Chapter 2

The Study on Pedestrian Behavior in Urban Space

Architect Philip Johnson:

"We designed those blocks in front of the Seagram Building so people could not sit
on them. But, you see, people want to so badly that they sit there anyhow. They
like that place so much that they crawl, inch along that little narrow edge of the wall.
We put the water near the marble ledge because we thought they'd fall over if they

sat there. They don't fall over; they sit there anyhow."

Heinrich Klotz:

"Well it's the only place they can sit."

Philip Johnson:
"I know it. It never crossed Mies's mind. He told me afterward, 'l never dreamt

people would want to sit there."

(Conversation with Architect, 1973 from The social life of small urban spaces)

The lack of understanding of what people need for space can be an obstacle for designers to
create a better urban place, a place where social life can be stimulated. This chapter we review
the study and related research works on pedestrian movement in urban space and the behavior
that is influenced by environment. The first part presents wide ranges of the study and research
on effects of space configuration and attraction on human behavior and pedestrian movement.
The second part puts forth to describe some selected work on the simulation pedestrian
movement using the notion of self-organization and complexity system. And the third is a
research work on type of behavior at individual level.

2.1 Effects of Space Configuration and Attraction on Spatial Behavior

Over past three decades, numbers of research has been carried out in field of environment-
behavior relationships from various disciplines. In field of urban study, the main goal of these
studies was to develop guidelines for urban planning and design and analyze space. The
research and studies have employed a wide range of method and technology to pursue their
goals as presented in following:



Proxemics

Among publications that have stressed the important aspects of the environment in relation to
human behavior one stands out. Edward T Hall, a cultural anthropologist, wrote The Hidden
Dimension (1966), a book that focuses on how different cultures use space and physical
environment. Hall's perspective emphasizes 1) how people actively use and shape the physical
environment, not just react to the environment and 2) the use of physical environment in the
management of social interaction. To reflect his interest, he coined the term proxemics, which he
defined as "...the study of man's transactions as he perceives and uses intimate, personal, social,
and public space in various settings while following out-of-awareness dictates of cultural
paradigms.” (Hall, 1974) Hall's approach was based on qualitative, nonexperimental, and
descriptive, interviews and naturalistic observations. His works of observation and findings
stimulated a large number of research studies in years later. And his suggestion on the

interpersonal distance is reflected in our study as well.

Findings from Observations

In 1970, William H. Whyte, a sociologist, formed a small research group, The Street Life Project,
which observed many plazas and small parks in New York City to find out why some city spaces
respond well to needs of people but others do not, and then document what might be basic
elements of a successful small urban space. This resulted in The Social Life of Small Urban
Spaces (1980) and a film based on that book. This firsthand observation project studied how
people inhabit the most intensively used urban spaces by interviewing people, watching what
they did, and mounting a time lapse camera with a digital clock overlooking the plazas and
recording daily patterns from 8.00 in the morning until 6.00 in the evening. The clock proved
useful in the difficult job of evaluation, by providing a place and time mark. It gives reference
points of each person when entering the plaza so the researchers can track that person and then
wind the film back to the entering time and track another person. Beside the extremely useful
information documented from the observation, the importance of Whyte's work to our study is that
much of what he observed indicated that people search for a great deal more than mere
physiological comfort. In fact, he even showed that pedestrians will sometimes undergo a certain

degree of physical discomfort to fulfill their basic psychological — motivation — needs.

Pleasure and serendipitous experience appear to account for a substantial part of behavior in
urban, especially shopping, environments. The finding of Russell and Mehrabian (1978), that
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certain primary emotional qualities evoked by an environment were associated with the desire to
approach, calls for identifying these emotional qualities. Attempts to differentiate the stimuli have
concentrated mainly on details of display whereas the larger experiential field has been little
studied (Zacharias, 1997). Surely unselfconscious aesthetic response or arousal of interest or
curiosity in complex arrays of colors, shapes, and human movement affect exploratory behavior.
Distractions and pleasures divert the pedestrian from plans to minimize distance and effort,
although minimizing effort might be associated with carrying heavy objects (Garling and Garling
1988).

Although the research reviewed here has demonstrated the significance of preference and

emotional qualities, just how they are related to actual spatial behavior has been little explored.

Pedestrian Activities

Jan Gehl, a Danish architect, has written interestingly about the patterns of pedestrian life in a
book, Life Between Buildings. He simplifies and divides outdoor activities in public spaces in a
city into three categories, each of which places very different demands on the physical

environment: necessary activities, optional activities, and social activities.

Necessary activities include those that are more or less compulsory, such as going to work,
shopping, waiting for a bus or a person, running errands. Among other activities, this group
includes the great majority of those related to walking. Because the activities in this group are
necessary, their incidence is influenced only slightly by the physical framework. These activities
will take place throughout the year, under nearly all conditions, and are more or less independent

of the exterior environment. The participants have no choice.

Optional activities — that is, those pursuits that are participated in if there is a wish to do so and if
time and place make it possible — are quite another matter. This category includes such activities
as taking a walk to get a breath of fresh air, standing around enjoying life, or sitting and
sunbathing. These activities take place only when exterior conditions are optimal --when weather
and place invite them. This relationship is particularly important in connection with physical

planning. In other words, these activities are especially dependent on exterior physical conditions.

Social activities are all activities that depend on presence of others in public spaces. Social

activities include children at play, greetings and conversations, communal activities of various
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kinds, and finally — as the most widespread social activity — passive contacts, that is, simply
seeing and hearing other people. These activities could also be termed as "resultant" activities
because social activities occur spontaneously, as a direct consequence of people moving about
and being in the same spaces. This implies that social activities are indirectly supported

whenever necessary and optional activities are given better conditions in public spaces.

According to Gehl, a social activity takes place every time two people are together in the same
space. To see and hear one other, to meet, is in itself a form of contact, a social interaction. The
actual meeting, merely being present, is furthermore the seed for more comprehensive forms of
social activity. This connection is important in relation to physical planning. Although the physical
framework does not have a direct influence on the quality, content, and intensity of social
contacts, architects and planners can affect the possibilities for meeting, seeing, and hearing

people.

Quality of the physical environment
Poor Good

Necessary activities . .

Optional activities

"Resultant activities

(Social activities)

Table 2.1: When the quality of outdoor environment is good, optional activities occur with
increasing frequency. Furthermore, as level of optional activity rise, the number of social
activities usually increases substantially (Gehl, 1996)



12

Wayfinding

The abundant literature on wayfinding generally supports the idea that success in reaching a
destination is related to the complexity of space configuration. In non-goal-directed or exploratory
behavior, it is likely that the information is collected from environment but for different purposes to
goal-directed behavior. Such information cannot be ordered with respect to a specific goal, but it
may have an effect in perception. According to environmental factors, the design of the built
environment can facilitate or inhibit the individual wayfinding in a number of ways. Two broad
factors are the spatial characteristics of a setting — differentiation, visual access, and layout
(Gérling 1986) — and the wayfinding support system — signage —, maps, or information cues
(Weisman 1981). Differentiation affects the ability of individuals to recognize and remember
critical location during wayfinding. The relationships between perception and behavior and

cognitive maps and behavior have been directly related but remain largely unexplored.

Two phenomena that relate to "wayfinding" are "route choice" and "spatial search". Route choice
indicates the process by which an individual selects a route from a set of known routes (Bovy and
Stern 1990). Route choice does not involve active spatial exploration because the environment is
known or the individual is satisfied with a currently known set of routes. Spatial search is a
broader concept which encompasses the processes used by an individual to decide among
alternative courses of action in spatial context (Eyle 1986) such as where to shop, look for a
house or job, and so on. Spatial search can occur in a relatively familiar environment where the
locations of potential choices are known but their qualities are unknown. While spatial search is
more concerned with an individual's discovery and comparison of alternatives, wayfinding is more

concerned with individual's exploration and orientation in environment.

In order to explain observed wayfinding behavior, there have been many attempts, using a
symbolic artificial intelligence (Al) approach to develop operational models of individual behavior.
The goal is to model the processes of human decision-making and problem-solving. The detailed
behavior of an Al program is not described explicitly by its algorithm: its behavior is influenced by
the particular problem presented to it. An Al program can integrate facts and relationships about
the domain in which it operates and can incorporate these into its "knowledge-base" or
knowledge about the outside world. It can also retain data that allow explanation and justification

for the program's solution to a problem. These models concern the manner in which an
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individual's knowledge serves as a basis for his or her interpretation and responses to objects

and events in the environment (Smith 1982).

By the middle 1980's researchers in (traditional) Al realized that the 'simple’ intelligence that they
were trying to model (from knowledge based approach) was present in animals in their adaptive
behavior studied by ethology (McFarland, 1981). Brooks (1991) also argues that the 'simple’
things to do with perception and mobility in a dynamic environment are necessary basis for
'higher-level' intellect. Therefore, he proposed looking at simpler animals as a bottom up model
for building intelligence. Brooks describes intelligence that it is determined by the dynamics of
interaction with the world. From this perspective researcher began to model intelligence based on
behavior instead of on knowledge, creating the so-called "behavior-based system" (Brooks,
1990; Brooks, 1991).

Space Syntax

Bill Hillier and Julienne Hanson's The Social Logic of Space (1984) studied historic cities and
found that their organic development led to remarkably similar street patterns. These, they
argued, were not a function of the economics of market forces but of simple social arrangement
related to how people prefer to use cities. This 'space syntax' is a set of techniques to describe
and analyze spatial configurations in relation to human socio-economics. A network of pedestrian
paths can be described as a hierarchy, such that more centrally located path segments are more
likely to host more people (Figure 2.1), all other things being equal. The space syntax model in
particular involves a nonmetric transformation of space and suggests that at least some of the
variation in pedestrian presence in a network can be explained by topology. However, space
syntax does not take account of real differences in size of blocks as well as varying perceptions

of time and distance in different spatial configurations.

Figure 2.1:Space syntax analysis: Axial map -

global integration: London (Hillier, 1993)
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More recently, a theory of natural movement (Hillier et al., 1993) has sought to correlate
movement patterns at the local scale with the relative accessibility of streets. Although these
accessibility measures indicate trip volumes, they are not based on models that simulate
movement processes and thus do not provide a method for predicting the impact of local changes
on patterns of pedestrian flow (Batty, 1998). In other words, the analysis can show changes in
flow due to changes in the geometry and locations of entire streets but it cannot account for

describing movement patterns in the structure of urban environment at the local scale.

From the range of research and work presented here, there are many ways to understand the
impacts of the environment on pedestrian behavior, from a small scale — interpersonal space — to
large scale — a city analysis. Since our research emphasizes the way to look at urban
environment as a complex system, the complex relationships of people and environment can be
understood through the interactions among people and various composed elements in space.
Therefore, the next part particularly selects and reviews some work that reflects our interest of
addressing these complex relationships through the form of micro-simulation of (pedestrian)

behaviors.

2.2 Simulation Pedestrian Dynamics and Local Movement

At a certain scale of urban environment, by counting pedestrian passing through the study area in
order to explain (and predict) the impact of layout and visual stimuli on the movement pattern
seems to be appropriate approach for urban simulation until now. However, below that scale,
such as in town centers, city plazas, in shopping malls, particularly where the urban environment
can be described in terms of built form — buildings, public space, sidewalk —, rather than territorial
subdivision, aggregate approaches seem to lose their ability to predict urban phenomena (Batty,
Jiang, Goodwin, 1998). In this thesis, we are particularly interested in understanding the
individual use of urban space in a small-scale environment and the notion of self-organization and
complexity system — simple rules assigned to individuals (agents) that generate dynamic
behavioral patterns — seems to be more appropriate approach.

Background
In recent years there has been a growing interest in understanding traveler behavior, including

that of pedestrians. In many large-scale simulations pedestrians are an integral part of the

transportation system. During the 1990's models for road traffic received a great deal of interest.
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Nagel and Schreckenberg (1992) have analyzed vehicular movements using cellular automata
(CA) technology (more detail about CA in chapter 3) to develop dynamic "velocity dependent
rules” model that focus on synchronized traffic. The speed and capacity of this model is for traffic
assignment and traffic forecast purposes. Blue and Adler (1998) have applied microsimulation to
model pedestrian flows and demonstrated that these models produce acceptable fundamental
flow patterns. Although pedestrian flows are an important consideration in transportation
research, there are few microscopic models for studying the movement of pedestrians. Car
movements are restricted to channelized lanes, but pedestrian movement is a complex and

adaptive process (Dijkstra, Timmermans, and Jessurun, 2001).

Early attempts at modeling pedestrian flows been followed three different approaches:

1) Descriptions of how pedestrian move and congregate have provided statistical data for the
distribution of queues. These models have been used to predict volumes on street segments
from linear relationships estimated by regression (Older, 1968; Stilitz, 1969; Sandahl and
Percivall, 1972). However, these models do not adequately describe interaction effects and
these flow measurements analyses must be performed for special situations. Moreover,
these queuing models do not explicitly account for the concrete geometry of pedestrian
environments.

2) More formal approaches based loosely on analogies with fluids, gas kinetics, and other
physical flow systems have been proposed and tested. In 1970s, Henderson suggested that
pedestrian crowds can be described by the equations of fluid-dynamics. However, his
approach implicitly assumes energy and momentum to be collision invariant which is
obviously not the case for pedestrian interactions.

3) The most common approach has been based on adaptations of spatial interaction models,
often in their discrete choice rather than any force form. Borgers and Timmermans (1986)
have developed a model for the route choice behavior of pedestrians that depends on their
demands, city entry points, and store locations. The predictions made by simulating
pedestrian flows from individual trips, however, must then be scaled back to more aggregate
units if they are to be generalized spatially. These models also do not take into account the

effect of pedestrian interactions.

Models of movement patterns in the urban environment based on microsimulation appear
promising but notwithstanding the effort that has gone into such simulation recently, there have
been few applications at a fine spatial space (Clarke, 1996). Small-scale environments capture

the global property of the urban system such that local responses are usually consistent with
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macro properties. For example, local geometry such as the juxtaposition and type of buildings,
the scale and direction of streets, and the location of attractions all imply a global order of the city.
Thus when individuals respond to what is in their immediate neighborhood, this will reflect a more
global order. Local movement must also account for different varieties of behavior ranging from
movements that are well-defined and completely purposive based on walkers who know the
environment, to those who are more random and exploratory, who don't know the local geometry
of environment. An individual-based approach (a subset of multi-agent simulations) might be one
way to convey such diversity and design models that can respond to those adaptive behaviors

according to different situations.

The following briefly reviews some related projects, where agent-based models of small-scale
urban environments are developed.

The Social Force Model and Trail Formation of Pedestrians

In connection to fluid-dynamics, Helbing, Monar, and Schweitzer (1994) proposed research on
the microsimulation of pedestrian crowds. This "social force model" of pedestrian dynamics
describes the influence of environment and other pedestrians on individual behavior. However,
the social force is not exerted on pedestrian, but rather describes the concrete motivation to act,
fluctuating in different situations. The social forces are different from forces in physics that the
effect of social forces come about not by momentum transfer but information exchange via
complex mental, psychological and physical processes. Social force models have simulated
pedestrian dynamics with a large number of interactions. These proposed models describe many
observed phenomena and very realistically demonstrated emergence of spatio-temporal patterns
of collective behavior. They have demonstrated the development of lanes, oscillatory changes

(Figure 2.2), and roundabout traffic at intersections (Figure 2.3).

a A
’ » . < -~

Figure 2.2: A moment of two pedestrian groups trying to pass a harrow
door. If one person has been able to pass the door, others with the same
desired walking direction can follow easily (Helbing, 1994).
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Figure 2.3: At crowded intersections there develops
roundabout traffic for certain time periods (Helbing 1994)

A social force model has also been suggested and extended to an active walker models by
inclusion of a trail formation mechanism, which has been developed from the idea of trunk trail
formation by ants. The pedestrian are assumed to be simple walkers that only make local
decisions about the direction of their next step and have no memory. Each will perform additional
certain actions: 1) a walker can change its environment by setting markings; 2) a walker can
read these markings which influence its behavior in a specific way. This model suggests the
potential for constructing a path network that compromises between minimal way systems —
necessitate many detours — and direct way systems — expensive and need too much space.

SIMPED: Simulating Pedestrian Flows in a Virtual Urban Environment

SIMPED is part of the Virtual Environment for Urban Environments (VENUE) project (by CASA,
Center of Advances Spatial Analysis, University College of London). It aims to provide a suite of
computer tools for urban design and planning using Geographic Information System (GIS) as a
basic platform. In connection to their research on local movement using agent-based simulation
(Batty, Jiang, Goodwin, 1998), the SIMPED simulation tests whether morphological structure has
some impact on pedestrian movement. To achieve this goal, a virtual environment with virtual
humans is constructed using multi-agent simulation, built upon Starlogo (Resnick, 1994), a
programmable environment that provides computational tools for exploring complex phenomena.
Agents in SIMPED have speed (up/down), heading directions (0-360) and movement
(forward/backward). Objects in the simulated environment represents significant places in real
environment such as church, hotels, monuments, etc (Figure 2.4). There are two different modes
of simulation; walk randomly and walk purposely. Although SIMPED has shown that multi-agent
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simulation can provide a valuable tool for urban study, the results at this stage seem inconclusive.
This model, so far, is based on a kind of local interaction, that is, their virtual pedestrians can only
see one step ahead and they have no ability to improvise behaviors. This can be seen in their
simulation result (Figure 2.5); all pedestrians tend to cluster in their individual "being set”
destination. This work, so far, may not be sufficient to model pedestrian behavior in urban
environment (Jiang, 1999).

Figure 2.4: An urban environment Figure 2.5: A snapshot of simulation of pedestrian moving
representing significant places (Jiang, 1999) purposely (Jiang, 1999)

Artificial Society

Work on an artificial society may not directly relate to the study of urban environments but it can
help in understanding and developing adaptive pedestrian behavior. Sugarscape (Epstein and
Axtell, 1996) is a good example to demonstrate how social structures and group behaviors arise
from the interaction of individuals. The study is part of the 2050 project, a joint venture of the
Santa Fe institute, the world resource institute, and the Brooking institution. It is an international
effort to identify conditions for a sustainable global system. By using multi-agent technology,
fundamental collective behavior such as group formation, foraging, cultural influence, even
combat and trade are seen to emerge from the interaction of those individual agents that follow
simple local rules (Figure 2.6). Agents in Sugarscape can look north, south, east, west of their
current positions and can also see things at a distance. They move in search of sugar according
to simple rules: 1) look around to located food; 2) Get enough food to meet your needs; 3) Do not
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step on any one else’s square; 4) Who do not meet their food needs die. Agents not only differ in
the distance they can see but also in their metabolic rate, that is, the rate at which they use sugar.
If their sugar level drops to zero, they die. Then new agents replace the dead ones with a random
initial allocation of sugar. Although the behavior in this system goes beyond how pedestrians
actually behave in urban environment, it (and other studies on artificial society: Schelling, 1978;
Resnick, 1994; Gershenson, 2000) has influenced our study to learn more about behavior issues.

a) Foraging: Agents swarming sugar

b) Population waves: Agent leaving a crowed area

c) Culture influence: Agents adopting their neighbors’ cultural traits

Figure 2.6: Sugarscape simulation scene: yellow areas represent sugar, red and blue
dots are agents (http: www.discovery.com/area/sciencel/life/day01.html)

In order to simulate the complex behavior of pedestrians, we need to learn more about the
hierarchy of individual behavior to understand which behaviors relate to the movement and

activity of pedestrian in urban space, as presented in the following.
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2.3 Behavior at Individual Level

In this context, we classify behaviors in two types: individual (adaptive) behavior and social

behavior.

1) Individual behavior can be better understood by distinguishing several layers: vegetative,
reflex, reactive, motivated, reasoned, and conscious (Baerends, 1976; McFarland, 1981;
Gerhenson, 2001). This is the type of behaviors based intellectual as higher levels involve higher
and more complex cognition. Note that the behavior hierarchy presented here is intended to be
widely applicable to motion behavior. It is not well suited for other types of actions, for example

conversational behaviors which may require a different structure.

Higher cognition

Action selection problem

Evolution

Range of behavior in
Complexity

the exneriments

Figure 2.7: Hierarchy of individual behavior (Based on:
Baerends, 1976; McFarland, 1981; Gerhenson, 2001)

To briefly overview the character of each layer, | will start from the less intelligent and less

complex behavior.

Vegetative behaviors are those that are in an organism by default, such as breathing, heart
beating, metabolizing, etc. They can be seen as implicit, internal behaviors and are not noticed by
an observer. This lowest layer of behaviors does not affect our understanding how individuals

react to the environment, therefore it will not be modeled.
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Reflex behaviors are action-response based behavior, such as the response to being burned,
which is to immediately move the injured part from the heat. In motion behavior, this layer in
probably the most important since every higher behavior level needs the reflex behavior to
execute actions, making an individual moves. Some theories call this layer of behavior "motor”
(Blumberg and Galyean, 1995) or "locomotion” (Reynolds, 1999). The action at this level does not
require any input — external perception and internal state of motivation — for executing the

movement action.

Reactive behaviors are the next layer overlaid on the reflex action. This level of behavior shows
complete dependence of "external perception" (McFarland, 1981) such as when we see the
obstacle get in our way, we pick another way to avoid that obstruction. Reactive behavior
(Reynolds calls this level, "steering behavior") works as path and speed determination,

expressing concepts like: "go left", "go right", "go fast”, or "stop". Then it signals the inputs to the

lower layer, reflex, to execute the action.

Motivated behaviors involve action selection and are more complex. This behavior depends on
internal state of motivation and the external stimuli that correspond to the needs inside. For
example, when we feel hungry we need food. In this case, motivated behavior selects the action,
"search for food" and sets a goal, "food". The goal will be sent as an input to the reactive level,
which in turn will decompose the goal into a series of simple sub-goals and determine a path.
Then the reactive level sends the signal to the reflex level to execute the action. Note that
emotion can also be seen as a state of motivation. In order to study how an individual interacts
with elements in its environments, at least, we need to focus on a range of reflex, reactive, and

motivated behaviors (Figure2.8).

Motivated Behavior
action selection: set goal and planning

v

Reactive Behavior
path and speed determination

v

Reflex Behavior
action execution: animation

Figure 2.8: A hierarchy of motion behaviors (based on Blumberg,
1995; Reynolds, 1998; Gerhenson, 2001)
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Reasoned and Conscious behaviors involve more intelligent behaviors. They require concepts
and logic in selecting action. The conscious level represents more complex thinking process
before sending signals down to the less complex levels to execute actions. Conscious and
reasoned behaviors are on the top of this hierarchy and both represent high cognition level of
behavior, which mean they have the ability to recognize the layout of spaces, like those people
who are familiar with the environment. However, in this context, we focus on local movements,
meaning that each individual will make a local decision according to their perceptions (not
experience) of space. Therefore, we will not consider these two levels of behavior in this

research.

One might question that how we can understand pedestrian behavior without those two higher
layer of behaviors. Researchers in field of ethology and artificial intelligence, point out that
although animals cannot play chess successfully, it seems easy to them to search for food when
they are hungry and organize society when they need it (Brooks, 1990). In general, individuals
without reasoned and conscious behaviors can react and also adapt their behavior to changes in
their dynamic environment. From this perspective, many researchers began to model human
based on behavior from the bottom up, instead of on knowledge or cognitive processes. This
strategy allows the system to respond to open, incomplete, or unknown problem domains, and

also allows flexibility in case of unexpected events (Maes, 1993).

Adaptive behavior is one important character of complex system because it requires the
interaction among the components of system to provide rich perceptions, action selections and
movements. Social behavior is indeed an adaptive behavior, and a society is thus a complex

system.

2) Social behavior is an interaction of individuals sharing a moment in a same space.
Pedestrians are members in societies (not just a population) because they interact not only with
elements in space but also with other people as well, whether they intend to or not. Pedestrian
social behaviors can range from perceiving or being aware of each other to having a conversation
or any form of communication. Cristiano Castelfranchi notes the importance of the individual
social action that in a society, not only the individual action should have a social perspective, but
also the individual action should be influenced by the society. There can be social action among
non-cognitive individuals although most social phenomena involve the interaction of cognitive
individuals (agents that are able to know). However, many works in field of artificial societies,

such Turtles, Termites, and Traffic Jams by Resnick, Growing Artificial Societies by Epstein and
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Axtell, and Zero Intelligence by Gode and Sunder, show clearly how complex social phenomena
are caused by very simple social rules. When thousands of individuals follow simple rules, the

behaviors of the whole system turns out to be very complex, with social properties emerging.

In this study we are interested in simple social interactions based on the idea of imitation and
indu ction of behavior (Castelfranchi, 1997), that is behavior without the need of knowledge
representation (Brooks, 1991). When one perceives another individual performing some kind of
behavior, he might imitate the other if the imitation appears to be beneficial for him in some
sense. Applause in audiences seems to work this way; if someone starts to clap, then others tend
to follow. An individual who performs some thing differently, not necessarily by intention, may
sometimes induce others' behaviors or motivations. Most imitated behaviors seem to be in range
of reactive behaviors such as crowd behaviors. Meanwhile, induced behaviors have more to do
with one's motivation or internal needs (see chapter 5.4). However, both induction and imitation of
behavior evoke people to socialize with one another through some form of communication. In
order to be able to explain some dynamic movement in urban environment, we should also
understand how those complex patterns can emerge from only simple social actions among

individuals.

The next chapter introduces an individual-based simulation in which we can model these range
of behavior to an individual — agent —, making it move about the environment and interact with

other objects. Thus we can explore the dynamics movement through such model.



