyoung adultô passengers are in greater 
proportion, i.e. 35%. The óseniorsô are 10%, the ómid-
ageô 25% and the rest are the óyoungô (25% and the rest 
are the óyoungô (30%). 

- Zone -3: The next 10 stops are in the zone where the 
blacks are in great majority. There is a little chance, i.e. 
10% for a passenger agent to be ówhiteô, a 35% chance 
for Asian and 65% chance that the agent is óblackô. The 
chances of being a óseniorô is 10%, for ómiddle-agedô is 
25%, for óyoung adultô 25% and the bigger proportion 
(i.e. 40%) are set as óyoungô.  

 
óRoute-Bô setting:  
This route captures a busôs return journey from a central 
bus station. In contrast to the other two routes, the majority 
of the returning passengers board at the start of the busôs 
journey, while a few board later on.  
 The number of entering passengers varies from 17 to 23 
at the start. The attributes are assigned randomly. The 
order of passengers entering the bus is also random. In 

more realistic situations, passengersô characteristics could 
be assigned depending upon the time of the journey. Also, 
in most cases, senior passengers usually board first.  
 
Preliminary results 
All results reported in this section have been averaged over 
10 simulation runs for each route. Figure 2 shows the 
number of passengers boarding the bus for the three routes.  

Figure 2: Number of passengers boarding for the three routes: 

órandomô, óroute-Aô and óroute-Bô. X-axis shows the bus stops. 

 

 Notice the very high proportion of agents boarding the 
bus in route-B. This is because it is modeled as a return 
route as explained earlier. The number of passengers 
entering for the órandomô route was initialized uniform 
randomly and is stable throughout the simulation. For 
óroute-Bô, the number of entering passengers decline as the 
simulation proceeds. This happens because most 
passengers entering the bus do not leave very early.. 
Therefore, passengers boarding later get fewer available 
seats and would not board the bus if the bus capacity is 
full.  
 A clearer picture of the busôs composition for the three 
routes is reflected in figures 3 and 4, where the number of 
sitting and standing passengers is shown respectively. 
Figure 5 shows the number of passengers not being able to 
board the bus during the journey. 

Figure 3: Number of passengers being seated during the journey.  

 

 The bus reaches its full seating capacity mid-way in the 
case of route-A. This is because passengers travelling early 
morning on this route do not get off the bus very early. For 
the random route, the numbers of sitting passengers 
increases but some seats remain vacant throughout the 
journey. For the return route (i.e. route-B), the number 
increases but decreases slightly during the journey as less 
passengers board the bus. 



 In the cases of routes óAô and óBô, the number of 
standing passengers rises sharply very soon. Notice that 
some passengers prefer to remain standing even if there are 
some seats available. This happens in the route-A where 
the diversity of passengersô characteristics leads to this 
behavior. This is also coupled with the increasing number 
of passengers entering the bus (see figure 2). 
 

Figure 4: Number of passengers standing during the journey.  

 
 Figure 3 and 4 explain why the buses must run on routes 
like the óroute-Aô frequently. For a bus passing through 
different localities with diverse ethnic and age-group 
backgrounds, implies that many passengers to wait until 
the next bus. For a return journey, not many people wait at 
the intermediate bus stops, but may be highly clustered at 
the starting terminal. 
 
Average cluster size density 
We present the output from our implementation of the 
average cluster density measured discussed earlier on. We 
picked the route-A (see previous section) and calculated 
the clustering effect in the bus during the journey for 
agentôs gender, ethnicity and age-groups. Clustering is 
calculated for each attribute separately and also a joint 
clustering is calculated. The clustering measures presented 
in this paper have been averaged over 10 simulation runs. 
For comparing the results from route-A, we calculated 
respective clustering for the órandomô route discussed 
before. Figures 6 and 7 present the average clustering size 
based on agentsô age groups and ethnicity respectively. 
 There is a significant difference in clustering trend and 
magnitude for the two routes: route-A and the random 
route, as shown in figure 5. However, in both cases, the 
calculated clustering size for the adult, middle-aged and 
senior passenger agents were the same. For the young 
passengers, who prefer sitting at the rear of the bus, the 
average clustering size was found to be different. This 
needs further investigation into the method and the settings 
used in the simulation.  
 For figure 6, a higher clustering for white passengers is 
evident from the fact that the bus in route-A starts from a 
zone which is largely inhabited by white passengers. As 
the bus proceeds, some of the white passenger agents leave 
the bus and are replaced by black and Asian passenger 
agents. Although, this increases the joint clustering, the 
clustering of white agents remains very high. This is 
because the majority of agents stay on the bus for a longer 

time. Black agents board the bus, but their seating 
configuration was not found to be of any significance. 
Another major reason is that in this setting, passengers 
boarding from a black-majority zone remain standing on 
the bus as most seats are already occupied. 

Figure 5: Average clustering size with respect to age-group 

(above) route óAô (below) random route. 

Figure 6: Average clustering size with respect to ethnicity  

(above) route óAô (below) random route 

 

 The question that we must ask is that the clustering that 
one gets is dependent upon the busôs restricted size and 
shape. In many simulations investigating segregation, the 
population (e.g. localities and towns etc.) is situated on a 
grid. The grid is typically large and is assumed to be square 
(cf. Schellings 1968; Edmonds 2006). It appears that in 


