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ABSTRACT

This research work proposes a generic architecture for
pedagogical geosimulation systems. This architecture is
characterized by the existence of a multi-agent system
supported by a geographical information system. In this
system, a pedagogical agent aims to define interaction
strategies between a user and a geosimulator in order to make
simulated phenomena better understood. The article also
describes the ExpertCOP system, a geosimulator system of
crime rate in a region, which is based on this generic
architecture. In ExpertCOP, the police officers alocate their
available police force according to the selected region and
then, they can follow the simulation process. ExpertCOP
system intends to induce users to reflect about their actions
related to resources allocation through questionings about the
causes that lead to the occurrence of crimes in the selected
region.

INTRODUCTION

Simulation aims to represent a phenomenon via
another one and it is useful to measure, demonstrate,
test, evaluate, foresee, and decrease risks and costs. In
educational terms, simulation is important because it
alows learning through the possibility of actually doing
(Piaget 1976).

The use of Multi-Agent Systems (MAS) to simulate
socia environments has become broadly used (Khuwaja
1996) (Gilbert 1995). Socia or urban environments are
dynamic, non linear, and made of a great number of
variables, characterizing the geosimulation (Benenson &
Torrens 2004). In such environments, the individual
behavior is relevant for the smulation genera context,
different from the traditional top-down approach, in
which the system is represented as a whole in terms of
mathematical models.  With the computational
development of geographical information systems
(GlS), multi-agents simulation systems benefited from
them in terms of geographical representation of areas to
be smulated. Geoprocessing brought precision and
realism to ssimulation (Wu 2002).

Gibbons (Gibbons 1994, 2001) suggest that there are
few adequate tools for developing educational computer
systems, where intelligent agents support the interaction
between the simulation model and the user. Our research

work consists of investigating how computational tools,
which perform social simulations based on multi-agents
with GIS, could become educational tools.

Particularly, we focus on the development of a
generic architecture of pedagogica simulation, and
based on this architecture, we develop a MAS with GIS
simulation tool in order to help understanding the cause-
and-effect related to crime rates.

In this article, we describe the educational software
ExpertCOP that considers the main characteristics,
which we agree to be essential to a general architecture
of an educational social simulation. ExpertCOP aims to
enable police officers to better allocate their ostensive
police force in an urban area. This software produces,
based on a police resources allocation plan, smulations
of how the crime rate behavesin a certain period of time
based on the defined alocation. The goa is to allow a
critical analysis by police officers, the system users,
making them understand the cause-and-effect relation of
their decisions and actions. Initial experiments with
police officers in the city of Fortaleza were performed
and indicated valuable contributions of the software
developed.

This article is structured as follows: Initially, we
present the state of the art, in which we describe the
adopted technologies and its correlations. In the next
topic, we present the proposed generic architecture of
the pedagogical socia geosimulation in order to
describe the public safety domain and the ExpertCOP.
Correlated works lead to comparisons and conclusions
to finish this article.

BACKGROUND KNOWLEDGE

Simulation in Education

Simulation is a scientific tentative that consists of
performing an artificial reproduction called model, of a
real phenomenon that we want to study and observe the
behavior (Drogoul 1993).

Simulation has been also proving to be an excellent
teaching tool, especially for complex situations, with
high cost and risk. Practical examples of simulators
application can be seen in various areas, such as, in the



aeronautical  industry, nuclear industry, spatial
exploration, and petrochemical industry. According to
Gibbons (Gibbons 1997), educational simulations have
specific characterigtics like:
Simulations focus on and model rea world
elements, conceptual systems, and/or on our
environment.
Involve usersin interactions.
Simulations answer the user, and they are flexible
and dynamic.
Simulations are developed to guide the learning of
specific objects.

Simulation And M ulti-Agents Systems

Multi-Agents Systems (MAS), study the behavior of
an autonomous and organized group of agents aiming to
solve problems or situations that are beyond the
individual abilities of each agent. These systems are
being successfully adopted in the simulation area
because of the characteristics inherent to MAS, such as,
agent autonomy and representation that facilitate the
representation of models to be simulated.

The simulation based on MAS is alive simulation that
differs from other types of computational simulations
because simulated entities are individually modeled with
the use of agents. According to Gilbert (Gilbert 1995),
the multi-agent approach (bottom-up) is appropriate to
the study of social and urban systems. Social or urban
environments are dynamic, non linear, and made of a
great number of variables. In such environments, the
individual behavior is relevant in the simulation genera
context.

Geosimulation

Geosimulation is an urban phenomena simulation
model that uses the multi-agent methodology to simulate
discrete, dynamic, and event-oriented systems
(Benenson & Torrens 2004). In geosimulated models,
simulated urban phenomena are considered a result of
the collective dynamic among animate and inanimate
entities that compose the environment. Geosimulation
has been applied in the study of a variety of urban
phenomena (Torrens 2002). The Geographic
Information System (GIS) is responsible to provide the
“dataware” in geosimulations.

THE PEDAGOGICAL GEOSIMULATION
ARCHITECTURE

Our research works aim to initially define a generic
architecture for educationa systems based on
geosimulation. This architecture is composed of a user
interface, a multi-agent platform (MAS), and a
geographical information system (GIS).

InFigure 1, we describe these structures and their

interaction. On the left side of the figure, we have the
interface, which alows the user to interact with the
multi-agent platform and geoprocessed map. Through
the interface, users can both design their geosimulator
system, aswell asto useit after it is developed. The user
interaction with the system during the simulation is
another characteristic of the architecture. We have the
GIS (Geographic Information System), responsible for
characterizing, generating and managing the map to be
simulated, and offering mechanisms to manipulate the
system’s map. We aso have the database (DBS), which
storages al the persistent information of the simulation
in XML, as the structure of classes of agents and users
configurations. The right side of the figure represents
the MAS platform, responsible for containing,
controlling and configuring agents in the system. This
platform is subdivided in:
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Figure 1: Pedagogical geosimulation architecture

Construction agents that are used to generate the
application domain agents and to configure the
control agents according to designer’s definitions.
Control agents that are responsible for the
management, simulation log, and for allowing the
interaction among the interface, the system, and
system agents.

Domain agents that represent domain entities to be
simulated. Domain experts who will define their
characteristics and behavior must configure these
agents.

Pedagogical Agent.

The Pedagogical Agent

The pedagogica agent (PA) is responsible for
helping the user to understand the implicit and explicit
information contained, during the simulation process, in
the data shown on the interface. It is aso the PA’'s
mission to make the user think about the causes of
events and behaviors of agents in the simulation. In
order to make users question and evaluate their acting
during the simulation and the facts generated from it, the
PA produces questions relative to the application
domain.

These questions are based on data relation and
standards generated in simulation process, using for this
a data-mining algorithm, more specifically an algorithm



of probabilistic concept formation (Fisher, 1987).

To make questionings, the PA gets simulation data
and pre-processes this data, filtering the irrelevant
information and producing new data from geographic
calculations (distance between relevant points and
events). After data pre-processing, the agent submits the
data to a probabilistic cluster algorithm. The algorithm
results are filtered according to attributes' probability of
the formed concepts. The idea is to select concepts
whose probabilities of its attributes are high, avoiding
information  (concepts) with little probability of
occurrence. The filtered concepts are modeled by the
agent in the form of questionings.

Beyond questionings, the PA adso makes
comparisons among results obtained in users simulation,
with the objective of following the learning of the users,
showing points of improvement. Another function is to
explain the events generated from cognitive agents of
the application domain, based on its decision process.

THE EXPERTCOP SYSTEM

The ExpertCOP system aims to support education
through the induction of reflection on simulated
phenomena of crime rates in an urban area. It follows
the pedagogical geosimulation generic architecture,
presented previoudly.

In the ExpertCOP system, the simulations occur in a
learning environment and a&ong with graphica
visualizations, supporting material and helping
information that helps the user's learning. In an
interactive simulation environment, the system allows
the user to manipulate parameters dynamically and
analyze the results, becoming a very powerful learning
tool.

The system will receive as input a police resource
alocation plan and it will make simulations of how the
crime rate would behave in a certain period of time. The
goal isto allow acritical analysis of the allocation made
by the user. In order to make the user understand the
consequences of their decisions and reflect about their
actions, as well as understanding the cause-and-effect
relations.

The Public Security Domain

The police force alocation with its equipments in an
urban area to perform a preventive policing is a tactical
management activity that usualy is decentralized by sub
sectors in police departments spread in this area. What
we intend from those tactical managers is that they
analyze the crime rate in their region and that they
perform the allocation of the police force based on this
analysis. We agree on the principle that by knowing

where the crime is happening, they can perform an
optimized allocation and, consequently, decrease the
crimerate.

The volume of information that police departments
have to analyze is one of the main factors to provide the
society with efficient answers. We notice, however, that
these ingtitutions are, currently, in atypical phase of big
organizations, in which we observe an enormous
difficulty to manipulate and understand the great
volumes of available data and information. Tactical
managers that perform police allocations, for instance,
have a lack of ability related to information analysis and
decision making based on this analysis. In redlity,
understanding criminal mapping activities, even using
GIS, isnot trivial. In addition to that, experimentsin this
domain cannot be performed without high risks because
they result on loss of human lives.

In this context, simulation systems for teaching and
decision support are a primordial tool.

The ExpertCOP Ar chitecture

The system architecture follows the idea in the
pedagogical geosimulation architecture proposed in this
work. It is composed of cognitive and reactive
heterogeneous agents and with closed mobility. Figure 2
shows the proposed architecture to the ExpertCOP
system.

Figure 2: ExpertCOP System Architecture.

The ExpertCOP system user interface is composed of:

Geoprocessed map with axis of the streets in the
area to be simulated. This map is generated,
manipulated, and updated by the GIS system. The
user follows the dynamic of agents acting through
the map, and, if necessary, the agents will receive
user information, such as, specific localization
points. The map contains many layers, in which the



user can see specific data like an specific group of
agents or specific data of the simulated area like
street names, demographic density, traffic signs. We
use the Intergraph Geomedia toolkit as GIS of the
system.

Configuration, controlling and exhibition interface,
that interacts with the multi-agent platform and GIS
of the system. The interface is responsible for
offering system configuration, control and
answering tools to the user. Through this interface,
the user controls the simulation and observes part of
the results.

Graphics that alow the dynamic and static
visualization of dsmulation relevant data
Visualization examples are bar graphics with the
quantity of crimes that happened by week, weekday,
or hour in a day. We use the JfreeChart library to
generate the graphicsin the system.

The multi-agent platform is responsible for agents
control, communication, distribution, and localization.
We use JADE (Java Agent DEveloper Framework) as
framework for creating the platform. It is composed of
control agents and application domain agents. The
control agents are;

Simulation agent that is responsible for answering
reguests from the graphical interface, contacting the
necessary groups of agents. It is responsible for
updating the interface with the data generated by
other control and construction agents, and for
intermediating the requests among simulation
agents, GIS, and the graphical interface.

Log agent that is responsible for recording all
interactions among system agents in order to
contain al data about the simulation and the
configuration.

Graphical agent that compiles pertinent data to the
domain, exchanging information with the log agent,
and dynamically generating statistical graphics to
the graphical interface.

The domain agents are:

Manager agents that are responsible for the
representation, administration, and interaction with
agents of a certain type or class. This kind of agent
is the communication intermediate among agents of
its own group and the rest of the system. They allow
the control of grouped or programmed activities of
its agents.

Simulation agents that represent domain entities to
be simulated. The entities represented in the system
through agents are police officers, criminals,
citizens, emergency central (911), notable places!
in the urban region, and each group with its specific
modus operandi. From the interaction of these
entities in this GIS, we obtain different crime rates

1 Notable places are points of aregion that are relevant to the
objective of our simulation like shopping centers, banks, parks and
drugstores.

according to a good or bad resources alocation
made by the user.

The domain ontology describes the communication
structures that are familiar to the domain agents. The
communication among system agents uses the ACL
(Agent Communication Language) protocol, adopted by
the JADE multi-agent platform as the agent
communication pattern. Since the JADE platform is
distributed, groups of agents can still become physically
separated in different hosts, making this separation
transparent to the user.

The Pedagogical Agent In ExpertCOP

The pedagogica Agent in ExpertCOP has the same
mission exposed in the generic architecture adapted to
the public security domain. Specifically for the public
security domain, the PA will perform:

Evaluation of the graphics on crimes per period of
time, trying to identify periods with higher criminal
occurrence levels and to relate it with some other
simulation event, such as, days with less police
service or days of social events, such as holidays.
Evaluation of crimes grouped per area.

Evaluation of flows of events or agents within areas
along the simulation process.

These groupings and evaluations are made by PA
using a probabilistic concept formation agorithm. In
ExpertCOP we adopted the COBWEB3 algorithm.

The data that compose the database used by PA
come from simulation, specificaly, informations
generated by domain agents interaction and from GIS.
Crimes (date, hour, motive, kind), patrols (begin time,
end time, stretch) and fugue stretch are examples of data
(events) generated by domain agents interaction. The
GIS data exemples are: agents, events and notable
places geographic positions, distance between events,
agents and notable places and social and economical
data associated to geographic areas.

Tests were made with ExpertCOP to evauate the
performance of COBWEB3 (Fisher, 1987) used by PA
in smulated data evaluating. PA used a databese
composed by 70 examples generated from the
simulation process. Nine groupings were formed as a
result of COBWEB3 processing. We observed that the
formed groupings reflected interesting but of difficult
perception facts about the simulation process. The
results’ evaluation was made by police officers that are
specialistsin social security domain.

As an example, one of the formed groupings, show
us the information that at saturday nights in street
corners of residential streets at aldeota quarter, vehicle
assaults ocurr with 80% of probability. Having this kind



of information, the user can make changes in the
alocation, aiming to solve this specifical kind of
problem. The formed groupings are displayed to the
user as questionings, being user’'s attribution evaluate
the value and veracity of the exposed information. One
of the questioning examples formed by PA using
COBWEB3 was: “Did you perceive that crime: assault,
victim: vehicle, week day: saturday, period: nigth, way:
street, neighborhood: residential, quarter: aldeota
frequently ocurr clustered ?’. In the example, the
concept attributes are in italics and the corresponding
values are in boldface.

System Configuration And Functioning

To perform the simulation, the user must initialy
configure the simulation variables. This configuration
consists of selecting the geographic area, in which the
simulation will occur, and determine, in a date period
offered by the system, the number of days for the
simulation. The selection and visualization of the area
for the simulation are made through a geoprocessed map
contained in the system interface. In Figure 3, we can
see the system’s interface, which contains a control
menu, configuration, interaction, dynamic graphics and
the geoprocessed city map. This configuration will
determine the number of police teams that the user will
have available for alocation, and it will show crimina
data about the selected area. Based on the statistical data
about crime rate and on their beliefs, users determine the
areas for patrol and allocate the police teams available
on the geoprocessed map.

Figure 3: ExpertCOP user interface.

The simulation begins after the user configures the
area and the periods of time for the simulation, defines
the police teams characteristics (number of vehicles
used, service shift, etc.), and alocates them in the
desired area.

The police teams patrol an area, following the idea of
the program card (card in which the police officer
receives the mission to be performed with information
on the areas, type, and shift to patrol). The movement of
teams in the map that shows the streets defines this
patrol. The teams move in a coherent form with the
service definition in the program card. For instance, if

the user defined a program card for the team using
motorcycles, this team certainly has a higher speed and
bigger visited area if compared with the team that is on
foot. The patrol function is to inhibit possible crimes
that could happen in the neighborhood. We presume that
the police presence is able to inhibit crimes in a certain
area scope.

After choosing the simulation period of time and area,
the system acquires, from the database, all crimes that
happened in the selected area for the chosen period.
This way, the user will try to avoid crimes that actually
happened in the city in past periods of time, making the
evaluation over rea data. In order to perform such
crimes, criminal agents start to act. These agents move
with intentions based on cost/benefit functions that
indicate appropriate time periods and places to perform
acrime. The cost evaluation to perform a crime is based
on the presence or lack of police officers, and on
environmental factors, such as, demographic density,
escape routes, and reaction risks.

The simulation process follow-up can be done by
observing the activities on the map and by the statistical
data generated by the system in graphics. At any
moment, the simulation can be paused for the analysis of
the current situation; in this analysis, the pedagogical
agent can help the user. At each new allocation
performed, the system will comparatively evaluate the
simulated moments, showing to the user whether the
modification brought a better effect to the crime rate or
not.

RELATED WORKS

The simulation works in education with MAS
(Khuwaja 1996) (Gibbons 1997), and the socia
simulation works to support decision making (Gimblett
2002) strongly influenced this research work. However,
the intersection among them is not explored very much.
Gibbons (Gibbons 1994, 2001) relates the lackness of
tools in this area. The use of geosmulation with
educational goal was proposed in (Querec 2003) to train
firemen in fire situations in a city. In this work, however,
the pedagogical aspect is not explored very much. Even
though the observation of a smulation is an educational
process, it does not provide an easy understanding of
simulated phenomena. There are also works in the area
of distance education that aggregate pedagogical
theories to computer systems based in agents, but in
these systems there is no use for social simulators or
GIS, and socia simulators supported or not by GIS, do
not have a pedagogical purpose (Benenson 2004) (Wu
2002).

CONCLUSION AND FUTURE WORKS



This work proposes the architecture for the
development of pedagogical geosmulators. This
architecture is based on the existence of a MAS to
perform geosimulations and of a pedagogical agent that
follows the simulation process and can define learning
strategies as well as use a clustering algorithm to search
relations in the facts generated in the ssimulation. Based
on this proposal, we developed the ExpertCOP system, a
system focused on police officers education and
training, related to resources allocation.

Initial trainings with users interacting with the system
were performed aiming to evaluate learning by using
this tool. A crimina analysis and mapping course is
being prepared for police officers in the city of
Fortaleza, where ExpertCOP will be used as a tool for
analysis and reflection of practical situations.

When the initial goals of the ExpertCOP system are
reached, and the applicability of the pedagogica
geosmulation architecture is verified, we intend to
continue this research on the ExpertCOP system,
enhancing its functionalities, and increasing the training
support, aiming to make it not only an educational tool
but a decision-making support tool as well. We must
verify the applicability of the architecture in other
domains, besides the possihility of developing atool for
the development of geosimulator systems based on the
architecture proposed.
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